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1.0 INTRODUCTION

1.1 PURPOSE OF THIS GUIDE

Have you ever been asked to examine a fracture in a ship's structure? Did
you have any idea what you were looking for or what information you were going
to give the person who asked you to look at the fracture? This Guide will
help you if you are ever in this position again. Accordingly, this guide is
written in non-technical terms without presupposing the examiner has an
engineering degree. In particular, it will help you step through an "on-site"
fracture examination and help you identify the facts needed to determine the
cause of the fracture,

Once a fracture has occurred, you must determine and correct its cause to
assure that the fracture will not recur. That is, in fact, why you examine
the fracture, why you should take fractures seriously, and why we have written
this Guide.

1.2 SIGNIFICANT FRACTURES - WHAT THEY ARE AND WHY THEY ARE SERIOUS

There are numerous types of ship fractures; however, they fall into two cate-
gories: nuisance cracks and significant fractures.

Nuisance cracks often occur in the ship structure. They propagate slowly and
do not affect the overall strength of the ship. They are detected before they
propagate into adjacent structural members and are usually repaired by
welding.

Significant fractures are a more serious threat to a ship's structural integ-
rity. Although significant fractures in ihip structure have not received much
publicity in recent years, they do occur.® Such fractures present problems to
owners and operators of ships. For example, ships with significant fractures
must be repaired, resulting in time out of service and higher overall
operating costs. Also, their potential to cause catastrophic failure cannot
be understated because significant fractures usually propagate in a direction
perpendicular to the Tongitudinal, continuous structure of the ship and extend
through plates, stiffeners and other important structural members. The frac-
ture can actually degrade the strength and integrity of ship structure to such
an extent that the ship is unseaworthy. This type of fracture can cause a
loss of watertight integrity or complete failure of the ship structure.

1The parent project for this guide presents a description of several recent
significant fractures that have occurred in ship structures. The reference
is: "Ship Fracture Mechanisms Investigations" by Giannotti & Associates for
the Ship Structures Committee, 1986. See Part 1 of this report.
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1.3~ VALUE OF FRACTURE INVESTIGATION

A fracture investigation enables you to learn the facts that characterize the
fracture and study them to determine the cause of the fracture. A fracture
analyst is required to deduce the conditions and circumstances under which the
fracture occurred from information available on site, where the fracture is
visible for inspection and pertinent circumstances are known. By using the
steps and examples presented in this Guide, it should be possible in many
cases for a non-expert to assume the role of fracture analyst and to success-
fully determine the cause of the fracture.

1.4 THE CAUSES OF SIGNIFICANT FRACTURES

Three factors, acting separately or together, are respoﬁsibIe for the forma-
tion of significant ship fractures:

1. Abnormal forces in or on the ship structure;

2. Presence of flaws or notches in the structure where fractures
originate;

3. Inadequate physical properties of the structural steel at ser-
vice temperatures.

Remember these three factors during the examination and you will be able to
key in on the important information. Additional explanation of these factors
is presented later in the Guide. An illustrative example and glossary are
also presented as information that will help you determine the cause of a
fracture.

1-2



2.0 EXAMINATION OF A SIGNIFICANT FRACTURE ON SITE

The characteristics of the fracture, ship structure and circumstances at the
time of fracture are obtained onboard the ship where the significant fracture
occurred. Any subsequent analysis either qualitative or quantitative will be
based on this information, so it is imperative that the information is the
most accurate available. A note of caution: avoid forming a pre-conceived
opinion early in the investigation. Only after you have gathered and examined
all the facts and data from the on-site examination should you offer your
opinion on the cause.

2.1 PREPARATIONS FOR THE INSPECTION

Ships are normally repaired quickly and then returned to service. Therefore,
you must make appropriate arrangements to examine the fracture promptly,
before it 1is repaired. Ship operators are sensitive to publicity about
fractures in their ships and you should be aware of this when you make the
arrangements to inspect the fracture.

The equipment needed to conduct the on-site examination, in an expedient man-
ner, includes:

1. Flashlight - to inspect the inside of the ship where there is usually
lTittle light available for visual inspection; -

2. Camera - to photograph the fracture surface and surrounding struc-
ture;

3. Note and sketch pad - to note relevant facts and structural details
along the path of the fracture;

4. Tape measure - to measure dimensions of structure;

5. Magnifying glass - for <close inspection of fracture surface
characteristics.

When you conduct the investigation, be prepared to document the facts through
photographs, sketches and written notes. This data and information will be
used when the on-site examination is complete and the facts are evaluated.

