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About NSL Analytical

NSL provides independent laboratory testing services to a diverse array of customers within 

regulated end-markets, where testing speed, accuracy and consistency are mission 

critical to operations. 

Our teams of chemists, engineers and metallurgists provide scientific expertise in 

materials testing with a focus on metals, alloys and technical ceramics that are utilized 

in critical end market applications.
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Personal Connection: The Herrmann Family



The Herrmann Family



December 15, 1967 – OH/WV Border

My aunt and cousin travel from Ripley, WV to Gallipolis, OH for doctor’s appointments

There is some time between their appointments, but my aunt was able to get in early.



December 15, 1967 – OH/WV Border

• It’s close to Christmas, Aunt Judy asks Lauri if she would like to drive around 

Gallipolis to see the Christmas lights.

– Lauri is going to be starring as a present in a kindergarten play that evening, so she is anxious 

to get home to get ready. She declines.

• They cross the bridge going home a little before 5:00 p.m. December 15, 1967.

http://www.scoopyweb.com/2019/03/downtown-christmas-decorations-in-1920s.html
https://clickamericana.com/holidays-seasons/christmas/colorful-vintage-christmas-lights



Silver Bridge Failure

• Bridge collapses at approximately 

5 p.m. on December 15, 1967

• Within a minute of the initial fracture, 

the bridge has completely collapsed.

• 24 vehicles fall into the river

• 7 fall to the ground

• 46 Fatalities

• 9 injured

Photo courtesy of the Herald Dispatch



Bridge Failure: The Legend of the Moth Man

• The legend of Moth Man begins on November 15, 1966.

• A couple describes to police a “large flying man with 

ten-foot wings”. The creature’s eyes glowed red when 

the cars headlights picked it up.

• Several more sightings were reported over the next few 

days.

• Moth Man sightings were later connected to the bridge 

collapse on December 15, 1967

• You can watch “The Mothman Prophecies” 

or the X-Files “Detour” Episode.



The 

Failure Analysis



Failure Analysis

• Get background information

• Do non-destructive testing

• Do destructive testing

• Draw conclusions

• Provide documentation

From ASM International, Metals Handbook, Desk Edition, Second Edition, J.R. Davis, Editor, p.1203
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Bridge Design

• Original design called for wire cables, but a less expensive eyebar chain 

design was bid as an alternate.

• First of its type in the United States.

• Two-lane, 1760’ eyebar suspension bridge.

• Completed in May of 1928.

Eyebar Joints



Get Background Information – Recovery

Field operations continue through October 

1968 (10 months after collapse).

• Wreckage is measured and documented

• Fractures examined.

• Reassembly of the main members and eyebar

chains in progress.

• Preliminary investigation of the towers completed

• Detailed sketches from the divers prepared.

• Detailed measurements of suspect eyebars

completed.

• Experimental program set up at a similar bridge.

• Planning for experimental testing 

Photos courtesy of the Herald Dispatch
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Do Non-destructive Testing – Hi Carpenter Bridge 

Experimental measurements performed on similar bridge 

evaluated the effects of vibration looking specifically at

• Effects of wind excitation

• Effects of moving vehicles

• Effects of single lane loading

• Susceptibility to rotation

• Likelihood of fatigue



Do Non-destructive Testing – Federal Highway Administration

1/5 Scale Model - Two different scenarios were tested to determine 

the series of events that led to failure

• In the first, a small crack was produced by a sawcut and  then sharpened using a 

cyclic load.

– Load was applied and increased until failure.

– Comparisons of the fractures between the simulated and actual failures were very 

similar.

• The second method was to try to have the eyebar “walk off” the pin.

– Attempts to produce this type of failure were unsuccessful and testing was 

stopped.



Failure Analysis
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Destructive Testing – National Bureau of Standards

Investigations performed at National 

Bureau of Standards (now NIST)

• Chemical analysis

• Microstructural analysis

• Mechanical properties testing

• Crack analysis

https://en.wikipedia.org/wiki/National_Institute_of_

Standards_and_Technology



Destructive Testing - National Bureau of Standards

• Microstructure: non-homogeneous but typical of what would be expected 

from heat treatment

• Chemical composition was consistent with 1060 steel.

Core: Ferrite + Pearlite Surface: martensite Decarburization observed 

at the surface

Typical Structures



Destructive Testing - National Bureau of Standards

Mechanical Properties

• Hardness: varied with location in the bar.

