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1.0 INTRODUCTION

A component or a dructure, which can withsand a single gpplication of load, may
fracture if the same load is applied a lage number of times. This type of falure is
classfied as faigue fracture. Thus, fatigue falure can be defined as the number of cycles
or the time taken to attain a pre-defined falure criterion. A more precise definition of
fatigue is given as the process of progressve locaised permanent structurd change
occurring in a materid subjected to conditions, which produce fluctuating stresses and
drans a some points and which may culminae in cracks or complete rupture after
aufficient number of fluctuations Hence, faigue phenomenon is experienced by
dructures, which are subjected to moving loads, such as bridges and crane girders, or
dructures subjected to cyclic loads such as offshore platform structures and machinery
supporting structures.

Fatigue as a falure mechanism was identified initidly in the rolling socks and tracks of
ralways and subsequently in raillway bridges. Recently, fatigue problem has been
experienced in highway bridges, with a few falures of bridges. In many indances, due to
timely repar measures, catastrophic collgpse of dructures due to fatigue has been
avoided.

The lower the dress ranges i.e, the difference between the dternating maximum and
minimum stresses, the larger the number of cycles the structure can withstand before the
occurrence of fracture. In the case of fatigue fracture of engineering dtructures, the
following are the two main types of fatigue loading.

High—cycle lon—gtress fatigue.
L ow—cyde high-stress fatigue.

In a typicd high-cycle faigue problem, the endurance limit of the maerid after millions
of cycles of load gpplication is of concern, wheress in low-cycle fatigue, fracture before

10° cydles is the consideration. In high-cycle fatigue problems, the criticd portion of the
dructure is subjected to frequent repeated loads, such as welded tubular joints in stedl
offshore plaform sructures subjected to wave loading. In such areas, severa million
(100 million) cycles are achieved during the lifetime of the offshore Structure (about 25
years). An example of low faigue fracture is the hull sructure of a ship. When sructurd
components are exposed to corroson environment, such as seawater, the synergistic
effect of corroson and fatigue, known as corrosion fatigue becomes a serious problem.
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Snce fdigue falure evduation is influenced by a number of uncertainties, an accurate
prediction of fatigue life is difficult even for a vey dmple detal. Faigue falure
prediction is difficult in structural components due to the following uncertain features:

The effect of environment in which the structure is functioning.

Difficulty in accurate cdculation of internad stresses developed due to externd forces
a critica locationsin the structure

Thetimeto falure of the structure.

Two basic gpproaches for fatigue life assessment of structura components are: 1) the

S — N method and 2) the method of fracture mechanics. The S — N method of life
prediction is based on empiricaly derived reationships between applied stress ranges
and number of cycles of load agpplication (N). The fracture mechanics gpproach takes into
account the crack growth rate of an existing defect as it propagates under the cyclic
loading.

In this chapter, topics such as characteridics of fatigue, methods of evauation of fatigue
life, improvement of fatigue resistance, fatigue-resistant design etc. have been covered.

20 CHARACTERISTICSOF FATIGUE FRACTURE

Structural materids undergo mechanical changes when subjected to cyclic stresses and
trigger many engineering falures due to fatigue Poor design and fabrication are the
prime reasons for the fallures. A fatigue fallure occurs as a result of various mechanisms,
which take place in three stages during the life of a structure. As a result of cyclic loading
a microscopic defect initiates, then propagates in a gradud manner, resulting findly in an
ungable fracture. Cracking originates moslly on the surface a a point of dress
concentration — a hole, notch, keyway, scraich, weld bead, sharp fillet etc. Crack
initistion may occur, occasondly, & an interior point such as a defect in a weld. In most
welded sted structures the crack initiation phase does not exist as crack—like weld defects
are invaiably present in them. Thus the fatigue life of a connection containing weds is
entirdly due to crack growth. Find falure usudly occurs in a tenson region when the
reduced section is no more sufficient to carry the pesk load.

Many repetitions of the stresses - of the order of millions — may be required for complete
rupture. Smilarly, the time required for find collapse may be short or many years in
some cases. The maximum stress a the fracture location would be well below the vaue
obtained under dtatic loading. It is very difficult to detect a fatigue crack even up to the
point of falure. Since there is very little plastic deformation around the crack, there is no
evidence of the presence of crack, repeated through large deformation.