2.2 INSPECTION AND DOCUMENTATION OF THE FRACTURE PATH

A1l fracture examinations start by inspecting the fracture and its path. In-
spect the fracture visually, determine the mode of fracture and document the
fracture's length and location.

A visual inspection of the fracture edge will allow you to verify that a sig-
nificant fracture has occurred. Also, the fracture edge or face will have in-
formation on it that will indicate the mode of failure (see Figure 2-1 for ex-
ample).

2-1
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Significant fractures will have a relatively flat edge with characteristic
chevron or herringbone pattern on the face of the fracture as shown in Figure
2-2. The typical significant fracture will appear bright and granular. Sig-
nificant fractures occur very rapidly and in a brittle manner. They are often
called brittle fractures. This type of fracture is the most serious because
it propagates through the structure almost instantaneously. Welded ship
structures are not forgiving of significant fractures because they provide a
continuous path for the unstable, rapid propagation of the fracture.

There are other modes of fracture that contrast the features seen in a sig-
nificant fracture. The other modes of fracture may be seen in conjunction
with significant fractures. One other type of fracture mode is known as a
ductile fracture and propagates at a much slower rate than a brittle frac-
ture. The distinguishing feature on the edge of the ductile fracture is due
to tearing where the steel is stretched slightly, and broken on 45° planes as
shown in Section B'B' and C'-C' of Figure 2-1. The 45° surface planes often
form a sharp edge and are called shear lips as shown in Section B'-B' of
Figure 2-1. The face of the ductile fracture will appear dull gray and non-
granular as shown in Figure 2-3. This less common mode of fracture is gener-
ally found at the ends of a brittle fracture. Fatigue cracking is another
type of fracture mode and is wusually found at the origin of significant
fractures. You can identify a fatigue c¢rack by Tooking at the fracture
surface which is characteristically flat and smooth in appearance as shown in
Figure 2-4. Small 1lines on the face of the fatigue crack can be more pro=
nounced, as shown in Figure 2-5. The lines, if visible, are parallel, occur
in groups in a direction perpendicular to the direction of crack propagation,
and are usually bowed out in the direction of local propagation.

If the fracture is closed and the edge surface is not visible, fracture sam-
ples, which include the fracture edge, should be cut from the structure to
permit examination of the fracture edge. The samples may be cut with a hole
saw or flame cut depending on the availability of equipment and personnel. If
samples are cut with a hole saw they should not be smaller than 2" in diameter
to obtain the patterns on the face of the fracture. If samples are flame cut
they should be wider than eight times the thickness of the plate so the
material properties on the fracture face are not changed. Samples should be
cut from each end of the fracture, at structural details between the ends of
the crack and at the midpoint in the fracture path. Carefully number and
locate the fracture samples on sketches or in photographs. Preserve the
fracture surface by coating it with a very thin clear laquer to inhibit
formation of rust that could obscure distinguishing features on the fracture
edge.

The fracture path should be located and documented in sketches or photographs
for future reference. The location of the fracture should be referenced to
adjacent structure (longitudinal bulkheads, transverse bulkheads, web frames,
stiffeners) and the centerline, baseline, midship or perpendiculars.
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Figure 2-2.

' Chevron Pattern of Significant Fractures



Figure 2-3. Dull, Gray Surface of a Ductile Fracture
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Figure 2-4. Flat Surface on the Edge of a Fatigue Crack



Figure 2-5. Striations Caused by Fatigue Cracking
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2.3 LOCATION OF THE FRACTURE ORIGIN

The fracture origin is the location where the fracture started--its source.
Locating the fracture origin is the most important part of the fracture in-
vestigation.

Before describing the procedure used to locate a fracture origin, several
points concerning the origins themselves will be discussed. Fracture origins
fall into two basic categories, namely flaws and notches, and both are associ-
ated with structural details or fabrication details.

