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The US 51 Bridge Replacement Project (KYTC Item Nos. 1‐100.00 and 1‐1140.00) proposes replacement 
or rehabilitation of the existing US 51 Bridge ‐ also known as the Cairo Bridge ‐ that connects Ballard 
County, Kentucky with Cairo, Illinois. The purpose of the project is to improve or replace the functionally 
obsolete and structurally deficient bridge, to improve or maintain cross river connectivity, and to 
improve safety. 

The Cairo Bridge carries US 51, US 60, and US 62 traffic across the Ohio River. The bridge carries 
approximately 5,400 vehicles across the Ohio River each day between Wickliffe and Ballard County, KY 
and Cairo, IL with approximately 35% of that being truck traffic. It also provides a connection to the US 
60/US 62 Mississippi River Bridge to Missouri, approximately ½ mile to the south.  

This Needs & Deficiencies Report provides a planning level overview of the existing roadway and traffic 
conditions within the Study Area, shown in Figure 1.  The following sections examine existing 
conditions of the US 51 Bridge, existing conditions on other roadways in the Study Area, traffic 
operations, and traffic safety.   

1. Existing Bridge Conditions 
The purpose of this chapter is to describe key structural and geometric deficiencies of the existing US 51 
Bridge.  This chapter is intended to provide an overview of the condition of the bridge through the 
review of existing documentation and coordination with state bridge maintenance teams.  Appendix A 
contains the Existing Bridge Deficiencies White Paper; Appendix B contains the Geotechnical Study 
White Paper. 

1.1. Structure Location & Type 
The US 51 Bridge was constructed between 1936 and 1938 and was last rehabilitated in 1999.  The US 
51 Bridge consists of 32 spans with 4 distinct bridge types.  The bridge crosses nearly perpendicular to 
the Ohio River near the confluence of the Ohio and Mississippi Rivers.  

 Illinois Approach:  Spans 1‐5 consist of simply supported two‐girder spans measuring 60‐90 feet 
in length.   

 Span 6 is a simple span deck truss measuring 181 feet in length. 

 Main Truss:  Spans 7‐11 are a variable depth cantilever truss with cantilever spans at spans 9 
and 10 and a drop‐in span at span 8. The span lengths for the main river crossing are as follows: 
365 feet, 800 feet (main navigation channel), 650 feet, 650 feet, and 365 feet. 

 Kentucky Approach:  Spans 12‐20 consist of simply supported deck truss spans measuring 181‐
182 feet in length.  Spans 21, 23 and 25 are simply supported two‐girder spans measuring 48‐90 
feet with cantilevered ends to support the shallow multi‐girder drop‐in Spans 22 and 24 which 
measure 90 feet each.  Spans 26‐32 are simply supported two‐girder spans measuring 
approximately 60 feet in length each. 

Figure 2 shows a drawing of the bridge profile taken from the 1936 plans.  The figure is split between 
the main span and KY approach to better fit the page.  
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Figure 2: Drawing of Bridge Profile, 1936 

 

 

 

1.2. Bridge Geometry 
The existing US 51 Bridge contains two 10‐foot wide lanes with two 1.25‐foot wide shoulders for an 
overall 22.5‐foot roadway width. These widths do not meet AASHTO’s Policy on Geometric Design of 
Highways and Streets, 2011.  Current state design standards in KY and IL also require wider roadway 
and shoulder widths.   

The bridge contains a series of grade segments and vertical curves.  According to the 1936 plans, grades 
range from 0.00‐5.00% along the bridge.  Vertical curves range from 70‐100 feet in length between 
these graded segments.  While the grades meet statewide standards, one of the vertical curves on the 
bridge does not meet current AASHTO policy for headlight sight distance (i.e., how far ahead drivers can 
see at night). 

The horizontal curve on the Kentucky approach is signed with a 20 mph speed limit; this curve does not 
meet AASHTO or state design policies.   

The bridge passes over the Ohio River and a railroad line.  Horizontal and vertical clearances over both 
passages meet current agency standards for geometric and navigational needs.   

Because of its substandard geometric features, mainly the narrow bridge width, the US 51 Bridge is 
rated Functionally Obsolete.  This designation does not mean that the bridge is unsafe.   

1.3. Bridge Condition 
The US 51 Bridge is inspected every two years, in accordance with FHWA requirements.  Based on the 
October 2012 fracture critical inspection, the bridge deck, superstructure, and substructure were each 
rated Satisfactory.  A Satisfactory rating means that structural elements are sound but may have 
experienced minor deterioration.  Last painted in 2007, the paint was rated in Good condition.  The 2012 
inspection recommended a number of minor repairs: fixes for light cracking, rust, steel corrosion, and 
debris accumulation.  Specific recommendations are presented in Appendix A. 

The bridge was analyzed by KYTC in April 2013 to determine the load rating.  The bridge can carry all 
legal loads (i.e., vehicles within the size and weight limitations for US highways) at this time, but permit 
loads (i.e., special permits issued by KYTC for oversize or overweight vehicles) are not allowed.  
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Because the original design load for the bridge is less than today’s current design standards, the US 51 
Bridge is rated Structurally Deficient.  This designation does not mean that the bridge is unsafe.   

Following the 2012 inspection and 2013 analysis, KYTC assigned a sufficiency rating of 39.8.  The 
sufficiency rating is a score out of 100 possible points, based on a number of factors: safety, structural 
condition, geometry, traffic volumes, detour length, and more.  Bridges considered structurally deficient 
or functionally obsolete with a sufficiency rating less than 50.0 are eligible for replacement with federal 
funds under the Federal‐Aid Highway Bridge Replacement or Rehabilitation Program. 

1.4. Pier Assessment 
A preliminary engineering assessment was conducted on the river piers to compare the bridge condition 
to current design criteria for scour, seismic loading, and barge impact: 

 Scour, or erosion around piers and foundations, is normal based on changes in the river bed 
during 2001‐2009.  Sour does not pose a concern for the foundation of the bridge.  Additional 
analysis is recommended before final conclusions can be drawn.  

 The existing bridge was designed before seismic design was required.  Applying today’s seismic 
design criteria, preliminary estimates indicate that severe damage or collapse is probable in the 
event of a major earthquake.  Additional evaluation will be completed as alternatives are 
developed. 

 Preliminary assessments on vessel collisions suggest the piers may resist an impact; however, 
additional analysis will be completed as alternatives are developed. 

2. Other Study Area Roadways 
State and local roadways in the Study Area affect how traffic accesses the US 51 Bridge.  This chapter 
presents the identified deficiencies on key approach roadways to the bridge, specifically focusing on US 
51 from Wickliffe to I‐57 and on US 60 between Barlow and Wickliffe.   

A number of data sources were used to identify elements on key approach roadways which do not meet 
current design guidance. This effort included observations during field visits, a comparison of available 
construction plans against design manuals, and input from KYTC and IDOT. For Kentucky Roadways, a 
comparison was made of the common practices identified in the KYTC 2006 Highway Design Manual for 
Rural Arterials with As‐Built Plans and the KYTC Highway Information System. The 2010 IDOT Bureau of 
Design & Environment Manual was used to determine roadway deficiencies for Illinois roads. However, 
no As‐Built plans were provided for Illinois roads; therefore, Illinois deficiencies are based on field 
inspection of area roadways. 

2.1. US 60, Barlow to Wickliffe 
In the Study Area, US 60 is a two lane highway that travels generally north‐south between Barlow and 
Wickliffe, KY. This section of highway has two 11‐12 foot wide driving lanes and varying width 
shoulders.  The posted speed limit is 55 mph, dropping to 25‐35 mph within Barlow and Wickliffe city 
limits.  The highway is classified as a rural principal arterial.  It is part of the National Highway System, is 
classified as a Primary (Other) route within the State System, and is a state designated truck route with 
an AAA (80,000 lbs gross vehicle weight) weight limit.   
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Recommendations for lane and shoulder widths are decided based on the roadway type, design speed, 
and estimated ADT. The KYTC 2006 Highway Design Manual recommends two 12‐foot travel lanes plus 
8‐foot graded shoulders for rural arterials with ADT volumes over 2,000 vehicles per day (vpd). Based 
on this guidance a majority of the shoulder widths along US 60 are deficient along this section of road.  

There are five structures along this portion of the route. Based on the 2006 KYTC State Bridge Inventory, 
none of the structures are considered Structurally Deficient or Functionally Obsolete. 

 Bridge 004B00059: 90‐foot concrete girder bridge over Shawnee Creek, US 60 milepoint 5.74 
 Bridge 004B00005: 45‐foot culvert, milepoint 5.56 
 Bridge 00400062: 55‐foot concrete girder bridge over Little Shawnee Creek, milepoint 5.31 
 Bridge 00400061: 99‐foot concrete girder bridge over Big Cane Creek, milepoint 2.49 
 Bridge 00400056: 118‐foot concrete girder bridge over South Fork Cane Creek, milepoint 1.94 

 
Recommendations for minimum radii on horizontal curves are decided based on the roadway type, 
design speed, and maximum superelevation rate. The KYTC 2006 Highway Design Manual recommends a 
minimum radius of 300 feet for rural arterials with a 25 mph design speed and a maximum 
superelevation rate of 4%. With a maximum superelvation rate of 6%, KYTC recommends a minimum 
radius of 380 feet for 35 mph horizontal curves and 1,065 feet for 55 mph horizontal curves. Based on 
As‐Built construction plans, there are four deficient horizontal curves on this section of roadway. Three 
of these curves are in Wickliffe: at Lee Street (milepoint 0.20), 6th Street (milepoint 0.32), and Mayolo 
Avenue (milepoint 0.55). The fourth deficient horizontal curve is at milepoint 2.96, just south of Borden 
Road.    

In addition to deficient horizontal curves, the US 60/US 62/US 51 intersection in Wickliffe has turning 
radii that appear to be too small for large trucks. Intersections with small radii force large trucks to 
travel outside of the designated lane and use multiple lanes when turning. Trucks must often wait until 
the adjacent lane is clear of other traffic before completing turns. Alternately, trucks may also resort to 
driving on the outside curb and/or sidewalk to complete turns if there is not a clear space in adjacent 
lanes; this causes damage to roadside facilities.   

2.2. US 51 in Kentucky, Wickliffe to Ohio River Bridge 
US 51/US 60/US 62 heads northwest from Wickliffe, generally following the river.  This section of 
highway has two 11‐12 foot wide driving lanes and varying width shoulders.  The posted speed limit is 
55 mph, dropping to 40 mph on the US 51 Bridge itself and to 35 mph in Wickliffe.  The highway is 
classified as a rural principal arterial.  It is part of the National Highway System, is classified as a Primary 
(Other) route within the State System, and is a state designated truck route with an AAA (80,000 lbs 
gross vehicle weight) weight limit.   

The KYTC 2006 Highway Design Manual recommends two 12‐foot travel lanes plus 8‐foot graded 
shoulders for rural arterials with ADT volumes over 2,000 vpd. Based on this guidance most of the 
shoulder widths along US 51 are deficient after the Willow Slough bridge crossing (milepoint 5.2).  

Due to the flat terrain, the majority of this segment is elevated on embankment to avoid flood water.  
The roadway shows signs of subsidence in places where the embankment has been undercut by water.  
Reportedly portions of the road were overtopped by floodwater in 2011.   
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There are two structures prior to the Ohio River Bridge on this portion of US 51.  Based on the 2006 
KYTC State Bridge Inventory, neither structure is considered Structurally Deficient or Functionally 
Obsolete. 

 Bridge 004B00066: 3,306‐foot concrete girder bridge over Willow Slough, US 51 milepoint 4.25 
 Bridge 004B00063: 371‐foot concrete girder bridge over Minor Slough, milepoint 6.66 

 
KYTC guidance for rural arterials with a maximum superelvation rate of 6% establishes a minimum 
radius of 380 feet for 35 mph horizontal curves, 510 feet for 40 mph horizontal curves and 1,065 feet for 
55 mp horizontal curves. Based on As‐Built construction plans, there is one deficient horizontal curve on 
US 51 at the Cairo Bridge approach (milepoint 2.9). 

2.3. US 51 in Illinois, Ohio River Bridge to I‐57 
In Illinois, the US 51 Bridge approach terminates at the stop‐controlled T‐intersection with US 60/US 62.  
From this intersection, US 51 is a principal arterial highway that travels north as a four lane, undivided 
highway.  It forms the main thoroughfare through Cairo, locally designated as Washington Avenue and 
Sycamore Street. US 51 progresses through a two mile series of closely spaced stop‐controlled 
intersections in town. Lanes are 11‐12 feet in width with curb/gutter; some sections provide on‐street 
parking.  Generally, paved sidewalks run alongside either side of the highway through Cairo.   

North of Cairo, US 51 crosses a series of railroad lines.  Moving south to north, this includes 1) a steel 
railroad trestle supported by steel piers and concrete abutments, posted with a 14‐foot 4‐inch clearance; 
2) an at‐grade crossing with warning lights, 3) a concrete arch bridge, constructed in 1903; and 4) a 
single span steel girder bridge with concrete abutments.  A movable section of floodwall crosses US 51, 
located between railroad overpasses 3 & 4 above.   

North of the railroad lines, the highway transitions to a four‐lane divided cross‐section.  The intersection 
with IL 37 is signalized.  There is one additional railroad overpass before US 51 reaches the I‐57 partial 
cloverleaf interchange.   

Although information about roadway alignment elements (e.g. horizontal and vertical curve data) is not 
readily available, most of this section of road appears adequate based on field observations.   

2.4. Special Designations 
The entirety of US 51 in the Study Area is part of the National Highway System, which includes 
interstates and other principal arterials important to the nation’s economy, defense, and mobility.   

Portions of several routes in the Study Area are designated as National Scenic Byways:  

 The Great River Road follows the Mississippi River through 10 states, stretching over 2,000 
miles.  In the Study Area, it follows SR 3/US 51 into Cairo, crosses the US 51 bridge into KY, then 
continues south through Wickliffe.  

 The Ohio River Byway meanders along the northern bank of the Ohio River over 900 miles.  It 
begins in the Study Area at Fort Defiance Park then follows US 51 north through Cairo to SR 37 
northbound along the Ohio River. 
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Two designated bicycle routes use the US 51 corridor through Kentucky: the Mississippi River Trail and 
the Ramblin’ River Tour.  In Illinois, the majority of US 51 in the Study Area is “not recommended for 
bicycling” by IDOT. 

3. Traffic Operations 
As part of the analysis to document needs and deficiencies, a set of traffic volumes were developed 
based on historic traffic data and recent traffic counts. To forecast future volumes, a comprehensive 
review of traffic and demographic data was analyzed and a growth rate was evaluated. Base year (2020) 
and a design year (2040) traffic forecasts were established.  The Traffic Operations Analysis White 
Paper in Appendix C contains additional information about the analyses completed.   

3.1. Existing & Future Traffic Volumes 
During January 2013, traffic counts at the US 51 approach in Kentucky and at the US 51/US 60/US 62 
intersection in Illinois were conducted.  Historic traffic volumes on key highway segments were 
collected from KYTC and IDOT records.  Figure 3 shows traffic count locations, the most recent Annual 
Average Daily Traffic (AADT) volumes, and the daily traffic volume from the 2013 traffic count of the 
bridge.   

As part of the traffic analysis, projected growth rates were compared from a variety of sources: historic 
traffic trends within the Study Area, historic population growth and projections, and employment 
forecasts.  Each of the growth rates examined was relatively low, with some showing negative growth.  
Based on these figures, an exponential annual growth rate of 0.50% was applied to existing traffic 
volumes to forecast future volumes.  Table 1 presents daily traffic volumes for the US 51 Bridge, 
applying the 0.50% growth rate.  The 2013 AADT volume on the US 51 Bridge is 5,400 vehicles per day 
(vpd).  Based on the January 2013 count and the KYTC’s 2010 count, approximately 35% of the bridge 
traffic is trucks.   

Table 1: Bridge AADT volumes 

Scenario Daily Traffic 
2010 AADT (KYTC Sta. ID #505) 5,350 
2013 Current Year 5,400 
2020 Base Year (start construction) 5,600 
2040 Design Year 6,200 

 

To transition between a daily and hourly forecast volume, analysts must apply two specific conversion 
factors: K‐factor and D‐factor. The K‐factor describes what percentage of the weekday traffic volume is 
accounted for during the 30th highest hour during the year. The D‐factor describes what percentage of 
the total traffic on a link is traveling in the peak direction.  The average K‐factor listed in KYTC’s 2008 
Traffic Forecasting Report is 12.2% for Rural Minor Arterials. The January 2013 traffic count had an 
average directional distribution (D‐Factor) of 56.0%. These values were applied to the volumes in Table 
1 to estimate peak hour traffic volumes. 

 

 

 



Traffic Count
Sta. ID  IL01

AADT = 6,300 (2009) 

Traffic Count
Traffic Count
Sta ID 505

January 22, 2013
Traffic Count

ADT = 3,525 vpd

Traffic Count
Sta. ID  IL02

AADT = 3,100 (2009) 

Traffic Count
Sta. ID  IL04

AADT = 3,500 (2009) 

Traffic Count
Sta. ID  IL03

AADT = 5,300 (2009) 

Sta. ID  505
AADT = 5,350 (2010) 

Traffic Count
Sta. ID  A03

AADT = 4,960 (2009) 

Traffic Count
Sta. ID  A40

AADT = 3 550 (2008)

Figure 3: Traffic Counts

AADT   3,550 (2008) 
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3.2. Traffic Operations Analysis 
Two methodologies were applied to describe traffic operations: Level of Service (LOS) and volume‐to‐
capacity ratio (V/C): 

 V/C represents the number of vehicles using the bridge in a specific time period compared to 
the number of vehicles the bridge was designed to be able to handle during that period. The 
target V/C ratio is 0.9 for rural areas and 1.0 for urban areas. A V/C greater than this indicates 
the facility is congested, i.e. it is operating above its design capacity. 

 LOS is a qualitative measure of highway traffic conditions, as identified in the 2010 Highway 
Capacity Manual (HCM). Individual levels of service characterize these conditions in terms of 
speed, travel time, freedom to maneuver, traffic interruptions, and comfort and convenience. Six 
levels of service are defined and given letter designations from A to F, with LOS A as the best 
condition, representing free flow conditions, and ranging to LOS F, representing severe 
congestion and/or time delays. Typically, a minimum LOS D is considered acceptable in urban 
areas and LOS C is considered acceptable in rural areas. 

US 51 Bridge 

Based on the 2013 forecast, K‐factor, and D‐ factor, there are an estimated 370 vehicles per hour 
traveling along the bridge in the peak direction.  The theoretical capacity of the bridge is estimated at 
1,020 vehicles per hour per direction based on the terrain, geometry, and percentage of truck traffic.  
Comparing these values, the US 51 Bridge is operating with a V/C of 0.36; this indicates the bridge has 
adequate capacity to handle the existing traffic volumes.   

Running the same calculations for the 2040 Design Year, the future V/C of the bridge is projected to be 
0.42; this indicates the bridge has adequate capacity to handle the projected future traffic volumes. 

Based on the analysis, a two lane bridge between Wickliffe and Cairo provides adequate capacity to 
accommodate existing and future traffic volumes. 

US 51/US 60/US 62 Intersection in Illinois 

Traffic operations at the three‐leg intersection between US 51/US 60/US 62 just west of the bridge were 
also analyzed.  There is a stop sign at the end of the bridge but traffic moving north/south along US 
60/US 62 does not have to stop.  Figure 4 shows the traffic volumes for each scenario at this 
intersection.  Movements coming off the Bridge function at LOS D during the 2040 PM design hour; all 
other time periods and movements operated at LOS C or better.  Measures to improve operations at this 
intersection should be considered as alternatives are developed.   

   



2020 Design Hour

2013 Design Hour
A ( )

2020 Design Hour
AM (PM)

AM (PM)

2013 Traffic Count 
AM Peak Hour (PM Peak Hour)

2040 Design Hour
AM (PM)

AM Peak Hour (PM Peak Hour)

Figure 4: Traffic Volumes at 
US 51/US 60/US 62 Intersection
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4. Traffic Safety 
Crash records were collected from KYTC and IDOT for major routes in the project area over a four‐year 
period (October 2008‐ September 2012).  Crashes were geospatially referenced and compared to 
statewide data to identify locations exhibiting above average crash rates.  The methodology employed 
and results of the analysis are presented in the following sections. 

4.1. KYTC Crash Analysis Methodology 
KYTC’s crash analysis methodology, as outlined in the Kentucky Transportation Center (KTC) report 
Analysis of Crash Data in Kentucky1, identifies two types of analysis areas: “spots” and “segments.”  Spots 
are 1/10 mile in length and are identified based on the location of crash concentrations.  Segments vary 
in length, divided based on traffic volumes and geometric characteristics.   

Each spot or segment is assigned a Critical Rate Factor (CRF) based on formulas published by the KTC.  
The CRF is one measure of the safety of a roadway, expressed as a ratio of the crash rate at the study 
location to the average crash rate for roadways of the same functional classification throughout 
Kentucky.  CRF also takes into account traffic volume, area type (rural or urban), and the number of 
lanes.  If the CRF is 1.00 or greater, it is assumed that crashes are happening due to circumstances that 
cannot be attributed to random occurrence.   

For consistency, the KYTC crash analysis methodology was applied to both Kentucky and Illinois 
reported crashes.   

