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SUMMARY

This report describes the SINTAP procedure for strength mismatched structures. Fol-
lowing the structure of the SINTAP homogeneous procedure, various levels of the mis-
match procedure are set out, depending on how much information on (material stress
strain) data is available:

only yield stress is available

both yield and ultimate stresses are available

full stress strain data are available

the J integral is available
In the lower levels, the assessment equations are specific to the type of materials:

both materials exhibit a Liders strain

both materials do not exhibit a Llders strain

only one material exhibits a Liuders strain.

Detailed assessment equations are given in Section 2. The resulting assessment

curves for various levels are compared in Section 3 through worked examples.
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1. INTRODUCTION

1.1 Brief Review of Existing Procedures : modified R6 and ETM-MM methods

The SINTAP procedure for mismatch, described in this report, is based on two
existing assessment procedures specific to the strength mismatched structures,
the Engineering Treatment Model for Mis-Match (ETM-MM) [1,2] and the R6
method modified for strength mismatched structures (modified R6 method) [3],

which are two most complete procedures for defective welded structures.

One of the main features of the ETM-MM method is to introduce the mismatch
strain hardening exponent from which the crack driving force of the defective
structures with strength mismatch is extrapolated. On the other hand, in the
modified R6 method, the concept of an equivalent material is introduced, which
makes the homogeneous assessment procedure applicable. Most importantly,

both methods share one common feature, mismatch effect on yield (limit) loads.

1.2 Mismatch Effect on Yield Load

It is now widely accepted that the mismatch effect on the yield (limit) load is the
most crucial parameter for defect assessment methods specific to strength
mismatched structures. Within SINTAP, such mismatch yield load solutions
have been generated for a number of geometries. Those solutions have been

reported to Task 2.6: Collation of limit load solutions (see [4]).

1.3 Compatibility between FAD and CDF
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The assessment results can be interpreted either in terms of Failure Assess-
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ment Diagram (FAD) or in terms of Crack Driving Force (CDF) diagram. The

compatibility between FAD and CDF representations is discussed in [5].

1.4 Compatibility between ETM-MM and modified R6 methods

Although the way to treat the strength mismatch effect in the ETM-MM method is
different from that in the modified R6 method, it has been shown that both ETM-
MM and modified R6 curves are very close and show excellent agreement with
the FE results [6,7]. Such compatibility provides confidence of existing proce-
dures. The SINTAP procedure for mismatch which will be provided in this report
is developed by blending the essence of two existing assessment procedures
with minor adjustments.
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7.1998 (1st revision)



s

SINTAP/GKSS/16

2. RECOMMENDED ASSESSMENT CURVES

Detailed assessment equations specific to the strength mismatched structures
are given below. A general structure of mismatch procedure follows that of homogene-
ous procedure: the assessment curves depends on how much information on material
stress strain data is available and on whether the material is expected to exhibit a
Liders strain or not. The levels of the mismatch option are illustrated in Fig. 1, together

with the appropriate section number in this report.

SINTAP Procedure for Mis-Match

Only Yield Stress \( Yield and Ultimate Full Stress-Strain J Available
Available Stresses Available /\ Curve Available

Liiders strain for both materials Sec 2.3 Sec 2.4

Sec2.1.1 Sec2.2.1

Continuous hardening for both materials
Sec2.1.2 Sec2.2.2

Otherwise

Sec2.1.3 Sec2.2.3

Fig. 1 : Summary of SINTAP mismatch option.
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2.1Level 1 (Only Yield Stress Data Available)

2.1.1 Luders strain expected for both base and weld materials

Where only yield stress is available and both materials are expected to ex-

hibit a Luders plateau, then the function

® 1 6-:/2
flL )=C1+=02% 2.1
()=g+207 (2.)

max__

isused up to L=L,; =1 (or equivalently F=Fyy).
2.1.2 Luders strain not expected for both materials

Where only yield stress is available and Luders strain is not expected for

both materials, then the function
-2
_& 1,0 >§ 6 ¥
f(Lr)_ gl+ L, T3 +0.7 exp (0.6 &rx (2.2)

is used up to L=L"*=1+(150/YS)*°, with YS being the lower of the yield

stresses of the two materials.
2.1.3 Luders strain not expected only for one material

Where only yield stress is available and Luders strain is not expected only

for one material, then eqgn. (2.2) is used up to L,=L,"**=1.:

i/
> 1 2(’:’) 7 6 <
flL)=C1+=12 »0.3+0.7ex (0.6%1_)‘]' 2.2
(r) e 2 'g € P r (2.2)
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2.2 Level 2 (Yield and Ultimate Stress Available)

2.2.1 Luders strain expected for both base and weld materials

If both materials exhibit a Liders plateau and when yield and ultimate

stresses are available for both materials, then eqn. (2.1) is used for L<1 (or
F<FY|V|):

1/2

& 1,0
flL )=CG1+-L"~ 2.1
()=g+o07 (2.)

