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Part 1

Introduction to Fracture Mechanics
by E. J. Ripling’

“It Ain’t Necessarily So”

When structures fracture, it is due either to some combination of improper design,
overloads, discontinuities in the structure that concentrate stresses at their edges or
to the use of materials with inadequate fracture resistance. Yet when discontinuities
are found in the fracture surface of broken members, all other possible reasons for the
fracture are ignored, and it is frequently attributed solely to the existence of the
discontinuity. Well, “it ain’t necessarily so.” Until recently, blaming all fracture on
discontinuities was expedient since there was no quantitative way of knowing what
were the major contributing factors to service fractures. Now, with the advent of
fracture mechanics, fractures can be analyzed with a certainty never before possible.
The concepts of this new discipline are described in this article.

WHY FRACTURE MECHANICS

Service fractures are almost always associated with a pre-existing crack or crack-like-
discontinuity (CLD), see window on page 2. Yet many, if not most, structures contain
cracks and/or CLD’s that do not interfere with satisfactory operation over long lives,
..e., the CLD’s are benign and have no effect on the safety or life of structures.

Obviously then, when a service fracture occurs, a way is needed to determine its main
cause: was it the discontinuity, or did overloads, inadequate design or a poor choice
of materials play the major role? Classical structural analysis methods can not
address this question since they have no way to evaluate the effect of pre-existing
discontinuities. They do giverealistic predictions of structural stifftness andresistance
to permanent deformation since these are not atfected by small CLD’s.
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a powerful new tool that teaches us what combinations ot CLD sizes and forces acting
on the structure will exceed its resistance to cracking. Hence, for any structure and
loading condition, it can identify the major contributing factor to fracture. Possibly
even more important, it teaches designers and inspectors what size CLD separates
a benign behavior from one that leads to fracture. This is especially important to the

"Thefirst article of a series contributed by E. J. Ripling, a leading authority in fracture mechanics. Dr. Ripling
is President of Materials Research Laboratory, Inc., One Science Road, Glenwood, lllinois 60425;
(708) 755-8760.
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iInspector:
tolerable so that he can be certain that his
inspection equipment has the required
sensitivity. In some cases it also tells him
at what intervals inspections should be
made over the life of the structure.

it tells him what size CLD is

CRACK-LIKE
DISCONTINUITIES

What is Fracture Mechanics?

Fracture mechanics is the newest branch
of mechanics and is rapidly becoming one
of the most useful. In spite of the fact that
it is a relatively new science, its roots go
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Scanning electron microscope photograph at a magnifica-
tion of 50x looking down into the CLD.

When a structure that appears to be operating satistactorily
suddenly breaks with a loud “bang,” the fracture does not
form instantaneously; rather, it starts in a small area and
orows rapidly to form the catastrophic crack. The point at
which the fracture started is almost always apparent be-
cause the markings on the fracture surface point to it.
Examination of fracture surfaces show that the fracture
initiator is almost always a pre-existing crack or crack-like
discontinuity (CLD) that concentrates stresses at its edges.
Some examples of CLD’s are laps in forgings, cold-shuts 1n
casting, and lack-of-fusion in weldments. A more complete
description of CLD’s can be found in handbooks on Fasten-
ers, Forging, Casting and Welding.

Since CLD’s are so important in fracturing, some features of
a CLD that were found in radiographing a section of a welded
structure are described below. A photograph of the radio-
sraphic film with the CLD indicated by an arrow is shown in
the upper right. In order to find out what caused the CLD,
a section containing the weld was cut out of the structure and

plate

Radiograph of a structural weldment showing a CLD
indicated by arrow.

a cut was then made through the CLD, perpendicular to the
weld as shown by the dashed line in the film photograph. The
weld cross-section was then polished and treated tomake the
weld metal conspicuous (top left photograph). The CLD
marked with an arrow is the jagged cavity in the center of the
weld. To determine what caused the CLD a scanning
electron microscope with a magnification of 50X was used to

look into the cavity (bottom left). An enlarged view of the

boxed-in section of this photograph is shown in the bottom
right. The walls of the cavity had an appearance similar to
the rows of kernels on a corn cob. This is typical of shrinkage
cavities that form when the deposited liquid weld metal
changes to a solid. (The liquid, because of its lower density,
takes up less space than the sohd).