4.2. Crashes on Bridge  
On the bridge and its approaches, defined as the area between the 20 mph curve in Kentucky (milepoint 
7.300) and the US 60‐US 62 intersection in Illinois (milepoint 0.20), there were 18 crashes in the four 
year analysis period.  Of these, there were no fatalities and one injury crash.  As shown in Figure 5, 
crashes are concentrated at either end of the analysis segment.  Based on an estimated ADT of 5,400 
vehicles per day, the 1.2 mile long segment that includes the bridge and its approaches exhibits a CRF of 
0.58.   

 

Figure 5: Reported Crash Locations on US 51 Bridge & Approaches 

 

 

 

                                                                  

1 Green, Agent, & Pigman (2012).  Analysis of Traffic Crash Data in Kentucky (20072011).  Lexington, KY: 
Kentucky Transportation Center.   
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Analysts also considered the type of crashes to determine causation trends.  Three types of crashes 
occurred on the bridge: 

 3 Rear End: one vehicle impacts the rear end of another, which may be stopped or moving;  

 8 Sideswipe: two vehicles traveling in opposite directions collide, the side of one vehicle 
impacting the other; and  

 7 Single Vehicle Collisions: one vehicle impacts a fixed object, such as the guardrail.  

Figure 6 depicts the distribution of crash types graphically. In addition to reported crashes, there is 
anecdotal evidence that minor crashes – such as trucks hitting mirrors in passing – caused by the 
narrowness of the bridge occur but go unreported.   

 

 

4.3. Crash Segments  
Applying the KYTC analysis methodology to highway segments in both states, no high crash segments 
were identified.  Figure 7 presents the analysis segments and CRF based on 2009‐2010 ADT volumes.   

4.4. Crash Spots  
Applying the KYTC analysis methodology to concentrated crash location in both states, three high crash 
spots (CRF > 1.0) were identified, as shown in Figure 7.   

  

   

17%

44%

39%

Figure 6: 
Crash Types for 
Bridge Crashes

Rear End

Sideswipe

Single Veh.
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5. Conclusions 
This report is intended to present an overview of the existing transportation needs and deficiencies 
observed in the study area.  

5.1. Role of the Bridge 
The Cairo Bridge carries US 51, US 60, and US 62 traffic across the Ohio River. It also provides a 
connection to the US 60/US 62 Mississippi River Bridge to Missouri, approximately ½ mile to the south.  
Maintaining this cross‐river connectivity is important to the local communities, residents, farms, and 
other businesses in the region.  During the traffic counts completed in January 2013, over 150 farm, 
grain, and logging trucks were observed using the bridge over an 8‐hour period.   

There are alternative river crossings in the project region, but the travel distances do not make these 
crossings viable choices for local traffic.  If the US 51 Bridge were not available for local traffic, the 
detour trip between Wickliffe and Cairo increases from 7 miles to 80+ miles per direction. 

The 2013 AADT volume on the US 51 Bridge is 5,400 vehicles per day (vpd) with approximately 35% of 
the bridge traffic being trucks.  The traffic analysis showed a two lane bridge between Wickliffe and 
Cairo provides adequate capacity to accommodate existing and future traffic volumes.   

5.2. Existing Bridge Needs 
Based on current geometric design standards, there are several deficiencies with the bridge and its 
approaches:  

‐ Narrow lane and shoulder widths of the existing structure 

‐ One vertical curve on the bridge that does not meet guidance for headlight sight distance  

‐ The horizontal curve on the Kentucky approach  

The US 51 Bridge has a sufficiency rating of 39.8, rated out of 100 possible points.  Because of its 
substandard geometric features, mainly the narrow bridge width, the US 51 Bridge is rated Functionally 
Obsolete.  The original design load for the US 51 bridge is less than today’s current design standards, 
which results in the bridge being designated Structurally Deficient even though it allows legal loads. It is 
anticipated that bridge repairs and/or improvements will be required to maintain the bridge at the 
existing load rating over the next 25 years.   

Two high crash spots (CRF > 1.0) were identified on the bridge: one at the horizontal curve on the 
Kentucky approach and the other at the three‐leg US 51/US 60/US 62 intersection just west of the 
bridge in Illinois. 

5.3. Needs of Adjacent Bridge Approaches 
Deficiencies were also identified on roads connecting to the existing bridge.  On the Kentucky side, 
roadway subsidence, sharp horizontal curves, shoulder widths, and small radii at the US 51/US60/US62 
intersection in Wickliffe create safety issues and impede traffic flow.  On the Illinois side, most of US 51 
appears adequate based on field observations.  
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EXECUTIVE SUMMARY 
 
As part of the overall US 51 Ohio River Bridge Engineering and Environmental Study, 
this white paper examines the existing bridge with respect to the current and historic 
physical condition of the bridge.  An engineering assessment was also performed to 
provide a first look at how the existing piers perform against the current AASHTO LRFD 
design criteria for bridge scour, seismic loading, and barge impact.   
 
PHYSICAL CONDITION – The US 51 Cairo Bridge was constructed between 1936 and 
1938 and was last rehabilitated in 1999.  The bridge received a National Bridge 
Inventory (NBI) Condition Rating value of 6, which refers to a “Satisfactory” condition, in 
the October 2012 inspection findings.  This is defined by NBI as “structural elements are 
sound, but may have minor deterioration”.   
 
From the inspection data gathered, the project team concludes that the existing bridge 
has several issues affecting its physical condition.  They include:   

 Bridge Deck – The original bridge deck was replaced with an overlay and new bridge deck in 
1980.  The overlay is beginning to show signs of failure through cracks and spalling.  This 
could be representative of larger issues underneath the overlay.  The existing bridge deck is 
over 50% of its estimated service life. 

 Structural Steel – The primary concern for the structural steel is continued deterioration 
and formation of pack rust between the members.  Surface corrosion is largely due to 
localized failure of the overcoat paint system, particularly in the splash‐zone region.  The 
bridge was last painted in 2007.  

 Piers – The piers were noted with minor cracking, spalling and delaminations.  These 
deficiencies were typically observed at or near the pier caps.    

The bridge was load rated by KYTC in April of 2013.  This analysis determines the 
vehicles that the bridge can safely carry under its current condition.  The controlling load 
rating elements are the main truss members from U24 to L25.  All bridge members were 
adequate for the KYTC legal load vehicles.   
 
A bridge considered structurally deficient or functionally obsolete and with a sufficiency 
rating of less than 50 (NBI-SR) will be eligible for federal bridge replacement and 
rehabilitation funds in accordance with the Highway Bridge Replacement and 
Rehabilitation Program. The NBI Sufficiency Rating (SR) was computed at 39.8 by 
KYTC.  The SR is used to indicate a bridge’s sufficiency to remain in service. SR takes 
into account a number of factors including condition of the bridge and geometrics.   
  
The bridge is classified as Structurally Deficient (SD).  Being listed as SD does not 
mean the bridge is unsafe.  The SD designation takes into account the current physical 
condition of the bridge and the load carrying capacity of the superstructure and 
substructure.  The US 51 Cairo Bridge falls into the SD category for the reason that the 
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original design load and the controlling inventory load rating are less than today’s 
current design standards. The US 51 Bridge is considered as Functionally Obsolete 
(FO).  The term FO refers to a bridge with sub-standard geometric features.  Geometric 
features of the bridge are discussed in section 4. 
 
ENGINEERING ASSESSMENT – A preliminary assessment was performed on the 
existing piers.  This assessment provided a first look at the existing piers against the 
current AASHTO LRFD design criteria for bridge scour, seismic loading, barge impact 
and river pier foundations.  The following findings are highlighted: 
 
Bridge Scour – 

 The changes in the river bed between 2001 and 2009 are considered normal and do not 
pose a concern for the foundations of the bridge. 

 At River Piers B‐F, the predicted local scour was in the range of 24ft‐31ft.  Further 
refinement is needed on scour depth and velocities before a final conclusion can be drawn. 

Seismic Loading – 

 The existing bridge was designed before seismic design was required by codes. The current 
AASHTO LRFD code recommends design of new bridges for a 1000 year return period.   

 Using the 1000 year event, a preliminary structural assessment and similar project 
experience indicates that severe damage or even collapse is probable for the existing piers. 

 Seismic analysis is outside the scope of this paper.  Further analysis is needed to assess the 
hazard level and potential damage to the bridge.   

Barge Impact – 

 Preliminary vessel collision forces were estimated from previous projects that utilized 
AASHTO LRFD design criteria and from anticipated vessel characteristics and velocities.  

 Preliminary structural assessment indicates that the piers may have the capacity needed to 
resist these loads; however additional refinement of the loads and demands is needed. 

River Piers Foundation – 
 Any additional load applied to the foundation will induce settlements of the pier 

foundation.  This will need to be considered during any potential remediation design. 

 The existing foundations are inadequate to support seismic loads associated with the 1000 
year return period.   

The information summarized in this white paper identifies concerns affecting the 
physical condition and structural capacity of the existing piers.  Looking forward, this 
information will be utilized during development of a “no-build” alternative, a rehabilitation 
concept and superstructure replacement concept.  
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1. INTRODUCTION 

The purpose of this report is to understand the key 
structural deficiencies of the existing bridge so that 
appropriate actions can be developed to support the 
environmental document and evaluation of the 
alternatives to “Do Nothing”, Repair or Replace the 
bridge. This report summarizes the available 
documentation of inspections, repairs and load ratings 
since the 1999 rehabilitation performed on the US 51 
Cairo Bridge over the Ohio River between Alexander 
County, Illinois and Ballard County, Kentucky. This 
report is intended to give an overview of the existing 
physical condition and noted deficiencies for the 
approach spans and main truss spans.  This was 
accomplished through the review of existing 
documentation with the purpose of developing an 
approved environmental document that addresses 
these deficiencies  
 
2. STRUCTURE LOCATION AND TYPE 

The US 51 Cairo Bridge carries two lanes of traffic between Alexander County, Illinois 
and Ballard County, Kentucky connecting the two communities of Wickliffe, KY and 
Cairo, IL. 

 

As documented in the Cultural Historic Overview Report: 

The bridge is a continuous span cantilever Warren truss bridge with anchor arm spans 
at  each  end.  It was  constructed  in  1938;  the  engineering  company  responsible  for 
bridge design and construction was Modjeski, Masters and Case. The Missouri Valley 
Bridge  and  Iron  Company  constructed  the  substructure.  The Mount  Vernon  Bridge 
Company was responsible for construction of the superstructure. 
 
The main spans are four steel Cantilever Warren trusses that total 2,830 feet in length. 
The  Cairo  Bridge  is  the  longest  cantilever  truss  in  Kentucky.  The  main  spans  are 
flanked  by Warren  deck  truss  approaches  at  each  end;  the  approach  spans  on  the 
Illinois side are 570 feet in length, while the Kentucky approach spans are 2,684 feet in 
length. 
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The bridge consists of 32 spans with 4 distinct bridge types utilizing various rolled steel 
shapes and built-up steel members.  The bridge crosses the Ohio River at a nearly 0-
degree skew near the confluence of the Ohio and Mississippi Rivers. The layout of the 
bridge is oriented from southwest in lllinois to the northeast as can be seen in Photo 1. 

 
Illinois Approach:  Spans 1-5 consist of simply supported two-girder spans measuring 
59-6”, 90’, and 3 @ 80’. Span 6 is a simple span deck truss measuring 181’-01/4”. 

Main Truss:  Spans 7-11 are a variable depth cantilever truss with cantilever spans at 
spans 9 and 10 and a drop-in span at span 8. The spans for the main river crossing are 
as follows: 365’, 800’ (main navigation channel), 650’, 650’, and 365’-1 ½”. 

Kentucky Approach:  Spans 12-20 consist of simply supported deck truss spans 
measuring 182’-6”, 7 @ 182’, and 181’.  Spans 21, 23 and 25 are simply supported two-
girder spans measuring 89’-8 ½”, 48’, and 90’ with cantilevered ends to support the 
shallow multi-girder drop-in Spans 22 and 24 measuring 90’ each.  Spans 26-32 are 
simply supported two-girder spans measuring 6 at 60’, and 60’-6”. 

 

 
 

 
Photo 1 – 2010 Ohio River Navigation Chart (U.S. Army Corps of Engineers) 
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Photo 2 – Typical view of main truss spans and deck truss approach span 

 
Photo 3 – Typical view of 2-girder approach spans 
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3. METHODOLOGY 
Project team bridge engineers gathered available documents on the bridge. These 
documents include original construction plans, rehabilitation plans and available 
inspection reports. Information was also obtained by meeting with key individuals from 
the Kentucky Transportation Cabinet (KYTC).  
 
In accordance with the scope of work, the project team bridge engineers reviewed the 
available documentation in order to come up with a general appraisal of the condition of 
the bridge. This information will be utilized during development of a “no-build” 
alternative, a rehabilitation concept and superstructure replacement concept.   
 
4. GEOMETRIC AND FUNCTIONAL ASSESSMENT 

4.1. DESIGN CONTROLS 
The existing US 51 Bridge is located between Wickliffe, Kentucky and Cairo, Illinois.  
The roadway is classified as rural principal arterial by the Kentucky Transportation 
Cabinet and Illinois Department of Transportation (IDOT). Based on this classification, 
AASHTO’s A Policy on Geometric Design of Highways and Streets, 2011, specifies that 
the roadway should be designed for speeds of 40 to 75 mph depending on terrain, 
driver expectancy, and alignment of the existing facility.  The Kentucky and Illinois 
sections of US 51 have an existing speed limit of 55 mph prior to the bridge approach.  
A design speed of 45 mph will be used in determining the geometric design criteria for 
new alignment alternatives.  For alternatives where a 45 mph design speed cannot be 
obtained due to existing constraints, the option for design exceptions will be evaluated. 
In accordance with AASHTO’s A Policy on Geometric Design of Highways and Streets, 
2011, the minimum stopping site distance is 360 feet for a 45 mph design speed on a 
rural arterial.  A maximum superelevation of 6.0% will be used for all new alignment 
alternatives.  Access control on US 51 is by permit only. The existing posted speed for 
the bridge is 40 mph, which will be used to assess the existing bridge deficiencies.  The 
horizontal curve on the Kentucky approach bridge has an existing posted speed of 20 
mph.   
 
4.2. CROSS SECTION ELEMENTS 
In accordance with AASHTO’s Policy on Geometric Design of Highways and Streets, 
2011, the minimum width of travel way for a 40 to 70 mph design speed is 24 feet for 
traffic volumes over 2000 vehicles per day.  The corresponding usable shoulder width 
for rural arterials is denoted as 8 feet.  Per AASHTO’s A Policy on Geometric Design of 
Highways and Streets, 2011, long bridges, defined as bridges having an overall length 
in excess of 200 feet, should provide an offset to parapet, rail or barrier of at least 4 feet 
measured from the traveled way on both sides of the roadway for a rural arterial.   
 
Per KYTC Bridge Design Manual, the required bridge roadway cross slope is 2.0%.  
The 2012 IDOT Bridge Manual states that typically the minimum cross slope should be 
1.56% (3/16-inch per foot) for all new bridge superstructures.  KYTC’s Highway Design 
Manual requires a minimum 12-foot wide lane, 8-foot wide paved shoulder, and 2-foot 
wide earth or aggregate shoulder for rural arterial roadway.  The 2012 IDOT Bureau of 
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Design and Environmental Manual requires a minimum 24-foot wide travel width and 
10-foot paved shoulders.  Per KYTC’s design manual, the minimum bridge width on a 
two lane bidirectional roadway is 22 feet.  KYTC’s Bridge Design Manual states that, in 
general, the bridge width between gutters should be matched to the approach roadway 
width between faces of guardrail.  IDOT’s Bridge Manual requires that bridge widths 
match the paved roadway width, including the paved shoulder and any exceptions to 
the bridge width policies require the District to submit proper justification and 
documentation for consideration.   
 
US 51 is identified as a part of the National Highway Network in Kentucky and Illinois.  
The existing US 51 Bridge contains two 10’ wide lanes with two 1’-3” shoulders at a 
2.0% cross slope for an overall 22’-6” roadway width. The dimension from back-of-curb 
to back-of-curb is approximately 24’-0”. The existing curb is directly adjacent to the truss 
superstructure as shown in Photo 4.  
 

 

Photo 4 - View Looking North (towards KY) on Bridge 

 
Based on design criteria, the existing US 51 Bridge width does not meet state or federal 
standards for lane or shoulder width. 
 
The US 51 roadway approach in Kentucky was designed in 1937 as two 8’ wide lanes, 
with 8’ unpaved shoulders on both sides.  The roadway has been repaved various times 
since the original construction and no field survey was completed for this report.  Visual 
inspection indicates that the typical section varies, but there are approximately two 11’ 
lanes with approximately 3’-4’ shoulders on both sides.  The existing US 51 roadway 
approach in Kentucky does not meet KYTC standards. 
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No design plans or field survey information was available for the US 51 roadway 
approach in Illinois.  Visual inspection indicates that the typical section varies, but there 
are approximately four 11’ lanes with a 4’ median and 2’ paved shoulders to the north 
traveling towards Cairo.  To the south on US 62/US60 to Missouri, visual inspection 
indicates approximately two 12’ lanes and 2’ paved shoulders.  The existing roadway 
approach in Illinois does not meet IDOT standards.          
 
There is not a sidewalk or accommodations for pedestrians and bicyclists on the 
existing US 51 Bridge or on either of the approaches.  IDOT’s Bureau of Design and 
Environmental Manual and KYTC’s Guidelines for Pedestrians & Bicycle 
Accommodations require that the addition of a pedestrian and/or bicycle facility be 
considered on a case-by-case basis. 
 
4.3. ALIGNMENT ELEMENTS 
According to the 1936 original design plans, the existing bridge profile grade, from the 
south abutment, begins with a +1.00% grade into Span 2.  It then goes through a 70’ 
vertical curve into Span 3 which transitions to a +5.00% grade into Span 7 at panel point 
8.  A 145’ vertical curve between panel points 8 and 12 transitions to a +1.449% grade 
into Span 9 at panel point 37.  A 270’ vertical curve transitions to a -1.449% grade into 
Span 11 at panel point 75.  A 72’ vertical curve transitions to a -1.170% grade which 
goes for nearly 1,909 feet into Span 24.  It is then followed by a 100’ vertical curve 
which transitions into a -3.789% grade which extends to the north abutment. The 1937 
US 51 roadway plans show a 300 foot vertical curve transitioning from the -3.789% 
grade to a 0.0% grade after the abutment. 

 
The maximum allowable grade for rolling terrain is 6% and the maximum allowable 
grade for level terrain is 5% for KYTC.  Based on the existing signed speed limit of 40 
mph, AASHTO’s Policy on Geometric Design of Highways and Streets, 2011, a 
minimum stopping site distance of 305 feet is required.  The existing stopping sight 
distances and headlight sight distances were calculated for the vertical geometry 
described above for a 40 mph design speed.  The crest curves also exceed the criteria 
according to the criteria outline in AASHTO’s A Policy on Geometric Design of 
Highways and Streets, 2011.  One of the sag vertical curves, the 70’ curve in Span 2 
and 3, does not meet the criteria in AASHTO’s A Policy on Geometric Design of 

Figure 1 - Layout sheet from 1980 deck replacement project. 
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Highways and Streets, 2011, for headlight sight distance.  This curve is substandard 
and would have to be lengthened to 243’ to meet the minimum requirements for 
headlight sight distance. 
 
For a proposed roadway typical section with curb, KYTC recommends a 0.5% minimum 
grade but will allow a 0.3% grade with a satisfactorily crowned pavement in order to 
provide adequate drainage. KYTC recommends that cross slope should range from 
1.5% to 2.0%.  IDOT states that it is desirable to provide a minimum grade 0.5%, but 
longitudinal gradients of approaching 0% may be acceptable on some pavements that 
have adequate cross slopes. IDOT recommends a minimum cross slope of 1.56% (or 
3/16-inch per foot).  IDOT requires that new bridges provide a minimum longitudinal 
gradient of 0.5% across the bridge.  The existing bridge grade meets requirements in 
Kentucky and Illinois.  However, the grade of US 51 on the roadway approach is listed 
at 0.0% on the 1937 original roadway design plans.  The roadway approach in this area 
does not meet current KYTC standards for longitudinal slope.  The cross slope on the 
Kentucky roadway approach is identified as 2.0% on the design plans. 
 
As previously noted, the horizontal curve on the Kentucky approach is currently signed 
with a speed limit of 20 mph.  The KYTC 1937 US 51 construction plans show this curve 
to have a radius of 465.0 feet, but the superelevation is not known.  Based on a 
maximum 6.0% superelevation and a design speed of 45 mph, the minimum radius 
would be 643 feet according to AASHTO’s A Policy on Geometric Design of Highways 
and Streets, 2011, and would be 660 feet according to KYTC’s Highway Design Guide.  
The existing Kentucky approach radius of 465 feet is substandard for the design 
conditions.  The remaining horizontal alignment across the bridge is in a tangent and 
does not have any curves or deflection angles.  
  
