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ABSTRACT

Dissimilar weld joints in the safe end of nucleaegsure vessels are more susceptible to stressgiorr cracking
(SCC). Microstructure and material property in thiekel-based alloy weld especially the high hardgnasne (HHZ)
are quite complicated and different from the bulktenial, which make it more susceptible to SCCclkoify the
effect of sampling location on SCC driving forceaaf Alloy 182-A533B dissimilar weld joint, an inhogeneous
mechanical property model is established, the minexhanic fields at SCC tips in the HHZ with digf@rsampling
location are analyzed. The results indicate tha thicro-mechanic field is obviously influenced bg material
property of the HHZ. The equivalent plastic stralread of crack tip may be a more effective mechaparameter
in describing mechanical state close to the SCCTie crack growing will be retardant when the drac Alloy
182 weld propagates from the dilution zone (DZ)amg low alloy steel (LAS). The yield stress jumphie HHZ
will lead to a decreased crack growth rate.
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INTRODUCTION

In the primary loop recirculation (PLR) piping disslar weld joints, Alloy 182 are widely used asnaeld filler
metal to join LAS reactor pressure vessel (RPV) prassure vessel nozzles to austenitic stainlesd €6S) [1].
The material and grain boundary properties of didar metal weld make it has higher SCC suscejtthan bulk
LAS or bulk SS. It has been found that the highghftemperature yield strength of Alloy 182 couldguce high
weld residual stresses [2]. Recent work on compiegrostructure characterization of FB region in Alfoy
182-A533B dissimilar weld joint revealed that thernow zone near FB had the highest residual stmadhhardness
in weld region, which led to changing of mechanjmalperty and corrosion resistance [3-5].

In previous fracture research, a weld joint wasallgisimplified as a sandwich-like configuratiorcinding the base
metal (BM), the weld metal (WM) and the heat effemhe (HAZ) [6]. It is almost impossible to pred®EC growth
rate around the FB line because of the discontisunaterial mechanical parameters. In this papeclafy the
effect of sampling location on SCC driving forceaissimilar weld joint, an inhomogeneous mecharpcoperty
model is established to simulate the complex mechhproperties of the nickel-based alloy weld. €nthe same
load K|, the local stress-strain fields ahead of propagatrack tips were calculated by using elastictfulamite
element method (EPFEM). Moreover, the local micrechanic fields at SCC tips are analyzed with el2@mm
thick compact tension (CT) specimens in differarhpling locations.

CALCULATION MODEL

Fig. 1 shows the result of Vickers hardness (HVasugements in an Alloy 182-A533B LAS dissimilar d/gbint,
indicates the narrow HHZ around FB line had thehbgy hardness in the weld joint [7]. The focus @agn this
study is the HHZ around FB line, and its widthupgosed to be 10@min Fig.1(b).
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In Fig. 2, the dissimilar weld joint has five kindEmaterials, i.e. Alloy 182 buttering & weld, tb&, the HHZ, the
heat affected zone (HAZ) and the A533B LAS. Andr¢hare eleven specimens near the FB region wifardiit
sampling positions. Mechanical relation of all ta@saterials is represented as the Ramberg-Osgoati@y

& g g
Z=ZsalZy

& O O (1)

Where oy is the yield strength of the materia),is the yield strain of the material,is the dimensionless material
constant and is the strain hardening exponent. The correspangliald strengths were calculated by a linear
relationship between hardness and yield strengthllowing the determination of yield strength,, the
strain-hardening exponents with different yielé&stiths will be estimated according to Eq. 1 [8].
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Where,x= 0.163.
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Fig.1 Profile of micro-hardnessin the Alloy 182-A533B dissimilar weld joint (a) and in the HHZ (b) [7]
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Fig.2 Schematic diagram of the sampling positionsin an Fig.3 Geometric shape and size of a 0.5T-CT
Alloy 182-A533B LAS dissmilar weld joint specimen. (where W=25 mm, a=0.5W)

A compact tension (CT) specimen with a constard Kawas used to measure SCC growth rate in high teatyrer
water environment [9]. Since the width of the HHAsnsupposed to be about A00[7], the numerical tests with
eleven 0.5T-CT specimens were performed to invattighe micro-mechanic field at SCC tip in the Hiith
different sampling location in an Alloy 182-A533Bssdimilar weld joint. This numerical simulation pess was
guided by American Society for Testing and MaterighSTM) standards [10]. Geometric shape and sfza o
0.5T-CT specimen are shown in Fig. 3.