This CLD came out of a structure that performed satisfacto-
rily for twenty years, after which it was dismantled because
it was no longer needed. Obviously the CLD in no way
interfered with the operation of the structure over its life.

back to work done about seven decades
ago by A. A. Griffith, a British scientist, who
was concerned with the difference be-
tween the actual and theoretically calcu-
lated strength of glass. He found that glass
contains tiny cracks and when he calcu-

.......




lated its strength, allowing for the strength
loss produced by the cracks, his mea-
sured and calculated strengths agreed.
His work is now considered a classicin the
field of fracture; not only did he point out
the importance of subtle stress concentra-
tions, in this case due to the small cracks,
but he also showed how one can calculate
the strength of flawed materials.

It was not unti! 1948 that two Americans,
G. R. Irwin and E. Orowan, independently
suggested that the Griffith procedure was
not restrictad to brittle materials hke glass,
but could be modified to be applicable to
most materials, including metals and
plastics. This was an important break-
through since it was known at the time that
fracturing almost always involvesthe pres-
ence of pre-existing cracks or CLD’s. In
some cases catastrophic cracks extend
directly from the CLD. In most cases,
however, a small crack extends from the
CLD aver a period of tima. After this crack
extends slowly to some critical size, it
abruptly jumps ahead causing complete
separation of the structure.

Classical methods are satisfactory for cal-
culating the force or load needed to cause
a structure to bend or otherwise deform
because deformationresistance is depen-
dent only on the stress to which the struc-
fure is subjected. (Stress is defined as
force per unit of cross-sectional area, i1.e.,
S = F/A) To analyze the deformation re-
sistance of a structure, one calculates the
stresses acting in the structure, and com-
pares this with data collected in laboratory
tests that show how much stress the ma-
terial can tolerate before it deforms ex-
cessively. If the stresses in the structure
arelessthanthetolerable siress. the struc-
ture will not deform excessively during iis
life; if the reverse is true, it will. This kind of
analysis is not significantly affected by the
presence of small defects or cracks.

The reason these classical methods can-
not be used to analyze flawed structures is
that siresses concentrate near the edges
of sharp-edged discontinuities or cracks.
If one uses classical methods 1o calculate
the magnitude of these concentrated
stresses, unrealistically high values are
obtained. Indeed, they are so high that
even very small cracks would cause struc-
tures to break.

Engineers knew that in spite of these cal-
culations many, if not most, structures
perfarmed satisfactorily in service even
though they contained cracks or sharp-
edged discontinuities. The problem they
had was one of judging how serous they

were. Although some tock the viewpoint
that the existence of any crack-like defect
was sufficient to explain the fracture, the
fact that many structures that performed
satisfactorily in service contained crack-
ike defects could not be ignored. Since
defects can be benign, it was important to
be able to do quantitative calculations of
their influence in order to know how mate-
rial selection, design, fahbrication quality
and overstressing contributes to failures.

Knowing that fracture mechanics could
answer these questions, engineers in the
1950s and 1960s began using it to get a
better understanding of why structures
break. Two of its first applications were to
Polaris motor cases and turbine-rgtor
generators. Applications grew and broad-
ened rapidly over the 1960s, 19705 and
1980s. At present, fracture mechanics
concepts are used for materials selection
and safety evaluation of nuclear reactor
pressure vessels according to the ASME
Code for Boilers and Pressure Vessels, in
specifications for aircraft parts, and for
many items used by the military, as well as
for many struciures, including bridges.
They are also used to ascertain how proof
tests should be conducted and 1o estab-
lish inspectionrequirements andinspection
intervals for structures. Probabilistic frac-
ture mechanics ¢an be of value in making
rsk analyses.

Many technical societies, including the
American Society for Metals, the American
Society of Mechanical Engineers, and the
Society for Experimental Mechanics, have
divisions or other groups working on ap-
plying fracture mechanics to their indus-
tries. One of the most active committees
of the American Society for Testing and
Materials has been developing testing
stardards for measuring fracture mechan-
ics properties of materials since the mid-
sixties. Indeed, almost all fractures that
result in deaths or injuries or in large
amounts of property or environmental
damage use ihe concepts of fracture me-
chanics in their investigations. The variety
of parts on which it can be applied s
enormous, from small fasteners to all sorts
of vehicles to electnc generating equip-
ment.