4.4. CROSS SECTION AND ALIGNMENT DEFICIENCIES SUMMARY 
In summary, the US 51 Bridge is sub-standard in the following areas: 
 Typical Section – narrow bridge and approach roadway and shoulder width 
 Vertical Alignment – sag curve beginning in Span 2 does not meet headlight sight 

distance 
 Horizontal Alignment – 465 foot vertical curve on the Kentucky approach does not 

meet 45 mph design criteria 
 Longitudinal Grade – US 51 roadway at the Kentucky approach has a grade of 

0.0%; the bridge grade meets the Kentucky and Illinois requirements. 
 
The bridge is considered “Functionally Obsolete” (FO).  The term FO refers to a bridge 
with sub-standard geometric features.  The designation does not mean the bridge is 
unsafe.   
 
4.5. BRIDGE CLEARANCES 
The existing US 51 Cairo Bridge crosses the Ohio River and railroad lines under Spans 
22 and 24.  For the Ohio River, the existing navigable horizontal and vertical clearances 
are 630 feet and 105.3 feet, respectively.  The vertical clearance over the railroad 
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bridge per the Structure Inventory and Appraisal (SIA) Item 53 is 19.0 feet.  For the 
railroad lines, the controlling vertical underclearance is 40.0 feet per SIA Item 54B.  The 
lateral underclearance per SIA Item 55 is 33.1 feet. 
 
All clearances satisfy current agency clearance requirements for railroad geometrics 
and navigational needs.  
5. CONDITION OVERVIEW OF EXISTING SUPERSTRUCTURE 
 
As required by the Federal Highway Administration (FHWA), in accordance with the 
National Bridge Inspection Standards (NBIS), the US 51 Cairo Bridge approach spans 
and the main river spans are inspected every 2 years.  The condition of the bridge 
members is determined by this inspection.  By understanding the current condition of 
the bridge, the Kentucky Transportation Cabinet (KYTC) and Illinois Department of 
Transportation (IDOT) can maintain the structural integrity of the bridge for the travelling 
public. 
 
Recent bridge inspection reports consisted of NBIS fracture critical biennial inspections 
(2012/2010/2008), underwater inspections (2009/2004/2001) as well as Joint Annual 
Inspections with KYTC and IDOT.  The last NBIS in-depth inspection occurred in 1997.  
 
5.1. CURRENT BRIDGE CONDITION 
The current NBIS biennial fracture critical (FC) inspection was completed in October, 
2012.  The FC bridge inspection primarily included: (1) the fracture critical members of 
the deck truss approach spans and main truss spans, (2) the floorbeam connections to 
the trusses, (3) the 2-girder approach spans, (4) Category E and E’ details in the truss 
members, girders and floorbeams, and (5) previously noted deficiencies.  A routine 
inspection was accomplished on the remaining bridge components.  The bridge 
received the following condition ratings in 2012: 
 

Item Condition Rating 

58 - Deck 6 - Satisfactory 

59 - Superstructure 6 – Satisfactory 

59A - Paint 7 – Good 

60 - Substructure 6 - Satisfactory 

 

Key Findings from the 2012 FC Inspection: 
 
Item 58 – Deck: 

 The deck is in overall satisfactory condition with areas of spalling, typically adjacent to 
the joints.  Light cracking is common in the overlay. 

 The joint armor and/or seal are damaged, cracked, or with missing sections at 9 joint 
locations. 



  US 51 Cairo Bridge Project 
Existing Bridge Deficiencies White Paper 

 
13 May 17, 2013 

 

 The steel railing is corroding from the inside – out, and there are several corrosion holes 
in the railing and posts.  The concrete blisters are cracked and spalled at several 
locations, exposing the anchor bolts and reinforcing steel. 

Item 59 – Superstructure: 

 Stringer end cracks and section loss at main truss panel points L15, L44, and L61. 

 Pack rust is common between components of built‐up truss members, including 
between gusset plates and truss members.  As a result of pack rust accumulation, some 
of the gussets plates are bowed approximately 1/8” to 1/2” along the plate edges. 

 Pitting and section loss located primarily at joint locations is typically inactive since 2007 
painting.   

 Downstream main truss bearing at panel point L0 has cracks in the bearing collar. 

 Deck truss bearings in the approach spans are showing signs of pack rust, section loss, 
and debris accumulation. 

Item 60 – Substructure: 

 The piers were observed with minor cracking, delaminations and spalling. 

Following the inspection, the NBI Sufficiency Rating (SR) was computed at 39.8 by 
KYTC.  The SR  is used to indicate a bridge’s sufficiency to remain in service. The result 
is a percentage in which 100 percent represents an entirely sufficient bridge and zero 
percent represents an entirely insufficient or deficient bridge.  SR takes into account a 
number of factors including condition of the bridge as well as geometrics.   
 
The bridge is classified as “Structurally Deficient” (SD).  Being listed as SD does not 
mean the bridge is unsafe.  The SD designation takes into account the current physical 
condition of the bridge and the load carrying capacity of the superstructure and 
substructure.  The US 51 Cairo Bridge falls into the SD category for the reason that the 
original design load and the controlling inventory load rating are less than today’s 
current design standards.  
 
A bridge considered structurally deficient or functionally obsolete and with a sufficiency 
rating of less than 50 will be eligible for federal bridge replacement and rehabilitation 
funds in accordance with the Highway Bridge Replacement and Rehabilitation 
Program.   
 
A bridge considered structurally deficient or functionally obsolete and with a sufficiency 
rating of less than 50 will be eligible for federal bridge replacement and rehabilitation 
funds in accordance with the Highway Bridge Replacement and Rehabilitation Program.   
 
Based on the inspection findings, repair plans have been developed at the time of 
writing this report to address the deficient deck joints, stringer end cracks and 
miscellaneous deck patching.   
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From FHWA Recording and Coding Guide – 
 
Condition ratings are used to describe the existing, in‐place bridge as compared to the as‐built condition. 
Evaluation  is  for the materials related, physical condition of the deck, superstructure, and substructure 
components of a bridge. Condition codes are properly used when they provide an overall characterization 
of  the general condition of  the entire component being  rated. Correct assignment of a condition code 
must, therefore, consider both the severity of the deterioration or disrepair and the extent to which it is 
widespread throughout the component being rated. 
 
Item  58  ‐  Concrete  decks  should  be  inspected  for  cracking,  scaling,  spalling,  leaching,  chloride 
contamination, potholing, delamination, and full or partial depth failures.  The condition of the wearing 
surface/protective system, joints, expansion devices, curbs, sidewalks, parapets, fascias, bridge rail, and 
scuppers shall not be considered in the overall deck evaluation. However, their condition should be noted 
on the inspection form. 
 
Item 59  ‐ The structural members should be  inspected for signs of distress which may  include cracking, 
deterioration,  section  loss, and malfunction and misalignment of bearings.   The condition of bearings, 
joints, paint system, etc. shall not be included in this rating, except in extreme situations, but should be 
noted on the inspection form. 
 
Item 60 ‐ All substructure elements should be inspected for visible signs of distress including evidence of 
cracking, section loss, settlement, misalignment, scour, collision damage, and corrosion. 
 
Typical condition rating descriptions in evaluating Items 58, 59, and 60: 

8 ‐ VERY GOOD CONDITION ‐ no problems noted. 

7 ‐ GOOD CONDITION ‐ some minor problems. 

6 ‐ SATISFACTORY CONDITION ‐ structural elements show some minor deterioration. 

5  ‐  FAIR  CONDITION  ‐  all  primary  structural  elements  are  sound  but may  have minor  section  loss, 
cracking, spalling or scour. 

4 ‐ POOR CONDITION ‐ advanced section loss, deterioration, spalling or scour. 

3 ‐ SERIOUS CONDITION ‐ loss of section, deterioration, spalling or scour have seriously affected primary 
structural components. Local failures are possible. Fatigue cracks in steel or shear cracks in concrete may 
be present. 

2 ‐ CRITICAL CONDITION ‐ advanced deterioration of primary structural elements. Fatigue cracks in steel 
or  shear  cracks  in  concrete may be present or  scour may have  removed  substructure  support. Unless 
closely monitored it may be necessary to close the bridge until corrective action is taken. 
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5.2. HISTORICAL BRIDGE CONDITION 
Condition ratings are used to describe the existing, in-place bridge as compared to the 
as-built condition.  Repairs are typically required to maintain the safe operation of the 
bridge which is reflected through its historical condition ratings.  The following list 
summarizes the major repairs/maintenance that has occurred over the life of the US 51 
Cairo Bridge.     
 

Year Recent Repair/Maintenance Summary 

1980 - Install new 6 ¾” concrete deck with 1 ½” concrete overlay 
- Install new steel barrier railing 
- Install new deck joints.  Existing finger joints, to remain. 
- Install new drain scuppers 
- Install new electrical conduit and navigation lights 

 

1986 - Apply overcoat to all steel members using a zinc‐vinyl paint system 
 

1999 - Replace 3’ wide strip of concrete overlay (full length bridge) 
- Repair concrete at Pier F 
- Replace truss windlock assembly 
- Replace expansion bearings in 2‐girder spans 
- Epoxy inject cracks in Piers B, E, and F 
- Misc. steel repairs in truss members 
- Repair miscellaneous stringer web cracks in truss spans 

 

2007 - Apply overcoat to all steel members  using a calcium‐sulfonate paint 
system 
 

2012 
(planned) 

- Install new deck joints at Piers I2, I4, and K15 thru K20 
- Repair stringer web cracks in truss spans at L15, L27, L44 and L61  

 

 
The Project Team Bridge Engineers obtained previous inspection reports from KYTC 
which covers a 15 year period from 2012 to 1997.  The accepted NBI deviation between 
the “correct” condition rating and the stated condition ratings is +/- 1.  Applying this 
deviation to the condition ratings shows a relatively constant physical condition for the 
overall NBI condition ratings during this 15 year period.   
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BRIDGE DECK 
The Bridge Deck (Item 58) condition has been steady with an NBI rating value of 6 
(satisfactory).  The existing concrete bridge deck was constructed in 1980 using phase 
construction.  Some spans used stay-in-place (SIP) forms for full width of the deck and 
other spans used SIP forms for half of the deck width.  This permanent formwork makes 
it difficult for the bridge inspector to perform a visual inspection on the underside of the 
deck.  Typically, deficiencies are noted once the SIP forms show signs of corrosion.  
Corrosion of the SIP form often indicates moisture and chlorides have penetrated 
through full depth cracks in the deck (see Photo 5). 
 

 

Photo 5 - Typical corrosion at edge of SIP form 
 
The condition of the existing concrete overlay is not included in the overall NBI condition 
rating for the deck.  Typically, when an overlay is observed in good condition then there 
are no visual indications to note on the bridge deck.  However, as the concrete overlay 
deteriorates through cracking and spalling (see Photo 6 and Photo 7), this deterioration 
will begin to enter into the concrete deck and begin to exhibit cracking, efflorescence 
and spalling.  
 
The current reinforced concrete bridge deck is comprised of bare reinforcing steel with a 
concrete overlay.  At 33 years old, the bridge deck has used over 50% of its estimated 
service life of 50 to 60 years.  The concrete overlay is at the end of its estimated service 
life of 20 to 30 years.   Given the deficiencies noted in the overlay, it is anticipated that 
the condition rating of the deck will begin to decrease without an effective waterproofing 
protection system in place.  
 
Field investigations are outside the scope of this project; however, coring to determine 
concrete deterioration and current material properties could be used to provide data into 
the actual amount of deterioration in the concrete deck.  This information could then be 
used to predict the remaining service life of the concrete deck and/or identify 
maintenance needs to achieve the required service life.  
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Photo 6 - Typical longitudinal crack in overlay 
running nearly full length of bridge from 2012.

Photo 7 - Typical random area of spalling in overlay from 2012.
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SUPERSTRUCTURE 
The condition of the Superstructure (Item 59) has been steady with an NBI condition 
rating value of 6 (satisfactory).  The primary factor affecting the deterioration of the steel 
superstructure is corrosion.  To protect against steel deterioration, an effective paint 
system is necessary.  The Paint (Item 59A) condition degraded to an NBI condition 
rating value of 4 (poor) prior to the 2007 paint overcoat project.  After painting, the NBI 
condition rating was raised to a current value of 7 (good). 
 
The steels used in the US 51 Cairo Bridge are a non-weathering steel comprising of 
medium carbon steel and silicon structural steel.  Although the silicon steel is more 
corrosion resistant than the carbon steel, both steels require an effective paint overcoat 
system to protect against deterioration. 
 
The 2012 Inspection Report states, the US 51 Cairo Bridge has localized areas of 
section loss and random areas of pack rust located primarily in the splash zone of the 
main truss spans and under the deck joints. 
 

 
 
 

 
Deterioration of the structural steel due to corrosion is one of the primary deficiencies 
typically noted for bridge types and age similar to that of the US 51 Cairo Bridge.  
Deterioration in the form of uniform section loss and pitting is common in the “splash 
zones” of the bridge and under deck joints which typically leak over time. 
 
Splash zones typically encompass the following areas:  (1) floorbeam ends, (2) fascia 
stringer ends at deck joints, (3) lower chord gussets, (4) lower lateral bracing at panel 
point, (5) various horizontal plate at lower panel points, and (6) ends of vertical and 
diagonal truss members at lower chord panel points.  Steel within the splash zone is 
typically exposed to wet conditions, which is made worse by exposure to deicing salts. 
 
 
 
 

Photo 9 - Example of packrust between 
built-up members in deck truss spans

Photo 8 - Example of packrust between 
built-up members in main truss spans
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Figure 2 – Limits of Splash Zone.  Limits apply to each side of truss. 
 
Minor to moderate pack rust was noted throughout the bridge.  Pack rust typically forms 
between multiple plates connected together by rivets or bolts to create a built-up 
member.  Pack rust has the ability to expand creating such high expansive forces that 
the plate material will deform or bend.  Pack rust has the capability to fracture rivets or 
bolts in extreme situations.  
 
Although the current paint overcoat system has a good condition rating, the paint 
system is showing the beginning signs of distress.  In discussions with KYTC Bridge 
Maintenance, they have seen a reduced service life on several bridges throughout the 
state that are currently using this type of calcium-sulfonate paint overcoat system.  
Possible factors include existing rust not being fully removed during surface preparation 
and/or chlorides remaining on surface.  The primary concern is the paint system (see 
Photo 10) would fall short of its estimated 10 to 15 year service life.   
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Photo 10 – Typical paint condition after 5 years in-service. 
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5.3. LOAD RATING 
The US 51 Cairo Bridge was load rated by KYTC Bridge Maintenance for the main truss 
spans and both approach spans utilizing LARS Complex Truss by Bentley.  The rating 
was provided for the Inventory and Operating loading (HS20), as well as the KYTC legal 
load vehicles Type 1 to 4. 
 
The Inventory rating provides the largest vehicle that can safely utilize the bridge for an 
indefinite period.  The Operating rating is the maximum permissible load level to which 
the structure may be subjected for the vehicle type used in the rating. 
 

Load Rating Controlling Location Rating (tons) 

Inventory Main Truss at U24‐L25 15.8 

Operating Main Truss at U24‐L25 26.3 

Type 1 Cantilevered girders KY app 30.0 

Type 2 Cantilevered girders KY app 32.0 

Type 3 Cantilevered girders KY app 37.0 

Type 4 
L2-L3 (and L2’-L3’) upstream and downstream of 
the deck trusses 

44.0 

    
The controlling load rating elements are the main truss members from U24 to L25 for 
the Inventory and Operating ratings.  All bridge members were considered adequate for 
the KYTC legal load vehicles Type 1 to 4. The Inventory and Operating rating below the 
HS20 truck baseline weight of 36 tons does not indicate the bridge is in imminent 
danger of failure.  
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5.4. FATIGUE AND RIVETED TRUSSES 
Based on research findings by Fisher and others, it was found that for riveted bridges: 

 AASHTO fatigue strength category D is a reasonable lower bound for the initial 
fatigue crack development.  

 Primary members in riveted bridges are seldom subjected to stress ranges that 
exceed the category D fatigue limit, and thus are not likely to develop fatigue 
cracks. 

 The riveted details most likely to develop cracks are those subjected to distortion 
or displacement‐induced stresses at connections. 

 Corrosion can reduce the fatigue resistance.  

Facts for US 51 Cairo Bridge: 
 Per the US 51 Cairo Bridge Inspection Manual, there are no existing Category E 

or E’ details.  

 No suspected fatigue cracks were noted on the primary truss members and 
floorbeams per the 2012 Bridge Inspection Report.   

 Two types of steel were used in the construction of this bridge. They are 
designated on the shop drawings as medium carbon steel (truss members), and 
silicon steel (floorbeams, stringers, and truss members). 

 The unit stresses per the original plans provided allowable tensile values of 18.0 
ksi, and 24.0 ksi for the medium steel and silicon steel respectively, which was 
supported by Table 6B.6.2.1 from the AASHTO Manual for Bridge Evaluation. 

 
Figure 3 - AASHTO Manual for Bridge Evaluation, Steel Properties Table 
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Corrosion and Fatigue Resistance 
A study was done of the fatigue strength of trolley bridge stringers made of ASTM A7 
Steel, which is similar to medium carbon steel, by Albrecht and Lenwari (2008).  In that 
report, it indicated that highway and railway bridges fabricated from ASTM A7 and A36 
carbon steels will corrode if the paint system is allowed to fail because of a lack of 
maintenance. Corroding members lose strength as a result of pitting and uniform 
corrosion. The pits act as stress risers and cause cracks to initiate. The uniform loss of 
cross-sectional area increases the nominal stress range. Hence, corrosion reduces 
fatigue strength. The strength continues to decrease as long as the steel members 
continue to corrode. 
 
Figure 4 taken from the Albrecht and Lenwari (2008) report shows that decades of 
corrosion reduced the fatigue strength of the trolley bridge stringers from Category A to 
Category D, depending on the degree of corrosion and pitting. 

 
Figure 4  –  S-N Data for all A-7 Stringers 

(Albrecht et al, 2008) 
 
 
KYTC has numerous riveted trusses, similar to the US 51 Cairo Bridge, across the Ohio 
River.  All of these riveted bridges have a good performance record with respect to a 
minimal number of noted fatigue issues.  Fatigue cracks have been rare with these 
bridges, and the fatigue cracks noted were typically associated with out-of-plane 
distortion and were randomly located.  
 
Thus, research for this paper indicates there are no significant fatigue issues that would 
negatively affect the remaining service life of the US 51 Cairo Bridge. 
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6. CONDITION OVERVIEW OF EXISTING SUBSTRUCTURE 
The project team reviewed the available existing bridge inspection reports in order to 
establish a general condition appraisal for the existing piers supporting the US 51 Cairo 
Bridge.  The condition of the piers above the waterline was documented in fracture 
critical bridge inspection reports.  These inspections did not conduct an arms-length 
inspection of the piers (with exception of the pier cap/bearings).   Inspection of these 
pier elements were conducted, without requiring climbing or specialized equipment.  
The team also reviewed the condition of the piers as documented in three underwater 
inspection reports from 2001, 2004, and 2009. 
   
Detailed information on the condition of the individual piers above the waterline was not 
available, so it is assumed that all piers are included in the overall substructure 
condition rating.  The condition of the Substructure (Item 60) has been steady with an 
NBI condition rating value of 6 (satisfactory).    
 
The following conditions were noted in the 2012 fracture critical inspection report:  
“Minor cracking with efflorescence and minor delaminations are present on some piers.  
Approach piers have minor cracking, delaminations and spalls”.  It was also noted that 
some of the patches are beginning to fail at the interface to the existing concrete.  The 
general condition can be seen in the following two photographs taken from the 2009 
underwater inspection report. 
 

 

  
  

Photo 8 - Pier E looking towards KY Photo 9 - Pier F looking towards KY
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Piers B thru F were inspected below the waterline during a “hands-on” inspection by 
divers. Light to moderate scaling was found on the faces of the piers below the water 
surface. Hairline vertical cracks were noted in the inspection to extend from above the 
water surface below water and in some cases down to the ledge between the bottom of 
the pier shaft and the permanent cofferdam.  Cracks found ranged in size from hairline 
to ¾” wide.  Timber formwork on the permanent cofferdam section was noted as 
partially remaining and attached to Piers C, D, and F. Light biological growth of zebra 
mussels was also observed.  Spalling was noted on the North Face of Pier C and at the 
cold joints on Pier D.  Overall condition rating of the bearings was listed as satisfactory 
(6). 
 
Concrete patching was performed on Illinois Approach Piers I-1 thru I-5, River Piers B, 
C, E & F, Kentucky Approach Pier K2 and the KY Abutment as part of the 1999 repair 
contract. Epoxy injection of cracks was performed on Illinois Approach Piers I-2, River 
Piers B, C, E & F and the KY Abutment as part of that same repair contract.  
 
7. ENGINEERING ASSESSMENT OF EXISTING RIVER PIERS 
A preliminary engineering assessment was conducted on the existing piers for current 
AASHTO LRFD design criteria loadings for Bridge Scour, Seismic Loading, Barge 
Impact and Foundation Evaluation.  The approach span piers were not included in this 
assessment. 
 
7.1. BRIDGE SCOUR 
The 2009 underwater inspection report indicates that the riverbed material around the 
piers consists mainly of sand and gravel with some silt, and miscellaneous debris. Rip-
rap and boulders were observed at Piers B, C, D, and E. 
 