• Tensile: similar to sample bars tested by the American Bridge Co. when the bridge 

was built. 

• Charpy: testing performed at 32°F (the temperature at the time of the collapse) 

showed limited fracture toughness.



Destructive Testing - National Bureau of Standards

Fracture Analysis

• Cracking initiated in hard material on the surface of the 

pinhole

• Microprobe analysis showed elevated levels of sulfur 

compounds on the fracture surface

• Stress corrosion cracking susceptibility testing found that 

material exposed to H2S gas for approximately 52 days 

showed extensive cracking.

Crack initiation



Destructive testing – Battelle Memorial Institute

https://commons.wikimedia.org/wiki/File:Battelle_Me

morial_Institute_Columbus.jpg

Studies at Battelle Memorial Institute

• Evaluated eyebars in the wreckage for small cracks using 

dye penetrant and magnetic particle techniques. 

• Evaluated the fracture toughness of the two types of steel 

used in the bridge. This helped determine whether other 

small cracks found in the bridge were of critical size to 

induce brittle failure.

• Evaluated the mechanisms by which cracks could grow to 

critical size.

• Investigated residual stresses in the eyebars present from 

fabrication, heat treatment and loading.



(Non) Destructive Testing – Battelle Memorial Institute

• Non-destructive evaluation of the bars was performed using 

dye penetrant and magnetic particle inspection

• Cracks were found in 5 of the eyebars.

http://alumco.net/services/dpi/



Destructive Testing – Battelle Memorial Institute

Residual Stress Analysis
• Method 1: Strain gauges were applied to the 

surface of the part and then changes in strain 

were monitored as small amounts of material 

were removed with a dental drill.

• Method 2: Strain was monitored as a 2” slice of 

material was removed from the eyebar and then 

cut into smaller pieces.

• Analysis showed the highest residual stresses 

were present at the edge of the pinhole.



Destructive Testing – Battelle Memorial Institute

Crack Growth Mechanisms
• Fatigue Cracking

– Testing performed in dry and moist air

– Results indicated that 37 cycles of maximum loading per day would have been required to 

cause failure

– Determined it was probably not the primary failure load.

• Hydrogen Stress Cracking

– Simulated testing found that the material would be susceptible to this mechanism only under 

severe cathodic charging conditions while under very high stress levels.

• Stress Corrosion Cracking

– Testing was performed in three environments: 100% relative humidity, 0.5% H2S 

and 5% salt solution.

– It was found that the material was susceptible in the salt and H2S solutions.



Destructive Testing – US Steel

• Independent recheck of NTSB Results for

– Chemical composition

– Mechanical properties

– Fractography results

• Independent recheck of Battelle Results for

– Critical Stress Intensity factor

– Fractography results



Destructive Testing – Ohio State University

Fretting Fatigue Evaluation: Professor W. L. Starkey

• Fretting wear is caused by friction between two contacting 

surfaces that are subjected to small oscillating or sliding motions.

• Fretting wear can cause small surface cracks which act as 

initiation sites for fatigue.

ASM Handbook, Volume 19, Fatigue and Fracture, 1996, p. 323.



Destructive Testing – Lehigh University

Tensile Testing of a 

Full Scale Eyebar

• Bar was 25 feet in length

• Yield load was 1,650,000 lbs (76 ksi).

• Ultimate Tensile load was 2,450,000 

lbs (112 ksi).

https://icpie.lehigh.edu/facilities/atlss-large-scale-multi-directional-experimental-

facility/fritz-laboratory



Draw Conclusions

• Cracking on eyebar No. 330 led to catastrophic failure of the bridge

• Cracking initiated at pitting defects on the surface of the pinhole.

• Elevated levels of sulfur were found on the surface of the fracture.

• Conflicting opinions on the crack growth mechanism were reported 

between US Steel, Battelle and the National Bureau of Standards.



Draw Conclusions

National Bureau of Standards and Battelle
• Concluded that the crack growth mechanism was sulfide induced 

stress corrosion cracking.  

– High stress intensity near the material’s yield strength

– Corrosive substances found on the crack

– Intergranular cracking observed.

– Laboratory tests showed material was susceptible to sulfide SCC.

– Variable (cyclic) stress loading was small.



Draw Conclusions

• US Steel 

• Concluded that the crack growth mechanism was corrosion fatigue
• Transgranular cracking was observed

• Cold working near the pinhole would increase susceptibility to corrosion fatigue

• The concentration of corrosive substances was much lower than those used in 

laboratory testing.