Fracturing can occur very rapidly or slowly
and it is convenient to describe these two
types separately. Fast cracking generally
leads to catastrophic fractures that cccur
with a loud noise and generally cause
complete separation of the structure. Slow
cracking occurs over the life of the struc-
ture and is frequently the mechanism by
which pre-existing CLD's grow. Fast

cracking is described in the remainder of
this article and slow cracking will be dis-
cussed in a future article.

How Fracture Mechanics is Used to
Analyze Fast Cracking

It was stated abave that fracture mechan-
ics is a branch of mechanics, and like all
branches of this discipline, it is concerned
with the reaction of “something™ to a driv-
ing force. The thing that is driven in this
case is the pre-existing crack or crack-like
defect. Again like all other branches of
mechanics, some way of describing the
driving force is needed. One would expect
that one component of the driving force is
the lpoad or stress acting on the member
and it would also be expected that it I1s
easierto extend a large crack than a small
one since the amount of stress concentra-
tion produced by large cracks is greater
than that produced by small ones. Hence,
it is intuitively expected that some combi-
nation of stress and crack size would make
up the driving force. The most common
value used for driving force is the stress-
intensity factor, designated by the letter
“K”. Is formal definition 1s:

K=YxSxynixa

where ¥ = shape factor for the-crack and
structure

S = stress
a = crack length

Notice that the units of K are stress times
square roct of length. This seemingly
awkward dimensionis necessary sincethe
crack driving force involves both the stress
and crack size. If a structure contains a
crack, and the stress and/or the crack size
is increased, K will increasa; when K
reaches its critical value, K¢, the crack will
abruptly propagate. If the driving force in
the structure is always iess than K, the
crack will not extend rapidly. K¢ is a
measure of a materials’ crack resistance; it
is referred to as the fracture toughness of
the material, and its value is measured by
a laboratory test of the material of interest.

Although K¢ is the most commonly used
parameter for characterizing fracture
toughness, it cannot be used for very high
toughness materials. Other material char-
acterizations have been developed for
these, but their description 1s beyond the
scope of this paper.

The three factors, then, that determine
whether or not fast fracturing occurs are
the stress acting on the member (5), the
crack size (@) and the material fracture
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toughness (Kqo). These three are simply
related so that if two are known, the other
carn be calculated.

As an example of how a fracture analysis is
made, consicer a storage tank. Tanks are
relatively simple structures having asmooth
cylindrical shape; they may be loaded less
than a few hundred times during their lives.
Assume that the tank contains an initial
part- through, fingernail-shaped crack as
shown by the cross-hatched half-moon
sectionin the left schematic drawingin Fig.
1. The pressure caused by the product
contained in the tank causes tensile
stresses to act in the wall of the tank as
showr by the arrows acting on the tank
wall in the drawing. These act everywhere
in the tank wall, including across the plane
of the tank containing the defect. As al-
ways happens when stresses act across a
crack or discontinuity, they concentrate at
the crack tip. The higher the wall stresses
andfor the larger the crack, the higher is
the stress intensity facior, K;i.e.,the higher
is the intensity of these stresses at the
crack tip. As stated above, fast crack
extension occurs if K reaches its critical
value, K.

As part of the fracture analysis, itis neces-
sary to know K. and this is obtained by a
laboratory test of the material from which
the tank is built. A specimen cf the type
that might be used for making this test 1s
shown in the right-hand drawing of Fig. 1.
In this case, the specimen consists of a
rectangular cross-sectioned bar having a
crack init. The baris pulled onits ends. at
the temperature at which the tank oper-
ates, until it breaks. The crack size and
stress at the moment of fracture are used
to calculate K by means of an equation of
the type previously shown.

The test specimen in Fig. 1b is schemati-
cally shown 1o be cut out of the cross-
section of the tank containing the defect to
emphasize that fracture mechanics is a
modeling science. Obviously the speci-
men cannot be taker at this location since
the piece is separated, but whenever pos-
sible, it is cut out of the structure near the
fracture surface. Inthe storage tank orany
agther structure containing a crack-like de-
fect, fracturing will or will not occur de-
pending only on the intensity of crack tip
stresses; hence, medeling the fracture
Process in any structure only need model

the grack tip and all of the various types of
fracture mechanics specimens are de-
signed to do that. The specimen generally
does not lock like the structure, norare the
crack lengths or stresses the same. 50
long as the crack length and stress allow
for a calculation of K inthe specimen, the
data are transferrable to the structure. A
rather large number of specimen shapes
have been developed and promulgated by
ASTM Committee E24.