Cross sections of the river were taken as part of the each of the underwater inspections. 
The existing foundations are pneumatic caissons.  They were excavated through recent 
alluvial deposits and into the underlying Tertiary aged varved clay layer.  The changes 
in the river bed between 2001 and 2009 are considered normal and do not pose a 
concern for the foundations of the bridge. 
 
During the late 1990’s KYTC conducted a scour risk assessment for their bridges.  A 
summary of the report indicated that this bridge is not scour critical; however, the 
detailed report has not been located by KYTC.  New 2012 estimates of the preliminary 
scour were made for inclusion in this paper based on guidance from HEC-18 and 
100year flow velocity estimates obtained from the USACE. 
 
At river Piers B-F, the predicted local scour was in the range of 24ft-31ft.  Estimates 
from other Ohio River Bridge projects have indicated that scour can exceed 40ft 
depending upon local conditions in the river.  It is recommended that further refinement 
of the scour estimate is needed before full conclusions can be drawn.   
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The preliminary scour estimates have been shown on the channel profile from the 
underwater bridge inspection report below.  The figure below shows Pier F to be the 
most susceptible to scour because of the relatively shallow depth of foundation, 
however the velocity may be lower than was assumed at this location.  Refined velocity 
estimates are needed to further evaluate the scour for Pier F. 
 

 
Figure 5 - Preliminary Scour Depths (Looking Upstream) 

 
7.2. SEISMIC LOADING 
The 1998 KTC Report 98-20 evaluated the susceptibility of the US 51 Cairo Bridge to a 
50year return earthquake.  This study found that the main bridge could resist this quake 
without yielding or buckling any truss members, or without failing the bearings.  The 
study also recommended that the approach span bearings be retrofitted to resist this 
magnitude of seismic event.  The bridge piers were not evaluated in the KTC study. 
 
The AASHTO Seismic Retrofitting manual indicates that the level of seismic event and 
retrofit should be a function of the remaining service life of the bridge.  For the purpose 
of the existing assessment, it was decided to evaluate the piers for a 1,000 year seismic 
event as the baseline for comparison.   
 
The design of the existing piers pre-dates the code requirements for seismic design.  
The preliminary assessment of the piers, along with similar project experience indicates 
that severe damage or even collapse is probable for the existing piers for the 1,000 year 
return period.  There is also concern that even under a lower level seismic event the 
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existing piers would be damaged to the point where it would be unsafe to permit 
vehicles to cross. 
 
Based on these preliminary findings, additional study and further discussion is needed 
to determine how much damage is acceptable to KYTC and assist in defining the 
rehabilitation necessary to meet those requirements.  
     
7.3. BARGE IMPACT  
The main river piers of the existing US 51 Bridge over the Ohio River were assessed for 
the following vessel collision event: 
 
A barge flotilla or ship striking the bridge while navigating the waterway under typical 
conditions combined with the effects of one-half of the predicted Contraction Scour and 
no Local Scour.  The barge flotillas in the design fleet include both fully-loaded barges 
and fully-unloaded barges.  The unloaded barges are lighter and therefore have 
reduced loads, but they draft higher in the water and impact elevation on the pier 
components is higher. 
 
The Importance Classification of the existing US 51 bridge over the Ohio River was 
assumed to be a Typical Bridge. 

A preliminary study investigated the potential vessel collision with the piers per 
AASHTO LRFD 3.14  Information for the study was gathered from previous projects on 
similar waterways.  Vessel traffic data was assumed from a recent study on the Milton-
Madison Bridge over the Ohio River.   

Table 1: Comparison of Ohio River Bridge Main Span Vessel Impact Load 

Bridge Name/Location Main Span Maximum Vessel Load 
  (ft) (kips) 

Owensboro 1100 4137 

New Louisville Downtown 750 6000 

Milton-Madison 727 4700 

Maysville 1050 5000 

Ironton-Russell 900 6161 

Pomeroy Mason 675 4500 

US 51 (Estimated) 650 5000 
 
A comparison of other Ohio River Bridge barge impact loads is provided in Table .  The 
maximum estimated vessel load calculated for the US 51 Cairo Bridge is 5000 kips.  
This load was utilized in the preliminary foundation assessment.      
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7.4. FOUNDATION EVALUATION 
 
The existing main span foundations were constructed as pneumatic caissons.  The 
approximate base dimensions of these caissons are 30 feet x 61.5 feet. They were 
excavated through about 40 feet of recent alluvial deposits and about 5 feet into the 
underlying Tertiary aged varved clay layer.  This makes sense as the clay layer would 
have provided a good seal for the pneumatic caisson and the older more consolidated 
sediments would allow proper preparation of the foundation base to receive concrete.  
The varved clay layer extends about 25 to 40 feet below the tip of the caissons where it 
overlies a sand layer of indeterminate depth. Bedrock is at least 450 feet below the 
bottom of the river. 
 
Based on the available descriptions of the bearing material, the design of the original 
foundations and engineering experience, the nominal bearing resistance of the varved 
clay at the bottom of the main pier caissons is estimated as 45 ksf.  Since the caissons 
are founded on a significant layer of clay overlying deep sand deposits, any additional 
load applied to the foundation will induce some immediate and long term settlements of 
the pier foundation.  This will need to be considered during any potential remediation 
design. 
 
The estimated net vertical load on the main span piers (unfactored) is about 22,000 
kips.  This gives a net bearing pressure of about 12 ksf which is pretty close to the 
assumed allowable bearing capacity of 15 ksf (based on the estimated nominal 
resistance of 45 ksf and a safety factor of 3).  This was likely the basis for the design of 
the original foundation. 
 
Design of the original bridge likely ignored the effect of horizontal loads on bearing 
pressures.  Current design practice treats the caisson foundation as a spread footing 
subject to overturning moments from wind, seismic and vessel impact.  The soil 
surrounding the caisson shaft is not assumed to resist overturning moments due to its 
potential to be removed by scour and the difference in horizontal and vertical response 
in the soil.   
 
Based on preliminary calculations of the overturning moments and the assumed bearing 
pressure, it is concluded that the existing foundations are inadequate to support seismic 
loads and may be capable of resisting the assumed barge impact forces when 
evaluated using current design standards.  Plausible seismic retrofit scenarios will be 
discussed in the Bridge Rehabilitation White Paper. 
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8. NEXT STEPS 
 
The information summarized in this white paper identifies concerns affecting the 
physical condition and structural capacity of the existing piers.  Looking forward, this 
information will be utilized during development of a “no-build” alternative, a rehabilitation 
concept and superstructure replacement concept.  
 
As part of the overall US 51 Cairo Bridge project study, a “no-build” alternative will be 
examined.  Under this option, only ongoing maintenance and low cost improvements 
would be made. Members with significant deterioration and with substandard load 
ratings will be considered for repair.  This minor rehabilitation would focus on immediate 
repairs that are necessary for the bridge to continue to maintain traffic safely until such 
time as the bridge becomes structurally deficient.  The assumption of low cost 
improvements for the maintenance does not include having the entire bridge cleaned 
and re-painted.  This means that any deterioration that has been documented in the 
form of rust packing, pitting and uniform section loss will continue to progress.  In 
addition, no corrective measures for sub-standard highway conditions would be planned 
under the “no-build” alternative. 
 
Rehabilitation alternatives will also be considered to maintain the existing bridge for an 
additional 25 year period, including the bridge deck, structural steel, and paint system.  
The potential rehabilitation will also consider needs to address bridge scour, seismic 
loading and barge impact.  Detail information on the “no-build” alternative as well as the 
rehabilitation alternatives will be included in the Rehabilitation Concepts White Paper. 
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Structure Inventory and Appraisal Sheet (English Units)

Bridge Key: 296 Agency ID: 004B00021N SD/FO: FO

State 1: 21 Kentucky Struc Num 8: 004B00021N Frequency 91: Next Inspection:

Facility Carried 7: US-51 Location 9: 4.0 MI WEST OF JCT 
US51&6 FC Frequency 92A: FC Inspection Date 93A: Next FC Inspection: 10/29/2014

Rte.(On/Under)5A: Route On Structure Rte. Signing Prefix 5B: UW Inspection Date 93B: Next UW Inspection:

1 Mainline 00051

2 U.S. Numbered 
Hwy

UW Frequency 92B: 12/1/2014

Level of Service 5C: Rte. Number 5D: SI Frequency 92C: SI Date 93C: Next SI: NA

Directional Suffix 5E: 0 N/A (NBI) % Responsibility : 50

SHD District 2: District 1 County Code 3: Ballard (004)
Element Frequency: Element Inspection Date: Next Elem. Insp. Due: 10/29/2013

Place Code 4: FIPS 0000 Mile Post 11: 7.949 mi

Border Bridge Number 99: 002-0006

Number of Approach Spans 46:

STRUCTURE TYPE AND MATERIALS
27 Number of Spans Main Unit 45: 5

Deck Type 107:

Wearing Surface 108A:

Membrane 108B:

Deck Protection 108C:

AGE AND SERVICE

Type of Service on 42A: 1 Highway

Type of Service under 42B: 7 Railroad-waterway

Lanes on 28A: 2 Lanes Under 28B: Detour Length 19: 98.0 mi

ADT 29: 5,040 Truck ADT 109: 35 % Year of ADT 30: 2012

GEOMETRIC DATA
Length Max Span 48: 799.9 ft Structure Length 49: 5,865.2 ft

Curb/Sdwlk Width L 50A: 2.0 ft Curb/Sidewalk Width R 50B: 2.0 ft

Width Curb to Curb 51: 20.0 ft Width Out to Out 52:

0

Main Span Material/Design 43A/B:

Approach Span Material/Design 44A/B:

3 Steel 10 Truss-Thru

3 Steel 02 Stringer/Girder

10/29/2013

1 Concrete-Cast-in-Place

0 None

3 Latex Concrete/Similar

None

24.0 ft

10/29/2012

12/1/2009

NA

10/29/201212 months

NA

60 months

24 months

12 months

Year Built 27: 1937 Year Reconstructed 106: Unknown

Inspection Date 90: 10/29/2012

Feature Intersected 6: OHIO RIVER -IC (SOU) RR

Latitude 16: 36d 59' 40" Longitude 17: 089d 08' 40"

Owner 22:

IDENTIFICATION INSPECTION

Custodian 21:

Toll Facility 20:

Direction of Traffic 102:

Defense Highway 100:

Defense Hwy 110:

2 2-way traffic Temporary Structure 103:

0 Not a STRAHNET hwy Parallel Structure 101:

State Highway Agency

CLASSIFICATION

State Highway Agency

Deck 58:
6 Satisfactory 6 Satisfactory Sub 60: 6 Satisfactory

Culvert 62: N N/A (NBI) 7 Minor Damage

Super 59:

Channel/Channel Protection 61:

CONDITION

Inventory Rating Method 65: Operating Rating Method 63: 1 LF  Load Factor

Inventory Rating 66: Operating Rating 64: HS17.5

Design Load 31: Posting 70: 2 20.0-29.9%below

Posting status 41:

1 LF  Load Factor

HS9.9

4 M 18 (H 20)

A Open, no restriction

LOAD RATING AND POSTING

Bridge Rail 36A:

Transition 36B:

Str. Evaluation 67:

Scour Critical 113:

Approach Rail 36C: 1 Meets Standards

Approach Rail Ends 36D: 1 Meets Standards

Deck Geometry 68: 2 Intolerable - Replace

9 Above Desirable

Waterway Adequacy 71: Approach Alignment 72: 4 Minimum Tolerable

0 Substandard

1 Meets Standards

4

Underclearance, Vertical and Horizontal 69:

5 Above Tolerable

5 Stable w/in footing

APPRAISAL

PROPOSED IMPROVEMENTS

Navigation Control 38:

Vertical Clearance 39: Horizontal Clearance 40: 630.0 ft

Pier Protection 111: Lift Bridge Vertical Clearance 116: 0.0 ft

1

105.3 ft

Not Applicable (P)

Permit Required

NAVIGATION DATA

Deck Area: 140,763.8 sq. ft

Skew 34:

Approach Roadway Width 32:
(w/ shoulders)

24.0 ft Median 33:

0.00 °

0 No median

Minimum Vertical Clearance Over Bridge 53:

Minimum Vertical Underclearance Reference 54A:

Minimum Vertical Underclearance 54B:

Minimum Lateral Underclearance Reference R 55A:

Minimum Lateral Underclearance R 55:

Minimum Lateral Underclearance L 56:

19.0 ft

R Railroad beneath struc

40.0 ft

R Railroad beneath struc

33.1 ft

0.0 ft

Horiz. Clearance 47:

Structure Flared 35: 0 No flare

Functional Class 26:

Historical Significance 37:

3 On free road

0 Not a STRAHNET 

No || bridge exists

Not Applicable (P)

02 Rural Other Princ

3 Possibly eligible for

Long Enough
Border Bridge Code 98: 17 Illinois

Highway System 104: 1 On the NHS NBIS Length 112:

ELEMENT CONDITION STATE DATA
% in 5Qty. St. 4Qty. St. 2% in 2Qty. St. 1% in 1Total Qty % in 4Qty. St. 3% in 3 Qty. St. 5UnitsStr Unit Elm/Env Description

100 %00 %132,827 0 % 0 %00 00 %132,8271 (SF)22/1 P Conc Deck/Rigid Ov

100 %00 %2,673 0 % 0 %00 00 %2,6731 (LF)107/1 Paint Stl Opn Girder

35 %8,49160 %14,151 0 % 1 %0566 1424 %4,9531 (LF)113/1 Paint Stl Stringer

25 %00 %5,660 5 % 0 %3,1131,132 020 %1,4151 (LF)121/1 P/Stl Thru Truss/Bot

94 %00 %5,660 0 % 0 %0340 06 %5,3201 (LF)126/1 P/Stl Thru Truss/Top

20 %00 %3,637 0 % 0 %02,910 05 %7271 (LF)131/1 Paint Stl Deck Truss

Total Cost 96:

Year of Cost Estimate 97: 2004

Bridge Cost 94:

Roadway Cost 95:

$ 20,938,000

$ 0

$ 20,938,000 31 Repl-Load Capacity

586.6 ft

7,660

2032

01

01

20.00 ft

Type of  Work 75:

Length of Improvement 76:

Future ADT 114:

Year of Future ADT 115:

SR: 39.8

Vertical Clearance 10: 19.00 ft

Thu 4/18/2013 08:28:46
Page 1 of 2
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Structure Inventory and Appraisal Sheet (English Units)
% in 5Qty. St. 4Qty. St. 2% in 2Qty. St. 1% in 1Total Qty % in 4Qty. St. 3% in 3 Qty. St. 5UnitsStr Unit Elm/Env Description

45 %1,10253 %2,079 0 % 0 %042 02 %9361 (LF)152/1 Paint Stl Floor Beam

30 %53265 %819 0 % 0 %041 05 %2461 (LF)210/1 R/Conc Pier Wall

13 %24487 %280 0 % 0 %00 00 %361 (LF)215/1 R/Conc Abutment

0 %384100 %384 0 % 0 %00 00 %01 (LF)300/1 Strip Seal Exp Joint

28 %43064 %672 0 % 0 %054 08 %1881 (LF)301/1 Pourable Joint Seal

99 %00 %120 0 % 0 %01 01 %1191 (LF)304/1 Open Expansion Joint

10 %1890 %20 0 % 0 %00 00 %21 (EA)310/1 Elastomeric Bearing

44 %1753 %32 0 % 0 %01 03 %141 (EA)311/1 Moveable Bearing

15 %5185 %60 0 % 0 %00 00 %91 (EA)313/1 Fixed Bearing

10 %41890 %465 0 % 0 %00 00 %471 (LF)331/1 Conc Bridge Railing

50 %00 %11,267 20 % 0 %2,2532,253 1,12720 %5,6331 (LF)334/1 Metal Rail Coated

100 %00 %1 0 % 0 %00 00 %11 (EA)357/1 Pack Rust Smart Flag

100 %00 %1 0 % 0 %00 00 %11 (EA)358/1 Deck Cracking SmFlag

100 %00 %1 0 % 0 %00 00 %11 (EA)362/1 Traf Impact SmFlag

100 %00 %1 0 % 0 %00 00 %11 (EA)363/1 Section Loss SmFlag

40 %3,94335 %11,267 5 % 0 %5632,253 020 %4,5071 (LF)503/1 Curbs

100 %00 %1 0 % 0 %00 00 %11 (EA)606/1 Drains 

0 %1100 %1 0 % 0 %00 00 %01 (EA)607/1 Utilities

0 %1100 %1 0 % 0 %00 00 %01 (EA)609/1 Debris on Superstruc

0 %1100 %1 0 % 0 %00 00 %01 (EA)613/1 Vegetation

Thu 4/18/2013 08:28:46
Page 2 of 2
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Page 1

FMSM UNDERWATER BRIDGE INSPECTION FORM

Bridge Number: 4-0051-B00021

County: Ballard

Description: 51 Bridge over the Ohio River at Wickliff, KY

Water Body:Ohio River

1. 2. Date Tuesday, December 01, 2009

3. FMSM Project No: 175569090

Sunny

Cloudy

Partly Cloudy

Windy

Other

4. Weather Temperature: 40

Supervisor: AAC Crew: TCB, JAG, FJB

Visitors: Arrive: Depart:

Visitors Arrive: Depart:

5.

6. Bridge Type:

Continuous Plate Girder

Steel Truss

Suspension

Wood Truss

Reinforced Concrete Beam

Other

Reinforced Concrete

Masonry

Closed Web

Timber Piles

Open Web Steel Piles

Other

Pile with pile cap

Caisson

Pile without pile cap

Spread footing 

Pier founded on rock or soil

Other

7. Element Type:

8. Foundation Type

9. Dates of Report: 1991,1996,2001,2004Previous Report Available

Originator: FMSM

Construction or As-Built Plans and/or Reports Available10. Dates: 1936

Water surface reference point on Pier or Bridge

Pier C, Bottom of middle web

11.

Reference Point Elevation: 327 Distance to Water 30 Water Elevation: 297

12. Pictures Taken

1. Pier B Looking East

2. Pier C Looking East

3. Pier D Looking East

4. Pier E Looking East

5. Pier F Looking East

6. Planview Looking Downstream

7. Planview Looking Upstream
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FMSM UNDERWATER BRIDGE INSPECTION FORM

13. Cross Sections:

Upstream

Downstream

5' 10' 25' 50' 100'

View Point L to R Looking: Upstream Downstream

Benchmark Location:

Benchmark Coordinates Northing Easting Elevation

14.  Scour:

a. Scour pockets or troughs

b. Footing or Foundation Element Exposed

c. Scour increased since last inspection

d. Comments:

No

No

No

Yes

Yes

Yes

Pier F

15.  Pier/Element Conditions: (see field notes for detailed description)

Biological Growth

Spalling

Scaling

Vertical Cracks

Horizontal Cracks

Impact Damage

Pier Faces not Inspected

Other:

Honeycombing

Reinforcing Steel Exposed

Hairline

Hairline

Minor

Measurable

Measurable

Major

1/8" - 1/4"

List Piers

Reason for not inspecting

16.  Heavy debris located around element No Yes, elements

17.  Bottom Conditions:

Silt

Sand

Gravel

Cobbles

Boulders

Bedrock, type

Clay Debris

Debris:

Sticks

Construction Debris

Tree Limbs Trees

Waste Concrete

Timbers Steel Beam

Other:

12/1/2009GPS Data

Light to Moderate Zebra Mussel Growth

See Notes

Light to Moderate

No Previous Report Available

Bridge Number: 4-0051-B00021

Date: Tuesday, December 01, 2009
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FMSM UNDERWATER BRIDGE INSPECTION FORM

18.  Inspection Method

Surface Supplied Air Scuba Wading Other

19.  Bridge Access

a. Boat:

Ramp:

Skiff

Concrete

Whaler

Gravel

Jonboat

Dirt

Monark

None

Other: Lobell

Ramp fee

Locked Through No Yes

Distance from ramp to bridge: Travel time:2 miles 15 minutes

Comments / Directions: Boat ramp located on the KY side at the Ohio / Mississippi confluence.

b. Bank/Shore: Grass Rock Gravel Dirt/Mud Other

20.  Boat Traffic

a. Recreational:

b. Fishing:

c. Barge:

Heavy

Heavy

Heavy

Moderate

Moderate

Moderate

Light

Light

Light

Comments:

21.  Water Conditions:

Temperature: 55 Visibility: 1.0

Current: Heavy Moderate Light None

22.  General Comments (Include any unusual conditions encountered): 

N/A

N/A

N/A

Degrees F

Bridge Number: 4-0051-B00021

Date: Tuesday, December 01, 2009
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Pier C Looking East AAC, TCB, JAG, FJB
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Date4-0051-B00021 Ballard 12/1/2009

Pier D Looking East AAC, TCB, JAG, FJB
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Date4-0051-B00021 Ballard 12/1/2009

Pier E Looking East AAC, TCB, JAG, FJB
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Crew

Date4-0051-B00021 Ballard 12/1/2009

Pier F Looking East AAC, TCB, JAG, FJB
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County

Crew

Date4-0051-B00021 Ballard 12/1/2009

Planview Looking Downstream AAC, TCB, JAG, FJB
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Description

County

Crew

Date4-0051-B00021 Ballard 12/1/2009

Planview Looking Upstream AAC, TCB, JAG, FJB
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Description

County

Crew

Date

NOTE: All depths refer to depth below water surface at time of inspection

4-0051-B00021 Ballard 12/1/2009

Planview AAC, TCB, JAG, FJB
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Plan View



Structure Element Date

Individual Pier

Rating

4-0051-B00021 Pier F 12/1/2009
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NOTE: All depths refer to depth below water surface at time of inspection

Section A-A
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Individual Pier

Rating

4-0051-B00021 Pier E 12/1/2009
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NOTE: All depths refer to depth below water surface at time of inspection

Section B-B
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Individual Pier

Rating

4-0051-B00021 Pier D 12/1/2009
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NOTE: All depths refer to depth below water surface at time of inspection

Section C-C
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Individual Pier

Rating

4-0051-B00021 Pier C 12/1/2009
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NOTE: All depths refer to depth below water surface at time of inspection

Section D-D
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Individual Pier

Rating

4-0051-B00021 Pier B 12/1/2009
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NOTE: All depths refer to depth below water surface at time of inspection

Section E-E
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Date4-0051-B00021 Ballard 12/1/2009

Hydrographic Survey Overview AAC, TCB, JAG, FJB
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Cross Sections
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Date4-0051-B00021 Ballard 12/1/2009

50 Ft. Upstream AAC, TCB, JAG, FJB
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Cross Sections
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Crew

Date4-0051-B00021 Ballard 12/1/2009

10 Ft. Upstream AAC, TCB, JAG, FJB
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Cross Sections
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Date4-0051-B00021 Ballard 12/1/2009

10 Ft. Downstream AAC, TCB, JAG, FJB
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Cross Sections
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50 Ft. Downstream AAC, TCB, JAG, FJB
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Cross Sections



Structure County

Crew

Date4-0051-B00021 Ballard 12/1/2009

AAC, TCB, JAG, FJB
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Route 51 over the Ohio River at Wickliff, KY

Pontis Underwater Only

Item - 205 Qty - 10 EA
       Condition State - 2 = 10 EA

Item - 220 Qty - 1 EA
      Condition State - 2 = 1 EA

General

1.  There is light to moderate scaling on the pier below the water surface.
2.  There is light to moderate biological growth on  the pier.  Zebra mussel coverage 
is very light.