At L=1 (or F=Fyy), the function f is taken as discontinuous and reduces to the

value f(1), which is dependent on the extent of the Ltders strain. Denoting Dew
and Deg as the extent of the Liders strain for the weld metal and base plate, re-

spectively, the function f(1) is expressed as

2 Lol
f()=Cl , +——=
O=3 w5y

| :(FYM/FYB-]')W+6/I_FYM/FYB)B

)

(2.3)
E,, De E
|, S14-W—W | ooy s D&
Svw Sys
*e s P > S .
De, =0.0375 {}1- YW 9 De, =0.0375 91_ ig
e 1000 @ e 1000 @

where M=s yw/s yg and the corresponding Fyw/Fvg is evaluated at M.

For L>1 (or F>Fyy), the following function is used up to L,=L,"**;

i, )= 16 L. )(N”'l)/ o (2.4)

1 03 0O
L= =@+ —— (2.5)
2é 0.3-N,@

The strain hardening exponent for mismatched component, Ny, in egn.(2.4) can
be estimated as follows. The hardening exponent for the weld and base mate-

rial, Ny and Ng, can be estimated from
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10

S, O 0
Ny = o.3§- T Ny = o.3§- YB; (2.6)

S uw UB

S
M-
(72}

The hardening behaviour of the mismatched component depends not only on
the hardening capacity of individual material but also M and the resulting
FYM/FYB:

Ny = (-2) 2.7)

(FYM /FYB - l)/NW + 6" - Fym /FYB )/NB

Note that M=s yw/s yg and the corresponding Fyu/Fys is evaluated at M.

2.2.2 Luders strain NOT expected for both base and weld materials

(Level 2-1) If both materials do not exhibit a Luders plateau, then the function

given by eqn. (2.2) can be extended up to L,=L,"%, defined by eqn.(2.5):

=12
& l O P N
flL, )=C+=12% o3+0.7 (0.6&62 2.2
(r) é 2 rg e eXp r ( )
1€ 03 O
ernax: o L (2.5)

2€ 0.3-N,92

Note that Ny, is determined according to egns. (2.6) and (2.7).

(Level 2-2) Alternatively, for L,J1,

_1/2
Fo1et gaenrnnfn)
f(_r)_g“erﬂ >!§.0.3+0.7exp-mM>Lr (2.8)

with my, calculated from

(o-)

T o fee - Ym0 F SR ) 29
m, =0.001 %= . m =0.001 x—-

YW S YB
Note that when the calculated value of m,, my, or my can not exceed 0.6; 00,

my, NmgJ0.6.

4.1998

7.1998 (1st revision)



s

For L,>1, the equation is then continued by eqgn. (2.4) up to L=L,"%, defined by
egn.(2.5):
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)= G .

1 03 0
= =g — (2.5)
2é 0.3-N, @

In egn. (2.4), the value f(1) is evaluated from eqgn.(2.8) with L,=1. The value of
Nw is estimated from eqns. (2.6) and (2.7).

2.2.3 Luders strain expected for only one material

This is the case when yield and ultimate stresses are available for both materi-

als, and only one material is expected to exhibit a Luders plateau.

For L<1 (or F>Fyy), egn.(2.8) is used with the term involving mfor the material

with a LUders plateau set to zero. For instance, if the weld metal does not have
any Luders strain, then

()

Ew
m, = ; m, =0.001 *——
(:YM /FYB - 1)/mN Syw

(2.10)

At L,=1, the function f can be discontinuous and reduced to the value f(1) given
by egn.(2.3) with | =0 for the continuous hardening material; for instance, if the

weld metal does not have any Luders strain, then

L-1l2
10

2l y @
0.0375 X, & s, 0
=1+ 8 Gp- —B

:(M'FYM/FYB)B_l O

| g = Y
M (M - 1) ® S,;, € 1000 @

(=0, +
© 2.11)

For L>1, the function given by eqn. (2.4) is used up to L=L"%, defined by
egn.(2.5).

4.1998 9
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2.3 Level 3 (Full Stress-Strain Data Available)

Where full stress-strain data for both materials are available, the function

1l

e'® 0.5.2 .
f(L ) é g(®) ée(e)/s(e)x; (2.12)

can be used up to L=L"®, given in egn. (2.14) below. In egn. (2.12), &
the true strain obtained from the uniaxial stress strain curve for the equivalent
material at a true stress s=L,sy.. The stress strain curve for the equivalent

material is given by

s“@)- e @(M)+ (T) )= ) (2.13)

Note that Fym/Fys in eqn. (2.13) is defined for M=M(e”)=sw(€")/ss(e") at a

max

number of plastic strain values €”. Accordingly, the cut-off L™ is defined by

the equivalent yield stress sy, and the equivalent flow stress S as

Lmang /S

(2.14)
o= $u Yoo € Yoo ) 5 =l )5

2.4 Level 4 (J available)

Where a solution for J from mismatched geometry is available, the function f is
defined by

2

i()=¢ e (2.15)

given by eqgn. (2.14).

max

up to L=L;

4.1998 10
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3. WORKED EXAMPLE

In this section, the various levels of assessment curves given in the previous
section are compared. Using various “real” stress strain data, simulated welds were
produced with an idealised weld configuration (rectangular, Fig. 2), having a wide range
of mismatch ratios. The level 2 and 3 curves were generated according to the equa-
tions given in the previous section, whereas the level 4 curve was obtained from the J

integral determined from the FE analysis.