Any value of K or K represents an infinite
combinationof stressesandcrack sizes as
shown by the above equation. This rela-
tionship between stress and crack size for
any given value of K can be represented by
graphs of the type showninFig. 2. Thetwo
curvesrepresent combinations of stresses
and crack sizes that will give two different
values of K., where Kq(2} represents a
higher fracture toughness than Kg{1}). Ifthe
storage tank had a crack in it whose length
was a and whose wall siress was S, the
driving force or K-value associated with the
crack would be given by the circled “X” in
the graph. This crack would expand rap-
idhy and cause catastrophic cracking if the
walls had afracture toughness of Kg(1), but
the crack would be benign if the walls had
a toughness of Ka{2). If the crack and/or
the stress were larger, even toughness
Kc(2) might not have prevented the frac-
ture.

Figure 2 can be used to describe the con-
cept of flaw tolerant design. If the struc-
ture of concern, inthis case astoragea tank,
IS never subjected to a stress greater than
S, and if after fabrication, the tank is in-
spected by a method that is certain to find
any defects larger than a, the tank is flaw
tolerant if it is made of a material having a
toughness of Ke(2). If the toughness were
given by Kc(1}, on the other hand, the tank
could not be considered flaw tolerant. Ac-
tually, the toughness of materials used in
construction varies and so do the stresses
and temperatures to which thaey are sub-
jected. Hence, flaw tolerant design may
require the use of probabilistic fracture
mechanics.

Although K. is a material property, it 1S
thickness dependent. If one tested a set of
aluminurn alloy plates and another set of
steel plates, each set having a range of
thicknesses, but all plates within a set
being otherwise identical, the thick plates
would have lower fracture foughnesses
than the thin ones. The toughness of steel
(but not most cther metals} is also very
sensitive to how fast it is loaded and the
temperature at which it is loaded. Hence,
infracturetoughness testing of steel plates



orwelds forbridges, theload appliedgto the
test specimen is made to increase from
zero to the fracture lead in about one-
second since thisisthe fastestloading rate
that bridge members experience. Further,
the plates are tested at the lowest tem-
perature that is anticipated for the bridge
which, of course, depends on where the
bridge is located.

There are many uses for fracture mechan-
ics in forensics. Probably the most com-
mon use is in pastmortem examination of
broken parts. 1t was stated earlier that
crack size, a, stress, S, and fracture
toughness, K., wererelated, andiftwo are
known, the third could be calculated. The
initial pre-existing crack can frequently be
seen on fracture surfaces so that its size
can be measured. Likewise, the fracture
toughness of the material, K¢, can be
measured so that the stress, and in turn,
the force acting on the struciure can be
calculated. This can be used to ascertain
whether or not an excessive force was
acting on the structure at the time of frac-
ture. The same procedure could be used
to determine whether or not the structural
material had adequate toughness for its
intended service, and whether or not the
product was seriously flawed before being
put into service.

Ancther similar use might be for ascertain-
ing which of a number of broken parts
found at an accident site is the one that
caused the accident and which broke after
the accident due to momentary cverload-

ing.

SUMMARY

This first paper on Applied Fracture Me-
chanics pointed out that fracture mechan-
ics is the only realistic way to analyze
fracture, introduced some of the concepis
of fracture mechanics, defined the crack
driving force, K, and briefly described how
fractures thatoccurdueto asingleload are
analyzed. Future papers will discuss fa-
tigue fracturing and stress corrosion
cracking as well as fractures surface ex-
amination and its importance in under-
standing fractures. The manner in which
postrmortem failure analyses are conducted
for forensic purposes, as well as some
examples on which they have been used,
will be discussed.
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FIGURE 1 (a) Drawing of a section of a storage tank. Cut section shows defect in wall
{circular cross-hatched section).

(b} Rectangular cross-sactioned specimen that models crack in tank.

Stress

K. (2)

K.(1)

| |

Crack size

FIGURE 2 Constant K_curves show all combinations of siresses and crack sizes that
cause rapid cracking. K (2) is a higher fracture toughness than K_(1) s0 that
the combination of stresses and crack sizes needed to attain K {2} is greater
than for K_(1}.



What is a Defect?

The definition of defective product in a
stafe may be found in the case law of that
stafe. In each issue we explore feading
product iability case law from several states.
Triodyne relies on the frial bar for selection
of the cases cited.