A smdl crack initiated grows dowly with the repetition of sress cycles. A faigue crack
is sad to be tranggranular i.e, its grows within grans rather than dong the gran
boundaries. As the crack propagates, the cross-section reduces and the stress on the
reduced cross section increases. As a result, there will be an increase in the rate of crack
propagation. The final rupture occurs when the remaining area is no longer sufficient to
support the gpplied load.
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The above features of fracture due to fatigue can be seen on the fracture surface. The
fracture surface may be ether crystdline or fibrous depending upon whether the fracture
is brittle or ductile. In the close neighbourhood of the crack’s origin, the fractured surface
has a smooth, slky appearance, which is produced by rubbing of the surface as the crack
propagates (Fig.1). The smooth region grows progressively into a rougher texture asthe
digance from the origin increeses. An examinaion of this surface would reved the
presence of concentric rings or beach markings around the fracture nucleus and radia
lines emanating from it.

Fig.1 Fractured surface of a specimen

30 THEMECHANISM OF FATIGUE

Presently there is no rationd theory avalable for fatigue falure prediction rdating
dresses and materid properties. This is due to the complex mechanism involved in the
fatigue process. The mechanism of fatigue is explaned briefly in the following.

Due to dress concentretion effects, the stress in a localised region in a dructurd eement
may atan the vadue needed for plagtic flow. The nomind dress or the stress without
concentration effects may be below the proportiond limit. At this Sage, dip might occur
in an unfavorably oriented crysalographic plane due to excessve shear dress on the
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plane. This might be a fine dip i.e, a dip of order 10°mm below adjacent region of the
caysd [Fig2 (a)]. The reversd of dress a this time might patidly set right the
disorientation.  Repetition of the dress cycde and the resulting back and forth dip on
closely spaced pardle planes will cause dip band to develop [Fig.2 (b)]. This would
form a notch. A microscopic crack may form because of the Sress raising effect of the
notch or the notch itself becomes deeper. Once the crack has formed, the process is
further intensified.

(@) Finedlip (b) Coarse bond produced by alternating slip
Fig. 2 Fatigue mechanism

40 FACTORSINFLUENCING FATIGUE BEHAVIOR

The faigue behavior of various types of Structures, members and connections is affected
by a large number of factors, many of which may produce interrdated effects. The
paaneters that influence fatligue behavior ae dress range, materid, dress
concentration, rate of cydic loading, resdud dresses, Sze, geometry, environment,
temperature, and previous stress history. These are explained briefly in the following.

41  Stressrange

The most important factor governing the rate of crack growth is the dress range in the
vicnity of the crack tip. Hence in a fatigue design, the stress concentration effect has to
be reduced and the diress range has to be redistically estimated. The importance of stress
concentration is brought out in detail in the following section.

4.2 Stress concentration

The geometry and the consequent stress concentration have a large impact on fatigue
lives of dructurd members and their connections with other members. Stress didtribution
is generdly different from that adopted in design mainly due to sress concentration. Such
points of stress concentration under cyclic loading undergo reduction in srength, often
leading to fracture. The importance of stress concentration is illustrated in Fig.3. In Fig.3
(a), typicd detall of a connection in an industrid roof tructure is shown. Here the design
is mainly governed by datic strength. The locd dress a the connection could be 5 to 10
times the average dress cdculated by the smple theory for Static design. The dructure,
by way of locd vyidding, accommodaes safdly the discontinuities and dtress
concentration. Fig.3 (b) shows a fatigue- sengitive bridge structure connection detail.
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(b) Bridge structure

(a) Industrial roof structure

Fig. 3 Typical connection details

Here, dress concentration has to be reduced by careful design. Detailed design
conddering both primary axial stress and secondary bending stress has to be performed.
Wedd profiling should be smoothened to minimize locd discontinuities. It is gppropriate
now to consider three levels of stress concentration.

4.2.1 Sructural action

In the daic andyds of a dructure, dadtic andyss is carried out based on compatibility
concepts. The reldive deformation between neighboring eements is often ignored. These
local deformations develop additiona strains and stresses. Secondary members, whose
effects are often ignored in the datlic andyds, develop dresses due to the reaive
deformation  in neighbouring eements. These additiond dresses cause  dress
concentration. In the roof connection shown in Fg.3 (a), a Smple datic desgn would
ignore the incompatibility that is caused by the redraint to the end rotation of the
individud dements. The resulting bending stresses may be of amilar magnitude as axid
dreses in a truss with larger Sze sections. Therefore, in a fatigue desgn these bending
stresses must be considered.

