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ABSTRACT 
 

In recent years, ship designers have been compelled to incorporate lighter, thinner steel structures to 
reduce topside weight, improve fuel economy, and enhance mission capacity.  Over the past decade, the 
production ratio of thin-steel (10 mm or less) to thick-plate structures for some vessels built at HII-
Ingalls Shipbuilding has approached 80%.  Improvements to shipbuilding facilities, process technology, 
and the naval manufacturing protocols have not kept pace with the rate of change in ship design.  The 
result is widespread overwelding, which creates greater welding volume and unnecessary heat input for 
thin plate structures.  Severe buckling distortion in naval vessels has been attributed to these oversized 
welds.  Thirty percent (30%) of shipbuilding fabrication costs can be attributed to rework to reduce 
distortion.  Overwelding, which applies to practically every shipyard (both Naval and commercial), 
results in increased residual stresses, increased distortion, and higher costs. 
 
Funded by NSRP in 2011 and building on previous ONR projects, the “Elimination of Overwelding to 
Reduce Distortion in Naval Shipbuilding Applications” project is divided into two phases, for which 
HII-Ingalls and Applied Thermal Science (ATS) will fabricate welds for evaluation and will organize 
extensive tensile, static shear, fatigue, and dynamic testing at five independent test sites including 
University of New Orleans (UNO), University of Maine (UMaine), Naval Surface Warfare Center - 
Carderock (NSWCCD), and Concurrent Technologies Corporation (CTC). 
 
Phase I, completed in March 2012, evaluated the response of various plate thickness (5 to 12 mm) and 
fillet weld size (3 to 12 mm) combinations for two steels grades (HSLA-80 and ABS grade DH36).  
Flux-Core Arc Welding (FCAW), Gas Metal Arc Welding (GMAW), and Submerged Arc Welding 
(SAW) were the primary welding processes of interest for this investigation. Preliminary tests on 
specimens using Hybrid Laser Arc Welding (HLAW) were also started in the Phase I. In addition, 
aluminum materials (5456/H116 and 6082/T5) samples were created for evaluation by shear testing.  
HII-Ingalls has developed a more efficient design tool for the newly revised MIL-STD-1628 revision A 
and Krumpen’s criteria to aid weld sizing design for engineers. These newly revised design tools will be 
beneficial for the current DDG-113, LHA, LPD, and NSC design processes and future naval combatant 
design applications.  Advanced finite element calculations and analytical models were created by the 
Integrated Project Team (IPT) in order to facilitate the interpretation of results. 
 
In Phase II, variables such as fillet gap and weld penetration will be examined in greater detail to 
provide information on the influence of these variables which has not been previously examined in any 
ship design specifications or criteria.  In addition, further testing of HLAW welded samples and 
aluminum alloy materials will be included for further evaluation. 
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