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ABSTRACT

The term fracture is a vague word used to describe the condition of
‘obsele tenessof a structure. For welded joiuts, this term could take
several forms of definitions. Therefore, it is of great importance

to define this term, within a certain servicability condition. This
1is due to the fact that the welding process will produce a monolithic
.state in the welded joints and that fracture initiation in even a i
minor part can lead %0 catastrophic consequences. Also, the fact that]
there is no welded defect—free structures, thus the designer has no
option but to reside himself to the so-called defect-tolerance
approach.

In & country which applies different schools of quality assurance,
as for example .Egypi unification of the different codes and sYeCLfl—
cations of welding industry, is required. This unification should

lead to the evolution of the Iigyptian code of practice and hence the :
‘Egyptian Welding Standards and Specifications. This task is to be
‘carried out with the aid of the defect-tolerance approach, proposed
and discussed in the present paper.

1. INTRUDUCTLUN

An understanding of fracture mechanics of welded joints may be vital |
for design purposes. The designer should base his design within
‘certain owner reguirements. The owner wishes his structure to be
reliable in service, despite the probable presence of defects, cracks.
and flaws caused in the fabrication process. Also, the owner would .
like repair and hence maintenance costs to be minimum. For the fab-
rication shop practice it would be most helpful to know the maximum
size of constructional defect or flaw size which could be tolerated
without jeopardizing the operational safety of the structure.

The welded structure is generally designed on considerations of static
strength or a quasi-static strength under high amplitude but frequent

loads., There are two well-known design approaches in current use. The
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‘first known as the fail-safe approach, i.e., the apprgach which 7
considers the appearance of cracks Lo be the end of "life.The second is

 known as the fail-safe approach, i.e., Lhe approach which consldeys

“the crack propagation until c¢ritical crack size, or critical static
strength is reached.

~

. A mixture of both of the two approaches is proposed in Ref.[l - )]
"This approach has lead to ihe appearance of the working-life approach
which in turn has lead (o the appearance ol the most recent uppruﬂch:
known as the Fitness for purpose approach. Within the last approach,
. the general design concept may be derived on a basis Qf tolerable
"fabricating defect sizes. This approach carries with it the assump-
tion that a defect should not be able to grow to catastrophic propors+
tions in one inspection period. This part of the concept is consider-
ied to be one par{ of a modified fail-safe approach. Fracture mechan-
ics technology is already used for the evaluation of the flaws on
reliability of structure performance and the material sensitivity.
: The latter may lead to a definition of allowable flow or defect
"sizes within a design. Thus fracture mechanics techniques can be
used Lo evaluate the life of a structure after the the crack has
formed or flaw is defined. Therefore, the fitness for purpose des-ign:
i considerations is hased on fracture mechanics techunoloo: applica-
tions,[2] .

Also, the fracture mechanics is currently used in the design ol iuno=
¥ {1
| )

ivative welded structural joints such as in the field of oflsore
structures, and drilling rigs, 4} . Fracture mechianios enables the

owner to identify the vulnerable areas of the welded structure and

. hence to conclude rationale and more accurate design metnods, ESJ .

" Fracture meclanics is therefore Lhe (ool aud the science which enables

adesigner, an owner and also a fabricator to bLailor Lthe joints to )
serve at an environment, wade [rom a specific material, and fabricat-
ed with a known fabrication process and within a certain quality
control stundards. By this techuique more reliable and possibly more
economical welded structures could bhe designed, and fabricated.

2. DEFINITIUN OF FAILURE

" Failure may differ one from anotl.r as regards to their significance

in use [67 . The meaning of failure as used in the present analysis
depends on the fracture criterion chosen.

3. OBJECTIVES AND EXPECLLD BENEFITS

Cost effective control of the production of a welded joint in a
welded structure requires methods to handle quantitatively the .
involved parameters. This assessment covers the following objectives:

1. Definition of the required service performance, e.g., loads, :
extreme and lowest service temperature and the genéral parameters

which will give a quantitative measure of the performance of the
wveldment in service.

2., Methods of measuring the mechaunical properties of the weldment
and the quantity, size and the distribution of defect (if any).

3. Assessment of {he available welding processes and consumables for
maklng the weldment, and detailed specifications of the welding
procedures to be utilized.