A flaw is a small defect or imperfection in the material. Flaws can be To-
cated in the base metal, the weld or the heat-affected zone. Flaws range in
size from microscopic to those visible to the unaided eye. There are many
types of flaws; however, most are associated with the welds or heat affected
zone. Examples of flaws in welds include lack of fusion, porosity, slag in-
clusions, and stray arc strikes. These flaws are depicted in Figures 2-6 and
2-7.

A notch is a structural discontinuity that creates locally high internal
forces in the structure. Notches are usually associated with structural de-
tails or fabrication details. A structural detail is the geometry associated
with structure intersections and fabrication details associated with weld
geometry. A notch is produced by undercutting at a weld edge as shown in
Figure 2-6, by placement of two welds too close together as shown in Figure 2-
8, or by sharp internal corners as shown in Figure 2-9. -

You will be able to locate the origin of a fracture by following the points of
the distinctive chevron marks to the origin. The apex of the chevron marks
points to the location where the fracture originated. Figure 2-10 illustrates
this important feature of significant fractures. Note that the fracture
origin is not necessarily at the ends of a fracture, but may be in the center
of the fracture. In this case the fracture propagates in two directions, away
from the origin. 0Often the chevron marks will appear near the origin and in
other instances they will be less distinguishable at the origin; however,
lines will radiate from the fracture origin as shown in Figure 2-11.

Significant fractures can and do originate at fatigue cracks; however, the
fatigue cracks usually originate at flaws and notches as described above.
Fatigue cracks then become large flaws.

After you locate and identify the origin, photograph it and sketch or photo-
graph the structural and fabrication details in the immediate vicinity.

2.4 CHARACTERIZATION OF THE SHIP STRUCTURE

To characterize the ship and its structure you must document the particulars
of the ship, the ship's structural configuration, and the structural details
adjacent to the fracture.

The pertinent ship particulars include the ship type, basic dimensions (e.g.,
length, beam, depth, drafts), service speed, dead weight and operating
routes. This information is useful for general documentation purposes and may
be of interest if any of the characteristics are abnormal (e.g., a high ship
speed can indicate higher than average forces on the structure).
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Figure 2-7. h Arc Strike, Showing the Cracking Patterns that can Result
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Figure 2-9. Illustration of the Notch Effect Produced by an Internal Corner
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Fracture Surface at the Origin of a Significant
Fracture at a Weld Crack

Figure 2-11.
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The ships's structural configuration should be documented by obtaining struc-
tural drawings of the ship if possible. A midship section will be of value
because it shows the structure that is longitudinally continuous and the
structural steel grades (e.g., ABS-A, B, D, AH, DH, EH, CS) throughout the
path of the fracture. Note the actual as-built thicknesses for future refer-
ence; they may be different than the dimensions shown in the ship's draw-
ings. Every structural intersection, cut-out and weld in the path of the
fracture should be carefully examined and documented for future reference.

2.5 DETERMINATION OF THE CIRCUMSTANCES AT THE TIME THE FRACTURE OCCURRED

To complete the Tast step of the investigation you must identify and document
the external factors that caused or contributed to the fracture initiation.
The ship owner's representative or a member of the crew should have knowledge
of the ship's operation at the time of fracture. A1l operating information
should be obtained during the inspection. When you analyze the fracture you
will find these factors are important:

1. Ship speed and heading;

2. Ship heading relative to prevailing sea conditions;

3. Wind speed and direction;

4. Beaufort number or wave height and length; .
5. Sea and air temperatures;

6. Distribution and weight of cargo, ballast and other variable loads;
7. Displacement and drafts forward and aft;

8. Unusual circumstances (e.g., freak waves, bottom slamming, green

water on deck).

The ship owner's representative or a crew member may know of any past history
that may be of interest (e.g., past repairs and grounding). The ship's log
book will have valuable information about ship operation, environmental con-
ditions, and circumstances at the time of fracture.
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3.0 CAUSES OF SIGNIFICANT FRACTURES

During the fracture examination you document important details about the frac-
ture and the ship. Some of these details will be used for general infor-
mational purposes alone, while others, which are related to the causes of the
fracture, will be reviewed in detail.

