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Structural Steel Fabrication – Sample B
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FRACTOGRAPHIC INVESTIGATION
The tension specimens that were tested on September 27, 2010 and [Table 1] 
were visually examined immediately after they were fractured. Visual 
examination of the fracture surfaces revealed the presence of several 
dispersed, shiny spots similar to “fish eye” features. These features were 
present on specimens from mid thickness and from quarter thickness. “Fish 
eye” features are usually associated with the presence of hydrogen in the 
steel in sufficient amount to detrimentally affect the ductility and fracture 
toughness of the steel under slow and intermediate loading rates. The 
detrimental effects of hydrogen on steel properties are not observed under fast 
loading rate. Consequently, “fish eye” features are found on fracture surfaces 
of tension specimens but not on fracture surfaces of CVN specimens.
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…..The sequence of SEM fractographs present the overall fracture surface, the 
selected “fish eye” feature, a close up of the origin that caused the initiation of 
the fish eye, the microstructure of the fish eye initiation site and the fracture 
mode of the fish eye surface. The SEM analyses  demonstrated that the fish 
eyes initiated and propagated from casting voids which exhibited typical 
interdendritic features. These voids were not consolidated during hot rolling 
of the slabs into plates. The voids were present at mid thickness and at 
quarter thickness.
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This investigation demonstrated the presence of hydrogen 
in the steel in sufficient quantity to detrimentally affect the 
ductility and fracture toughness of the steel under slow and 
intermediate loading rates typical of bridge service. 
Therefore, these plates cannot be recommended for use in 
the bridge.
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Results of tensile tests from the 
centerline of the plate, a non-standard 
test location,  indicated some 
elongation results below 19%. It 
appears that Dr. Barsom is assuming 
that  the centerline tests should also be 
19% minimum; however, ASTM does 
not address this.

Nucor implemented additional practices 
for the replacement plates to be certain 
that hydrogen levels were sufficiently 
reduced to avoid low physical results. 
The steps outlined in our letter of 
November 2, 2010 have been successful 
in that respect. Briefly, the practice 
changes were as follows:
� Double De-oxidation
� Max casting speed, 50ipm  
(previously 54ipm)
� Hood cool slabs
� Stack cool plates
� Protect exposed ends of plates
� UT ends of plates for 24” with Phase 
Array in lieu of straight beam

While there is some evidence that the 
replacement plates contain minor 
hydrogen flaking it is to a
much lesser extent than what was 
observed on the original order. We can 
say with certainty that Phase Array 
UT testing, the most sophisticated 
method available, did not detect any 
indications
that would have been “recordable” by 
ASTM A578 UT standard, let alone 
rejectable. Neither ASTM A709 nor 
AASHTO addresses the need for 
hydrogen control for Grade 50 NFCM 
plate, and
control of hydrogen is specified only 
for the HPS grades. If hydrogen 
flaking is of concern to the end user, 
there are remedies above and beyond 
ASTM A709 that can be specified, 
such as
vacuum degassing.
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It is quite evident from the photographs, that the 
amount of hydrogen flaking was reduced to the extent 
that sufficient ductility was obtained to meet ASTM 
standards. In addition, no dendritic nodules are present 
at the quarter point. It is our firm belief that we have 
provided the replacement plates in accordance 
with the requirements of ASTM A507-10 Grade 50 
T2 NFCM as ordered.
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WeightsWeights
Box Piles – 70,000 lbs each 1, 300,000 lbs total

Box Pile fill – 3,900,000 lbs(-2.7M lbs earth)
Pier Footing – 3,100,000 lbs

Caps & Columns – 1,400,000 lbs
Structural Steel – 3,500,000 lbs (2.2M lbs pier)
Deck Concrete – 4,600,000 lbs (2.9M lbs pier)

Total of 14.8M lbs on pier
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CostCost
Engineers Estimate = $15,575,335
Winning Bid Price = $11,606,520

Final cost = $11,675,636 (0.6% over bid price)

OHM CE contract 7% under budget with no 
amendments
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Craig Dashner, PE

Craig.dashner@ohm-advisors.com

734-522-6711

Thank you!!