Pier B

1.  The bottom material consists of sand, gravel an d rip rap.
2.  There is a hairline vertical crack located at t he midpoint of the West face that 
begins above water surface and extends to the river  bottom.
3.  There is a hailine to 1/8" wide vertical crack located on the North face at the 
Northeast corner extending from above the water sur face to the river bottom.
4.  There is a hairline to 1/8" vertical crack loca ted on the East face at the 
Southeast corner extending from above the water sur face to the river bottom.  
5.  There is a hairline vertical crack located on t he South face at the Southwest 
corner extending 1.0' above the water surface to th e river bottom.

Field Notes



Structure County

Crew

Date4-0051-B00021 Ballard 12/1/2009

AAC, TCB, JAG, FJB
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Route 51 over the Ohio River at Wickliff, KY

Pier C

1.  The bottom material consists of medium to coars e sand with boulders and 
construction debris.
2.  The top of the ledge is located 35' bws.
3.  There is approximately 40% of the original timb er formwork still attached around 
the ledge.
4.  There is a vertical hairline crack located on t he East face in the center 
extending 6' bws to 15' bws.
5.  There is a 3" T x 12" L x 1" D impact mark loca ted on the Southeast corner.
6.  There are several tie holes and pieces of rebar  at 33' and 35' bws on the North 
face.
7.  There is a 4" diameter hole located in the cent er of the web at 36' bws on the 
North face.
8.  There is a vertical hairline crack on the North  face located 2.0' East of West 
corner of open web, extending from the opening in t he web to 17' bws.
9.  There is a vertical crack at Northeast corner o f pier beginning 6' bws and 
extending 16.5' bws.
10.  There is a piece of rebar protruding 6" out fr om the pier located 31' bws in the 
midpoint of the pier on the North face.
11.  There is a section of spalling 6" diameter at located at 30.5' on the North face.
12.  There are several pieces of rebar protruding 6 " out from pier 1/4 way from each 
end of the South face located at 31' and 34' bws.
13.  There is a vertical hairline crack on the Sout h face located 2.0' East of West 
corner of the open web and extends from open web to  18.5' bws.
14.  There is a vertical hairline crack on the Sout h face located in center of face 
extending  7.5' bws to 21' bws.
15.  There is a vertical hairline crack on the Sout h face located 2.0' West of East 
corner of the open web, extending 15' bws.
16.  There is a vertical hairline crack located on the West face at the Southwest 
corner of pier extending 7' bws to 15.5' bws.
17.  There is a piece of rebar protruding 6" out fr om the pier located 31' bws in the 
Northwest corner of the pier on the West face.

Field Notes



Structure County

Crew

Date4-0051-B00021 Ballard 12/1/2009

AAC, TCB, JAG, FJB
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Route 51 over the Ohio River at Wickliff, KY

Pier D 

1.  The bottom material consists of sand, gravel, a nd riprap.
2.  There is a ledge located at 34' bws.
3.  There is approximately 10% to 20% of the timber  formwork still attached to the 
ledge.
4.  There is a hairline to 1/8" wide vertical crack  located at the midpint of the 
Northeast face and begins at the water surface and extends 10' bws.
5.  There is a hairline to 1/8" wide crack located at the midpoint of the West face, 
above the water surface and extends to the ledge. 
6.  There is a piece of rebar protruding 1' out fro m the pier located 31.5' bws on the 
Northeast corner. 
7.  There is a large amount of 1" to 1.5" diameter wire rope located on the Northeast 
corner on the river bottom.
8. There is a piece of rebar protruding 1.0' out fr om the pier located 14' bws at the 
midpoint of the pier.
9. There is a 1/8" to 1/4" wide crack located on th e North face 10.0' West of the 
Southwest corner and is located 6.0' above the wate r surface and extends 5' bws on the 
Northeast corner.  There is spalling around the cra ck of 1/2" to 1". 
10. There is a hairline to 1/8" wide crack located on the North face 12.0' East of 
Northwest  corner.  The crack begins above the wate r suface and extends to the ledge.
11. There is a hairline to 1/8" crack located on th e North face at the midpoint of the 
web.  The crack begins above the water surface and extends 13' bws.  There are areas 
around the crack with a maximum spall of 1".
12. There is light spalling located in various loca tions of the face near cold joints.
13. There is a piece of rebar protruding 6" out fro m the pier located 28.0' on the 
Southeast corner.

Field Notes



Structure County

Crew

Date4-0051-B00021 Ballard 12/1/2009

AAC, TCB, JAG, FJB

Page 25

Route 51 over the Ohio River at Wickliff, KY

Pier E 

1.  The bottom material consists of sand, boulders and riprap.
2.  There is a hairline crack at the midpoint on th e East face located 15' bws and 
extends to the mudline.
3.  There is a hairline to 1/8" crack that starts a t mudline and ends at 22' bws.  The 
crack is located on the North face 10.0' downstream  of the Northwest corner.
4.  There is a hairline vertical crack on the North  face located at the midpoint of 
the pier beginning above the water surface and exte nds 18.5' bws.
5.  There is a 1/8" to 1/4" wide vertical crack on the North face located 3.0' East of 
Northwest corner beginning above the water surface and extending 20.5' bws.
6. There is a piece of rebar extending 1" out of pi er, located at the midpoint of the 
North face 3.0' above the river bottom.
7. There is a hairline crack on the North face loca ted on the Northeast corner 
extending from the river bottom to 3.0' above the b ottom to a hole 1" deep.
8. There is a 3/4" wide vertical crack located 1.0'  north of West point. The crack 
begins 2' bws and extends 22' bws.
9. There is a 1/2" wide vertical crack with spallin g around the crack up to 2" located 
at the midpoint of the South face of the pier, exte nding from river bottom to above 
the water surface.
10. There is a 1/2" wide vertical crack on the Sout h face located on the Southeast 
corner, extending from above the surface to the riv er bottom. 

Field Notes
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Route 51 Bridge over the Ohio River at Wickliff, KY

Pier F

1.  The bottom material consists of silt and sand.
2.  The top of the footing is exposed from the Nort hwest corner arund the South face 
unitl it reaches the midpoint of the East face.  Th e top of the footing is located 
21' bws. 
3.  There is a hairling to 1/8" crack located on th e West face at midpoint of the pier 
that starts at the footing and extends above the wa ter surface.
4.  There is a hairline to 1/8" crack at the midpoi nt of the face that starts at the 
footing and goes to 2' bws.
5.  There is approximately 20% of the timber formwo rk remaining around the exposed 
portions of the footing.
6.  There is a hairline crack on the south face of the pier extending above the water 
surface to the mudline.

Field Notes



Project No: 4-0051-B00021

Milepoint: 7.35

NBI-Location: 51 over Ohio River at Wickliff, KY

Structure Description Steel Truss

Structural Condition

Wearing Surface

Joints

Drains

Expansion Devices

Curbs, Sidewalks, Medians

Railings

Lighting and/or Utilities

Stringers, Girders, Beams

Floor Beams

Trusses - Main Members

Trusses - Bracing, Portals

Bearing Devices

Alignment/Structural Members

Deflection/Vibration under load

Debris on Members

Color: Date Painted:

Abutments, Wingwalls

Piers and/or Bents:

Alignment and/or Settling

Scour, Erosions

Debris on Seats, Caps

Protection Systems

Channel Scour

Embankment Erosion

Drift

Channel Alignment

Vegetation

Erosion

Rip-Rap

Barriers

Wingwalls, Headwalls

Debris

WATER ADEQUACY

APPROACH ROADWAY ALIGNMENT

SCOUR CRITICAL BRIDGE RATING 5

Date:

BRIDGE  INSPECTION  REPORT

Inspector's Signature Date:

1

2

3

4

5

6

7

8

DECK58 CHANNEL/CHANNEL PROTECTION61

1

2

3

4

5

6

7

SUPERSTRUCTURE59

CULVERT  RETAINING WALLS62

1

2

3

3a

4

5

6

7

1

2

3

PAINT CONDITION59A

SUBSTRUCTURE60

1

2

3

4

5

6

10 INVENTORY ROUTE VERTICAL CLEARANCES

Over

Under

ft in.

ft in.

36. TRAFFIC SAFETY

71

72.

108  WEARING SURFACE/PROTECTIVE SYSTEM

Type Membrane Protection

OVERLAY

TYPE:

DEPTH OF ASPHALT

RECOMMENDED LOAD CAPACITIES (tons) I II III IV GROSS

FIELD POSTINGS NE SW I II III IV GROSS

Transportation Cabinet 
Division of Operations

TC 71-118 
Rev. 1/96

12/1/2009

Yes No

LATEX P.C.C. ASPHALTAbutments, Wingwalls (S.Z.D.) N7

Piers /or Bents (S.Z.D.) 58

Alignment or Settling Due to Scour9

Two Yr Substd Underwater

Scour Under Footings (Underwater)4

Erosion At Wingwalls (Underwater)5

Drainage Adequacy (Underwater)6

In-Depth Fracture Critical

Inspectors Initials AAC

Reviewed By:

Review Date:

113

Additional Comments

There are multiple significant cracks located at various locations on the piers.  Cracks have been sealed above the water 
surface.  Recommend that significant cracks be sealed below the water surface.
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APPENDIX D 
 

NBIS CONDITION RATING 
 

SUMMARY  
 

2012 TO 1997 
  



2012 2010 2008 2005 2004 2003 2002 2001 2000 1999 1998 1997

58 Deck 6 7 7 6 6 6 6 6 5 5 5 6

1 Structural Condition 6 7 7 6 6 6 6 6 7 5 6 7

2 Wearing Surface 6 7 7 6 6 6 6 6 7 4 4 4

3 Joints 5 6 6 6 6 6 6 6 6 6 6 4

4 Drains 6 6 7 5 5 5 5 6 6 5 6 7

5 Expansion Devices 6 6 6 6 6 4 6 6 4 4 5 4

6 Curbs, Sidewalks 6 6 6 6 6 6 6 6 6 6 6 6

7 Railings 4 4 4 7 6 6 6 6 5 5 5 6

8 Lighting or Utilities 7 6 5 8 8 8 8 8 8 8 8 8

59 Superstructure 6 6 6 6 6 6 6 6 5 5 5 6

1 Stringers, Girders, Beams 6 6 5 6 6 6 6 6 5 5 5 5

2 Floor Beams 6 7 7 6 6 6 6 6 6 6 6 6

3 Trusses – Main Members 6 6 6 6 6 6 6 6 6 6 6 7

3a Trusses – Bracing, Portals 7 7 7 6 6 6 6 6 6 6 6 5

4 Bearing Devices 6 6 6 5 5 5 6 6 6 6 6 5

5 Alignment/ Structural Members 7 7 7 7 7 7 7 7 7 7 7 6

6 Deflection/ Vibration under Load 7 7 7 7 7 7 7 7 7 7 7 7

7 Debris on Members 8 8 8 8 8 8 8 8 8 8 8 6

2012 2010 2008 2005 2004 2003 2002 2001 2000 1999 1998 1997

59A 7 8 8 4 4 5 6 6 6 6 6 5

Color Gray
Date 

Painted
Nov-07 Nov-07 Nov-07 Oct-86 Oct-86 Oct-86 Oct-86 Oct-86 Oct-86 Oct-86 Oct-86 Oct-86

60 Substructure 6 7 7 6 6 6 6 6 5 5 5 6

1 Abutments, Wingwalls 6 7 7 6 6 6 6 6 6 6 6 5

2 Piers/ or Bents 6 6 6 6 6 6 6 6 5 4 4 4

3 Alignment/ or Settling 7 7 7 7 7 7 7 7 7 7 7 6

4 Scour, Erosions 7 7 7 7 7 7 7 7 7 7 7 7

5 Debris on Seats, Caps 7 7 7 5 5 5 5 5 6 6 7 6

6 Protection Systems N N N N N N N N N N N 7

7 Abutments, Wingwalls (S.Z.D.) N N - N - N - N - N - -

8 Piers/ or Bents (S.Z.D.) N N - N - N - N - N - -

9 Alignment or Settling Due to Scour N N - N - N - N - N - -

61 Channel/Channel Protection 7 7 7 6 6 6 6 6 6 6 6 7

1 Channel Scour 7 7 7 7 7 7 7 7 7 7 7 7

2 Embankment Erosion 7 7 7 6 6 6 6 6 6 6 6 7

3 Drift 7 7 7 6 6 6 6 6 6 6 6 7

4 Channel Alignment 8 8 8 8 8 8 8 8 8 8 8 7

5 Vegetation 7 7 7 5 6 7 7 7 7 7 7 7

6 Erosion Control System N N N N N N N N N N N N

7 Rip-Rap N N N N N N N N N N N N

Paint Condition

US 51 Cairo Bridge over the Ohio River

Summary of Condition Ratings from 2012 to 1997
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APPENDIX E 
 

ORIGINAL CONSTRUCTION 
 

PLANS 
 

1936 
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APPENDIX F 
 

BRIDGE REHABILITATION 
 

PLANS 
 

1977 
  













































































































 

 

 

Appendix B 

Geotechnical White Paper 

  





 
 

White Paper Geotechnical Study  
 

US 51 Ohio River Bridge Scoping Study 

Wickliffe, Ballard County, KY 

March 18, 2013 

Terracon Project Number: N1135002 

 

 

Prepared for: 

CDM Smith 

Lexington, KY 

 

 

Prepared by: 

Terracon Consultants 

Cincinnati, Ohio 

 

 

 

 





March 18

CDM Sm
1648 Mc
Lexingto

Attn: S
P
P
C
F
E

Re: W
U
W
T

Dear Ms.

Terracon
US 51 O
the agre
existing 
Recomm

Sincerely
Terracon

Nancy D
Staff Geo

Ronald J
Senior P

8, 2013 

mith 
Grathiana P
n, KY 40511

Samantha Jo
Project Manag
P: [859] 254-5
C: [859] 333-
F: [859] 254-5
E: wrightsj@c

White Paper G
US 51 Ohio R
Wickliffe, Balla
Terracon Proj

.  Wright: 

n Consultants
hio River Br
ement date
archive bo

mendations fo

y,
n Consultan

endramis, E
otechnical E

J. Ebelhar, P
rincipal 

Terracon Consu
P [513

Parkway Suit
1

ones Wright, 
ger
5759 ext. 10
0138
576  
cdmsmith.co

Geotechnica
River Bridge S
ard County, 
ject Number

s, Inc (Terra
ridge Scoping
d Decembe
ring logs, g
or a geotechn

nts, Inc.

E.I.T
Engineer

P.E.

ultants Inc.     61
] 321 5816     F

te 340 

PE

09

om

al Study 
Scoping Stud
KY
: N1135002

acon) has co
g Study.  Th

er 18, 2012.
geological s
nical subsurf

11 Lunken Park 
[513] 321 0294

dy

ompleted the
his study wa
.  This repo
survey map
face investig

RadhaKrish
Project Geo

Drive     Cincinn
     www.terraco

e white pape
as performed
ort presents 
ps and geo
gation are als

hna M. Daita
otechnical E

nati, Ohio 45226
on.com 

er geotechn
d in general 

the findings
ological surv
so provided.

a, P.E. 
ngineer

6

ical study fo
accordance

s from scree
vey publica

or the 
e with 
ening 
tions.   



 
 

 

TABLE OF CONTENTS 

EXECUTIVE SUMMARY ............................................................................................................................... i 

1.0 INTRODUCTION .............................................................................................................................. 1 

2.0 PROJECT DESCRIPTION............................................................................................................... 1 

2.1 Project Location .................................................................................................................. 1 
2.2 Purpose ............................................................................................................................... 1 
2.3 Bridge Historical Background and Recent Inspection ......................................................... 2 

3.0 GEOTECHNICAL DATA SUMMARY .............................................................................................. 2 

3.1 Geologic History .................................................................................................................. 3 
3.2 Regional Geologic Formation Descriptions ........................................................................ 3 
3.3 Archive Boring Records ...................................................................................................... 5 
3.4 Groundwater ....................................................................................................................... 7 
3.5 Bridge History and Foundations .......................................................................................... 7 

4.0 POTENTIAL GEOLOGICAL HAZARDS ....................................................................................... 10 

4.1 Seismic Risk ...................................................................................................................... 10 
4.2 Other Geological Hazards ................................................................................................. 13 

5.0 RECOMMMENDATIONS FOR GEOTECHNICAL STUDY ........................................................... 14 

5.1 Subsurface Investigation ................................................................................................... 14 
5.2 Laboratory Investigation .................................................................................................... 14 
5.3 Engineering Analyses ....................................................................................................... 15 

6.0 EXISTING BRIDGE INVESTIGATION .......................................................................................... 15 

6.1 Destructive and Non-destructive Field Testing ................................................................. 15 
6.2 Laboratory Testing ............................................................................................................ 15 

7.0 GENERAL COMMENTS ................................................................................................................ 16 

8.0 REFERENCES ............................................................................................................................... 16 

 

APPENDIX A  - SITE MAPS,  GEOLOGY  QUDRANGLES,  CONSTRUCTION  PLANS 

Exhibit A-1    Site Location Map 

Exhibit A-2   Site Topographic Map (West) 

Exhibit A-3   Site Topographic Map (East) 

Exhibit A-4   Geologic Quadrangles 

Exhibit A-5   1936 Bridge Plan Drawings  

 

APPENDIX B - BORING LOCATION MAP, ARCHIVE BORINGS, SUMMARY TABLE 

Exhibit B-1  Historical Subsurface Study & Well Vicinity Map 

Exhibit B-2   Handwritten Logs from 1997 Inspection Report 

Exhibit B-3   Cairo Bridge Commission Survey and Boring Data 

Exhibit B-4 to B-7  IDOT Logs interactive ISGS Database 

Exhibit B-8  USACE Boring Summary Table 

 

APPENDIX C – GEOLOGIC FAULT MAP, SEISMIC STUDY RESULTS 

Exhibit C-1  Geologic Fault Map 

Exhibit C-2  Seismic Study Results 



 

 

 

 

APPENDIX D – LEVEE WALL, WETLAND AND KARST POTENTIAL MAPS 

Exhibit D-1    USACE Levee Wall Location Map  

Exhibit D-2   KGS Generalized Land Use Map with Wetland Location 

Exhibit D-3   KGS Known Karst Risk Potential 



White Paper Geotechnical Study   
US 51 Ohio River Bridge Scoping Study ■ Wickliffe, Ballard County, KY 

March 18, 2013 ■ Terracon Project No. N1135002 
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i 

EXECUTIVE SUMMARY 

A white paper geotechnical study has been performed as part of a comprehensive US 51 Bridge 

Scoping Study. The existing bridge is under consideration for remediation and/or reconstruction.  

Preliminary geotechnical data has been assembled for the bridge study; findings and 

considerations are as follows:   

 The US 51 Bridge conveys traffic over the Ohio River between Wickliffe, Ballard County, 

Kentucky and Cairo, Alexander County, Illinois. The topography both east and west of the 

River is generally level with ground elevations ranging between 310 and 315 feet. 

 The site is located within the Mississippi (Gulf) Embayment physiographic region with typically 

thick layers of granular and cohesive deposits with deep bedrock.  The study site subsurface 

stratigraphy has been extrapolated from surficial and bedrock geologic quadrangle maps and 

other documentation published by USGS, KGS and ISGS.   