Remember, there are three factors that cause signficant fractures. They are:
1. Abnormal forces in or on the ship's structure;
2. Flaws or notches in the structure where fractures originate;

3. Inadequate physical properties of the structural steel at ser-
vice temperatures.

Each of these factors will be discussed in detail in the following sections.
3.1 ABNORMAL FORCES

A ship's structure encounters numerous forces during its 1ifetime. These for-
ces result from operation in an adverse environment and the distribution of
cargo, ballast and other loads within the ship. When these forces are abnor-
mally high they can lead to significant fractures by increasing stress at
flaws and notches to a point where the steel is unable to resist fracture
propagation. ”

Severe storms cause unusually high forces on the ship's hull. Storm forces
include wave impacts, bottom slamming, and green water on deck. These forces
tend to bend and twist the ship's hull as shown in simplified from in Figure
3-1. As the ship drives through heavy seas, it pitches and rolls and its hull
girder experiences terrific forces and moments from the waves. At the same
time Tocal forces are produced by the hull girder forces. When the weight is
not distributed uniformly it causes excessive forces on the ship's hull that
tend to bend the ship. This bending action produces forces in the ship's
structure.

Improper distribution of weights has been responsible for significant
fractures in the past even in calm water.

Improper structural design can cause or contribute to the presence of abnormal
forces in structural members. Adequate strength, structural continuity and
alignment are essential to minimize the local effects of abnormal forces en-
countered during the ship's life.

3.2 PRESENCE OF FLAWS AND NOTCHES

Flaws and notches are always present to some degree in ship structures. Ex-
amples are given in Section 2.4. Flaws are created during the manufacturing
or fabrication procedure. Notches are created during the design and fabrica-
tion. If a flaw or notch is located at the origin of a fracture and no abnor-
mal forces were encountered, then it can be considered that the flaw or notch
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Figure 3-1. Illustration of Bending Force.‘s that Cause Significant Fractures



was the primary cause of the fracture. If, however, abnormal forces were en-
countered by the ship at the time of fracture then the flaws and notches
merely formed a weak link and should be considered a contributing factor.

Fatigue cracking is caused by repeated or alternating forces acting on a
structural flaw or notch., The fatigue cracks then become very large flaws
which in turn become Tlarge enough to cause significant fractures. Fatigue
cracks can range in size from microscopic to several inches in length before
they eventually lead to a significant fracture. Corrosion usually contributes
to fatigue cracking by local reduction in material thickness and acceleration
of crack growth.

3.3 INADEQUATE PHYSICAL PROPERTIES AT SERVICE TEMPERATURE

The materials used in modern ship structures can withstand "normal" external
forces at normal temperatures. However, at abnormally low temperatures, a
material's properties change and this change can be the cause of a significant
fracture. Table 3-1 gives lowest normal temperatures for various ABS steel
grades. Use of the steels below their normal temperatures will result in re-
duced fracture resistance in the presence of a flaw or notch.

The reason temperature plays such an important role in the fracture behavior
of ship's structure is that low temperatures tend to reduce the ability of the
steel to resist crack growth. This relationship is shown graphically in
Figure 3-2 for typical shipbuilding steels. At Tow temperatures it takes very
Tittle energy to cause a small crack to grow and once it begins to grow, it
will propagate very rapidly. This type of fracture is known as brittle
fracture. At elevated temperatures relatively high energy is required to
cause a small crack to grow and become a signficant fracture. At normal tem-
peratures cracks grow in a stable manner before they reach a c¢ritical size and
propagate as a brittle fracture.

3.4 COMBINATION OF CAUSES

If no cause can be singled out as the cause of the significant fracture then
you must conclude that the fracture was the result of a combination of factors
or that further engineering analysis is necessary to distinguish between con-
tributing factors. If you have followed each step described above you will be
able to provide the fracture experts with the information they need to conduct
a thorough engineering analysis.
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TABLE 3-1

IMPACT TEST, CHARPY Y-NOTCH,

TEMPERATURES FOR

ABS GRADE HULL STRUCTURAL STEELS*

Grades Test Temperature
A *%
B 32°F (0°C)
D 14°F (-10°C)
E -40°F (-40°C)
DS **
CS *k
AH32 32°F(0°C)
DH32 -4°F (-20°C)
EH32 -40°F (-40°C)
AH36 32°F (0°C)
DH36 -4°F (-20°C)
EH36 -40°F (-40°C)

*For complete requirements, consult ABS Rule for Building and Classing Steel

Vessels.

