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 Metallurgical Report on Failed Turnbuckle

ASSIGNMENT
This is the report on the metallurgical failure analysis of the submitted turnbuckle that had 
failed on the subject vessel, conducted at your request.  

CONCLUSION
It is the firm opinion of the undersigned that the turnbuckle failed from corrosion, 
specifically from selective leaching of the zinc from the brass matrix; known as 
dezincification in brass alloys.  Nothing was found to contradict this conclusion.  There was
no evidence of this turnbuckle failing from a single, unexpected event as one would find in 
a single mechanical overload.   The corrosion is directly a consequence of the turnbuckle 
being susceptible to the loss of the zinc from the solid material.  This report will present 
clear, conclusive evidence that the dezincification (DZ) caused the material to lose its 
mechanical strength.  If it had not been for the DZ there would have been no corrosion and 
subsequent failure.

The subject turnbuckle did fail by DZ in seawater or perhaps brackish water of the San 
Francisco Bay, something that should not have happened.  The cause is clearly corrosion 
from over a period of time.  
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DISCUSSION OF BRASS AND DEZINCIFICATION
Brass is a combination of copper and zinc; to increase the strength of the brass the element 
manganese (Mn) is added.  The turnbuckle is made of a forged manganese bronze, which is 
really a brass alloy; the industry commonly but incorrectly refers to it as a bronze.  Bronze 
requires the presence of tin and in other types of bronze both aluminum and nickel.  To be 
consistent this report will refer to the material as brass, especially since the corrosion is very
common to brass alloys and to a lesser extent in bronze alloys.  A popular brass alloy 
consists of 70% Cu and 30% Zn.  In seawater the loss of the zinc will greatly decrease the 
strength of the brass.  Because of the greater costs of copper over the zinc there is a 
tendency to use more zinc, up to 40% Zn in some alloys, these are even more susceptible to 
the DZ because of the higher zinc content.  The best and common alloy additions to the 
brass to control the DZ are arsenic (As) and aluminum (Al).  Both manganese (Mn) and 
iron (Fe) will decrease the resistance of the brass to DZ, in most cases.  The element lead 
(Pb) is purposefully added to the brass to improve its machinability.  Aluminum was found 
in this brass but there was no arsenic.

INVESTIGATION
The failed turnbuckle was received on 13 December 2012, via USPS.  The part was visually
examined at magnifications up to 65 diameters and photographed.  One end was 
longitudinally split along two planes, yet the inside threads showed little plastic 
deformation.  This is unusual as a threaded rod would be expected to tear up and deform the
mating interior threads due to axial tensile loading.  To better understand the reason for the 
failure the end was sectioned for further metallographic examination with a light 
microscope (LM) and scanning electron microscope (SEM) with energy dispersive x-ray. 
(EDX).  Finally the metallographic sample was etched to show the grains and 
forging/casting patterns.  

The following discussion, with photographs, details the extent of corrosion and details the 
reason for the conclusion is that there was the selective loss of zinc from the brass alloy.  
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Image 1.  This is the turnbuckle in the as-received condition.  The end to the left has two 
splits.  It is not known if the split end was orientated up or down on the rigging.

 
Image 2.  The inside threaded area has deep longitudinal cracks.  There is no deformation of
the threads.
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Image 3.  The crack extends through the wall of the threaded end.  

Image 4.  The plating is peeling off in areas because of the brass cracking.
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Image 5.  The fracture surface of the threaded area of the turnbuckle.  The reddish tint on 
the surface is from dezincification (DZ), a loss of zinc from the alloy.  The copper plating 
back out on the surface gives it the reddish tint. 
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Image 6.  Light microscope.  Unetched.  The micron bar has a length of 200µ, (200 
microns).  The end of the turnbuckle was sectioned and prepared for an examination with 
the light microscope.  This clearly shows the corrosion known as dezincification.  The high 
zinc content of the material is very susceptible to the loss of the zinc and consequently a 
loss of mechanical strength of the component.  This is the reason that the turnbuckle failed 
without much plastic deformation of the threads.  The end simply split open and the rod end
came out without much damage to the threads.  The reddish layer on the fracture surface is 
copper that has been replated back on to the surface.  This layer of copper means that the 
crack was open to the atmosphere.  The end of the turnbuckle deteriorated over time to such
an extent that it was not able to handle the applied mechanical loads and subsequently failed
as it had no mechanical strength.
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Image 7.  Unetched.  Magnification of report image, approximate 100X.  This is an 
overview of the nickel plating and the DZ.   The nickel plating is peeling off of the 
turnbuckle.

Image 8.  Unetched.  Magnification of report image, approximate 600X.  Image rotated 90o. 
From that seen in Image 7.  This is a close-up of the DZ on the surface of the turnbuckle.  
This is underneath the nickel plating.

Preventive Metallurgy  3468 Caminito El Rincon #93  San Diego, CA 92130  209 367 1398



                               7 January 2013
Page 8 of 12

          Metallurgical Report on Failed Turnbuckle

 

Image 9.  Unetched.  Magnification of report image, approximate 50X.  The threads were 
sectioned for the metallographic examination.  The DZ is on the surface of the threads.  
There is a crack in the turnbuckle, below the roots of the threads.  This is examined in the 
next image, Image 10.   
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Image 10.  Unetched.  Magnification of report image, approximate 400X.  The threads were
sectioned for the metallographic examination.  The DZ is also inside the cracks in the 
turnbuckle.   

The reddish layer was analyzed for its composition with the EDX and SEM with the results 
presented below.  The results of the EDX analysis are very consistent with the morphology 
of the reddish images.  The composition of the reddish layer is copper with no zinc present. 
This could have only come from corrosion and not from any of the manufacturing and 
forging operations that the turnbuckle has undergone.  

The following spectra show the elements present and also presents the composition as a 
percentage of the elements present by weight.  It is the use of this EDX that one can so 
conclusively prove that there is corrosion and it is the loss of the zinc that caused to 
turnbuckle to lose its strength.
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EDX of polished brass surface.  This area had no corrosion from the DZ.  There is almost 
40% zinc present; even with the addition of the aluminum element it was not sufficient to 
control the loss of the zinc from DZ.  This composition is typical of the brass of this 
turnbuckle.
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This EDX was taken on the surface with the reddish layer, similar to Image 8.  This is the 
composition of the reddish layer; it is 100% Cu with no zinc present.  This is conclusive 
proof of the corrosion and metal loss due to dezincification.
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The turnbuckle and the sectioned parts are securely stored in the laboratories of Preventive 
Metallurgy.  

Thank you for the opportunity to be of service.  As you have further questions you may 
contact the laboratories of Preventive Metallurgy.

Respectfully Submitted,

Mark D. Bell, P.E.
Metallurgical Engineer

MDB
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