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1.  INTRODUCTION  
 

 

1.1 PROBLEM  

 

Many states use weathering steel guardrail (Cor-Ten steel) along their roadways.  The 

Federal Highway Administration (FHWA) recently posted a Frequently Asked Questions (FAQ) 

list on their roadway departure safety webpage, which states that the use of the weathering steel 

guardrail should be limited, but may be used if the owner agency adopts a frequent periodic 

inspection and replacement schedule.  Rail deterioration appears to vary from state to state, with 

severe deterioration reported in some locations and no noticeable deterioration in other locations.  

An inspection procedure needs to be developed to comply with the direction in the FHWAôs 

FAQ. 

 

1.2 BACKGROUND  

 

Several states across the nation use the weathering steel guardrail for aesthetic purposes.  

Other types of rail systems such as polyester coating (poly-coat), powder-coat, and acid-etched, 

are also prescribed by the states for aesthetic purposes. However, this report only addresses 

weathering steel W-beam guardrail systems. Instead of the zinc galvanization used to prevent 

corrosion of the standard steel guardrail, the outer surface of the weathering steel guardrail 

corrodes a certain thickness and maintains a specified core metal thickness.  This outer corrosion 

layer gives a rustic look to the rail, which is considered more aesthetic compared to the metallic 

look of the galvanized steel guardrail. 

  

It was believed that once the outer surface of weathering steel has corroded a certain 

thickness, the corrosion process stops and the metallic core thickness is maintained without the 

need of further surface treatment.  However recent observations and in-field evaluations have 

shown that while weathering steel is resistant to further corrosion of the rail, it does not 

completely prevent corrosion under certain environmental circumstances (1).  More specifically, 

areas of the rail that overlap, such as in locations of rail splices, or near posts, are prone to 

increased corrosion due to water retention or other factors.   Increased corrosion deteriorates the 

rail by reducing its tensile capacity and can ultimately result in loss of the railôs cross section.  

  

Due to such observations, FHWA issued a response on their Frequently Asked Questions 

website limiting the use of weathering steel guardrails unless a frequent and periodic field 

inspection program was adopted by the user agency (2).  

 

Currently there are no established techniques for conducting field inspection of 

weathering steel guardrails.  Non Destructive Testing (NDT) methods are desired for these 

inspections, so that they can be conducted without disassembling the rail. 

 

 

 

 

http://safety.fhwa.dot.gov/roadway_dept/policy_guide/road_hardware/ctrmeasures/wbeam/
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1.2 OBJECTIVE  

 

The objective of this research was to develop an inspection technique for determining the 

integrity of weathering steel W-beam guardrail systems. A field inspection manual and 

inspection forms were to be produced in this project.  

 

This project started with an investigation and outreach effort to determine if similar 

efforts were underway elsewhere.  The development of measureable, pass/fail criteria that did 

not involve disassembling the guardrail was a requirement of this project. 

 

  

 



 

 3  

2.  SURVEY OF USER AGENCIES 
 

 

2.1 INTRODUCTION  

 

As part of the ongoing research project for determining a non-destructive field inspection 

technique for weathering steel W-beam guardrail systems, the researchers conducted a survey of 

states.  The objective of this survey was to determine the experience of pertinent agencies with the 

use of weathering steel W-beam guardrail.  The survey was aimed at determining the extent and 

location of rail damage due to advanced corrosion, methods or procedures employed to inspect and 

determine the rail damage, and equipment used for inspection.   

 

2.2 SURVEY PARTICIPATION  

 

The survey was made available on the Internet and invitations to participate were sent 

through emails to various mailing lists and contacts; including ATSSA Guardrail Committee, 

AASHTO Technical Committee on Roadside Safety, National Association of County Engineers, and 

State Highway Safety Engineers. 

 

Overall, 25 participants took the survey from19 states across the United States.  The 

participating state agencies are listed below and also mapped in figure 2.1. 

 

Florida DOT / Florida Turnpike 

Illinois DOT 

Iowa DOT 

Kansas DOT 

Kentucky Transportation Cabinet 

Louisiana DOT and Development 

Maine DOT 

Mississippi DOT 

Nevada DOT 

New York State DOT 

North Carolina DOT 

Ohio DOT  

Pennsylvania DOT 

South Carolina DOT 

South Dakota DOT 

Tennessee DOT 

Vermont Agency of 

Transportation 

Washington State DOT 

Wyoming DOT 

 

 
Figure 2.1: Map of the United States indicating the participating states (shown in blue). 
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2.2 SURVEY RESULTS 

 

Results of the survey questions are presented next. 