**No test temperature requirements for these steel grades. The mill require-
ments for DS and CS grade produce steels that are tougher than the E and EH

steels.
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4.0 ILLUSTRATIVE EXAMPLE

A fracture that occurred in a Great Lakes bulk carrier will serve as an ex-
ample+ to illustrate the steps of the fracture investigation.

4.1 SHIP CHARACTERISTICS

The ship was a Great Lakes bulk carrier that was built in 1952 and lengthened
70 feet in 1957. In 1959 a sheer strap was added and the ship and was con-
~verted to a self-unloader in 1980. The particulars of the ship at the time of
fracture were:

Length overall: 698 ft
Length between perpendiculars: 683 ft
Breadth (molded): 70 ft
Depth: 37 ft
Displacement: 30054 L.T.
Year built (lengthened): 1952 (1957).

Figures 4-1 through 4-4 show the structural configuration of the ship while
configured as a bulk carrier. The ship is transversely framed on the bottom
and up the sides to the lower boundary of the upper wing tank. Above this
elevation the ship is Tongitudinally framed. The calculated section moduli
for the ship, in its various configurations, are as follows:

Ship status Minimum Section Modulus
in2-ft

Original 34,800

lL.engthened 34,800

Sheer strap addition 35,853
Self unloader 35,962,

The sheer straps were added in 1959 because the ship was thought to be too
flexible because it exhibited large hull girder deflections during loading.
After adding the sheer straps, an additional 6" of load 1ine draft was permit-
ted by the classification society because of the increased section modulus.

4.2 CIRCUMSTANCES AT THE TIME OF FRACTURE:

The fracture occurred on the bulk carrier on its last voyage prior to layup
for the 1984 winter season. The ship was sailing Lake Huron when the crew
heard a lToud noise. An inspection by the crew revealed a fracture in the main
deck on the starboard side near amidships.

The available information pertaining to the ship and fracture incident in-
cludes:

1Severa] other examples are presented in the parent project referenced at the
beginning of the Guide.
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Date of fracture: 21 Dec. 1983

Location of ship during fracture incident: Lake Huron
Voyage number: 56

Observed wave height: 12'-15"

Wind speed and direction: 45 knots, 125° true

Ship heading: 157° true

Air temperature: 20°F.

The ship was reportedly in a normal ballast condition at the time of fracture.
4.3 FRACTURE DESCRIPTION FROM THE ON-SITE INSPECTION

The fracture was examined on site. There were three separate fractures cross-
ing the starboard side of the spar deck where the ship had been joined during
the lengthening process. Two of the fractures occurred in the original ship
and one in the new midbody section (Figure 4-3). Upon examination below the
spar (main) deck the reason for the separate fractures became apparent. A
number of poor fabrication details were used in lengthening the vessel. These
included plug welded rivet holes, mismatched structural members, weld used as
filler for mismatched areas and notched longitudinals. The longitudinals
under the spar deck consisted of channels with the flange welded to the under-
side of the deck at the toe and heel. The flange was welded to the underside
of the deck and was cut out in way of butt welds on the longitudinals as shown
in Figure 4-5. The three outboard longitudinals all fractured at this loca-
tion. The fracture path in the spar deck plate ran through the notches cre-
ated at the Tongitudinal butt welds and ran into the longitudinal bulkhead
(Figure 4-4). The fracture surface visible in the longitudinal bulkhead dur-
ing the on-site examination exhibited the classic chevron markings indicative
of a brittle fracture. However, the exact location of the fracture origin
could not be determined on site because the edge of the entire fracture could
not be inspected visually. Samples were cut out of the fractured plating for
further examination of the fracture path. The locations of these samples in
the spar deck and longitudinal bulkhead are shown in Figure 4-6.

4.4 LOCATION OF THE FRACTURE ORIGIN

The origins of the various fractures were located by inspecting the edge of
the fracture samples and establishing the orientation of chevron patterns.
A11 the samples taken had clearly developed chevron marks. Examples of these
markings on the surface of piece No. 1, which were typical, are seen in Figure
4-7. Sample No. 1 was cut from the spar deck plating located at the edge of
the hatch coaming and extending outboard along part of the fracture surface as
shown in Figure 4-6. Clear chevron markers point to the initiation site lo-
cated in the transverse weld joining the coped out Tongitudinal flanges to the
deck plate as shown in Figure 4-5. The fracture ran in two directions: under
the hatch coaming and outboard across the deck through sample No. 9 and on
into sample No. 2 where it terminated. As far as sample No. 9 is concerned,
the fracture simply extended through this plate and did not directly result in
propagation of fractures into the longitudinal bulkhead.