• Although small, cyclic loading was present.



Provide Documentation

The NTSB issued their final report on December 16, 1970. 

• Stress corrosion is listed as the primary failure mechanism.

• Other contributing causes listed in the report are:

– At the time of bridge construction, stress corrosion 

and corrosion fatigue were not known to occur in the materials 

and environments used.

– The location of the flaw, on the inside surface of the pinhole, 

was inaccessible to visible inspection.

– There was no inspection technique at the time that could 

have found the crack.



Federal-Aid-Highway Act of 1968

This failure also brought about the Federal-Aid-Highway Act of 1968.

• This required the Secretary of Transportation to:

– Set standards for the proper inspection of bridges

– Train employees how to inspect the bridges.

– Required inspection of suspect bridges before November 1 of 1968

– All others were to be inspected before January of 1970.



Other Notable SCC Failures

TPG Pipeline explosion, 1965 
• Located in Natchitoches Louisiana, this 32” diameter gas pipeline 

exploded on March 4, 1965. Seventeen people were killed, 9 were 

injured and seven homes were destroyed.

Uster Swimming Pool, 1985
• Located in Uster Switzerland, the concrete ceiling of  an indoor 

swimming pool collapsed killing 12 people. 



Stress Corrosion Cracking



Types of Corrosion

• Uniform

• Galvanic

• Crevice

• Intergranular

• Pitting

• Selective Leaching

• Erosion

• Stress Corrosion



Stress Corrosion Cracking

Stress corrosion cracking, 

304 stainless, in MgCl2

Mixed acids etch

From: ASM Handbook, Volume 11: Failure Analysis and Prevention W.T. 

Becker, R.J. Shipley, editors, p498-515 

Characterized by
• Branched or “lightning bolt” cracking

• Low metal loss



Stress Corrosion Cracking

Tensile 

Stress

Corrosive 

Environment

Susceptible 

Material

SCC



Stress Corrosion Cracking (SCC) - Materials and Environment

ASM Handbook, Volume 19, Fatigue and Fracture, Gerhardus H. Koch, p. 483.

Alloy Environment

Carbon Steel Hot nitrate, hydroxide, and carbonate/bicarbonate solutions

High-strength steel Aqueous electrolytes, particularly when containing H2S

Austenitic stainless 

steels
Hot concentrated chloride solutions, chloride-containing steam

High-nickel alloys High-purity steam

α-brass Ammoniacal solutions

Aluminum alloys Aqueous Cl-, Br- and I- solutions

Titanium alloys Aqueous Cl-, Br- and I- solutions; organic liquids, N2O4

Magnesium alloys Aqueous Cl- solutions

Zirconium alloys Aqueous Cl- solutions, organic liquids, I2 at 350°C (660°F)



Stress Corrosion Cracking (SCC) - Cracking Mechanism

Multiple rate 

determining steps 

are possible

From: ASM Handbook, Volume 13A: Corrosion: Fundamentals, Testing, and 

Protection S.D. Cramer, B.S. Covino, Jr., editors, p346-366



SCC Cracking Mechanisms – Active Path Dissolution

Accelerated corrosion occurs along a susceptible path, 

such as grain boundaries
• Example: Sensitization of Austenitic Stainless Steel

From: ASM Handbook, Volume 12: Fractography, Austenitic Stainless Steels: Atlas of Fractographs, p354



Cracking Mechanism – Hydrogen Embrittlement

From: ASM Handbook, Volumes 10, Materials Characterization and Volume 12, Fractography.



Film Induced Cleavage

• A brittle film forms on a relatively ductile material

• A crack forms in the brittle layer and propagates slightly into the ductile material

• The brittle layer forms again and the process is repeated over and over.

• This is typical of Copper alloys…



Stress Corrosion Cracking 

– Lab Experiment 



Case Study – Brass in Ammonia

Brass Hinge – Before Ammonia                   Brass Hinge – After Ammonia



Case Study – Brass in Ammonia

Brass Washer – After Ammonia         Brass Screw Head – After Ammonia



Summary
Catastrophic Failure of the Silver Bridge

Design – not redundant

Stress corrosion / corrosion fatigue 

Stress Corrosion Cracking

Tensile stress, corrosive environment, susceptible material

Branched intergranular cracking

FAMOUS FAILURES
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