The material mechanical properties of differentein three specimens are listed in Table 1. Ysttdss and
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hardening exponent of the DZ, HHZ and HAZ are igietl because these parameters are changing aloresr
straight lines. Fig. 4 delineates the changingdysttess of the DZ, HHZ and HAZ.

Table 1 Material mechanical parametersfor the FEM simulation

) Young's modulus Poison ratio  Yield stress . Constant
Material Hardening exponemt
E (MPa) v o0 (MPa)

Alloy 182 193 000 0.288 385 4.779 1.0
DZ,HHZ,HAZ 193 000 0.288 - - 1.0
LAS (A533B) 193 000 0.288 440 5.333 1.0
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Fig.4. Yield stress of the 0.5T-CT specimen(a) and near the HHZ zone (b)

RESULTSAND DISCUSSION

To investigate the mechanical affecting factorstlom dissimilar weld joint SCC behavior, the locatahanical
parameters such as stress, plastic strain andcplaste in the crack tips under the loading paramef stress
intensity factork, were analyzed. The constant lokd of 25 MPa-ri? is adopted in this SCC experiment of
simulated LWR environments.

1. Estimation of the characteristic distance

For a specific SCC system, the distance from a igr@wrack tip, t’, is expected to be dependent on mechanical
properties and loading, which can be taken as aifgp&alue of characteristic distance,': Therefore, before
analyzing the local mechanical field, the criticsHue is to estimatg. Considering that mechanical field near crack
tip would be pertinent to SCC growth, it would lB&asonable fory to be a smaller value than the radius of plastic
zone [9]. In Fig. 5, by comparing the radius ofstilazone in the crack tip when the equivalenttasrain is 0.2%
with different sampling locations, the reasonabigtathce is determined to be 2@n. All the local mechanical
parameters are taken at a characteristic distage20um) ahead of crack tips with eleven sampling location
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Fig.5 Radius of plastic zonein the crack tip when itsequivalent plastic strain is 0.2%
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2. Analysis of micro-mechanic field at SCC tip

Von Mises stress at a characteristic distamge20 um) ahead of crack tips with different sampling lécas is
shown in Fig. 6 and Fig. 7, which means the stness crack tip can be significantly higher in athigeld stress
material than that in a low yield stress materiader the same loald,. In Fig. 6, the high stress areas are always
close towards the zone with the highest yield streghere the distancg@l) reaches the FB line is -0.0Bm
Comparing Fig. 7 and Fig. 4(b), the stress is hetrhaximum in the zonel£-0.02mn) with the highest yield stress.
It indicates that stress is obviously influencedtoy material property of the HHZ around FB line.
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Fig.6 Von Mises stress dlstrlbut|on inthe HHZ when d—-0.08 mm(a), d=-0.06 mm(b), d=-0.04 mm(c),
d=-0.02 mm(d), d=0 mm(e) and d=0.02 mm(f)
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Fig.7 Von Mises stress at a char acteristic distance ahead of crack tips

Equivalent plastic strain and plastic zone aheadra€k tip is shown in Fig. 8 and Fig. 9, where #t&in is

significantly lower in a high yield stress materiahn that in a low yield stress material. In Fdgthe low plastic
strain areas are always close towards the zonethatlnighest yield stress, where the distafiyeeaches the FB
line is -0.02mm Comparing Fig. 9 and Fig. 4(b), the strain is th@imum in the zoned&-0.02 mm) with the

highest yield stress. This result indicates thatdfiect of material properties in the HHZ arourillfre on strain is
smaller than that on stress. The equivalent plasdtain ahead of crack tip may be a more effecthexhanical
parameter in describing mechanical state closka&CC tip. The crack growing will be retardant whige crack in
Alloy 182 weld propagates from the DZ towards LAS.
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Fig.8 Equivalent plastic strain distribution in the HHZ when d=-0.08 mm(a), d=-0.06 mm(b), d=-0.04 mm(c),
d=-0.02 mm(d), d=0 mm(e) and d=0.02 mm(f)
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Fig.9 Equivalent plastic strain at a characteristic distance ahead of crack tips

CONCLUSION

Significantly higher stress and lower plastic straear crack tip can be found in a high yield stremterial than
that in a low yield stress material under the séoae K,. The effect of material properties in the HHZ ardu-B

line on strain is smaller than that on stress. &tpgivalent plastic strain ahead of crack tip maybuore effective
mechanical parameter in describing mechanical stage to the SCC tip. The crack growing will beardant when
the crack in Alloy 182 weld propagates from the @@ards LAS. The yield stress jump in the HHZ véidd to a
decreased crack growth rate.
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