 

2.2.1 Current or Past Usage 

 

Six of the 19 states taking the survey indicated their state has not used the weathering steel 

guardrail systems.  Responses from these states were not recorded in compiling survey results.  Thus 

results were compiled from the input of 13 states that indicated having used the weathering steel 

guardrail. 

 

2.2.2 Type of the Weathering Steel Used 

 

The participants were asked to indicate the ASTM specification of the steel used in their state 

for the weathering steel guardrail systems.  In all, five different ASTM steel specifications are 

currently being used among the participating states, as shown in table 2.1.  Of these, ASTM A588 

and ASTM A606 are the most commonly used steel types.  Washington State indicated using both 

ASTM A606 and ASTM A607 steel. Similarly, Wyoming indicated using both ASTM A606 and 

ASTM A847 steel. 

 

Table 2.1: Type of weathering steel used by states 

Steel Type Number of States (State Abbreviations) 

ASTM A588 5  (PA, SD, ME, VT, NY) 

ASTM A242 1 (NC) 

ASTM A606 5 (FL, KY, WY, WA, OH) 

ASTM A607 1 (WA) 

ASTM A847 1 (WY) 

 

 

2.2.3 Miles of the Weathering Steel Guardrail 

 

The participants were asked to indicate the approximate number of miles of the weathering 

steel guardrail that is (or was) installed in their state.  The participants were also asked to indicate if 

their selections were based on inventory information or best estimate.  Approximately 92% of the 

respondents mentioned using best estimate for indicating the approximate mileage of the guardrail 

used.  The results of the usage are presented in figure 2.2. 
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Figure 2.2: Usage in range of miles (estimated). 

 

 
Figure 2.3: Different types of guardrail systems using weathering steel. 
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2.2.4 Types of Guardrail Systems Using Weathering Steel  

 

The participants were asked to indicate the types of weathering steel guardrail systems used 

in their state.  W-beam guardrail system was indicated to be the most frequently installed weathering 

steel system.  Box-beam guardrail system was the next in usage, followed by the thrie beam 

guardrail system.  One of the states indicated using a hybrid cable barrier system with weathering 

steel posts.  The approximate frequency of these systems, as indicated by the participants, is shown 

in figure 2.3. 

 

 
Figure 2.4: Weathering steel guardrail usage continuation plans. 

 

2.2.5 Usage Continuation Plans 

 

The participants were asked to indicate if their state planed on installing new installations of 

the weathering steel guardrail.  Most states plan continued the usage as shown in figure 2.4. It is 

worthy to note that two of the six states planning to discontinue usage of weathering steel guardrail 

cited FHWAôs recommendation to discontinue usage of weathering steel as the primary reason.  

These states did not indicate observing significant corrosion of the weathering steel in their installed 

systems. 
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2.2.6 Inspection Procedures 

 

The participants were asked to describe any existing procedures or methods used for 

inspecting installed weathering steel guardrail systems.  Most of the states indicated having no 

existing procedures or methods (figure 2.5).  The inspection procedures of the four agencies that 

indicated having some guidance in place are either not adequate to accurately determine advanced 

corrosion, or do so in a non-destructive manner. 

 

The procedures mostly involved visual inspection to detect apparent signs of advanced 

corrosion, or striking the rail with a hammer for some evaluation of the guardrailôs integrity.   

New York Department of Transportation (NYDOT) indicated conducting an evaluation program to 

prioritize replacement of its weathering steel guardrail systems in 2008.  Simple inspection methods 

were used to prioritize systems that needed to be replaced first.  One of these methods was a ñthud 

testò for the box beam guardrails. It involved evaluating the quality of the ringing sound generated 

by a hammer strike at the middle of a box beam span.  The rails were judged to have a rating 

between one and four (four being least corroded) based on the amount of ringing.  The accumulation 

of rust flakes inside the box beam dampens the ringing effect.  Thus higher ringing indicates lesser 

corrosion.  The W-beam guardrail on the other hand was evaluated using a micrometer.  The ñthud 

testò does not work for the W-beam rail because a ringing sound cannot be produced in an open 

section guardrail.  The NYDOT evaluation procedure required using sand paper to take off some of 

the loose surface rust prior to measuring the cross-section thickness with a micrometer.  The 

guardrails were then discerned to have different levels of corrosion based on the measured thickness. 