MASSACHUSETTS

Back v. Wickes Corporation [375Mass.
633, 378 N.E. 2d 964 (Massachusetts
1978]]

In this case the plaintiffs’ four decedents
died when the motor home in which they
were riding caught fire and exploded after
hitting a cable fence at the side of the
highway. One additional plaintiff, a pass-
ing motorist, was injured during a rescue
attempt. Tke plaintiffs brought a product
liability action for defective design and
breach of warranty against the manufac-
turer of the motor home (Wickes) and the
manufacturer of the chassis (Chrysler).

The court held that amendments to the
Massachusetts version of the Uniform
Commercial Code make it clear that the
legislature intended to transtorm warranty
liability intc a remedy fully as comprehen-
sive as the strict liability theory of recovery
embadied in the Second Restatement of
Torts §402A (1965}

The court held that a merchant seller war-
rants that his goods are “fit for the ordinary
purposes for which such goods are used.”
The “ordinary purposes” contemplated by
M.G.L. ¢.106, §2-314{2){c) include both
those uses which the manufacturer in-
tended and those which are reasonably
foreseeable.

The court further held that a defendant
manufacturer is not liable for the conse-
guence of the unforeseeable misuse of a
product and that warranty liability is not
ahsolute liability. The manufacturer of a
motor vehicle is not obliged te make its
product collision-proof.

The court went on to say that in determin-
ing whether the design of the motor home
was fit for its ordinary purposes, the jury
must weigh competing factors much as
they would when determining the fault of
the manufacturer in a negligence case.

5

The court said that the inquiry must focus
on the product characteristics rather than
onthe defendant’s conduct, butthe nature
of the decision is essentially the same.

In evaluating the adequacy of a product’s
design, the jury should consider, among
other factors:

(1) the gravity of the danger posed by the
challenged designm,

(21 the likelihood that such danger would
OCCUI;

(3} the mechanical feasibility of a safer
alternative design;

(4} the financial cost of an imposed de-
sign; and

(5) the adverse consequences to the pro-
duct and to the consumer that would
result from an alternative design.

Smith v. Ariens Company [375 Mass.
620, 377] N.E. 2d 954 {Massachusetts
1978)]

In this case the plantiff was injured while
operating a snowmobile manufactured by
the defendant when the snowmobile hit a
rock which was pariially coverad by snow.
On impact, the right side of plaintiff's face
hit & brake bracket which had two
unshiglded sharp metal protrusions onthe
handle bar. As a result of the injuries, the
plaintiff required hospitalization and sur-

gery.

The plaintiff brought a product liability ac-
tion based on theory of negligent design
and claimed, inter alia, that she sustained
more severe injuries than she otherwise
would have when the collision with the
rock ooccurred.

The court held that a manufacturer has a
duty to design products so that they are
reasonably fit for the purposes for which
they were intended. Such use should
include foreseeable participation 1n colli-
gsions. Manufacturers have a duty to de-
sign products so that users are not sub-
jected to unreasonable risks of injury in the
avent of a collision.

The court said “(wihere the injuries or en-
hanced injuries are due to the man-
ufacturer's failure to use reasonable care
to avoid subjecting the user of its products
to an unreascnable risk of injury, general
negligence principles should be appli-
cable.”

Uloth v. City Tank Gorporation [376
Mass. 874 384 N.E. 2d. 1188 (1978}]

In this case the plaintiff lost his foot while
working on a “refuse body™ or trash collec-
tion truck. The plaintiff brought a product
liability action for neghgent design, neglh-
gent failure 1o warn, breach of warranty
and strict liability in tort against the marnu-
facturer of the refuse body. The court
directed verdicts for the defendants onthe
warranty and strict liability counts and the
case went to the jury on the negligence
counts.

The court said “{i)n cur view the focus in
design negligence cases is not on how the
productis meanttefunction, but onwhether
the product is designed with reasonable
care 10 eliminate avoidable dangers.

The court went on the say “{w}e reject the
suggestionthatwe adopt a rule that design
negligence turn salely on whethear a prod-
uct functions as intended. Such a rule
would mean that there would be no hability
for negligent design of a product which
functioned as intended but which was de-
signed in a fashion more dangerous than
need be. Liability, however, would be im-
posed on a designer whoe tried to reduce
the risk by designing and using safety
features which for some reason did not
function as intended. Such a rule would
discourage designers from attempting to
reduce the hazards from machinery. We
do not think such a rule is a practical
solution to the problems posed by design
negligence in product liability cases.

