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difficult and sometimes impossible to
confirm a failure mode. Any fracture
surfaces should be protected from con-
tacting hard, rough, and/or abrasive
surfaces by careful handling and stor-
age methods. Fracture surfaces should
be protected against mechanical,
chemical, and thermal damage. Often
fracture surfaces will need to be
cleaned prior to analysis by any
method. It is imperative to clean with
the least destructive method first.

The component and related fracture
surfaces should be viewed first using
low power stereo optical microscopy.
Low power allows the failure analyst
to gain an overall understanding of the
component and failure area. A l s o ,
stereo microscopes are best because of
the apparent three-dimensionality of
the image. During this stage the ana-
lyst should attempt to determine if the
fracture is ductile or brittle, the origin
of the failure, and direction of fracture
propagation. Determine possible
small-scale specimens to be removed
for analysis using other higher power
microscopes.

For high power microscopic exami-
nation of fracture surfaces, scanning
electron microscopy (SEM) is by far
the best. Light microscopes have a
very limited depth of focus, and trans-
mission electron microscopes require
very difficult sample preparation and/
or replication techniques. SEM also
has the ability to magnify to approxi-
mately 50,000x, with a large depth of
focus at any magnification. SEM sam-
ples need to be conductive, so simple
coating techniques may be required.

With the results of the above
described testing and analyses in hand,
the failure analyst can then put togeth-
er the large picture of why the compo-
nent failed. Some test results may
indicate that an initial understanding
of failure mode is not correct, and
additional testing may be needed. In
this instance, your initial photographic
records and in-process notes are usual-
ly critical to developing and testing
additional specimens to confirm a dif-
ferent failure mode.

The testing performed should be
chosen to confirm the hypothesized
failure mode, as well as gaining an
understanding of what can be altered
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and improved to not
have failures occur
in the future, which
is the ultimate goal
of any failure analy-
sis.

Some examples
Following are a

series of failure
analyses performed
by Hauser Labora-
tories which should
provide a better un-
derstanding of the employment of the
above-described failure analysis tech-
niques.

Case Study #1: Product Misuse
Hauser received three samples of

12-inch nominal ABS truss pipe from
a Texas utility district, which used the
pipe in a sanitary sewer application.
ABS truss pipe consists of a coextrud-
ed ABS shell filled with portland
cement. Upon receipt, the samples
were inspected and found to contain
an axially oriented area of damaged
ABS, such that under ring compres-
sion the pipe had buckled. This buck-
ling reportedly occurred at the 6
o’clock position in the sewer system,
which is consistent with a gravity flow
system. The ABS appeared to be dam-
aged due to chemical attack, and dis-
played evidence of softening, possibly
due to exposure to solvents. The soft-
ened ABS had subsequently altered
shape and dimensions (see Fig. 1).

Hauser performed a failure analysis,
with one main com-
ponent of the failure
analysis being heat-
ed headspace gas
c h r o m a t o g r a p h y
(mass spectroscopy),
HHGC-MS. T h e
GC-MS test results
indicated the pres-
ence of per-
chloroethylene, in
quantities greater
than 1000 ppm, in
the wall of the ABS
at the 6 and 12
o’clock positions.
Trichloroethene was
also found. It is

known that perchloroethylene is used
for drycleaning, and the damage to the
sewer system was isolated to an area
directly downstream from a commer-
cial drycleaning operation.
Subsequent testing by the municipali-
ty confirmed that the drycleaner was
discharging solvents directly to the
sanitary sewer system and was found
liable for repairs.

Case Study #2: Manufacturing Defect
Hauser received one sample of frac-

tured 16-inch nominal AWWA C905
PVC pipe from a contractor who had
installed the pipe. The pipe sample had
failed during an air pressure test prior
to filling the system with water. The
fracture was a single fracture at the
bell end, which split into two separate
fractures which later re-joined. The
fracture was approximately 7 feet in
length. This section was completely
fractured out of the barrel of the sam-
ple.

Figure 2 — Void manufactured in wall of PVC pipe (smaller
circular area at upper right) which eventually caused frac -
ture to catastrophically propagate.

Figure 3 — Cyclic fatigue fracture of PVC tee used in
water spraying system.
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coverage, and possible contamination
of the glue (sand/dirt/debris). The sys-
tem installer was required to return to
the jobsite and make repairs without
additional cost to the owner/user.

Case Study #4: Inadequate Design
Hauser received two samples of 2-

inch nominal solvent cement PVC tee
fittings which had failed in service.
The tees were portions of a Florida
amusement park ride where water jets
were constantly cycled on and off. The
tees branched vertically from the 2-
inch supply line for approximately 6
inches, where the branch then changed
directions 90 degrees (from the axis of
the supply line). The system operated
using recycled (potable) water. Hauser
performed failure analysis, and in the
process determined that the fitting
samples displayed adequate workman-
ship of manufacture and assembly,
adequate material strength, and were
manufactured from an appropriate
material. The fractures indicated a
stress field was present which caused
fracture that could only have come
from operation of the system. This
stress field ultimately caused a fatigue
type failure in the fittings due to tor-
sional loading of the fittings through
the 6-inch lever arm, caused by water
hammer as the water was cycled on
and off repeatedly. The failures could
have been eliminated by using a signif-
icantly more robust fitting and/or
thrust blocking of the tee and lever arm
of the pipe branch to reduce or elimi-
nate the stress. ■
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After documentation and sectioning
of the sample, it was noted that the
fracture origin was near the lip of the
bell. The fracture origin consisted of a
void at the midwall of the pipe that
accounted for approximately 50 per-
cent of the wall thickness at this point
(see Fig. 2). It was discovered that this
void displayed fracture morphology
within the void, indicating that the

void was most likely formed during the
bell forming process. This void consti-
tuted a manufacturing defect. The sec-
tion of pipe was replaced with the costs
borne by the pipe manufacturer.

Case Study #3: Poor Fabrication
Hauser received numerous samples

of solvent cemented 4-inch nominal
schedule 40 bell/spigot joints in PVC
pipe. The joints were from a system
used to transport a sodium hypochlo-
rite solution. The system owner and
user reported that the joints had leaked
in service at an ambient system pres-
sure of approximately 80 psi. T h e
joints were sectioned and inspected.
The inspection results were then com-
pared to the requirements of an ASTM
specification which describes how to
correctly assemble PVC solvent
cement joints. Numerous deficiencies
were found, notably lack of complete
insertion, inadequate fusion (possibly
due to lack of primer use), incomplete
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The failures could
have been

eliminated by using
a significantly more
robust fitting and or
thrust blocking of
the tee and lever
arm of the pipe

branch to reduce
or eliminate
the stress.