This method does not allow for evaluation of lapped splice regions without uninstalling the 

guardrail. 

 

Ohio Department of Transportation (ODOT) indicated cutting out a sample section from the 

guardrail and then determining the engineering cross section of the rail.  

 

The participants did not indicate using any other special equipment to detect advanced 

corrosion of the weathering steel. 

 

2.2.7 Part Replacement Policy  

 

None of the respondents indicated having a policy specifically geared towards replacing 

corroded parts of a weathering steel guardrail system.  Some of the states indicated using their policy 

for galvanized steel guardrails for replacing the weathering steel guardrail parts.  Fifty percent of the 

participants did indicate having a policy for replacement of parts of a conventional galvanized steel 

guardrail system. 
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Figure 2.5: Existing inspection guidance. 

 

2.2.8 Extent of Corrosion 

 

Figure 2.6 shows the frequency of advanced corrosion of weathering steel guardrail observed 

in each participantôs state.  Six (55%) of the participants indicated rarely observing advanced 

corrosion in their state.   Three (27%) states indicated that advanced corrosion was observed 

somewhat frequently, but in less than 50% of the installations. Two (18%) of the states indicated 

observing advanced corrosion very frequently (i.e. in greater than 75% of the installations).   

The states that rarely observed advanced corrosion were Florida, Kentucky, North Carolina, South 

Dakota, Washington, and Wyoming.  Illinois and New York were the two states indicating very 

frequent observation of advanced corrosion.   Maine, Vermont, and Nevada indicated observing 

advanced corrosion somewhat frequently (i.e. 26-50% of the installations).  

 

 Among the five states who indicated observing advanced corrosion somewhat or very 

frequently, four (Maine, Vermont, New York, and Nevada) indicated using deicing salts and 

chemicals in close proximity of the weathering steel guardrail systems. 

 

The participants were also asked to indicate the extent of advanced corrosion observed as a 

function of the age of the installation (see results in figure 2.7).  While it would have been difficult 

to answer this question as most states do not have related system inventory data, it is interesting to 

note that most states indicated observing none to moderate corrosion for installations of all ages.  

Moderate was defined as the extent of corrosion that resulted in some parts needing replacement, but 

the guardrail system would be fully functional.  
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Figure 2.6: Frequency of advanced corrosion observed. 

 

 
Figure 2.7: Extent of corrosion by installation age. 
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Figure 2.8: Areas and parts with advanced corrosion 

 

The response of the participants to questions related to the level of advanced corrosion 

observed indicates that most user states do not see the extent of corrosion some states have observed.  

The level of corrosion in most states is such that the weathering steel guardrail systems remain 

functional. 

 

2.2.9 Location of Advanced Corrosion 

 

The participants were also asked to identify areas or parts of the weathering steel guardrail 

system where advanced corrosion is typically observed. Results from the survey are presented in 

figure 2.8.  Results indicate that the greatest amount of advanced corrosion is observed in 
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overlapping splice connection areas, followed by the bolt-hole locations of the guardrail. Advanced 

corrosion is typically not observed in main guardrail sections between splices.   Advanced corrosion 

is also not common for metal post sections below or above grade; however 25% of the respondents 

indicated observing advanced corrosion in metal posts at rail attachment areas frequently (i.e. 51-

75% of times).  Weathering steel guardrail terminals and transitions usually do not exhibit advanced 

corrosion. 

 

2.2 SUMMARY AND CONCLUSIONS  

 

The objective of this survey was to determine the experience of pertinent agencies with the 

use of weathering steel W-beam guardrail system.  The survey was aimed at determining the extent 

and location of rail damage due to advanced corrosion, methods or procedures employed to inspect 

and determine the rail damage, and equipment used for inspection.  The survey was taken by 25 

participants from 19 different states. Of these, the responses were compiled from the input of 13 

states that indicated having used weathering steel guardrail systems. 

Results of the survey can be summarized as follows. 

 

¶ States use several ASTM standards for the weathering steel guardrail systems.  ASTM A588 

and ASTM A600 are the most commonly used steel types. 

¶ Usage of the weathering steel guardrail systems for most states is less than 100 miles of the 

installed guardrail, with 50-100 miles being more common. 

¶ W-beam guardrail system is by far the most commonly used weathering steel guardrail 

system application, followed by some usage for box-beam and thrie beam guardrail systems. 