4.2.2 Macroscopic stress concentration

This type of dtress concentration arises due to geometric interruptions to dress flow. The
smooth flow of stress trgjectories are modified due to changes in cross section, notches,
holes and other discontinuities. Fig. 4 shows a discontinuous structure with the attendant
stress concentreation effect.

(a) Beam arrangement

(b) Stressflow at changein direction

Fig. 4 Bending stressesin a discontinuous beam
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4.2.3 Local geometric stress concentration factor

This level of dress concentration is related to crack tip effects and other microscopic
defect. They occur generdly within a weld or Heat Affected Zone (HAZ) [Fig. 5(a)]. Due
to the sharpness of these defects, the stress concentration effect will be mostly localized.

The dress trgectories through welds are affected by the sructura action of the weld, by
its geometry, surface roughness and by the reative postion of the joined eements. These
areshowninFg. 5 (b).

A T
-3 L~ %

(a) Fillet weld arrangement (b) Tensile stress flow

Fig. 5 Stress concentration at the toe of a fillet weld

4.3  Frequency of Cyclic Loading

The frequency of loading does not influence fatigue dtrength dgnificantly when the
applied dress range is low and frequency is less than 50 Hz. But when the dtress range is
high cgpable of producing plagic deformation with each cycle of loading (low cyce
fatigue) an increase in frequency produces an increase in gpparent fatigue strength.

4.4 Residual stresses

The effect of resdud dress varies consderably, depending upon the materid, state and
magnitude of resdud and applied dresses. The effect of compressve resdud dress
generdly is to increese the fatigue resstance for lower levels of dress. But for higher
levels of dress close to yidding, its effect is negligible The resdud tensle sresses do
not affect fatigue ressance except in cases where resdud tenson reduces the dress

range in cydlic loading.
45 Sze

In the case of amdl members subjected to flexure, the fatigue resstance increases due to
the amdl sze and the reaulting increese in dran gradient. For large flexurd members
and axidly loaded members the Sze effect is very smdl.

4.6 M aterial

In generd the fatigue resstance of Sructurd sted is proportiond to its ultimate strength.
Teds have shown that under idedl conditions, fatigue limit is approximatey 50% of
ultimate stress. However, other factors may consderably dter this fatigue limit.

The generd relation between faigue limit and ultimate Sressis given below
F1=140+0.25F Q)
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where F; = faigue limit for zero to maximum tensle loadingin Mpa

F, = ultimate dress of the materid in MPa

5.0 EFFECT OF FATIGUE LOADING ON STRUCTURAL MEMBERS AND
WELD CONNECTIONS

Fatigue behaviour of axidly loaded tenson and compresson members are quite different.
Compressive cydic loading will not generdly produce faigue falure, except when
tensle dresses are present. The fatigue behavior of tendle members is generdly decided
by their connections, except where the member itsdf has points of stress concentration.
Properly detailed and fabricated flexurd members have a higher fdigue redgtance
Wedded detalls such as cover plate, splices, and diffeners reduce the fatigue resistance
ggnificantly.

Weds invariably contain smal crack-like defects hence crack initiation stage does not
exig. Only the number of cycles for the crack to grow to the point of ungtable fracture
conditutes the fatigue life. Resdud dresses of yidd dress level are dways present in the
vicinity of welds. Therefore dress cydling is dways from the yidd stress downwards and
faigue life is a function of dress range only. Fatigue life varies with the type of wed
details due to the varying nature of the defects in the different details.

Weded connections have comparatively lower faigue resstance, if they are not properly
detaled and fabricated. The most important factor that influences the fatigue resstance of
welded joint is the geometry and the resulting stress concentration effects. Fatigue falure
at awelded joint may occur in any one or combination of the following.

Falure in the deposted metas from the porosty or dag inclusons and defect
locations, which act as stress concentration points.

Falurein the line of fusion, due to lack of proper fuson or microscopic cracks.

Fallure in the heat affected zone due to crystdline change in the base metd.

Fallure a the toe edge of the weld, which is a stress concentrated point due to the
joint design, weld contour undercut, etc.

The importance of smooth dress flow through a joint has been emphasized esewhere.
Butt-welded joints, where the dress flow is smooth, have much better fatigue resstance
compared to fillet welded joints. The fatigue srength of a butt-welded connection may be
further improved by finishing the weld flush with the surface of the plate by grinding.