Sample No. 6 contains two separate fractures. Cutting the sample to reveal

the fracture surfaces showed that the aft-most fracture extended inboard and
outboard. From Figure 4-8 it can be seen that the chevrons point toward the
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weld of the flange cutout. The chevrons in the forward-most fracture in
Sample 6 point outboard indicating that the fracture propagated inboard. The
chevrons in the corresponding fracture in sample No. 7 point outboard in-
dicating this fracture propagated inboard. Therefore, this fracture had to
initidte somewhere between Samples Numbers 6 and 7, and shown in Figure 4-9
and probably at one of the two longitudinal flange cutouts.

Thus, the fractures 1in the spar deck originated at similar details: the
flange cutout shown in Figure 4-5. This fabrication detail produced a severe
transverse notch and stress concentration at each.longitudinal.

The fracture in the Tongitudinal bulkhead originated in the butt weld of the
angle riveted to the deck and longitudinal bulkhead. The two pieces of angle
were poorly aligned, the weld was made from one side only and lacked depth of
penetration. The toe of the angle was welded to the longitudinal bulkhead to
fill a gap. Apparently this fracture initiated after the spar deck fractures
and-as the load path shifted to the longitudinal bulkhead. The angle butt
weld cracked at a toe fillet weld which allowed the fracture to enter the
longitudinal bulkhead. Figure 4-10 shows the fracture surface at the top of
the longitudinal bulkhead, sample piece No. 3. The top middle of the photo-
graph shows what remains of an angle toe fillet weld where the fracture en-
tered the Tongitudinal bulkhead. From the fillet weld the fracture propagated
up to the rivet hole and down the bulkhead.

Based on the direction of chevron markers on the fracture surfaces it can be
concluded that the first fracture to form was that between samples No. 6 and
7. The crack between samples No. 6 and No. 9 formed next and then the one be-
tween samples No. 1 and 2. The bulkhead crack formed last. The path of frac-
ture across the spar deck is as shown in Figure 4-11.

4.5 CAUSE OF THE SIGNIFICANT FRACTURES

The significant fractures all originated at Tongitudinals where the flange was
cut for butt welding. The initiating defects at the origin were small. How-
ever, the ship operated for over 30 years with those poor fabrication details,
suggesting relatively high forces in the ship structure from adverse weather
at the time of fracture. This is also suggested by the multiple origin
points. Because the fracture originated at poor fabrication details
(notches), it is surprising that the ship survived in service for many years
without fracturing.
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5.0 GLOSSARY

This section contains definitions of the terminology commonly employed when
studying ship fractures.

Alternate Loading: The change in the direction or magnitude of forces in the
structure.

Arc Strike: A melting, solidification and rapid cooling that creates a severe
fTaw in the material. This occurs when a welder accidently or intentionally
strikes his energized welding rod to the steel in a location other than at the
weld joint.

Arrest: The process of stopping a running crack or fracture.
Beach Marks: Marks on a fracture surface that resemble the warks left on a

beach by waves. Beach marks are associated with fatigue fracture due to al-
ternating forces.

Brittle: Describes the way some materials fail without first experiencing any
appreciable deformation.

Brittle Fracture: An unstable fracture that propagates through steel struc-
tures almost instantaneously.

Charpy V-Notch Test: A destructive material test which measures the energy
required to break a material specimen with a precut notch.

Chevron: A herringbone or "V"-shaped pattern that forms on a fracture surface
auring a brittle fracture. The points of the chevrons face back toward the
origin of the fracture (see Figure 2-10).

Crack: A partial fracture of a material not resulting in a complete separa-
Tion of the parts.

Delayed Cracks in Welds: Cracks which occur after uneven cooling or rapid
cooling of weld metal during the welding process.

Ductile: Describes the way some materials deform before or during the frac-
ture process.

Ductile Fracture: A stable fracture that propagates through steel structures
gradually and 1s characterized by significant deformation of the metal
crystals before fracture.