¶ Seven (7) of the 13 states currently using (or those who have used) weathering steel guardrail 

systems plan to continue using it. Six (6) of these states have plans to discontinue (or have 

already discontinued) using weathering steel guardrails. 

¶ Currently, there are no non-destructive evaluation (NDE) methods being employed by the 

states for adequately inspecting the installed weathering steel W-beam guardrail systems.  

¶ While some states have developed guidance for when to replace galvanized steel parts of a 

guardrail system, none of the states have such standards specifically for the weathering steel 

guardrails. 

¶ Fifty five percent (55%) of the states rarely observe advanced corrosion in their state.   

Twenty seven percent (27%) of the states observe advanced corrosion somewhat frequently, 

but in less than 50% of the installations.  Eighteen percent (18%) of the states indicated 

observing advanced corrosion very frequently (i.e. in greater than 75% of the installations). 

¶ While some states have experienced significantly compromised performance of the 

weathering steel guardrail due to advanced corrosion, the level of corrosion in most states is 

such that the weathering steel guardrail systems remain functional. 

¶ The highest amount of advanced corrosion is observed in the guardrail in overlapping splice 

connection areas, followed by bolt-hole locations of the guardrail. 
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3.  NON-DESTRUCTIVE TESTING 
 

One of the objectives of this project was to recommend a technique for evaluating weathering 

steel W-beam guardrail that does not require disassembly of the guardrail components, such as 

lapped splices and connections to posts.  For such applications, non-destructive testing (NDT) 

methods could potentially be used.  The researchers therefore reviewed some of the existing NDT 

technologies for their use in inspecting the integrity of the weathering steel guardrail. 

 

3.1 NDT METHOD  

 

Various tools are currently available for evaluation and testing of NDT methods.  Among the 

different NDT methods are electromagnetic testing, ultrasonic testing, radiography, magnetic 

particle testing, leak testing, etc.  Depending on the nature of physics involved in a particular 

method, a method may only be suitable for specific types of applications.  In this project, the 

researchers focused on finding an NDT method that could be used to detect corrosion in metals.  The 

suitability of various technologies was mostly done by reviewing product manuals.   

 

Among the factors considered for determining an NDT methodôs suitability were the ability 

to detect corrosion, accuracy, ease of use, and portability. It was determined that ultrasonic corrosion 

thickness gauges were the most suitable for this project. These gauges are commonly used in the 

industry for measuring thicknesses of pipes and tank-walls with internal and/or external corrosion.  

They work by transmitting sound waves into the metal from one side and determining its thickness 

by measuring the time it takes for the sound waves to be echoed back to the probe from the other 

side.  Using the ultrasonic thickness gauge eliminates the need to cut or disassemble corroded metal 

plates, as long as they can be accessed from one of the sides.  

 

Ultrasonic thickness gauges are usually hand held, highly portable electronic devices.  

Different versions of these gauges are available with varying capabilities and technical complexities.  

A gauge may be used for continuous monitoring with a data logger to record and recover 

measurements over time, generate statistical reports, allow thru-coat measurements, produce 2D 

plots, etc.  But at a very basic level, these devices can be trimmed down to a pocket size electronic 

gauge with a probe.  Once calibrated using a calibration block, the probe is placed on the surface of 

the rusted metal.  The gauge then shows the thickness of the metal in preset units. 

 

3.2 NDT DEVICE  

 

There are several manufacturers of ultrasonic corrosion thickness gauges. Based on the initial 

product literature review, the researchers selected General Electric and Olympus Corporation for a 

detailed product evaluation and demonstration.  General Electric did not respond to several requests 

from the researchers.  Olympus Corporation provided a detailed demonstration of their products and 

loaned its equipment for use in this project.  While the results presented in this report are based on 

measurements using Olympus MG2 Series Ultrasonic Thickness Gauge, it should be noted that other 

manufacturers have similar products that are expected to have similar performance and applicability.  
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3.3 USING ULTRASONIC THICKNESS GAUGE  

 

As mentioned above, the researchers used Olympus MG2 Series Ultasonic Thickness Gauge 

(shown in figure 3.1) for measuring thicknesses of the weathering steel guardrail samples during this 

project.  Detailed information about various capabilities and instructions on using a specific make 

and model of an ultrasonic thickness gauge device are best obtained from the userôs manual. 

However, a basic and a general description on the use of handheld ultrasonic thickness gauges, as 

applicable to this project, is included in this section.  

 

 
Figure 3.1 Handheld ultrasonic thickness gauge with probe. 

