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ABOUT DTIC AND DSIAC 
The Defense Technical Information Center (DTIC) collects, disseminates, and analyzes scientific 
and technical information to rapidly and reliably deliver knowledge that propels development 
of the next generation of Warfighter technologies.  DTIC amplifies the U.S. Department of 
Defense’s (DoD’s) multibillion dollar annual investment in science and technology by collecting 
information and enhancing the digital search, analysis, and collaboration tools that make 
information widely available to decision makers, researchers, engineers, and scientists across 
the Department. 

DTIC sponsors the DoD Information Analysis Center’s (IAC’s) program, which provides critical, 
flexible, and cutting-edge research and analysis to produce relevant and reusable scientific and 
technical information for acquisition program managers, DoD laboratories, Program Executive 
Offices, and Combatant Commands.  The IACs are staffed by, or have access to, hundreds of 
scientists, engineers, and information specialists who provide research and analysis to 
customers with diverse, complex, and challenging requirements. 

The Defense Systems Information Analysis Center (DSIAC) is a DoD IAC sponsored by DTIC to 
provide expertise in nine technical focus areas:  weapons systems; survivability and 
vulnerability; reliability, maintainability, quality, supportability, and interoperability; advanced 
materials; military sensing; autonomous systems; energetics; directed energy; and non-lethal 
weapons.  DSIAC is operated by SURVICE Engineering Company under contract FA8075-14-D-
0001. 

A chief service of the DoD IACs is free technical inquiry (TI) research, limited to 4 research hours 
per inquiry.  This TI response report summarizes the research findings of one such inquiry 
jointly conducted by DSIAC. 
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ABSTRACT 
The Defense Systems Information Analysis Center received a technical inquiry on protecting 
crews from gun tube rupture.  In particular, there is a possibility that a 120-mm mortar tube 
could rupture due to inclusions present in the microstructure of the steel used to construct the 
gun tube.  This rupture would release a high-temperature gas flow at 19,000 psi if the failure is 
a ductile fracture.  If the failure is a brittle fracture, pieces of steel would also be released.  The 
inquiring organization is looking for possible solutions to protect the crew in case of this event, 
without limiting the weapon’s usage.  Materials engineering and ballistician subject matter 
experts at the Texas Research Institute Austin, Inc., performed literature searches using the 
Defense Technical Information Center, open sources, and university libraries to identify related 
work and provided information on potential complementary technologies.  
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1.0  TI Request 

1.1  INQUIRY 
Are there existing solutions to protect a gun crew in case of barrel failure initiating from an 
inclusion without limiting the weapon’s usage? 

1.2  DESCRIPTION 

There is a possibility that a 120-mm mortar tube could rupture due to inclusions present in the 
microstructure of the steel used to construct the gun tube. This rupture would release a high-
temperature gas flow at 19,000 psi if the failure is a ductile fracture. If the failure is a brittle 
fracture, pieces of steel would also be released. The inquiring organization is looking for 
possible solutions to protect the crew in case of this event, without limiting the weapon’s 
usage. 

2.0  TI Response 

2.1  EXISTING SOLUTIONS 
There is little information on this in the available literature.  Most solutions that would provide 
true protection against either a ductile failure (gas escape) or brittle failure (gas escape with 
shrapnel) involve systems that would severely restrict the gun’s usage (additional layers of steel 
to provide more protection, similarly to the laminated structure of large-caliber weapons, or 
other steel tubes surrounding the barrel acting as a shield but not in direct contact with the 
barrel). 

Several publicly available patents were identified [1–5].  Of these, U.S. Patent 9,863,732 [4] 
seems to provide the most relevant solution.  Additionally, U.S. Patent 7,963,202 [5] has a long 
list of prior art relevant to this topic. 

2.2  NEW TECHNOLOGIES 
Development of new materials and methods seem to be ongoing, even though the basic idea is 
the same as weapons used late in World War I.  Mortar tubes made solely from steel are viable 
candidates for replacement with modern materials, although this can be a challenge given 
procurement procedures. 
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Developing composite overwrapped pressure vessels using carbon fiber reinforced polymer, the 
same material class used to construct modern airframes, offers a means to retrofit existing gun 
tubes.  This is alluded to in U.S. Patent 9,863,732 (see Figures 1 and 2 for examples). 

 
Figure 1:  Composite Overwrapped 120-mm Gun Tube Images [4] (Source:  Google Patents). 

 
Figure 2:  A Casing From an Altair Rocket Stage, Essentially a Composite Overwrapped Pressure Vessel 

(Source:  Smithsonian National Air and Space Museum). 

A U.S. Army report describes trying to shift to titanium (Ti) alloys [6–8] to leverage the 
lightweight nature of the material but specifically states that a suitable momentum trap needs 
to be devised before this would be possible (as well as mitigating internal damage due to 
erosion).  This report also mentions developing a metal matrix composite as a jacketing 
material but mentioned how no data were available on fatigue, thermal fatigue, and 
high-temperature fatigue (no reference to this program was provided).  In addition, other work 
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discussed the possibility that the steel projectile may gall the Ti barrel during firing [9].  The 
report discusses switching materials to an Ni 718 alloy to gain resistant against failure at high 
temperatures.  This does provide a way past dealing with inclusions in steel but will require 
methods to address different types of inclusions that appear in Ni-based superalloys (also note 
that Ni-based superalloys are slightly heavier than steel alloys). 

Another possible avenue is nondestructive inspection/evaluation (NDI/E) of the barrels during 
maintenance intervals for the mortars.  Beginning in 2014, U.S. Army Watervliet Arsenal, NY, 
has invested $26M in upgrades that included a pair of ultrasonic immersion tanks for inspecting 
newly fabricated mortar tubes of various calibers [10].  However, these are done 
post-manufacture and not as part of any regular maintenance.  The U.S. Air Force routinely 
performs maintenance on different parts of different aircraft depending on the specific usage 
and part of the structure.  A system similar to this may provide the safety increase that the 
Army desires but in another way.  From a technology transfer perspective, many NDI/E 
techniques from the oil and gas industry may be utilized for rapid, in-field gun tube inspections.  
The oil and gas industry have to constantly inspect pipelines (composed of steel and, in some 
cases, composite).  A number of existing ultrasonic, eddy current, and magnetic flux linkage 
(MFL) solutions may already exist for this problem (both sensors, arrays, and crawlers [for 
external inspections]) and pigs [for internal inspections, a process known as pigging]).  

Following the technology that the U.S. Army uses for enhanced small arms protection insert 
body armor, it may be possible to layer ultrahigh molecular weight polyethylene layers on the 
outside of the barrel (depending on heating constraints).  A “lower tech” version of this may 
also be available via using sandbags (or a modified variant thereof).  Both these methods can 
provide some protection in a dynamic impact scenario, but it is unknown if the same degree of 
protection would be conferred for a material directly layered onto the steel barrel (where the 
damage would occur similarly to a spallation event, with the shock passing through the 
different material layers and thusly attenuated).  
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