Dynamic Tear (DT) Test: A destructive material test which characterizes the
crack tolerance of metals. The test specimen is notched and then pulled apart
dynamically and starts a crack originating at the notch.

Elastic: Property of a material to deform under load and return to its origi-
nal shape after the load is removed.

Failure Plane: The plane or surface created when a material cracks or frac-
tures, similar to fracture surface.
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Fatigue: The process causing material strength to deteriorate by subjecting
1t to many repeated alternate loadings.

Fatigue Cracking: The process of cracking which occurs after the material
strength has been sufficiently deteriorated by alternating forces.

Flaw: A small defect that occurs in base material or welds. Flaws range in
size from microscopic up to the full dimension of the structural member.
Flaws may be created during material manufacture or fabrication.

Fracture: A break, split, or tear in a material which which results in a com-
plete separation of the material.

Fracture Mechanics: A field or engineering which deals with the fracture of
materials in terms of structural parameters which can be directly measured or
quantified.

Fracture Surface: The edge of a crack or fracture where the material has
separated (simiTar to failure plane).

Initjation: Process of starting a crack or fracture in a material. The point
where a crack or fracture initiates is called the origin.

Heat Affected Zone: The area of metal adjacent to a weld that has changed
physical properties from the heat of the welding process. ,

Hydrogen Embrittlement: Embrittiement of a material caused by fast diffusion
of hydrogen into the microstructure of metal adjacent to a weld. Hydrogen em-
brittlement can cause the initiation of a fracture because it makes the metal
brittle.

Lack of Fusion: Inadequate bonding of weld metal to the base metal caused by
Tow heat Tnput during the welding process.

Lack of Weld Penetration: Incomplete penetration of weld filler metal in a
welded joint.

Non-Destructive Testing (NDT): A test process that does not degrade the
strength of the material being tested. NDT is used for the detection of flaws
or cracks that are not visable to the unaided eye. Methods utilized include
dye penetrants, magnetic particle, ultra-sonic or X-ray techniques.

Ni1l Ductility Temperature (NDT): The temperature at which a mater1a1 exper-
1ences a transition from brittle behavior to ductile behavior.

Notch: A discontinuity in a material or structure which produces an area of
Stress concentraion. Notches may be created during structural design or fab-
rication.

Nuisance Cracking: Small cracks that require frequent repair but do not con-
stitute an immediate danger to the structure.
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Origin: Location where a crack or fracture started. This location is not
necessarily at the crack ends but may be in the center of a fracture. In
these cases the fracture propagates in two directions from the origin. A flaw
or notch of some type is usually found at a crack origin.

PTastic Deformation: Permanent deformation of a material or structure after
1t has been loaded beyond its elastic limit.

Porosity: A condition of gas entrapment during welding generally due to the
presence of moisture on the surfaces to be welded.

Propagation: The growth of a crack or fracture.

Residual Stress: Stresses locked into a material or structure during manufac-
ture, fabrication or welding. Large residual stresses can be caused by exces-
sive heat input during welding, improper welding sequence and fitting proce-
dures.

Shear: The force tending to make two connected parts or two adjacent crystal-
Tine structures slide in opposite directions in their plane of contact.

Shear Lip: The sharp edge of a fracture surface formed by shear slippage.

Slag Inclusion: Dirt, welding flux or other foreign material contaminating a
weld,

b

Significant Fracture: A significant fracture propagates in an unstable (brit-
tTe] manner and éxtends through several structural members (e.g., plate and
stiffeners).

Strain: A measure of the deformation of a material in terms of deflection per
unit Tength.

Stress: Force per unit area of the cross-section of a structural member,

Stress Concentration: A local elevation in the magnitude of stress at a notch
or flaw 1n the material or structure.

Striations: Lines that form on the face of a fatigue crack and are caused by
alternating load (similar to beach marks).

Surface Contraction: A reduction in thickness of structure under tension
prior to tailure.

Tearing: The fracture of a material caused by pulling forces.
Termination: The location where a crack stops.

Toughness: The ability to deform or stretch without fracturing in the pres-
ence of a flaw or notch.

Triaxial Stress: A three-dimensional stress pattern at the tip of a flaw,
notch or crack.
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