On the issue of wamings the court said,
“(A)n adeguate waming may reduce the
likelinood of injury to the user of a product
in some cases. We dechne, however, 1o
adopt any rule which permits a manufac-
turer or designer to discharge its total
responsibility to workers by simply warn-
ing of the dangers of a preduct. Whether
or not adequate warnings are given is a



factar to be considered on the issue of
negligence, but warnings cannot absolve
the manufacturer or designer of all respon-
sibility for the safety of the product.”
*Howaeaver, in some circumstanceas a wam-
ing may not reduce the likelihncod of injury.
Forexample, where the danger is cbvious,
a warning may be superfluous. A designer
may have no duty to warn of such dan-
gers.”

“Moreover,” the court said, “a user may
nct have a real alternative to using a dan-
gerous product, as where a worker must
aither work on a dangerous machine or
leave his jobk. Further, a4 waming is not
effective in eliminating injuries due to in-
stinctual reactions, momentary inadvert-
ence or forgetiulness on the part of the
worker. One of the primary purposes of
safety devices is to guard against such
foreseeabie situations.”

Maldonadao v. Thomson National Press
Company [6 Mass. App. Ci. 901, 911
{1983)]

In this case the plaintiff injured his right
hand while attempting to clear a jam in a
platen press. On the press, facing the
operator {plaintiff) was a bright yellow card
on which was printed in large letters
“WARNING, STOP MACHINE BEFORE
CLEARING JAMS OR REPAIRING." De-
spite the plaintiff's acknowledgement that
he had read and understocd the warning
sign, the jury found that the manufacturer
did not adequately wam the plaintiff of the
machine's characteristics and the risks
assoclated with its use. The Massachu-
setts Appeals Court reversed and entered
judgment for the defendant.

The court said “a manufacturer's duty to
warn purchasers and expected users of its
product refers to latent dangers in the
normal and intended use of the product.
The duty to wam “is not imposed by law as
amindless ritual.” Killeen v. Harmon Grain
Products, Inc., Mass. App. Gt. Adv. Sh.
(1980) 2165, 2169. The duty to warn as-
SUMeEeSs S0mMe reason 10 suUppose awarning
Is needed, and, therefore, has appfication
in the context of dangers which are con-
cedled or less than obvious. It may be
supposed, for exampie, that the person
who wields an axe does not require a

warning that he should avoid bringing the
axe down cn his foot and that, should he
do so, the conseguences will be unpleas-
ant” {citation omitted). “When as here a
dangercus condition is fully obvious and
generally appreciated, nothing of value is
added by a warning.”

Cases selected and text written by Patrick
T. Jones, Cooley, Manion, Moore & Jones,
P.C. 21 Custorn House Street, Bostor,
Massachusetts 02110,
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Prentis v. Yale Manufacturing Company
[421 Mich 670; 365 NWed 176 {1984)]

Plaintiff John Prentis sustained an exten-
sive hip injury while operating a standup/
walking type model forklift {also known as
a Walkie Hi-Lo modal} manufactured by
defendant Yale Manufacutring Company.

The forklift weighed approximately 2,000
pounds and was equipped with a hand-
controlled deadman switch which pre-
vented movement of the forklift without the
cperator holding the handle of the con-
trels. Theartifact forklift had, by Mr. Prentis
own testimony, experienced previous
problems with power failures and surges
and with erratic operation when the battery
ran low at the end of each workday. Mr.
Prentis testified that when this erratic op-
eration began, he often played the handle
back and forth to get the forklift to operate.
At the time of the injury in this case, Mr.
Prentis testified that it was late in the day
and, while moving a heavy object, the
forklift experienced a power surge, knock-
ing Mr, Prentis to the ground. He suffered
injuries as a result of the fall, but was nct
run over by, nor did he make contact with,
the forklift.

Plaintiff filed suit alleging negligence, fail-
ure t¢ wam, and breach of implied war-
ranty. The focus of his proof at trial was an
alleged defect in design. The plantiff
claimed that the defendant failed to incor-
porate the coperater as a "human factor”
into the design of the forklift. He alleged
that the ferklift should have been designed
with a platform or seat for the operator to
nde during operation.