The establishment of correlation among these three areas, provides a
rational and design specéfications and fabrication procedures to ’
balance the cost of a weldment against its qualit¥, and to make
decisions as to the extent to which present specifications and
standards can be safely relaxed to reduce initial costs. Neverthe—
less, welded joints have to he designed and fabricated to high
standards of quality to meet specific operational service require-
i ments(7] .
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‘However, it becomes necessary in the present climate of economic :
stringency to examine the possibilities of effective savings in cost
i by the acceptance of deliberate tolerable-defects, i.e., reductions:
in quality standards. So, it is important to assess qualitatively
and guantitatively the effects of the presence of such defects on
. the reliability of the welded joint to_ensure that these still meet
“their essential minimum requirements{8) .

The prime objective of the present work is to provide:

. L. A study of tolerable defect sizes baused on the failure criteria
discussed above.

2. The proposal of an apgraisal of the reguirement for varipus welded
joints that the industry may be in nee of.

The expected benefits on the other hénd may be summerized as follows;

. 1. The study will show the need of creation of Egyptian Welding
' Standards and the Egyptian Welding Code of Practice.

2. The ability of the designer to handle innovative welded joints.

3.1. PROBLEM DEFINITION

{ There is a basic problem in identifying the quality assurance and
the quality standards. This is due to the variety, in not only the
principals, but in the methodolgy of the application itself. This

: stimulates from the discrepancies within the different schools of
non~-destructive inspection, currently applied within the Egyptian
Welding Industrial Sector. If for example the product 1is to follow .

_ the German Welding Standards, thus it should be verified by the DIN

: Standards., If, however, the same product fabricated from the same
material, but welded within the requirements of the Japanese Welding
Standards, then the JIS Standards should be applied, and the same
rales apply to the A.W.S. Stundards and the DBritish Standards.

As & result of the variation in the requirements of each of the
above mentioned quality standards, the efficiency of both the welder,
the inspector and of the product itself, will dramatically, be affec-
ted. The cost of production will be increased, the speed in the line
of production will be decreased, and thus there is a need for the
e olution of the Egyptian Welding Standards. By these standards, :
: unification of the same product, material, and fabrication processes
and quality standards for the Egyptian Code of Welding Practice,
will serve in increasing the efficiency oi welders and the cost of

production will be minimized.

3.2 PROPOSED DEFECT-TOLERANCE APPROACH

In order to evaluate the defect tolerance, there are certain_ assump-
tions to be fulfilled. For example the reliability of the welded
joiant should be thouroughly defined and estimated to a certain pro-
bability level. :
The parameters should be considered within a scheme of work which
facilitate the estimation and the checking of the following:

1. The monitoring and the inspection intervals must be. determined
for the defective welded joint.

2. The time from the instant a crack or a defect has been discovereq
until remedial action could take place, Fig. 1 . :

3. The failure rate, which must be determined within a risk of
failure.

“. The risk of failure based on techno-economical considerations.

L.
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3.3. DEFINITION OF RISK OF FALLURE

?he risk is a vague term in the sense that the structure wiél during;

unctioning meet the chance of events which may in turn lead to bad
consequences, e.g., extreme cases that may lead to the loss of the
structure. The British Standards[8] defined the risk as, it is the
combined effect of the ccaurrence of an undesired event and the magw
nitude of the conseqguences of that event. So, the operator should,
and in many cases must know the extent of risk involved in activity
in which the welded joint is to serve.

% STRUCTURAL RELIABILITY OF WELDED JOINTS

. Structural reiability is th

t e prohability that the strength or
capability is in excess of loa

o
d or demand, equation (1) and Fig.2.

R=P (C>D) (1)

Strength characteristics, depend on geometry, absolute size, and
geometrical dimensions, defect tolerance limits, surface conditions :
. and environmental conditions. These parameters make the results of

‘ appraisal of welded Joints specifically designed to reflect the rele-
vant performance of the material in the structure under the critical
condition of failure for which the reliahility analysis is to be :
: made, may be of a complicated process 9§ -~ ii}

In the special case when C and D are normally distributed (accept-
able for extreme leads) the random variable which denotes the reser—
: ve strength, M, wi}l also follow novmal, distribution, with the
meéan M = C ~ D ard the variance, v 2 2 [13)
= 0D oD o

M C D
: Equation (1) may therefore be expressed in the form shown by equa-

tion (2)
b, - #0s] (2

: f
where,
-
£t 2 2
%, + S
D C
: The reliability therefore caun be expressed as:
R=1-7p 3)
% {
For other frequency distributions of 1gad and strength, equation (2)
can be in its general form tu he read as in equation (2).
+ @ D
Pf = f P(D) . J/ P(C). daCc . ap (4)
Sl +@

: Appendix A shows the relationship hetween defect-tolorance and the

reliability of failure. From this appendix it may be concluded that

the main difficulty in establishing reliability criteria is to give

. proper weight to the aspect of safety in relation to the economical :

‘ objectives. However), already today reliability criteria based on

probabilistic approaches are found wiihin the Regulatory and Stand-
ard Bodios.
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5. DISCUSSION AND APPLICATIONS .