 Archive records from subsurface investigations near the project site were found from a variety 

of sources including an old bridge inspection report, quadrangle maps (USGS and ISGS), and 

ISGS and KGS archive databases for borings performed in Alexander County, IL and Ballard 

County, KY respectively.  Approximate locations for borings with available records are shown in 

the Historical Subsurface Study and Well Vicinity Map. 

 Based on the original 1936 bridge construction drawings of the bridge provided by Modjeski 

and Masters and by Baker, the bridge has 31 interior piers and two abutments.  With the 

exception of the piers in the channel, the interior piers and both abutments are supported by 

pile caps on driven reinforced concrete piles.  The construction drawing dimensions and soil 

stratigraphic profiles interpolated from archive records indicate that the piles extend into inter-

layered granular and cohesive overburden. The interior piers within the channel are supported 

on caisson foundations embedded and bearing in alluvial soils. 

 Data to adequately represent existing soil and bedrock conditions and to furnish information 

for engineering recommendations were not found for the subject site during this white paper 

geotechnical study.  It is recommended that new soil test borings (SPT and CPT soundings) 

be performed per the KYTC Geotechnical Manual specifications. 

 Based on Missouri Department of Natural Resources maps and USGS publications, the project 

footprint is not located above any known geologic faults; however the site is within the 

potentially active New Madrid seismic zone.  A preliminary seismic analysis has been 

performed for the scoping study.   

 Based on USACE records, the average Ohio River pool stage elevation is at 297 feet and the 

50-year flood stage is 329 feet.  Surrounding ground surface elevations are between 310 and 

315 feet.  Historically, the site has experienced local and regional flooding.  With the exception 

of the 4 interior piers in the channel, the interior piers of the existing bridge are within flood 

plains east and west of the Ohio River. 
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 Other local geotechnical hazards including karst, landslide potential and mining activity were 

evaluated.  Based on topographical maps and other published data for KGS, ISGS, and USGS, 

the project site does not contain any known karst hazard.  Due to the generally level ground 

surface topography, landslide risk is expected to be low.  Geomorphic evidence of surficial 

movement could be obtained by on-site field inspection.  Mining history investigations for 

Alexander County, IL and Ballard County, KY have produced no evidence of current mining 

activity or evidence of abandoned mines at or near the project site. 

 

File and archive data are the primary focus of this report and are for screening purposes only.  

Present and historical observations at the site may not reflect long-term conditions.  This summary 

should be used in conjunction with the entire report.  It should be recognized that details were not 

included or fully developed in this section, and the report must be read in its entirety for a 

comprehensive understanding of the items contained herein.  The section titled GENERAL 

COMMENTS should be read for an understanding of the report limitations. 
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US 51 OHIO RIVER BRIDGE SCOPING STUDY  

WICKLIFFE, BALLARD COUNTY, KENTUCKY 
Terracon Project No. N1135002 

March 18, 2013 

1.0 INTRODUCTION 

The purpose of this project (KYTC 6YP Numbers 1-100.00 and 1-1140.0) is to study the salient 

aspects for the replacement or rehabilitation of the US 51 Bridge between Cairo, Alexander 

County, Illinois and Wickliffe, Ballard County, Kentucky.  

 

A project team under CDM Smith, Inc. has been assembled to provide a scoping study report for 

the existing 75-year old Composite Span Bridge (004B00021N) with provision for a safe, reliable 

roadway giving due consideration to future transportation needs and appropriate corridor 

alternatives.  The project team with their respective disciplines includes the following: 

 

CDM Smith, Inc.   Planning/Environmental 

Michael Baker Jr, Inc.   Bridges 

Palmer Engineers   Roadway 

Third Rock    Environmental Overview 

EHI Consultants   Environmental Justice and DBE Coordinator 

Terracon Consultants   Geotechnical Engineering 

Daryl Armstrong   Media Relations and Public Involvement 

Tim Hagerty    NEPA Legal Sufficiency 

 

2.0 PROJECT DESCRIPTION 

2.1 Project Location 

The project site consists of the US 51 Bridge over the Ohio River just upstream from the 

confluence between the Ohio River and the Mississippi River in Ballard County, Kentucky and 

Alexander County, Illinois (see Exhibit A-1, Appendix A).   

 

2.2 Purpose 

The purpose of the geotechnical white paper study for the US 51 bridge 

replacement/rehabilitation was to review available geologic information and archive data to 

conceptually characterize the subsurface conditions and summarize the geotechnical 

considerations within the proposed study area. This report summarizes our findings and 

provides an overview of the general geotechnical findings relevant to the bridge 

replacement/rehabilitation. 
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2.3 Bridge Historical Background and Recent Inspection 

The existing US 51 Bridge consists of a two-lane, composite span, cantilevered Warren-type 

through-truss bridge completed in 1936 to span the Ohio River and connect Ballard County, 

Kentucky with Alexander County, Illinois (see bridge plans Exhibit A-4, Appendix A).  The 

existing steel truss bridge on 31 reinforced concrete interior piers and abutments was designed 

by Modjeski, Masters, & Case Engineers and constructed by the Mt. Vernon Bridge Company 

with oversight from the Cairo Bridge Commission in conjunction with the Federal Emergency 

Administration of Public Works and the respective highway departments of Illinois and 

Kentucky.  The bridge was opened to vehicle traffic on November 11, 1936. 

 

The bridge was rehabilitated in 1979 and has undergone regular safety inspections.  The most 

recent inspection revealed that the existing bridge is rated functionally obsolete with a 

sufficiency rating of 35.4.  The structure width is narrow at 22.6 feet curb to curb with an 

approaching roadway width of 24 feet including shoulders.  The deck geometry and approach 

alignment are “intolerable.”  Presently the bridge carries more than 5,000 vehicles daily from US 

51, US 60, and US 62 connecting the US 60/US 62 Mississippi River Bridge to Bird‟s Point, 

Missouri at the southern tip of Illinois.   

 

3.0 GEOTECHNICAL DATA SUMMARY 

Given the findings from the recent inspection concluding that the US 51 bridge is in need of 

replacement or rehabilitation, a white paper geotechnical study was begun in order to 

conceptually characterize the subsurface conditions and summarize the geotechnical 

considerations within the proposed study area.  The geotechnical study summary included in 

this report is based on available United States Geological Society (USGS), Kentucky Geological 

Society (KGS), and Illinois State Geological Society (ISGS) topographic maps, surficial geologic 

maps, bedrock geologic maps, archive boring logs, boring log summaries, and other published 

data.   

 

The study site (Exhibit A-1 in Appendix A) for this report is focused on the area along US 51 at 

the roadway, abutments and interior spans of the US 51 Bridge.  The existing topography east 

and west of the existing bridge is mostly level flood plain with ground surface elevations 

between 310 feet and 315 feet.  The surficial soils within the study area consist of Holocene 

alluvial silt and sand (see Exhibits A-2, A-3, and A-4 in Appendix A).  Based on US Army Corp 

of Engineers (USACE) records, the pool stage of the Ohio River at the US 51 bridge is 295 feet 

elevation and the 50-year flood stage is at Elevation 329.0 feet. 

 

 

 

http://bridgehunter.com/category/builder/modjeski-and-masters/
http://bridgehunter.com/category/builder/mt-vernon-bridge-co/
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3.1 Geologic History 

The existing US 51 bridge is near the northern end of the Mississippian (Gulf) Embayment, a 

physiographic feature of the South Central United States.  Sedimentation from the Cretaceous 

to present has filled the continental rift generating significant water-bearing layers in between 

occluding layers within the Mississippi Valley (USGS publications).  A broad, generalized cross 

section diagram of the Mississippi Embayment Aquifer illustrating the sedimentary deposits at 

the southern end of the present day Embayment stratigraphy is shown below. 

 

 
Figure 1.  Mississippi Embayment Stratigraphy 

 

3.2 Regional Geologic Formation Descriptions 

Generalized stratigraphic layers expected at the subject site are listed in the table at the end of 

this section and summarized in the text below.  These layers are based primarily on the 

subsurface data provided on the ISGS Cairo/Wyatt geology quadrangle map.   

 

The west bank of the Ohio River upstream of the bridge location (see ISGS Cairo Quadrangle 

Map, Appendix A) contains surface layers of unconsolidated Holocene layers defined as the 

Cahokia Formation (Qc(C)).  Historic meandering of the Mississippi and Ohio Rivers has 

generated these layers and sand bars which are overlain by a flood veneer of silt and silty clay.  

The thickness of these layers varies widely due to erosion and flooding.  (See figure below).  

Varying thicknesses of quaternary deposits (Qal) are present in some locations underlying the 

Cahokia formation (not shown in the diagram, see table below).  These deposits generally 

include silt (derived mainly from loess) underlain by Metropolis Formation (Qm) silty sand and 

sandy silt with chert gravel followed by a layer of angular to rounded chert pebbles up to several 

inches in diameter.   
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Figure 2.  General Stratigraphy North of the Subject Site  
(Reproduced from ISGS Cairo Geologic Quadrangle) 

 

Below the quaternary surface layers is a geographically-widespread, well-defined thick layer in 

the Mississippian Embayment, Claiborne-Wilcox Formation (Tcw), with sand, silt and clay 

deposits containing well-rounded and polished sand-sized chert particles, mica, and clay balls 

up to 2” in diameter.  The Claiborne-Wilcox is underlain by a stiff, massive clay bed, Porters 

Creek Clay Formation (Tpc).  The clay mineral is dominantly montmorillonite.  Four additional 

unconsolidated layers (KU) underlie the clay above the bedrock.  Top of rock, the New Harmony 

Group (Dnu), consists mainly of chert 350 to 650 feet thick above cherty limestone and 

argillaceous limestone.   

 

Table 1, Regional Geologic Formation Stratigraphy 

Stratum Formation 

Approximate 

thickness
1
 

(feet) 

Material Encountered
2
 

Illinois (Alexander 

county) 

Kentucky (Ballard 

county) 

Stratum 1 
Lower Cahokia 

Formation (Qc(c)) 
0-50 

clay overlain by a veneer 

of silt and silty clay flood 

deposition 

Not present 

Stratum 2 
Quaternary 

Alluvium (Qal) 
0-175 Sand, silt and gravel Sand, silt and gravel 

Stratum 3 

Peoria Silt, Roxana 

Silt and Loveland 

Silt 

Thin to not 

present 
 Silt derived from loess 

Bedrock (Dnu) 
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Stratum Formation 

Approximate 

thickness
1
 

(feet) 

Material Encountered
2
 

Illinois (Alexander 

county) 

Kentucky (Ballard 

county) 

Stratum 4 

Metropolis 

Formation (Qm) 

underlain by 

Mounds Gravel 

Thin to not 

present 

Silty sand and sandy silt with chert pebbles 

underlain by sub-angular to rounded fine to coarse 

chert gravel 

Stratum 5 
Claiborne-Wilcox 

Formations (Tcw) 
90-150 

Sand, silt and clay with well rounded sand sized 

chert particles, mica, and clay balls up to 2” in 

diameter 

Stratum 6 
Porters Creek Clay 

Formation (Tpc), 
0-50 

Clay, dark gray to dark olive gray, predominantly 

montmorillonite 

Stratum 7a 

Clayton Formation 

& Owl Creek 

Formation (Ku) 

Unknown Sand and clay 

Stratum 7b 

McNairy Formation 

and Post Creek 

Formation (Ku) 

Unknown 

Sand silt and clay underlain by cherty gravel with 

pyritic sand and clay filling depressions in the 

bedrock 

Bedrock
3,4

 
New Harmony 

Group (Dnu) 
350-650 

Chert grading to cherty limestone and argillaceous 

limestone. 
1
Thickness varies with location 

2
Interpolated from Cairo, Barlow, Wyatt, and Wickliffe geologic quadrangles (USGS, ISGS)

 

3
Depth to bedrock expected at >200 feet below ground surface at the project site 

4
Lower Devonian to upper Silurian 

 

3.3 Archive Boring Records 

Archive records for subsurface investigations performed near the project site were found from 

multiple sources including archive records provided by Modjeski and Masters Engineering,  an old 

bridge inspection report, quadrangle maps (USGS and ISGS), and ISGS and KGS archive 

databases. Soil depths and soil descriptions (rock descriptions where encountered in Ballard 

County wells) are provided below: 

 

1. The 1997 US 51 Bridge Inspection Report contained four handwritten boring logs 

(Exhibit B-2, Appendix B) included on the original plan and profile page of the 1931 

Bridge proposal submitted by Modjeski, Masters & Case Engineers.  The borings were 

noted as “typical” and were performed 3000 feet upstream from the project during the 

proposal period prior to construction of the original bridge.  Soil type and thicknesses 

were recorded but blow count, density or consistency remarks were not noted.  The 

borings with depths varying between 90 feet and 200 feet deep encountered inter-

layered granular and cohesive overburden soils. 

 

2. The archive records provided by Modjeski and Masters Engineering contained 15 logs of 

borings performed along the US 51 Bridge alignment included on the Cairo Bridge 
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Commission Ohio River Bridge Survey and Boring Data 1936 Supplemental Drawing No. 

1; Modjeski, Masters & Case Engineers (Exhibit B-3, Appendix B).  Soil type and 

thicknesses were recorded but blow count, density or consistency remarks were not 

noted.  The borings encountered inter-layered granular and cohesive overburden soils. 

 

Fourteen of these logs are represented on the USGS Wickliffe Quadrangle map as Cross-

Section A-A‟ (see quadrangle map, Appendix A).  The diagram shown below illustrates 

the soil stratigraphic profile interpolated from borings along the existing bridge alignment.  

These borings are between 100 feet to 150 feet deep and extend through alluvial 

deposits (Qal) and all but two terminate in the Caliborne (Tc) Formation.  Bedrock was 

not encountered in these borings. 

 

 

Figure 3.  Stratigraphy Profile at US 51 Bridge  
(Reproduced from USGS Wickliffe Quadrangle Map) 

 

3. Four archive boring logs contained in the ISGS archive boring log database are from the 

test borings performed along Interstate 57 in Alexander County, IL between 1965-1969 

and in 2000.  The site is shown on the Boring Location Plan Map (Exhibit B-1) and the 

boring logs identified as Exhibits B-4 to B-7 are attached in Appendix B.  These borings 

with depths varying between approximately 65 feet to 152 feet encountered soft to stiff 

cohesive soil and very loose to very dense granular deposits.  Blow count data was not 

recorded. 

 

4. The KGS Well Sample Database contained six Ballard County, KY archive (1921-1988) 

boring logs for wells drilled to depths between 1020 feet to 3415 feet.  Please refer to the 

Boring Location Plan (Exhibit B-1) in Appendix B for the general location of these wells.  

The well logs describe the encountered overburden as inter-layered cohesive and 

granular.  No blow count, density, or consistency data was noted.  In five of the borings 

located north and east of the project site, bedrock was encountered between depths of 
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340 and 450 feet.  The sixth boring located south of the project site encountered bedrock 

at 1000 feet deep. 

 

5. Fifty-five USACE borings were performed upstream from the study site at the Cairo 

railroad bridge and at Mound City, IL.  The Boring Location Plan Map (Exhibit B-1) in 

Appendix B shows the general location of these test borings.  Boring logs were not 

available; however, elevation data for the top of Claiborne, Wilcox, and Porters Creek 

Clay Formations are tabulated on the USGS East Cairo and Barlow Quadrangle map.  

The tables have been reproduced and are attached in Exhibit B-14 in Appendix B. 

 

3.4 Groundwater 

Groundwater is expected to be within the granular layers overlying the Porters Creek Formation 

and confined to the water-bearing granular layers between well-defined occluding cohesive layers.  

Groundwater levels are also dependent on seasonal variations and the pool elevation of Ohio 

River.  The region is dotted with wells penetrating the Mississippian Embayment Aquifer for public, 

domestic, industrial, irrigation, observation, and livestock use.   

 

3.5 Bridge History and Foundations 

Based on the original 1936 construction drawings of the bridge provided by Modjeski and Masters 

and by Baker, there are 31 interior piers and two abutments (Bridge Plans - Exhibit A-4, Appendix 

A).  Interior piers I-5 to I-1 and A, listed from west to east, are on the Illinois side of the river 

channel.  Interior piers B, C, D, and E (west to east) are within the river channel.  Interior piers F 

and K-1 to K-20 are on the Kentucky side of the river channel.  With the exception of the piers in 

the channel, the interior piers and both abutments are supported by pile caps on driven reinforced 

concrete piles.  The interior piers within the channel are supported by caisson foundations bearing 

in inter-layered granular and cohesive alluvial soils.  At some locations, the piles may be tipped into 

the mostly-granular Claiborne Formation.  Relevant dimensions and elevations are contained in the 

following table. 
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Table 2.  Summary of Existing Bridge Foundation Support Details 

Pier 
ID

1
 

Ground Surface 
Elevation  

(feet) 
(Mud Line at B-F) 

Elevation at 
Top of Pile Cap 

(feet) 

Bottom of 
Caisson 
Footing 

Elevation
3
 

Embedment 
Depth 
(feet) 

Pile 
Length      
(feet) 

Number 
of Piles

2
 

Dimensions 

I-5 309.5 306.0 
 

3.5 35.5 17 

16” x 16” driven, jetted 
piles grouped under pile 

cap 

I-4 310.0 306.0 
 

4.0 35.5 21 

I-3 306.4 303.0 
 

3.4 35.5 21 

I-2 314.4 311.0 
 

3.4 35.5 21 

I-1 329.3 309.0 
  

35.5 26 

A 314.0 309.0 
 

5.0 40.5 58 

B 283.8 
 

215.0 68.8 
  

71‟ x 33„ (caisson base) 
C 251.2 

 
200.0 51.2 

  
D 250.8 

 
205.0 45.8 

  
E 268.8 

 
220.0 48.8 

  
F 280.0 

 
234.0 46.0 

  
50‟ x 20‟ (caisson base) 

K-1 304.0 298.0 
 

6.0 35.5 38 

16” x 16” driven, jetted 
piles grouped under pile 

cap 

K-2 
 

307.0 
  

35.5 32 

K-3 
 

307.0 
  

35.5 32 

K-4 
 

307.0 
  

35.5 30 

K-5 312.0 307.0 
  

35.5 30 

K-6 312.0 307.0 
  

35.5 28 

K-7 312.0 307.0 
  

35.5 28 

K-8 312.0 307.0 
  

35.5 28 

K-9 
 

298.0 
  

35.5 26 

K-10 312.0 308.0 
 

4.0 35.5 21 

K-11 311.0 308.0 
 

3.0 35.5 21 

K-12 310.0 307.0 
 

3.0 35.5 21 

K-13 310.3 307.0 
 

3.3 35.5 21 
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Pier 
ID

1
 

Ground Surface 
Elevation  

(feet) 
(Mud Line at B-F) 

Elevation at 
Top of Pile Cap 

(feet) 

Bottom of 
Caisson 
Footing 

Elevation
3
 

Embedment 
Depth 
(feet) 

Pile 
Length      
(feet) 

Number 
of Piles

2
 

Dimensions 

K-14 308.0 305.0 
 

3.0 35.5 17 

K-15 310.5 307.0 
 

3.5 35.5 17 

K-16 309.7 306.0 
 

3.7 35.5 17 

16” x 16” driven, jetted 
piles grouped under pile 

cap 

K-17 309.5 306.0 
 

3.5 35.5 15 

K-18 305.0 302.0 
 

3.0 35.5 15 

K-19 309.5 306.0 
 

3.5 35.5 14 

K-20 314.5 309.0 
 

5.5 35.5 13 
1
Piers are listed in order from west to east (Illinois to Kentucky)  

2
See Construction Drawings for Pile Group Layout for Piers I-5 to I-1, Pier A, and Piers K-1 to K-20 (Exhibit A-4, Appendix A)

 

3
Bridge Piers B-F are supported on embedded caisson foundations 
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4.0 POTENTIAL GEOLOGICAL HAZARDS 

Various geological conditions were investigated for potential risk to the existing structure and for 

potential impact on future improvements.  These include: 

 

 Seismic risk and known geologic faults 

 Flooding, levees and wetlands 

 Karst 

 Landslide history 

 Mining history 

 Scour 

 

4.1 Seismic Risk 

Based on Missouri Department of Natural Resources maps and USGS publications, the project 

footprint is not located above any known geologic faults (Exhibit C-1 - KGS Faults Map, Appendix 

C); however, the existing bridge is at risk for seismic activity due to its location within the New 

Madrid Seismic Zone.   

 

The following paragraphs summarize relevant information related to the seismic hazard.  The 

selection of the design seismic event will have a significant impact on the seismic loads used for 

evaluation and design of a renovated or a replacement bridge.   

 

The New Madrid Seismic Zone is a major seismic zone and a prolific source of intraplate 

earthquakes (earthquakes within a tectonic plate) in the southern and midwestern United 

States, located near New Madrid, Missouri.  The New Madrid fault system was responsible for 

the 1811–1812 New Madrid earthquakes and may have the potential to produce large 

earthquakes in the future. Since 1812, frequent smaller earthquakes have been recorded in the 

area.  

 

Earthquakes that occur in the New Madrid Seismic Zone potentially threaten parts of seven 

American states: Illinois, Indiana, Missouri, Arkansas, Kentucky, Tennessee and Mississippi.  