6.0 FATIGUE ANALYSS
6.1 General

Gengrdly, dructures are designed for drength and deflection criteria. In the case of
dructures prone to fatigue effects, a fatigue andyss is caried out to ensure that the
faigue life of the Structure is more than the intended life of the structure. Fatigue andlyss
involves determination of nomind gtresses in Sructurd  members, Stress  concentration
factors at critica points and safe number of stress reversds before the onset of falure.
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The two man agpproaches to fatigue life determination, namey, the S — N curve method
and the fracture mechanics method are explained in this section.

6.2 S—N Curves

Fatigue data is commonly presented in the form of an S— N curve, where the cyclic gress
range (S is plotted againgt the number of cycles to falure (N). Various parameters of
interest in fatigue are shown in Fg. 6. A typica S—N curveisshownin Fg. 7.

S = Alternating stress
amnlitude

S = Stressrange

Sy =Mean stress

Stress

Shax =Maximum stress

Sqin =Minimum stress

Time

Fig. 6 Various parametersin fatigue

N

\

Stressrange Mpa

e

0 500 1000 1500 2000 2500

Number of cyclesto failure (N) in thousands

Fig.7 S—N Curve (Wohler curve)

In order to determine the faigue strength of a welded joint configuration, under a given
load condition, it is necessary to test a series of Smilar specimens. Each of the specimens

is subjected to congtant amplitude loading and the number of loading cycles required to
produce falure in each specimen is recorded. The relationship between the applied stress,
S and the number of cycles to falure, N, is obtained. Logarithmic scaes are commonly
used for both axes, namely, LogS — LogN (Fig.8). Because LogS — LogN rdationship for
many materids is gpproximately linear, mogs fatigue data are presented as log — log
relationships.

Verson I 32 -{PAGE }



WELDSSTATIC AND FATIGUE STRENGTH-I11

Zero - to - tension cycle
F1,00,000

NS™ = b

F 2,000,000

f————————— g ———————— e —— - - -

Stressrange Mpa (log scale)
%)

Cycles—to—failure N (Log scale)

F1,00,000 = fatigue strength for 100,000 Cycles
F2000,000 = fatigue strength for 200,000 Cycles

Fig. 8 S—N Curve presented on a log-log scale

For welded joints the relationship between fatigue life and applied dress range is linear
over awide range of stress and takes the form

NS"=b @)
where N = number of cydes to falure, S = applied stress range and m, b = congtants
depending upon the joint type.

Usng such a redionship, the fatigue strength can be caculated over the range covered
by the doping line for any sdected number of cycles of the same type of dress cycle, if
the dope of the line and one point on the line are known. Only one type of dress cycle is
represented by eech S — N curve. For understanding the generd behaviour of a joint, it is
necessary to develop S—N curve for each type of stress cycle.

The data for the various S — N curves are summarized in a Goodman's Diagram. Fig. 9
shows a Goodman's diagram for an as-rolled plate. It provides a complete representation
of the effects of various types of dress cycles, from datic tenson, zero to tenson and
complete reversdl.

In the Fig.9, the range of dress (maximum gress to minimum dress) is indicated by the
verticd disgtance between the two doping lines. At the extreme left Sde, the dress range
is complete reversd from a compressve dress to a numericaly equa tendle dress. At
the extreme right Sde, the maximum gress line intersects the minimum dress line a the
levd of ultimate srength, and the dress range is zero (this representing the datic yidd
dress). At the point where the minimum gtress line intersects the zero dress line, the
maximum stress represents fatigue strength under a pulsating load (zero to tension).
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In any welded joint there are a least five locations at which fatigue cracks may initiate.
These are a the weld toe in each of the two points joined, a the two ends and in the weld
itsdlf. Each is classified separately.

Ultimate tensile strength
= 100

£ 9o
g § 80
v g5 60 Maximum stress in cycle
%2 g
SE é —__40] Minimum stressin cycle
e 20
g0 0 Line of zero stress
ER
8 %
8 = %_
S2 6 ko 33% of Ultimate
= qC_) % 40 —
28 |
-3 g

o

@)

Fig.9 Goodman diagram — a composite representation
of the effects of various types of stress cycles on fatiguelife

6.3  Variable Amplitude L oading

So far, fatigue loading has been conddered as a single fluctuaing load of congtant
amplitude producing congtant stress range. In practice, it is common for structures to be
subjected to more than one type of loading and each type of loading may vay in
intengty, i.e. they may be subjected to a loading spectrum of varying amplitudes or
random vibrations. In dtuations where variable dress higory is encountered, the
sequence is broken into a stress range spectrum as shown in Fig. 10. In order to do this,
cycle counting methods, such as Reservoir Method (for short sress histories by hand
cdculations) and the Ranflow Method (for anadlysing long stress higtories by computer)
are employed.