The trial court refused to instruct the jury
on breach of warranty, but properly in-
structed on the theory of negligent design,
and entered judgment for the defendant
upon a jury verdict of no cause for action.
The Gourt of Appeals held that the refusal
to instruct on breach of warranty was an
error requiring reversal. The defendant
appealed and the Michigan Supreme Ceourt
ruled that, in a products liability action
against a manufacturer on thecries of de-
fective designofaprocductandupon breach
of implied wamranty, there was no errcr in
refusing t¢ instruct the jury on breach of
warranty where the jury was properly in-
structed on the theory of negligent design.
The Court ruled that in such situations jury
instructions on breach of warranty would
have been repetitive and could have cre-
ated jury confusion and prejudicial error.
Jury instructions could have mislead the
jury inte believing that recovery on the
warranty theory could have been had even
if no defectin the design was found. Also,
the Court noted that recovery under either
theory required a determination that the
product was defectively designed. In rul-
ing on the jury instructions, the Court
elaborated upon what constitutes a “de-
fect” under Michigan law.

The Court began by noting that for a prod-
uct to be "defective” there must exist a
casual connection between the alleged
defect and the injuries sustained. The
product itself must be actionable, and the
plaintiff must prove this. Two kinds of
defects were defined and distinguished by
the Court. First a "manufacturing defect”
exists if one particular item is not the same
as the rest of the manufacturer's product
line. In such cases, the Court noted that it
iz fairly easy tc determine whether ornot a
defect exists by simply evaluating the indi-
vidual item inrelationtothe manufacturer's
own production standards forthat particu-
lar product line. In the case of a “design
defect,” no simple test exists. In these
cases, for a defect o exist, it must be
shown that intentional design decisions of
the manufacturer were not sufficiently safe.
The Court isthen calted upon to supply the
standard of defectiveness.

The Court alse descrbed and discussed
four general categores of design defect
tests which have been applied at various
times in the Trial Courts and Appellate
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Courts of the State of Michigan. First, the
negligence risk-utility analysis focuses
upon whether a manufacturer would be
judged negligent if it had known of the
product's dangerous condition at the time
of marketing. Second, at times various
courts have compared the risk of harm
with the utility of a product at the time of
trial. The third test focuses on consumer
expectations of a particular product. The
fourth test combines a risk-utility analysis
along with consumer expectation tests.

Fora nurnberofreasons, the Courtadopted
a pure negligence standard for design de-
fect cases. In other words, the Court
chose a risk-utility test in products liability
actions where that liability is based upon
defactive design. The Court articulated its
reasoning for choosing this test as the
most desirable, simple, and clear test for
design defects. First, by focusing on de-
sign decisions, the plaintiffis well equipped
to examine the choices made by a manu-
facturer through liberal modern discovery
rules and can analyze technical decisions
through the use of expert withesses. Sec-
ond, the negligence siandard rewards
carefulness and punishes carelessness on
the part of manufacturers as awhole. Third,
a verdict for the plaintiff in a design defect

case is adetermination that an entire prod-
uct line is defective. Finally, the Court
noted that this fault system incorporates
greater fairness as careful manufacturers
do not bear the burden of paying for neg-
ligence by various sellers.

In making its design gecisions, the manu-
facturer has a duty to design its product so
as to eliminate any unreasonable risk of
foreseeable injury by auser. Owens v Allis-
Chalmers Corporation, 414 Mich 413, 425;
326 NW2d 372 (1982). A product is "un-
reasonably dangerous” if it creates unrea-
sonable risk of foreseeable injury. Dooms
v Stewart Bolling & Company, 68 MichApp
5, 14; 241 NwW2ad 738 (1976}, lv den 397
Mich 862 (1976). To find a manufacturer
negligent, the risk of harm due to the op-
eration of a particular product must out-
weigh the utility of the particular design
"defect.” Here, the trier of fact must con-
sider alternatives and risks that were faced
by the manufacturer at the time of design
decisions were made and must decids
whetherthe manufacturer usedreasonalbe
care in making its decisions. The tortis a
matter of negligence, with the liability of
the manufacturer resting upon a departure
from proper standards of care.

Cases selected and text written by Alfen S.
Bush and Wesley A. Butch of the Law Firm
of Butch, Quinn, Bosermurqy, Jardis, Bush,
Burkhart & Strom, 816 Ludington Street,
Escanaba, MI 49828-3890.
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