The 150-mile (240 km) long fault system, which extends into five states, stretches southward 

from Cairo, Illinois; through Hayti, Caruthersville and New Madrid in Missouri; through Blytheville 

into Marked Tree in Arkansas. It also covers a part of West Tennessee, near Reelfoot Lake, 

extending southeast into Dyersburg.  Most of the seismicity is located between 3 and 15 miles 

(4.8 and 24 km) beneath the Earth's surface. 

http://en.wikipedia.org/wiki/Seismic
http://en.wikipedia.org/wiki/Intraplate_earthquakes
http://en.wikipedia.org/wiki/Intraplate_earthquakes
http://en.wikipedia.org/wiki/Tectonic_plate
http://en.wikipedia.org/wiki/Southern_United_States
http://en.wikipedia.org/wiki/Midwestern_United_States
http://en.wikipedia.org/wiki/Midwestern_United_States
http://en.wikipedia.org/wiki/New_Madrid,_Missouri
http://en.wikipedia.org/wiki/Missouri
http://en.wikipedia.org/wiki/New_Madrid_earthquake
http://en.wikipedia.org/wiki/Earthquake
http://en.wikipedia.org/wiki/Illinois
http://en.wikipedia.org/wiki/Indiana
http://en.wikipedia.org/wiki/Missouri
http://en.wikipedia.org/wiki/Arkansas
http://en.wikipedia.org/wiki/Kentucky
http://en.wikipedia.org/wiki/Tennessee
http://en.wikipedia.org/wiki/Mississippi
http://en.wikipedia.org/wiki/Cairo,_Illinois
http://en.wikipedia.org/wiki/Illinois
http://en.wikipedia.org/wiki/Hayti,_Missouri
http://en.wikipedia.org/wiki/Caruthersville,_Missouri
http://en.wikipedia.org/wiki/New_Madrid,_Missouri
http://en.wikipedia.org/wiki/Missouri
http://en.wikipedia.org/wiki/Blytheville,_Arkansas
http://en.wikipedia.org/wiki/Marked_Tree,_Arkansas
http://en.wikipedia.org/wiki/Arkansas
http://en.wikipedia.org/wiki/West_Tennessee
http://en.wikipedia.org/wiki/Reelfoot_Lake
http://en.wikipedia.org/wiki/Dyersburg,_Tennessee
http://en.wikipedia.org/wiki/Seismic
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The zone had four of the largest North American earthquakes in recorded history, with moment 

magnitudes estimated to be as large as 8.0, all occurring within a three-month period between 

December 1811 and February 1812. Many of the published accounts describe the cumulative 

effects of all the earthquakes (known as the New Madrid Sequence); thus finding the individual 

effects of each quake can be difficult. Magnitude estimates and epicenters are based on 

interpretations of historical accounts and may vary.   

The biggest quake since 1811–1812 was a 6.6-magnitude quake on October 31, 1895, with an 

epicenter at Charleston, Missouri. The quake damaged virtually all buildings in Charleston, 

creating sand volcanoes by the city, cracked a pier on the Cairo Rail Bridge and toppled 

chimneys in St. Louis, Missouri, Memphis, Tennessee, Gadsden, Alabama and Evansville, 

Indiana.   

The next biggest quake was a 5.4-magnitude quake (although it was reported as a 5.5 at the 

time) on November 9, 1968, near Dale, Illinois. The quake damaged the civic building at 

Henderson, Kentucky and was felt in 23 states. It is the biggest recorded quake with an 

epicenter in Illinois in that state's recorded history.   

Instruments were installed in and around the area in 1974 to closely monitor seismic activity. 

Since then, more than 4,000 earthquakes have been recorded, most of which were too small to 

be felt. On average, one earthquake per year is large enough to be felt in the area.  A 

preliminary seismic analysis is included in Appendix C. 

The map below shows earthquakes (circles) of the New Madrid and Wabash Valley seismic 

zones (orange patches).  Red circles indicate earthquakes that occurred from 1974 to 2002 with 

magnitudes larger than 2.5 located using modern instruments (University of Memphis).  Green 

circles denote earthquakes that occurred prior to 1974 (USGS Professional Paper 1527). Larger 

earthquakes are represented by larger circles.  

KTC Research Report KTC-00-1 describes a general assessment of the seismic stability of 

highway embankments in Kentucky.  This included an evaluation of the approach embankments 

for the subject US 51 Ohio River Bridge.  There were no soil borings or engineering data 

obtained for this study and the same borings identified earlier in our report for the existing bridge 

were used for this general assessment.  This report also describes the alluvial nature of the soil 

profile, consisting of the interlayered gravel, sand, silt and clay mentioned previously.  The 

report concluded that liquefaction is highly likely in the alluvial soils near the bridge for a 500-

year recurrence interval seismic event, resulting in loss of embankment stability and potential 

loss of abutments and bridge spans.  Site-specific geotechnical exploration and testing is 

required to obtain parameters to further define the expected seismic performance of the soil 

profiles and their impact on existing or proposed bridges at this location. 

http://en.wikipedia.org/wiki/North_America
http://en.wikipedia.org/wiki/Charleston,_Missouri
http://en.wikipedia.org/wiki/Sand_volcano
http://en.wikipedia.org/wiki/Cairo_Rail_Bridge
http://en.wikipedia.org/wiki/St._Louis,_Missouri
http://en.wikipedia.org/wiki/Memphis,_Tennessee
http://en.wikipedia.org/wiki/Gadsden,_Alabama
http://en.wikipedia.org/wiki/Evansville,_Indiana
http://en.wikipedia.org/wiki/Evansville,_Indiana
http://en.wikipedia.org/wiki/1968_Illinois_earthquake
http://en.wikipedia.org/wiki/Dale,_Illinois
http://en.wikipedia.org/wiki/Henderson,_Kentucky
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 The following tables summarize the findings of our preliminary seismic analysis.  

Table 3. Seismic Site Classification 

Code or Standard Used Site Classification 

2009 AASHTO 
1
 E 

2
 

1. In general accordance with the 2009 AASHTO Guide Specifications for LRFD Seismic Bridge 

Design (seismic design event is 7% probability of exceedance in 75 years (recurrence interval of 1000 

years).   

2. The 2009 AASHTO Guide requires a site soil profile determination extending a depth of 100 

feet for seismic site classification.  Borings with engineering data adequate to determine the 

Site Class have not been performed.  Since the possibility exists that soft or loose soils subject 

to cyclic softening or liquefaction due to seismic loading are present, site specific response 

analyses are required to fully characterize the ground response and Site Class and to obtain 

accurate ground motion parameters for design.   

Figure 3.  Recent Seismicity on New Madrid Seismic Zone (USGS) 
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 Table 4. Preliminary Ground Motion Parameters (USGS Website) 

Ground Motion Parameter Value (g)1,2 

As 0.956 

SDS 1.701 

SD1 1.280  

1. Latitude 36.993 and Longitude -87.472 degrees, for the assumed Site Class. 

2.  These parameters are preliminary and should be confirmed by site-specific response analyses 

 

4.2 Other Geological Hazards 

Historically, the tri-state region at the confluence of the Ohio River and the Mississippi River has 

experienced regular local and regional flooding; risk at the existing bridge for both severe and 

seasonal flooding is high.  The channel normal pool stage elevation at Cairo is at 297 feet and 

natural surrounding ground surface elevations are at 310 to 315 feet.  The project site has a 

tornado risk higher than the national average. 

 

Flood risk has been mitigated locally in Alexander County, IL by the construction of levees to 

protect the residents of Cairo, IL (see Exhibit D-1, USACE map of levee wall locations, Appendix 

D).  However, the bridge west abutment and interior piers on the Illinois side are outside the area 

protected by the levee wall. 

 

Natural wetlands at major water ways have been used to allow for relief during seasonal pressure 

from flooding and are protected against development.  In Ballard County along the Ohio River, the 

Kentucky Department of Fish and Wildlife (KDFW) Service manages over 8,000 acres of natural 

wetlands which provide both flood protection and wildlife protection (see Exhibit D-2, Wetland 

Location Map, Appendix D).  The bridge east abutment and interior piers on the Kentucky side are 

within a flood plain and near the KDFW wetland preservation area.   

 

Karst features are the result of limestone bedrock dissolution and are common in central 

western Kentucky.  Based on topographical maps and other published data for KGS, ISGS and 

USGS, the project site does not contain any known karst hazards (see Exhibit D-3, Karst Risk 

Potential).  A field survey should be performed to confirm absence of karst terrain.   

 

Due to the generally level ground surface topography, landslide risk is expected to be low.  

Geomorphic evidence of surficial movement should be confirmed by on-site field inspection.   

 

Mining history investigations for Alexander County, IL and Ballard County, KY have produced no 

evidence of current mine activity or evidence of abandoned mines at or near the project site.  

Interactive data-based maps show that Ballard County is located outside of the mined areas in 

Kentucky.  Similar results were found for Alexander County.  It is recommended that prior to any 
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subsurface investigation that recent applications for mining permits be investigated for potential 

activity near the project site. 

 

Scour analysis is outside the scope of our investigation and scour studies for the existing bridge 

have not been reviewed.  We recommend scour analysis as part of a comprehensive program to 

improve the US 51 bridge foundation performance at interior piers within the channel. 

 

5.0 RECOMMMENDATIONS FOR GEOTECHNICAL STUDY 

Data to adequately represent existing soil and bedrock conditions and to furnish information for 

engineering recommendations were not found for the subject site during this white paper 

geotechnical study.  It is recommended that a subsurface geotechnical investigation be 

performed per KYTC and IDOT specifications.   

 

5.1 Subsurface Investigation 

The overburden investigation should include CPT soundings and SPT borings with split-spoon 

and Shelby tube sampling at abutments and interior pier locations.  A barge-mounted drill rig 

may be used to access interior pier locations within the channel.  Shear wave velocity 

measurements using applicable downhole tools (downhole seismic or P-S suspension logging) are 

recommended at representative locations. 

 

Based on our study of the subject site, bedrock is expected to be deep (> 200 feet).  We 

recommend extending at least two test borings into bedrock to determine top-of-rock depths to 

better define the site geology.  Considering the site being within an existing flood zone, challenges 

in scheduling field exploration and subsequent construction may include planning around seasonal 

weather changes. 

 

5.2 Laboratory Investigation 

Upon completion of the field exploration, the recovered soil samples be visually examined by a 

geotechnical engineer.  In addition, select recovered samples should be tested for index 

properties including grain-size distribution and Atterberg Limits.  Specialized tests such as 

unconfined strength, triaxial, and consolidation should be performed on Shelby tube samples.  

Grain-size distribution results will enable future scour analyses and seismic analyses.  Resonant 

column and cyclic simple shear tests on representative samples will be required to obtain 

accurate site-specific parameters for input into seismic analyses.  Per KYTC subsurface 

investigation specifications, soil testing and Standard Proctor Tests should be performed on bag 

samples taken from potential borrow pits. 

 



White Paper Geotechnical Study   
US 51 Ohio River Bridge Scoping Study ■ Wickliffe, Ballard County, KY 

March 18, 2013 ■ Terracon Project No. N1135002 
 

 

Responsive ■ Resourceful ■ Reliable       

 

 

15 

5.3 Engineering Analyses  

The data obtained from the recommended subsurface exploration supplemented with the data 

gathered during this white paper study can be used to develop geotechnical engineering 

recommendations for proposed bridge rehabilitation/replacement.  Engineering analyses to 

develop bridge foundation recommendations should also include evaluation of axial and lateral 

capacity of the support members, slope stability at the bridge abutments, abutment retaining wall 

analyses, settlement and downdrag on support members at bridge abutments, settlement of 

approach embankment, and seismic studies including site response analyses, liquefaction, seismic 

settlement and lateral displacement analyses.   

6.0 EXISTING BRIDGE INVESTIGATION 

The existing bridge, constructed more than 75 years ago, has aging members including the 

interior piers and their foundations.  An investigation should be performed at select interior piers 

to confirm the structural integrity, composition and state of deterioration in order to predict 

longevity and to determine factors affecting future performance under expected loads. 

 

6.1 Destructive and Non-destructive Field Testing 

It is recommended that coring into pier concrete be performed at select interior pier locations.  

Multiple holes drilled into the pier concrete at specified depths will allow access for cross-hole 

sonic testing to better define the structural integrity and composition of the pier.  A barge-

supported drill rig mobilized to the site for soil test borings will facilitate access to the piers for 

concrete coring above and below the waterline.   

 

Consideration should be given to certified diving inspectors to perform pier coring and a 

thorough visual inspection above and below the waterline.  Due to the local availability of chert 

gravel, we expect aggregate composition in the concrete to include a significant portion of chert.  

The bridge inspection team should be equipped with the experience and proper drilling tools to 

core through tough chert aggregate. 

 

6.2 Laboratory Testing 

The obtained concrete core samples at the interior piers should be examined by petrographic 

analysis for characterization of the cementation and aggregate composition.  Core samples 

should be examined visually and microscopically per ASTM 856 to determine the present 

condition of the concrete including the air void ratio, presence of fractures and evidence of 

decomposition due to chemical reactions.  Air voids present in the concrete increase material 

durability and resistance to degradation due to freeze-thaw cycles.   
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7.0 GENERAL COMMENTS 

The conclusions, analyses and recommendations presented in this report are based upon the 

available file data obtained from archive boring logs and from other information discussed in this 

report.  File and archive data are the primary focus of this report and are for screening purposes 

only.   Present and historical observations at the site may not reflect long-term conditions.    

 

The scope of services for this project does not include either specifically or by implication any 

environmental or biological (e.g., mold, fungi, and bacteria) assessment of the site or 

identification or prevention of pollutants, hazardous materials or conditions.  

 

This report has been prepared for the exclusive use of our client for specific application to the 

project discussed and has been prepared in accordance with generally accepted geotechnical 

engineering practices.  No warranties, either express or implied, are intended or made. In the 

event that changes in the nature, design, or location of the project as outlined in this report are 

planned, the conclusions and recommendations contained in this report shall not be considered 

valid unless Terracon reviews the changes and either verifies or modifies the conclusions of this 

report in writing. 
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US 51 BRIDGE SITE 



Design Maps Summary Report

Report Title

Building Code Reference Document

Site Coordinates

Site Soil Classification

PGA = 1.062 g As = 1.062 g

SS = 1.890 g SDS = 1.890 g

S1 = 0.533 g SD1 = 0.800 g

User–Specified Input
US51 Bridge@Cairo IL/Wickliffe KY 
Wed January 9, 2013 15:28:35 UTC

2009 AASHTO Guide Specifications for LRFD Seismic Bridge Design 
(which makes use of 2002 USGS hazard data) 

36.993°N, 89.147°W 

Site Class D – “Stiff Soil” 

USGS–Provided Output

 
Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the 
accuracy of the data contained therein. This tool is not a substitute for technical subject-matter knowledge. 
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Design Maps Detailed Report

From Figure 3.4.1-2[1]

From Figure 3.4.1-3[2]

From Figure 3.4.1-4[3]

2009 AASHTO Guide Specifications for LRFD Seismic Bridge Design (36.993°N, 89.147°W) 

Article 3.4.1 — Design Spectra Based on General Procedure

Note: Maps in the 2009 AASHTO Specifications are provided by AASHTO for Site Class B. 
Adjustments for other Site Classes are made, as needed, in Article 3.4.2.3. 

PGA = 1.062 g 

SS = 1.890 g 

S1 = 0.533 g 
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Article 3.4.2.1 — Site Class Definitions

The authority having jurisdiction (not the USGS), site-specific geotechnical data, and/or 
the default has classified the site as Site Class D, based on the site soil properties in 
accordance with Article 3.4.2. 

Table 3.4.2.1–1 Site Class Definitions

SITE 
CLASS

SOIL PROFILE 
NAME

Soil shear wave 
velocity, vS, (ft/s) 

Standard penetration 
resistance, N 

Soil undrained shear 
strength, su, (psf) 

A Hard rock vS > 5,000 N/A N/A

B Rock 2,500 < vS ≤ 5,000 N/A N/A

C Very dense soil 
and soft rock

1,200 < vS ≤ 2,500 N > 50 >2,000 psf

D Stiff soil profile 600 ≤ vS < 1,200 15 ≤ N ≤ 50 1,000 to 2,000 psf

E Stiff soil profile vS < 600 N < 15 <1,000 psf

E — Any profile with more than 10 ft of soil having the characteristics: 

Plasticity index PI > 20,1.
Moisture content w ≥ 40%, and2.
Undrained shear strength su < 500 psf 3.

F — Any profile containing soils having one or more of the following 
characteristics: 

Soils vulnerable to potential failure or collapse under seismic loading such 
as liquefiable soils, quick and highly sensitive clays, collapsible weakly 
cemented soils. 

1.

Peats and/or highly organic clays (H > 10 feet of peat and/or highly 
organic clay where H = thickness of soil) 

2.

Very high plasticity clays (H > 25 feet with plasticity index PI > 75) 3.
Very thick soft/medium stiff clays (H > 120 feet) 4.

For SI: 1ft/s = 0.3048 m/s 1lb/ft² = 0.0479 kN/m² 
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Article 3.4.2.3 — Site Coefficients

Table 3.4.2.3-1 (for Fpga)—Values of Fpga as a Function of Site Class and Mapped Peak Ground 
Acceleration Coefficient

Site Class Mapped Peak Ground Acceleration

PGA ≤ 0.1 PGA = 0.2 PGA = 0.3 PGA = 0.4 PGA ≥ 0.5

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See AASHTO Article 3.4.3

Note: Use straight–line interpolation for intermediate values of PGA

For Site Class = D and PGA = 1.062 g, FPGA = 1.000

Table 3.4.2.3-1 (for Fa)—Values of Fa as a Function of Site Class and Mapped Short-Period Spectral 
Acceleration Coefficient

Site Class Spectral Response Acceleration Parameter at Short Periods

SS ≤ 0.25 SS = 0.5 SS = 0.75 SS = 1 SS ≥ 1.25

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See AASHTO Article 3.4.3

Note: Use straight–line interpolation for intermediate values of SS

For Site Class = D and SS = 1.890 g, Fa = 1.000
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Equation (3.4.1-1):

Equation (3.4.1-2):

Equation (3.4.1-3):

Table 3.4.2.3-2—Values of Fv as a Function of Site Class and Mapped 1-sec Period Spectral 
Acceleration Coefficient

Site Class Mapped Spectral Response Acceleration Coefficient at 1-sec Periods

S1 ≤ 0.1 S1 = 0.2 S1 = 0.3 S1 = 0.4 S1 ≥ 0.5

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.7 1.6 1.5 1.4 1.3

D 2.4 2.0 1.8 1.6 1.5

E 3.5 3.2 2.8 2.4 2.4

F See AASHTO Article 3.4.3

Note: Use straight–line interpolation for intermediate values of S1

For Site Class = D and S1 = 0.533 g, Fv = 1.500

AS = FPGA PGA = 1.000 x 1.062 = 1.062 g 

SDS = Fa SS = 1.000 x 1.890 = 1.890 g 

SD1 = Fv S1 = 1.500 x 0.533 = 0.800 g 

Figure 3.4.1-1: Design Response Spectrum 
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Article 3.5 - Selection of Seismic Design Category (SDC)

Table 3.5-1—Partitions for Seismic Design Categories A, B, C, and D 

VALUE OF SD1 SDC

SD1 < 0.15g A

0.15g ≤ SD1 < 0.30g B

0.30g ≤ SD1 < 0.50g C

0.50g ≤ SD1 D

For SD1 = 0.800 g, Seismic Design Category = D 

Seismic Design Category ≡ “the design category in accordance with Table 3.5-1” = D 
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2.pdf

1.

Figure 3.4.1-3: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/AASHTO-2009-Figure-3.4.1-
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Design Maps Summary Report

Report Title

Building Code Reference Document

Site Coordinates

Site Soil Classification

PGA = 1.062 g As = 0.956 g

SS = 1.890 g SDS = 1.701 g

S1 = 0.533 g SD1 = 1.280 g

User–Specified Input
US51 Bridge@Cairo IL/Wickliffe KY 
Wed January 9, 2013 15:29:09 UTC

2009 AASHTO Guide Specifications for LRFD Seismic Bridge Design 
(which makes use of 2002 USGS hazard data) 

36.993°N, 89.147°W 

Site Class E – “Soft Clay Soil” 

USGS–Provided Output

 
Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the 
accuracy of the data contained therein. This tool is not a substitute for technical subject-matter knowledge. 
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Design Maps Detailed Report

From Figure 3.4.1-2[1]

From Figure 3.4.1-3[2]

From Figure 3.4.1-4[3]

2009 AASHTO Guide Specifications for LRFD Seismic Bridge Design (36.993°N, 89.147°W) 

Article 3.4.1 — Design Spectra Based on General Procedure

Note: Maps in the 2009 AASHTO Specifications are provided by AASHTO for Site Class B. 
Adjustments for other Site Classes are made, as needed, in Article 3.4.2.3. 

PGA = 1.062 g 

SS = 1.890 g 

S1 = 0.533 g 
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Article 3.4.2.1 — Site Class Definitions

The authority having jurisdiction (not the USGS), site-specific geotechnical data, and/or 
the default has classified the site as Site Class E, based on the site soil properties in 
accordance with Article 3.4.2. 