For dructures subjected to variable amplitude of Stresses, fatigue life has to be estimated
by cdculaing the damage due to each band of the dtress spectrum and summing them.
The damage due to each band is n / N, where n is the number of cycles in the stress range
during the design life and N is the endurance limit over that dress range. PaAmgren —
Miner rule is invoked to determine the failure of the joint. It sates that to prevent falure
the damage done by dl the stress ranges must not exceed unity

Ny / N1+ N2/ Noy N3/ Na+ -=-mm-mmmmeeeeeee + n,/ Nh£1.0 (3)

In the case of varidble amplitude loading, even non — propagating stress ranges (below
fetigue limit) will aso cause damage. The cracks formed under higher amplitude dress
ranges will continue to propageate because the enhanced stress range at the crack tip (due
to dress concentration) will be sufficent to continue the propagaion even for very
nomina stress ranges.
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True spectrum
Su\E
Si2 \\
St3 \\
Sy \\\
S5 A

nin2 n3 n4 n5

Fig. 10 Stress range spectrum

6.4  Fracture Mechanics Analysis

Fracture mechanics discipling, deding with the behavior of cracks in materids and
dructures, has recently been employed for fatigue life assessment. Here the presence of
defects or cracks is explicitly taken into account. A parameter is defined to represent the
date of dress a the tip of the crack, cdled the dress intendty factor (K). This is
represented in the following form

K=Ys (pa)? (4)

where, Y = geometric correction factor
S = nomind dress
a = crack length.

Fatigue life assessment by fracture mechanics is based on the observed relationship
between the dress intendty factor range { EMBED Equation.3 } and rate of growth of
fatigue cracks da / dN. This approach was proposed by Paris and Erdogan in a power law
fom for medlic maeids in the Journd of Basc Engineering (1963), and is
summarised below:

{ EMBED Equation.3 }

(5)
where{ EMBED Equation.3 } = crack extension per cycle
C, m = crack growth constants, and

{ EMBED Equation.3 } = Kmax - Kmin are the maximum and minimum stress intengity
factors respectively in each cycle. The exponent m has a vaue in the range of 34. Since
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the crack growth rate is related to { EMBED Equation.3 } raised to the exponent,
determination of { EMBED Equation.3 } becomes crucid for meaningful crack growth
prediction. Vaues of C and m can be determined by conducting tests on the materids
being used. Typicd vauesof C and mfor ferrite sted are;

m=3

C=3*10 -3 for norma environment up to 100° C.

c=310 " for aggressive environment up to 200° C.

If a typicd da / dN versus { EMBED Equation.3 } reationship is plotted on a log-log
scde, sgmoidd curve is obtained as shown in Fig.11l. Bdow a threshold vaue of sress
intengty factor range { EMBED Equation.3 }i, crack growth does not occur. For
intermediate vaues of { EMBED Equation.3 } the growth rate is approximately linear.

T Kic final failure

Non — continuum ! Continuum

37| mechanism | mechanism
P | (triation growth) \
= i da/dN = CCX™
© I
S 6] i
o) I
(@] 1
- I

Threshold CKy, , Satic failure mechanism
0 — /
:

Logip K
Fig. 11 Schematic representation of crack growth

For acrack at the toe of awelded joint, stressintengity factor range can be expressed as

{ EMBED Equation.3 }{ EMBED Equation.3 } = { EMBED Equation.3 }
(6)

where, My = A factor representing stress concentration effect depending up on crack
gze, plate thickness, joint geometry and loading.
Y = Caorrection factor, which depends up on the crack size, shape and loading.
D5= Applied stressrange.
a = Crack depth.

The faigue strength of the joint can be predicted by subgtituting Egn. (6) in Egn. (2).
Rearranging and integrating we get

{ EMBED Equation.3 } (7)
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where, a = initia crack depth and a; = the find crack depth corresponding to failure.
Hence if a welded joint contains a crack, the above equation can be used to predict its
faigue life, consdering that it congsts of crack growth from the initid Sze which is
assumed as known.