Note that, unlike the homogeneous assessment curves, the assessment
curves (levels 1,2 and 3) for the mismatch option are geometry dependent through the
mismatch specific limit load solution. In the examples shown in this section, the centre
cracked tensile (CCT) plate with a/W=0.5 and (W-a)/H=3 was considered, of which the
geometry is depicted in Fig. 2. Both plane strain and plane stress conditions were

considered.

Figures 3a-3c show the results for the case where both materials exhibit
Liders strains. Figures 4a-4c show the results for the case where both materials do not
exhibit Luders strains. It can be seen that the higher level curves lead to less conserva-
tism. It should be noted that the tendency is very similar to that of the homogeneous

SINTAP assessment curves.

Base <2, 4 Sug
M=S. ., /S Sw
< e ¢2a oW —»
a/W=0.5
(W-a)/H=3 Weld v CCT
Fig. 2
4.1998 11
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APPENDIX : SUMMARY OF ASSESSMENT EQUATIONS
- SINTAP MISMATCH OPTION

Level 1

Liders strain expected for both base and weld metal

-1/

1 ZQ max
f(Lr):91+—|_r- for L, ELM™ =1
e 2 '@

r r

Luders strain not expected for both base and weld metal

-1/2 .

b7 y 50 §

f(L) §1+—L- £0.3+0.7exp (o.exf’% for L, EL™ :1+i§—f
& evs o

Luders strain expected only for one material

r r

=12
f(L) (;1+_|_9 ><203 +O.7exp(—0.6>(_6rx for L £L™ =1

Level 2

Luders strain expected for both base and weld metal

-1/2
f(L) 91+—|_— for L, <1
-1/
2 10
f) =Gl , +——~ for L, =1
e 2l o

, 00375 €, % Syw 0 B , 0.0375 X, gle Syp O
Syw € 1000 @ sYB e 1000 @

f(Lr)=f(l)><(Lr)(NM-l)/2NM for  1<L, L™ = 1808

2e 03Nﬂ

2.5
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s

Luders strain not expected for both base and weld metal

Level 2-1
e 1 5V 12 0.3 §
0 5 ) . 0
f(Lr)=§1+—L2r* 0.3 +0.7 exp (0.6&6,); for L, ELM™ = —@+——7
e 2 'og e 2€ 0.3-N, @
Level 2-2
/2
> 1 0 z <
fl)=a+-12" >€o.3+o.7exp(2rm &?X for L, £1
e 2 g €
()
nl/l =
(:YM/FYB_l)/mN +(M-FYM/FYB)/n‘é
EW EB
m, =0.001 x—— m, =0.001 X——
YW SYB
-1Y2n 1 03 O
TS IRIAY S i LTNRVIRRPTCEE S JE ERE
2€ 0.3-N, @
(v-1)
R W e (1 R/
Frm /FRg = 1Ny M- K /Ke JNg
S,y O S,z 0
N, = o.38?-ﬂ*; Ng = 0.351-&*
€ Syu @ € S0
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Luders strain expected only for one material, for instance, if the weld metal

SINTAP/GKSS/16

does not have a Luders plateau,

o2
_& 1,0 A 6 \
f(-r)—§1+—L,T 0.3+0.7exp(-2m, 1%} for L, <1
e 2 g €

(v-1) Ey
m, = : m, =0.001 ¥——
FYM /FYB - 1)/”1/\/ SYW
& 1 ]/2
f(1) =¢l |, +— for L, =1
e 20,
('V' Fym /FYB) 0.0375 X, & s, 0
I M ; I B :1+ gl' -
(|v| 1) Sve @ 1000 @

Ny -1)2N 1L
f(Lr):f(l)x(-r)(M Y 1<L EL = SR+
e 3-N, @
(v-1)

e (FYM /FYB B y (M Frm /FYB)/N

N, = 0. 391-M9' Ng = 0.391- ve O
€ Suw @ € Sy o
Level 3
(.j-l/z
Ee(e) 0.5L2
f(_ ) + S for L, ELM
Gs(e) ée(e)/s(e));
Sy b e}l )
st® e
(M 1
L™ =5,/ S
S LN QSN IENEI LN ES
Level 4
-1/ 2
®)
f(_r)= g\%; for L, EL™
ernax :_ y
s 2: (ep)/YB (epx>s é) :(FYM /FYB)>SYB
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