Table 3.4.2.1–1 Site Class Definitions

SITE 
CLASS

SOIL PROFILE 
NAME

Soil shear wave 
velocity, vS, (ft/s) 

Standard penetration 
resistance, N 

Soil undrained shear 
strength, su, (psf) 

A Hard rock vS > 5,000 N/A N/A

B Rock 2,500 < vS ≤ 5,000 N/A N/A

C Very dense soil 
and soft rock

1,200 < vS ≤ 2,500 N > 50 >2,000 psf

D Stiff soil profile 600 ≤ vS < 1,200 15 ≤ N ≤ 50 1,000 to 2,000 psf

E Stiff soil profile vS < 600 N < 15 <1,000 psf

E — Any profile with more than 10 ft of soil having the characteristics: 

Plasticity index PI > 20,1.
Moisture content w ≥ 40%, and2.
Undrained shear strength su < 500 psf 3.

F — Any profile containing soils having one or more of the following 
characteristics: 

Soils vulnerable to potential failure or collapse under seismic loading such 
as liquefiable soils, quick and highly sensitive clays, collapsible weakly 
cemented soils. 

1.

Peats and/or highly organic clays (H > 10 feet of peat and/or highly 
organic clay where H = thickness of soil) 

2.

Very high plasticity clays (H > 25 feet with plasticity index PI > 75) 3.
Very thick soft/medium stiff clays (H > 120 feet) 4.

For SI: 1ft/s = 0.3048 m/s 1lb/ft² = 0.0479 kN/m² 
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Article 3.4.2.3 — Site Coefficients

Table 3.4.2.3-1 (for Fpga)—Values of Fpga as a Function of Site Class and Mapped Peak Ground 
Acceleration Coefficient

Site Class Mapped Peak Ground Acceleration

PGA ≤ 0.1 PGA = 0.2 PGA = 0.3 PGA = 0.4 PGA ≥ 0.5

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See AASHTO Article 3.4.3

Note: Use straight–line interpolation for intermediate values of PGA

For Site Class = E and PGA = 1.062 g, FPGA = 0.900

Table 3.4.2.3-1 (for Fa)—Values of Fa as a Function of Site Class and Mapped Short-Period Spectral 
Acceleration Coefficient

Site Class Spectral Response Acceleration Parameter at Short Periods

SS ≤ 0.25 SS = 0.5 SS = 0.75 SS = 1 SS ≥ 1.25

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See AASHTO Article 3.4.3

Note: Use straight–line interpolation for intermediate values of SS

For Site Class = E and SS = 1.890 g, Fa = 0.900
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Equation (3.4.1-1):

Equation (3.4.1-2):

Equation (3.4.1-3):

Table 3.4.2.3-2—Values of Fv as a Function of Site Class and Mapped 1-sec Period Spectral 
Acceleration Coefficient

Site Class Mapped Spectral Response Acceleration Coefficient at 1-sec Periods

S1 ≤ 0.1 S1 = 0.2 S1 = 0.3 S1 = 0.4 S1 ≥ 0.5

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.7 1.6 1.5 1.4 1.3

D 2.4 2.0 1.8 1.6 1.5

E 3.5 3.2 2.8 2.4 2.4

F See AASHTO Article 3.4.3

Note: Use straight–line interpolation for intermediate values of S1

For Site Class = E and S1 = 0.533 g, Fv = 2.400

AS = FPGA PGA = 0.900 x 1.062 = 0.956 g 

SDS = Fa SS = 0.900 x 1.890 = 1.701 g 

SD1 = Fv S1 = 2.400 x 0.533 = 1.280 g 

Figure 3.4.1-1: Design Response Spectrum 
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Article 3.5 - Selection of Seismic Design Category (SDC)

Table 3.5-1—Partitions for Seismic Design Categories A, B, C, and D 

VALUE OF SD1 SDC

SD1 < 0.15g A

0.15g ≤ SD1 < 0.30g B

0.30g ≤ SD1 < 0.50g C

0.50g ≤ SD1 D

For SD1 = 1.280 g, Seismic Design Category = D 

Seismic Design Category ≡ “the design category in accordance with Table 3.5-1” = D 
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Traffic Operations Analysis White Paper           
 

The Cairo Bridge carries US 51, US 60, and US 62 traffic across the Ohio River at US 51 Kentucky 
milepoint 7.372. The bridge carries approximately 5,400 vehicles across the Ohio River each day 
between Wickliffe, KY, and Cairo, IL with approximately 35% of that being truck traffic. It also provides a 
connection to the US 60/US 62 Mississippi River Bridge, which is located at the southern tip of Illinois 
and continues to Wyatt, Sikeston and Charleston, MO.  

The US 51 Ohio River Bridge was constructed by the Cairo Bridge Commission as a toll facility and 
opened to traffic on November 11, 1938.  Tolls were removed from the crossing on November 11, 1948, 
when the highway departments of Kentucky and Illinois took over maintenance of the structure.  The 
Cairo Bridge is at Ohio River navigation mile point 980.4. 

The existing two‐lane bridge on US 51 over the Ohio River has a sufficiency rating of 22.4. The structure 
width is 22.6 feet curb to curb with an approaching roadway width of 24 feet including shoulders. The 
76‐year‐old structure is officially designated as “functionally obsolete” because it does not meet current 
geometric standards.   

The nearest alternate river crossings are the I‐24 Ohio River Bridge (39 miles upstream) at Paducah, KY, 
the Dorena‐Hickman Ferry (32 miles downstream), and the I‐155 Mississippi River Bridge (122 miles 
downstream) near Caruthersville, Mo.  

CDM Smith is leading a team of three primary consulting firms to undertake a planning study of the US 
51 Bridge for the Kentucky Transportation Cabinet (KYTC).  The purpose of this phase of the project is 
to study options for improving the US 51 crossing of the Ohio River between Wickliffe, Kentucky and 
Cairo, Illinois.  This planning study will consider several improvement scenarios, including: 1) 
rehabilitation of the existing bridge, 2) replacement of the bridge in its current location, 3) the feasibility 
of a new bridge in a new location, and 4) a no‐build or do‐nothing alternative.  This study will include a 
location study, an environmental overview, and recommendations for a preferred alternative to be 
considered further under NEPA in the next phase of work. 

 

1. Methodology 
As part of the analysis to document needs and deficiencies, a set of traffic volumes were developed 
based on historic traffic data and recent traffic counts. In order to establish a new forecast, a 
comprehensive review of traffic and demographic data was analyzed, a growth rate was evaluated, and a 
base year (2020) and a design year (2040) traffic forecasts were established. The findings are presented 
in the following sections. Figure 1.1 shows the study area, traffic count locations, most recent Annual 
Average Daily Traffic (AADT), and the Daily Traffic Volume from a January 22, 2013 traffic count of Cairo 
Bridge. 
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2. Traffic and Demographic Data 
2.1. Historical Traffic Volumes 
Looking at 20 years of historical traffic data on the Cairo Bridge, Station ID 505 in Ballard County, 
Kentucky, and Station ID IL03 in Alexander County, Illinois, an annual growth rate was developed. See 
Figure 1.1 for traffic count locations. Two methods were used to calculate the annual growth rates. The 
average annual linear growth rate between the two count locations was calculated to be 0.295 percent 
(0.295%). In addition, KYTC has established a methodology that utilizes exponential growth. Using this 
method, the annual growth rate increases slightly to 0.30 percent (0.30%).  

For comparison purposes, five other nearby locations in Kentucky and Illinois were also examined. In 
Kentucky; US 60 just north of Wickliffe (Station ID A03) and US 51 just south of Wickliffe (Station ID 
A40) were examined. US 60 had an average annual growth rate of 1.1% and US 51 had a negative growth 
rate at this location. In Illinois; US 51 just north of Cairo (Station ID IL01), US 51 just south of Cairo 
(Station ID IL02), and US 60/US 62 just south of the existing Cairo Bridge (Station ID IL04) were 
examined. All three locations in Illinois had a negative growth rate. The average annual growth rate of all 
five locations in Illinois and Kentucky, assuming 0.0% growth where there is negative growth, is 0.24 
percent (0.24%) over the past 20 years.  

2.2. Population and Employment Forecasts  
For further comparison, population projections prepared by the Kentucky State Data Center at the 
University of Louisville were reviewed. Comparing 2010 population to the 2040 population forecast, 
growth rates were calculated to be a negative 0.2 percent (‐0.2%) for Ballard County. In Illinois 
population projections prepared by the Illinois Department of Commerce and Economic Opportunity 
were reviewed. Comparing 2010 population to the 2030 population forecast, growth rates were 
calculated to be a 0.5 percent (0.5%) for Alexander County. According to Woods and Poole’s 2013 
Complete Economic and Demographic Data Source (CEDDS), growth rates were calculated to be 0.5 
percent (0.5%) and negative 0.1 percent (‐.01%) for Ballard County, KY and Alexander County, IL, 
respectively. Comparing each source, population is projected to grow between ‐0.2 and 0.5 percent (‐
0.2% and 0.5%) for Ballard County and between ‐0.1 and 0.5 percent (‐0.1% and 0.5%) for Alexander 
County.   

The 2013 CEDDS also forecasts employment through 2040. Comparing 2010 employment to the 2040 
employment forecast, growth for Ballard County is 1.6 percent (1.6%), while growth for Alexander 
County is negative 0.2 percent (‐0.2%).   
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2.3. Traffic and Demographic Data Summary 
A summary of the growth rates discussed in the previous section is presented below.  

Traffic/Demographic Data:   Annual Growth Rates 

Traffic Volume Growth (linear)    0.295% 

Traffic Volume Growth (exponential)                   0.30% 

     source: KYTC, based on 20 yrs of data  

Population Forecast (Ballard County)  ‐0.2% 
     source: Kentucky State Data Center 
Population Forecast (Alexander County) 
     source: Illinois Department of Commerce and Economic Opportunity  0.5% 

Population Forecast (Ballard County)  0.5% 

Population Forecast (Alexander County)  ‐0.1% 

     source: Woods & Poole 2012 CEDDS 

Employment Forecast (Ballard County)  1.6% 

Employment Forecast (Alexander County)  ‐0.2% 

     source: Woods & Poole 2012 CEDDS 

After review and discussion with the project team, an annual growth rate of 0.50 percent (0.50%) was 
applied exponentially. This approach is consistent with KYTC methodologies on similar projects. All of the 
growth rates listed above are relatively low, with some showing negative growth. The average growth rate of 
the summary rates listed above was 0.34 percent (0.34%). With such low projected growth, assuming 0.50 
percent (0.50%) annual growth will give a reasonably conservative estimate. 

2.4. Truck Percentage 
A traffic count was conducted on January 22, 2013 for the bridge. On this day the total truck percentage 
was 32.3% of the total volume. The latest US 51 tube count in Kentucky (Station ID 505) had a truck 
percentage of 35.2% in 2010. This project assumes a truck percentage of 35% for Cairo Bridge.  

 

3. Traffic Forecast 
3.1. Forecast Volumes 
Considering all of the analysis presented in the previous sections, a traffic forecast was conducted for 
Cairo Bridge. Volumes for the Current Year (2013), Base Year (2020), which represents the estimated 
start of construction, and a Design Year (2040) were established. The volumes were calculated using the 
2010 annual average daily traffic (AADT) from KYTC Station ID 505 and applying the 0.5% exponential 
annual growth rate presented in Section 2.3. The resulting daily traffic forecast for Cairo Bridge is 
presented below. 

2010 Traffic Count (KYTC Station ID 505)        Daily Traffic 

Annual Average Daily Traffic                   5,350 

 

2013 Current Year              Daily Traffic 

0.5% Annual Growth                     5,400 
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2020 Base Year (Start Construction)          Daily Traffic 

0.5% Annual Growth                     5,600 

 

2040 Design Year              Daily Traffic 

0.5% Annual Growth                     6,200 

 

3.2. Build vs. No‐Build Bridge Volumes 
Traffic operations are being assessed for alternatives near the existing Cairo Bridge which connect to the 
existing US 51 approach in Kentucky. Under this scenario there are two differences between a build and 
no‐build alternative;  

1. No‐Build Alternative: Over time as the bridge condition deteriorates the load rating would be 
reduced and eventually the bridge would be closed to traffic. This would decrease the traffic 
projections.  

2. Build Alternatives: If a new bridge were constructed or the existing bridge rehabbed with wider 
lanes and wider shoulders, permit loads could be allowed on the bridge. The increase in traffic 
would be negligible. 

As shown in the volume‐to‐capacity analysis in Section 4.1 below, a significant increase in traffic would 
be needed before the Cairo Bridge would require more than two‐lanes (one‐lane in each direction). 
Because the change in traffic is negligible between the build and no‐build alternatives, separate analysis 
was not conducted.  

Although none of the build alternatives are expected to generate enough traffic to require additional 
lanes on the proposed bridge, a more detailed traffic analysis will be conducted if a northern alternative 
is selected that provides a new direct connection between US 60 in Kentucky and US 51 in Illinois, 
bypassing the cities of Wickliffe and Cairo.  

 

4. Traffic Operations Analysis 
4.1. Cairo Bridge 
Level of Service (LOS) is a qualitative measure of highway traffic conditions, as identified in the 2010 
Highway Capacity Manual (HCM). Individual levels of service characterize these conditions in terms of 
speed, travel time, freedom to maneuver, traffic interruptions, and comfort and convenience. Six levels 
of service are defined and given letter designations from A to F, with LOS A as the best condition, 
representing free flow conditions, and ranging to LOS F, representing severe congestion and/or time 
delays. Typically, a minimum LOS D is considered acceptable in urban areas and LOS C is considered 
acceptable in rural areas. 

For two lane highways, LOS is controlled by operating speed and passing opportunities. Because the 
existing bridge has a 40 mph speed limit and no passing zones, standard HCM calculation procedures 
results in a LOS D for the 2013, 2020, and 2040 design peak hour volumes. However, this measure is not 
representative of the actual operations on the bridge. Because the LOS description is governed by speed 
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and passing, poor sensitivity of the two‐lane highway LOS module indicates LOS is not the most accurate 
methodology to analyze operations on the bridge. 

As an alternative to LOS Methodology, design volumes were compared to the bridge’s theoretical 
capacity. A volume‐to‐capacity ratio (V/C) represents the number of vehicles using the bridge in a 
specific time period compared to the number of vehicles the bridge was designed to be able to handle 
during that period. The target V/C ratio is 0.9 for rural areas and 1.0 for urban areas. A V/C greater than 
this indicates the bridge is congested, i.e. operating above its design capacity.     

As part of this analysis, the 2013, 2020, and 2040 design bridge volumes discussed in Section 3 were 
evaluated. This analysis helps determine the number of lanes needed on the bridge based on existing 
and future traffic demand. To transition between a daily and hourly forecast volume, analysts must 
apply two specific conversion factors. The K‐factor describes what percentage of the weekday traffic 
volume is accounted for during the 30th highest hour during a typical year. The D‐factor describes what 
percentage of the total traffic on a link is traveling in the peak direction. 

The average K‐factor and D‐factor listed in KYTC’s 2008 Traffic Forecasting Report are 12.2% and 58.8%, 
respectively for Rural Minor Arterials. A traffic count was conducted on January 22, 2013. On this day 
the peak hour percent volume was 9.0% and the average directional distribution was 56.0% for AM 
Peak Hour, PM Peak Hour and ADT. This project will assume a K‐factor of 12.2% and a D‐Factor of 
56.0%.  

Based on the forecast, an estimated 5,400 vehicles per day (vpd) are expected to cross the bridge in 
2013. Using the K‐factor and D‐factor described above, this represents a peak hour volume of 660 
vehicles and a directional peak hour volume of 370 vehicles. The theoretical capacity for a two lane 
bridge is calculated using an ideal capacity of 3,200 passenger cars per hour (1,700 passenger cars per 
hour per lane) factored by the peak hour factor (0.9), grade factor (0.9 for rolling terrain), and heavy 
vehicle factor (0.74 based on thirty five percent trucks). The resulting theoretical capacity of 1,920 
passenger cars per hour was then compared to the 2013 peak hour volume of 660 vehicles resulting in a 
V/C of 0.34 for the existing Cairo Bridge. The theoretical capacity of 1,020 passenger cars per hour per 
lane was also compared to the 2013 directional peak hour volume of 370 vehicles which results in a V/C 
of 0.36. Because the V/C is less than 0.9, the bridge is operating below its design capacity.  

An estimated 5,600 vpd are expected to cross the bridge in 2020. Using the K‐factor and D‐factor 
described above, this represents a peak hour volume of 685 vehicles and a directional peak hour volume 
of 385 vehicles. This results in a V/C of 0.36 and 0.38 for the 2020 peak hour volume and the 2020 
directional peak hour volume, respectively. Because both are less than 0.9, the bridge would operate 
below the design capacity of a two‐lane highway bridge.  

An estimated 6,200 vpd are expected to cross the bridge in 2040. Using the K‐factor and D‐factor 
described above, this represents a peak hour volume of 755 vehicles and a directional peak hour volume 
of 425 vehicles. This results in a V/C of 0.39 and 0.42 for the 2040 peak hour volume and the 2040 
directional peak hour volume, respectively. Because both are less than 0.9, the bridge would operate 
below the design capacity of a two‐lane highway bridge.  

Following the steps described above, V/C calculations were completed for the remaining future 
scenarios. The resulting V/C analysis is presented below in Table 4.1. Based on this analysis there is 
adequate capacity with a two‐lane bridge between Wickliffe and Cairo to accommodate the existing and 
future traffic volumes. 
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Table 4.1: Cairo Bridge VolumetoCapacity (V/C) Summary 

Design Volumes  V/C Ratio 

2013 Peak Hour Volume  0.34 

2013 Directional Peak Hour Volume  0.36 

2020 Peak Hour Volume  0.36 

2020 Directional Peak Hour Volume  0.38 

2040 Peak Hour Volume  0.39 

2040 Directional Peak Hour Volume  0.42 
 

4.2. US 51/US 60/US 62 Intersection 
The Cairo Bridge approach has a three leg intersection in Illinois. Vehicles traveling northbound on US 
51 coming off the Cairo Bridge have a stop sign at the US 51/US 60/US 62 intersection in Illinois. The 
other two approaches, US 51 southbound and US 60/US 62 westbound, are not stop controlled. Turning 
movement volumes were derived from the January 22, 2013 traffic count. The traffic count volumes 
were increased and balanced to match the 2013, 2020 and 2040 design hour volumes discussed in 
Section 3. The turning movement volumes are shown in Figures 4.1 – 4.4. Table 4.2 presents the LOS 
and Delay for this intersection based on standard calculations from the HCM. As shown the northbound 
US 51 bridge approach functions at a LOS D during the 2040 PM design hour. At all other time periods 
the intersection functions adequately at a LOS C or better.  

To improve the delay at the northbound approach a couple of improvement options could be 
considered: the intersection could be signalized or the intersection could be converted to a three‐way 
stop. Based on the January 22, 2013 traffic count, the intersection does not meet HCS Signal Warrants 
for Eight‐Hour Vehicular Volume, Four‐Hour Vehicular Volume or Peak Hour. While the intersection 
does not meet signal warrants, a three‐way stop will be looked at during the alternative development 
process.  
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Table 4.2: US 51/US 60/US 62 Intersection LOS Summary 

       Approach  LOS  Delay (sec/veh) 

2013 AM Design Hour Volume 

NB US 51 (Bridge)  B  13.5 

SB US 51  A  8.5 

WB US 60/US 62  Free Movement 

2013 PM Design Hour Volume 

NB US 51 (Bridge)  C  19.4 

SB US 51  A  8.8 

WB US 60/US 62  Free Movement 

2020 AM Design Hour Volume 

NB US 51 (Bridge)  B  14.0 

SB US 51  A  8.5 

WB US 60/US 62  Free Movement 

2020 PM Design Hour Volume 

NB US 51 (Bridge)  C  20.4 

SB US 51  A  8.8 

WB US 60/US 62  Free Movement 

2040 AM Design Hour Volume 

NB US 51 (Bridge)  C  15.7 

SB US 51  A  8.7 

WB US 60/US 62  Free Movement 

2040 PM Design Hour Volume 

NB US 51 (Bridge)  D  28.4 

SB US 51  A  9.0 

WB US 60/US 62  Free Movement 
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5. Summary 
The traffic analysis presented in this report determined: 

 The daily traffic forecast volumes for Cairo Bridge are: 

2013 Current Year              Daily Traffic 

0.5% Annual Growth                     5,400 

 

2020 Base Year (Start Construction)          Daily Traffic 

0.5% Annual Growth                     5,600 

 

2040 Design Year              Daily Traffic 

0.5% Annual Growth                     6,200 

 

 There is adequate capacity with a two‐lane bridge between Wickliffe and Cairo to accommodate 
existing and future traffic volumes. 

 The northbound US 51 approach in Illinois functions at a LOS D during the 2040 PM design hour. 
Otherwise the intersection functions adequately at a LOS C or better for the existing and future 
traffic volumes. Converting the intersection to a three‐way stop will be looked at during the 
alternative development process.  

 Although none of the build alternatives are expected to generate enough traffic to require 
additional lanes on the proposed bridge, a more detailed traffic analysis will be needed if a 
northern alternative is selected that provides a new direct connection between US 60 in 
Kentucky and US 51 in Illinois, bypassing the cities of Wickliffe and Cairo.  
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