7.0 INDIAN STANDARD PRACTICE
71 General

Indian standard IS; 1024 — 1979 “Code of Practice for Use of Welding in Bridges and
Structures Subjected to Dynamic Loading” covers the use of metd arc welding in bridges
and dructures subjected to fatigue loading. It has presented guiddines for the design of
sructures under fatigue environmen.

7.2  Loading

Working dress should be reduced to adlow for the effects of fatigue. Allowance for
faigue should be made for combination of stresses due to dead load, live load, and
impact load including secondary Stresses due to eccentricity of connection etc. Elements
of a structure may be subjected to a very large variety of stress cycles both in range and
megnitude. Each dement of the Structure must be designed for the number of cycles of
different magnitudes of stress to which the ement is to be subjected during the expected
life of the dructure. Since the fatigue srength of a welded structure depends upon the
type and location of joint detals, these should be decided in advance in order to arrive a
the permissble sresses under repested loading. For the purpose of determining the
dlowable stresses the detals are classfied into seven classes. 1S:1024-1979 gives vaues
of dlowable number of dress cycles for different values of dress ranges for the various
classes of congtruction details which are described below.

7.3 Classes of Welded Construction Details
Class A

(1) Members fabricated with continuous full penetration longitudind or transverse butt
welds with the reinforcement dressed flush with the plate surface are classed as A. It
is a requirement that the weld should be proved free from defects by non-destructive
examination. Further, the members should not have exposed gas cut edges.

(2) Wdlds should be dressed flush by machining or grinding, or both, which should be
finished in the direction pardld to the direction of gpplied Stress.

ClassB

(1) Members fabricated with the continuous longitudind butt welds with full penetration
made with ether submerged or gas shielded metd arc automatic process but with no
intermediate sart-stop positions within the weld length are classed B.
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(2) Members fabricated with continuous longitudind fillet welds made with either
submerged or gas shidded metd arc automatic process but with no intermediate
start-stop postions within the weld length are dso classed B.

ClassC

Members fabricated with continuous longitudind butt welds including fabricated beams
with full web penetration of the web to flange welds, with dart-stop postion within the
length of theweld are classed C.

ClassD

(1) Members fabricated with full penetration transverse butt welds made in the shop by
manua welding with dectrodes other than deep penetration eectrode, providing that
dl runs are made in the down hand postion and that there is no undercutting are
classed D. This does not include welds made on a backing grip if the backing grip is
left in the pogition.

(2) Members fabricated with full penetration transverse butt welds, other than those in
(1), and having the weld reinforcement dressed flush and with no undercutting.

(3) Members with continuous longitudind fillet welds with gart-stop postions within the
length of the weld.

ClassE

(1) Members fabricated with transverse butt welds, other than those mentioned in class
D(2), or with transverse butt welds made on a backing strip are termed class E.

(2) Members faoricated with full penetration cruciform butt weds (Fig. 12) ae dso
classed E.

X Class E stress refers to this member

="

Nx

Fig.12 Class E fulls penetration cruciform butt weld.

ClassF

The following categories are classed F:
(2) Memberswith T type full penetration butt welds (Fig.13).
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(2) Members with intermittent longitudind or transverse nonload carying fillet or butt
welds, except for the details covered in class G (Fig.13).

(3) Members connected by transverse load carrying fillet welds.

(4) Members with stud connectors.

These connections include stiffener to flange
welds
— -
Xt H
———
X
i —
v Inthiscaseload is
resisted by bending
of the plate

E:"ds 0{/\;‘ a?]ge Check principal stressin web at ends of
Svgtgs et e;d stiffener to web welds (or equally at any
ransversely  sther attachment to a shear-loaded

member)

Fig. 13 Typical class F weld details

Class G

Thefollowing categories are classed G

(1) Members connected by longituding load carrying fillet welds [Fig. 14(a)].
(2) Members connected by load carrying cruciform fillet welds [Fig. 14(b)].
(3) Members with intermittent non-load carrying fillet or butt welded attachments on or

adjacent to their edges[Fig. 14(c)].
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For each of the dress ranges, the maximum dlowable number of cydes N, Ny ...... Nn
should be determined from the tables given in the IS Code 1024 - 1979.