Fig.3, shows the proposed analysis for re-apptaisal of welded joints,
while Fig. 4 gives schematic method for catagorization of welded )
: joints. The purpose of guality control programs and maintenance pro-
cedures, including periodic inspection maintenance and periodic tes-
ts of welded joints, is to improve their safety and reliability in
service. The ability to estimate, gquantitatively, the reliability

: improvement, enables us to perform optimization studies for both
quality control and maintenance procedures with respect to risk,
minjmum expected cost, or maximum utility. In additicen to the need

. of probability demnsities, fracture mechanics plays an important role
" for achieving and establishing defedts tolerance approach. The
computer program for the determination of the proposed defect-toler-;
. ance is shown in Fig.5.

" An assessment for some welded joints for which the current proposed
analysis has been carried out for different risk values and differe-;
.nt sizes. The material is assumed to be of grade I mild steel and
‘welded manually with a constant average amperage of 180 amps. and
mean welding velocity of 25 mm/sec. at an arc welding voltage of 25
volts. O0f course, the variation in one parameter of these stated :
: above will lead to variation in the results. However, the work is

" limited in this paper to the applications stated above, due to the
limitation in the size ¢f the material represented in this conferen-
ce. :

" Table 1 summerizes the results obtained for different quality of
welded joints based on data obtained from Refs.[2, 7 - 12

6. CONCLUSIONS

: Applications of the proposed defect tolerance approach as a ration—
ale in the appraisal analysis of welded joints lead to the following
conclusions:

: 1. Unification of the different codes currently applied within the
Egyptian Welding Industrial Sector, will ease in sorting out mest
of the confusion problems and hence increase the efficiency, and
productivity of the welders. :

" 2, There are still a lot of work to be done in the tield of defect-

tolerance approach, viz, effect of variation of welding charact-

eristics and parameters on the reliabilily of the welded joints .
containing defects. Also, in the safety assurance or the quality °
control the relationship of the uncertainties in the load predic-
tions, and the fabricated uncertainties is required to be establ-
iihed for defect sizes of different shapes and different orient-
ations. :

7. NOMENCLATURE

=R O =mU oaome o b

material parameter
defect size, a. critical defect size.
£ final crak length ay initial crack length
£ safety index
y C strength and mean of strength distribution.
p crack propogation parameter
s D load and mean of load distribution.
probability that one randomly chosen stress range will be
smaller than o '
stress intensity factor.
e critical stress intensity factor.
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‘k parameters depend on geametrical proparties of the weldes :

m Joint and the defect
cycles ot life to failure.

n cycles in stress spectirum .

‘P(c) probability density function of C.

P(D) probability density function of D.

¢ probability of failure.
notch sensitivity parameter.
reliability
standard deviation of the ?ariability of strength,distrib-
c ution. :
% standard deviation of the variability of load distribution.
VM variable of strength and load distributions.
X intercept of the stress spectrum relationship.
ﬁ inverse of the slope oi the stress spectrum relationship
X intercept of the response curve to failure.
: 5 slope of the response curve to failure.
o stress range.
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APPENDIX A

ASSESSEMENT OF DEFECT-TOLERANCE APPROACH BASED ON PROBABILISTIC
FRACTURE MECHANICS.

The intent of this Appendix is to highlight the different criteria
of defect tolerance Appreaches to quality copntrol. These approach- .
es can be seen in detail in Retferences [3-12] . The present approach
utilizes the assumption that the welded structural joint will be
subjected to a statiomary and ergodic random stress process, The
failure curve is based on equation (5).

N.Us;' =8 (5)

The crack or defect can be modelled on the bases of an estimated
Stress concentration factor, K , for the elastic range of leading,

by equation (6),[13] & ([14].
K't =1 + kw. Cm ./{a (6)

with

u

C = ‘__“"E_—”* and k = (1-2.a/w) for edge through

' W
thickness
,( 1-2.a/w )
- 1 ) k = !3””‘“”“77“” for central

L \{ l+2,a/w) through thickness
! defect.