 

 The ultrasonic thickness gauge is a rectangular handheld device, and is thus very portable. 

The front face of the gauge is comprised of a digital screen and a keyboard. The top of the device 

has a port for attaching an external probe to the gauge.  The probe usually comes attached to a cable, 

which allows greater flexibility in taking measurements of hard to reach areas.  

 

3.3.1 Device Calibration  

 

 When the gauge is first turned on, it needs to be calibrated using a certified calibration block 

such as the one shown in figure 3.2.  During the calibration process, the gauge is used to measure 

two known thickness from the calibration block. Any difference in the measured and the known 

values is zeroed to achieve calibration.    
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Figure 3.2 Calibration steel block. 

 3.3.2 Surface Preparation 

  

 Before measuring the thickness, the surface should be cleaned of any dirt, residue, loose rust 

flakes, etc.  In all measurements taken during this project, the researchers cleaned the surface using a 

cotton rag.  

 

It is important to note the flat circular tip of the probe needs to set properly on the metal 

surface being measured.  Thus measurements should be taken at surfaces that are flat enough to 

achieve full contact with the probe.  If the probe is not set properly against the metal surface, an 

erroneous reading is likely.  Thus readings should be avoided on surfaces that are very irregular, or 

at locations of sharp changes in surface profile.   

 

 
Figure 3.3 Advanced rail corrosion with pitting. 

 

Advanced corrosion in weathering steel can lead to irregular surfaces with pitting, such as the 

one shown in figure 3.3.  Taking a reliable thickness reading in these regions can be difficult.  

Furthermore, thickness of the metal beam can vary significantly in these regions. Therefore, it is 

recommended that parts showing such clear signs of advanced corrosion be replaced, regardless of 

the ability to take a thickness measurement. 
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3.3.3 Couplant Gel 

 

 Ultrasonic thickness gauges require application of a small quantity of a couplant gel to the 

spot where probe will be placed to take a thickness measurement. This gel provides a continuous 

medium for transmitting ultrasonic waves between the probe and the metal sheet.  The couplant gel 

must be applied after cleaning the surface at every spot thickness is measured, including during the 

calibration process described above. Couplant gels can be purchased from the device manufacturers, 

but are also readily available from many vendors. 

 

3.4 PATINA THICKNESS  

 

Weathering steel starts to corrode and develops a thin layer of rust at its surface, called the 

patina layer.  If the corrosion advances further, the thickness of the patina layer increases and 

eventually the rust build up separates from the steel surface in the form of rust particles and flakes.  

This gradually reduces the overall thickness of the rail.  The rust particles or flakes fall off or are 

cleaned during the surface preparation process.  However, the thin patina layer that is closely bonded 

to the base metal cannot be easily removed during the inspection procedure. 

 

As previously mentioned, the ultrasonic thickness gauge works by measuring the time it 

takes for a sound wave to be echoed back from a material flaw or void, or the other side of the metal 

rail. While this technology can measure thickness excluding rust flakes or other relatively loose rust 

buildup, the thin but tightly bonded oxidation layer (patina) that builds up on the rail without voids is 

not discerned by the device.  Thus the thickness measured from the ultrasonic gauge includes the 

thickness of the patina layer. Therefore, the true structural thickness of the guardrail is the value 

measured from the ultrasonic gauge, less the thickness of the patina layer.  

 

To suggest an inspection procedure that allows a fail or pass assessment of the weathering 

steel guardrail based on the thickness measurement, it was important to make some assessment of 

the range of the patina layer thickness.  While it would have been desirable to collect a large number 

of weathering steel samples, exposed to a wide range of environmental conditions, and with a broad 

range of service age, this was not possible within the scope and budgetary constraints of the project. 

However, the researchers were able to collect a limited number of samples from various agencies 

using weathering steel guardrail. Thicknesses were measured for these samples before and after 

taking off the patina layer to determine a range of the patina layer thickness. 

 

3.4.1 Weathering Steel Guardrail Samples 

 

The researchers collected samples of weathering steel guardrail that had been in service for a 

considerable amount of time. Samples were collected from California, New York, Vermont, and 

Washington, and are shown in figure 3.4. A brief description of the samples is presented in table 3.1. 
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California W-beam rail splice 

 

  
New York W-beam 

 

  
Vermont box-beam 

 

  
Washington W-beam from splice region 

Figure 3.4 Photos of the weathering steel guardrail samples. 

 






