Congdering the expected number of cyclesfor each Sresslevd asnq, N, ...... Ny,
the element should be so designed such that

N1/ N1+ no/ Now N3/ N+ ---------=----———- + N/ Ny, >1.0 (8)

Permissible stressin welds

Permissble stresses have been specified for butt and fillet welds. Butt and fillet welds are
treated, as parent metal with thickness equa to throat thickness and the stresses should
not exceed those in the parent metd. For fillet welds the permissble dress in the fillet

Verson I 32 -{PAGE }



WELDSSTATIC AND FATIGUE STRENGTH-I11

welds should not exceed the permissible vaues given in IS 1024-1979 and reproduced
here.

For combined shear and bending stresses, the equivaent stress fe is given by:

fe = { EMBED Equation.3 } 9
for = tendle bending stress.
foc = compressive bending stress.
fq = shear stress.
Table-1 Permissible shear stresses

Seel conforming to Permissible shear stressin Mpa
IS 226 — 1975 108
IS 2062 — 1969
IS 961 - 1975 131

For combined shear, bearing and bending stresses, equivaent stressis given by:

fe ={ EMBED Equation.3 }  (10)

The equivalent stress fe should not exceed 0.9F, where F, is the yidd strength of the
ded. Thevdueof fo for various seds and yidd strengths are given in Table 2.

Table 2 Equivalent stress, fe

Steel conforming to Fy (Mpa) fe (Mpa)

IS 226-1975 and 230 215
1S:2062-1969 240 225
250 230

280 245

IS 961-1975 330 205
340 310

350 330

80 IMPROVEMENT OF FATIGUE STRENGTH AND REMEDIAL
TECHNIQUES

The fatiigue peformance of a connection can be improved by usng wed improvement
techniques. Presently, there are no practical design rules for the improvement techniques.
It is recommended that no advantage be taken of these improvements in the initid design.
The desgner may fdl back upon their contribution in case of severity of design faigue
condition or unsaisfactory service behaviour. Though deds ae manufactured with
excdlent weldability, the low fatigue drength of a welded connection is mainly due to
the short crack initiation period. Crack initiation life can be extended by
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Reducing the stress concentration of the weld.
Removing crack-like defects at the weld toe.
Reducing tensile welding resdud stress or introducing compressive stresses,

The various methods of improvements can be classfied into:
Weld geometry improvement by grinding, weld dressing and profile contral.
Residual stress reduction by peening and thermd stress rdlief

Much of the current information on weld improvements has been derived from tests on
gndl-scde specimens. In red dructures, there will be large resdua stresses that may
affect fatigue life. Whereas pesk sresses develop at the weld toe of a smdl joint, in a
large multi-pass joint, peak stress may occur in any of the severd beads and cracks
intiste anywhere in this region. Brief detals of some of the wedd improvement
techniques are summarized below.

81 Wddtoegrinding

In cases where faigue cracks tend to grow from the toe of welds in single-pass welding
or a the junction between beads in multi-pass welding, 30% improvement in fatigue
drength can be achieved by grinding the weld toe for the former and the entire region for
the latter. A factor of 2.2 can be taken for the fatigue life. The purpose of grinding is to
remove the smdl cracks that are invariably present and act as initiators for future fatigue
crack growth. These small sharp cracks are generally 0.5mm deep. The treatment should
produce a smooth concave surface to the weld toe with a depth of at least 0.5mm below
the bottom of any visble undercut. In fillet-weld connections, the gpplication of grinding
should not result in any reduction in the throat area designed. Where fatigue crack may
grow from the weld root (such as in a patiad peneration weld) there will be no
improvement in the fatigue life using this technique.

8.2 Wed dressngand profiling

The profile of a fillet weld is smoothened by dressng. This method is used where the
desgn is vay fdigue—sendtive and the codts of repair of fatigue damage would be very
high. The technique is used especidly in welded stedl offshore platforms.

8.3 Waed toeremdting

Wedd toe remdting has been found to increase the fatigue strength. This is achieved by
providing a low contact angle in the trandtion between the plate and the weld. This aso
removes dag inclusions and undercuts at the toe.