Statistically, the following are the relerunt three variables for
the case of a welded joint:

a) Stress range ¥redictions may be based oi an exponential cumulati
ive probability distribution function of the form given by equa-
tion (7 ).

- po
Fle=) =1-ce (7)

Equation { 7 ) has been derived based on the assumption that the
number of cycles/in an applied stress spectrum is that of the form,
given by equation (8). '
Y
n=o,e P (8)
b) Defect or Crack propagation parameter

The parameters defined in the pParip-Erdogam crack propagation
equation are affected by material type, method of fabrication,
method of heat treatment, environment, loading rute and frequency
of loading. These paramelers nced Lo be delined and evaluated Dby
regression analysis of stress inteusity factor vs. crack propaga-
tion rate , 48 ., The failure equation described by equation %5 :

can be recal?gd to be that proposed by equation (9) .
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i- b.m 1- §.m %.m
L (af - a, )/(1- $.m).¢. 1t (9) .
1 i
Investigations carried out, show that there is a strong correlation

between ¢ and & indicating that a low C corresponds to a high &
) 3
and vice 5ersa. The residual stress is fgund to be one of the effec-:

. tive parameters playing an importans role especially at fusion areas.

c) Welding Defects

i Welding defects are in general the main causes of local change in

the geometrical contours of the falricated structure, which may 1egd_
to the appearance of sharp cracks or notches. It is recognized that :

: in the way of stress raisers the local stresses can he increased to

. particularily dangerous, i.e., there is the chance of

well above the average stress level., Obviously, it is at these places

of high stress concentration that sharp notches and defects are :
f creating a notch

‘within a stress raiser, thus superimposing discontiuuity effects.

Welding defects should be categorized into main respective and dis-
tinctive types. The ones which could be tolerated must be statistic-:
ally represented, e.g., by equation ( 10 ), and the ones which are
not tol be-tolerated need not -be defined here.

(10)

a — am A
f(a) = &15a) ce ( )

where a , )\ and Sa are statistical parameters need to be defined

Sa

. for themdistribution of the tolerable defecl sizes.

Tabie (1)

7
N @a 10 cycles to fallure, & = 3.0

a
9
quaLITY =308 P a6 % P s 2.3 % 53'*
diie ! ' ‘ 231 .
velde K ~
joiat Lry a5 t Lin I K Ken §3  ae P Lo B
from KF(5)
w 33.0 37.0 5.3t 25.% 29.0 32 5.50 22.0 25.0 28,0 §.72 19.2 15,0 0.884%
G 39.0  AJ.0 0 3.60  29.3 33.5 38 A7 26,0 29.0  33.0 A.93% 22.7 3.0 0.360
P2 30.0  55.0  3.56 %0.0 A2.0 50 3.70 34.3 38,0 4.0 &.09 30.2 4.0 0.403
4 56.0  06.0 3.18  45.3 A7.0 57 3.38 39,1 40.0 3.0 3.%8 33.0 j.0 Q.750
E 69.0 82.0 2.356 36.3 57.0 o8 2.79 A7.0  47.0  57.0 3.04 39.1 2.0 0.783
D 74.0  90.0 2,40 62.u 63.0 76 2.5 32.0 53.0 65.0 2.70 44.6 1.5 0.700
c 102.0 124.0 1,73 83.14 9.4 109 .73 7%5.0  738.0  jo.Q 1.8} 65.9 Q.50 0.3591
] 124 145.0 L.} 100.0 1118 130 L.43 89.2  1000.0 117.0 1.43 3043 0.5 0.51%
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GIVEN THE MECHANICAL
PROPENTIES AND THE
MARGIN OF SAFETY AT A
DEFINED VALUE OF
PIOUBABELITY OF FAILURE

MODLKY THE DESIGN

AND ESTIMATE TiHE NLW

WELUING PARAMETERS

FOR A GIVEN DESIGN OF
WELDED JOINT

[

DETERMINE THE ALLOWABLE
DESIGN STHESS oo

AND THE MINIMUM RESIDUAL
STALLC STRENGTH,qgr

cuoosL T

I OPTIMUM WELDING

You PARAMET ERS
| ASSUME DEFLCT SIZE AND
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GO To NEXT
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Fig. (3) + Flow Chart For The Cumputer Program KFor The Proposed Defect-

Tolerauce Approuch.
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