
Hydrogen embrittlement, strain-age embrittlement, liquid-metal embrittlement, galvanizing
embrittlement . . . sheesh!  I think I’m coming down with a case of brain embrittlement
trying to determine what form of embrittlement has caused my steel tubes to crack.  HELP!Q

ASKDR. GALV

Try not to get too cracked up over
embrittlement!  Rest assured: you are not
alone.  The AGA frequently receives
questions regarding embrittlement and, often

times, the inquirer has mistakenly classified the
embrittlement, which then leads them astray in
determining the cause of their cracking.  Luckily, I have
the answers you need to distinguish between the many
types of embrittlement and determine the source of your
cracking.  

The most common misidentification of embrittlement is
the over-used (and abused) term, “hydrogen
embrittlement.”  The result of steel absorbing
hydrogen and retaining it ultimately causes cracking when
the steel is put under load.  Since this is one of the most
widely known types of embrittlement, people
will often use this term loosely and, thus, assume all
cracking of HDG articles is the result of it.  The truth is
that there are certain properties and conditions that
must exist for hydrogen embrittlement to occur.  The
property that has the determining effect on whether
or not hydrogen embrittlement can occur is the tensile
strength of the steel.  Steels that have tensile strengths
above 150,000 ksi (1100 MPa) are susceptible to
hydrogen embrittlement.  The reason being is that higher
tensile strength steels consist of a fine grained
structure; the higher the strength of steel, the smaller
the grain structure.  In steels that have tensile strengths
above 150 ksi (1100 MPa), the grain structure is so
small that some of the absorbed hydrogen (e.g., from
pickling) will remain trapped in between the grains of
the steel.  Steels with lower tensile strengths have
larger grain structures that allow the hydrogen to be
expelled when heated to galvanizing temperatures.
Without steel above 150 ksi (1100 MPa), hydrogen
embrittlement is highly improbable.  These strengths of
steel are typically used for fasteners, anchor rods, or other
materials that are going to be subjected to extreme tensile
loads.  The tensile strength of most steel that is galvanized

is often far lower than these types of parts.

A Now on to the not-so-well-known embrittlements. 
Strain-age embrittlement refers to cracking caused by

p r e v i o u s l y - i n d u c e d
stresses into the steel and
is often the culprit in 
most embrittlement cases
of HDG steel.  Steel that
has been cold-worked
during fabrication devel-
ops certain areas of
high stress.  If these
stresses are not relieved
by heat treating prior

to galvanizing, they can be partially relieved in
the galvanizing kettle, which can often cause cracking
if the stresses are relatively high.  This can be
eliminated by two separate methods.  First, the steel
can be heat treated at 1100°F for one hour per inch
of steel section thickness prior to galvanizing, 
completely relieving the stresses caused by cold
working and virtually eliminating the likelihood of
cracking after galvanizing.  The second method
would be to not perform cold working, but to “hot work”
the part.  By forming fabrications under heat, stresses do
not develop in particular areas such as bend corners,
punched holes, or other areas that are susceptible to
developing high stress.  With respect to your
particular problem, this is the likely cause of the
cracking.  The tensile strength of tubes is far below that
required for hydrogen embrittlement, as well as the
forming operation required to fabricate the tube most
likely involved the bending of a flat plate into
a tube shape.  This operation was probably performed
while the steel was cold, and areas of high stress
developed at the corners and initiated the cracking
of the tube.

Moving right along, next up: liquid-metal embrittlement.
This type of embrittlement is the result of molten liquid
in contact with solid metal.  The liquid metal, under
certain conditions (mainly temperature), can penetrate the6



solid metal and initiate cracking.  It is well known that
zinc cannot cause the embrittlement of steel due to  the
fact that people have been galvanizing steel for
nearly 150 years.  However, other types of  metal
may be susceptible to this type of embrittlement, 
but often require much higher temperatures than
the temperature of the liquid zinc in the galvanizing
kettle.  This type of embrittlement is not of concern to
hot-dip galvanizers.

Finally — galvanizing embrittlement.  This is a
general term that most people use to classify any
type of embrittlement that has occurred on steel
that has been galvanized.  Since the term is very
general, it cannot be defined as any of the three
types of embrittlement previously mentioned. 
Therefore, this term has little meaning and is only 
the general classification that needs to be defined as
one of the previously mentioned forms of
embrittlement to be of any use.

I hope this solves the mystery of embrittlement
and cures your case of brain embrittlement.  If it
should ever flare up again, read this twice and
call me in the morning.
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Galvanize It! Seminar KUDOS
“Just wanted to let you know that Mark Allen
of Westside Galvanizing conducted a
seminar at our office yesterday.  It was a
great seminar — very informative, and good
to make a contact in the galvanizing
industry. In addition to our design
engineers, we also had participation from
some of our industrial clients in the area.
Thanks for coordinating this effort.” 

~ Randall H. Collier, P.E.

“I would like to mention that Dale Williams
and Tim Burrow gave an EXCELLENT
presentation on galvanizing in our office
today.  A most sincere note of thanks to you
for putting me in contact with them.”    

~ Paul Harwell, AIA