Wedd toe remdting ether by TIG or Plasma Arc Dressng involves remdting the weld
toe region with a torch held a angle of 50° or 90° to the plate. No fillet materid is used in
the process. The difference between the TIG and Plasma Arc Dressng is in the higher
heat input required by the latter.
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84  Hammer peening

Peening is the gpplication of repeated hammering, often with a round-headed punch or
hammer, to produce locd yielding of the materid. The hammering is gpplied to the weld
toe or other locations, where faigue cracks are likdy to initiate. It has the effect of
reducing the local resdual diresses. Peening reduces the mean dress and therefore
improves fatigue life. The improved fatigue properties are due to;

Introduction of high compressive resdua stresses.
Flattening of crack-like defects at the toe.
An improved toe profile.

Wed improvement techniques improve the fatigue life of weldments consderably.
8.5  Repairsto cracked welds

Repair requirements for cracked welds would be different for different circumstances and
cannot be generdized. But the following generd comments may be kept in mind while
planning the repair of welds.

Cracks, which may be present act as stress raisers.

The repaired weld a the fidd locaion, done in harsh environment, might contain
defects and will have alower fatigue life.

The repaired weld should be to a revised detall having a better fatigue classfication
than the origina one.

Additiond diffening or reinforcing should be provided to reduce the stress range on
the detail where the crack has occurred.

9.0 FATIGUE-RESISTANT DESIGN

Bridges, offshore dructures, towers and cranes are some of the mgor dructures, which
require congderation for faigue desgn. The adverse effects of fatigue in these complex
dructures has been observed extensvely and today there are efficient andytica tools
available to cdculate their fatigue lives. Fatigue life of a dructure can be predicted with
accurecy, if the loading sequences on the dructure for the whole of its life is known
farly wdl; then the spedific fatigue-critica locations can be identified and detaled
inspections carried out.

In generd, for welded structures subjected to fatigue loading, particular atention must be
paid to welded joints. Fatigue and brittle fractures can dart at discontinuities of shape,
notches and cracks, which help develop high locd dress. Fatigue life can be considerably
increased by avoiding loca peek stresses by good desgn and detalling. A good design
should also take into account the fabrication procedure to be adopted for the structure.

Repars of in-sarvice dructures are quite expensve and may even require closng down
of the facility. Proper attention is required when providing secondary attachments to main
dedwork. These atachment detals are usudly not given atention during the dedgn as
they are not very complicated. A number of fallures due to fatigue crack growth has been
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obsarved from weld atachment in offshore sructures. Generd suggestions are listed
below for guidance while designing awelded structure with respect to fatigue strength.

Adopt butt or sngle and double bevel butt welds in preference to fillet welds.

Use double-sded in preference to single sided fillet welds.

Aim to place weld, particularly toe, root and weld end in area of low stress.

Avoid details that produce severe stress concentration or poor stress distribution.

Provide graduad trangtions in sections and avoid reentrant notch like corners.

Avoid abrupt changes of section or stiffness of members or components.

Avoid points so as to diminate eccentricities or reduce them to a minimum.

Avoid meking dtachments on pats subjected to severe faigue loading. |If
attachments in such locations are unavoidable, the weld profile should merge
smoothly into the parent metd.

Use continuous rather than intermittent welds.

Avoid detalls that introduce locdized congraints.

During fabrication, cary out necessary inspection to ensure proper depodtion of
welds.

Provide suitable ingpection during the fabrication and erection of structures.

Intersection of welds should be avoided.

Edge preparation for butt welding should be designed with a view of usng minimum
weld metd 0 asto minimize warping and resdud stress build up.
Ask for pre and post heating, if necessary, to relieve the build up resdud siresses.

Fllet welds carying longitudind shear should not be larger in sSze than necessary
from design congderation.

Deep penetration fillet welds should be used in preference to normd fillet welds.

Structures  subjected to fatigue loading especidly in criticd locations should be
regularly inspected for the presence of fatigue cracks and when such cracks are
discovered, immediate steps should be taken to prevent their further propagetion into
the structure.
Any repair messures taken should be designed to avoid introduction of more severe
fatigue condition.

Provide multiple load path and / or structurd redundancy in the sructure to avoid
ovedl collgpse of the dructure due to fallure of one édement in the dructure in
faigue.

Provide crack areding features in the design a criticd locations to avoid
propagation of cracksinto the entire structure.

10.0 CONCLUSIONS

In this chepter, various factors affecting fatigue behaviour of welded connections have
been explained. The nature of fatigue in welded connections and its critical importance
are emphasised. Methods of evaluating fatigue lives of welded connections are described.
Techniques for improvement in fatigue peformance ae presented. Fatigue-resistant
design and Indian Standard codd provisons are aso included.
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