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Creep Behavior of a Large 
Full-Size Welded Austenitic 
Steel Plate 
The high-temperature design codes are presently considering the use of stress reduc­
tion factors for designing welded structures submitted to creep. These reduction 
factors are derived from creep tests which are generally made on small specimens 
and are not necessarily representative of large-size geometries. These codes are very 
likely overconservative, consequently uneconomical and need to be improved; an 
investigation to assess and quantify the supposed size effect is required. This paper 
presents an experimental and numerical study on creep behavior at 60CPC of full-
size welded joints taking into account real full-thickness of weldings. The material 
investigated is the austenitic stainless steel 316L(N) with manual metal arc welds 
using the 19 Cr 12 Ni 2 Mo electrode grade. The creep laws used in calculations 
are those obtained from tests using small specimens, but some coefficients of their 
theoretical formulation have been modified to obtain a better coherence with full-
size specimen data. Between small and large full-size specimens, experimental results 
show no significant difference in time to rupture, and the same location of fracture, 
at the center of the weldment, is observed. Finite element simulations performed for 
full-size welded joints provide rupture times that are consistent with measured values. 
The calculated percentage of the damaged volume in the weld metal as a function 
of load levels and of creep-time duration is studied; it shows that the creep-rupture 
times for high stress loading are determined with higher accuracy than for low stress 
loading. 

1 Introduction 
Nuclear components in high-temperature plants, such as pres­

sure vessels or sodium circuits in fast breeder reactors, are often 
designed to operate in the creep range. A very high level of life 
assurance of these components is required since their service 
life is long (30-40 y). They usually contain welded joints and 
the overall structural creep behavior of these welded joints is 
in most cases of a complex nature. In many situations, creep 
deterioration of weldment during high-temperature operation 
is responsible for failure in elevated temperature components. 
Additionally, laboratory creep rupture experiments show that 
creep damage first occurs in or in the vicinity of the welds when 
the predicted stress level in the weld region is about the same 
as that in the base metal. 

A welded joint typically consists of three constituents: weld 
metal, heat-affected zone (HAZ) and base metal. When this 
joint is subjected to creep loading, each constituent shows a 
different creep characteristic. With regard to the welding pro­
cess, weld deposits for austenitic stainless steel welds are re­
quired to have a minimum ferrite content to avoid hot cracking 
during welding. In addition, for components which are exposed 
for long times at elevated temperatures, an upper limit is im­
posed to the amount of ferrite in weld since ferrite undergoes 
transformation to brittle phases, such as sigma phase, during 
aging. Such phases are detrimental for the toughness evolution 
of the weld metal during service and for the creep ductility. On 
top of this, some chemical or residual elements (e.g., carbon, 
molybdenum, nitrogen, boron, phosphorus) are known to affect 
the elevated temperature strength and ductility of austenitic 
weld metals (Lundqvist and Anderson, 1982; Klueh and Ed­
monds, 1986; or Ohrt and te Heesen, 1991). These geometric, 
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material and metallurgical discontinuities at welded joints thus 
complicate the evaluation of the component long-term structural 
integrity. 

Currently, in the different design codes applicable to elevated 
temperature nuclear components such as the ASME Boiler and 
Pressure Vessel Code Case N-47 (1989) or the French code 
RCC-MR (1993), the creep-related design rules take account 
of the welded joints through a creep strength reduction factor 
which is primarily based on the stress rupture properties. These 
factors have been introduced for different types of welded joints 
on the basis of the analysis of the stress-to-rupture response of 
different weld metals. They relate the mean stress-to-rupture of 
each weld metal to the mean stress-to-rupture of the base materi­
als, and are tabulated for different temperatures and times for 
several types of austenitic welds. Some of the background, logic 
and experimental validation of the factors used in the Code 
Case N-47 were provided by Corum (1990). In his work, a 
series of creep rupture tests carried out on simple welded plate 
and tubular structures fabricated from 316 stainless steel welded 
with 16-8-2 filler metal were also presented; the results tended 
to substantiate the validity of the strength reduction factor ap­
proach. Some designers, for example, Samuelson et al. (1992), 
stated that this approach, using a stress reduction to account 
for weldments, do not adequately account for the effect of the 
weldments on the load carrying capacity of the structure in the 
creep range. They suggested that an improved design methodol­
ogy is one where the influence of the creep properties of the 
weld and HAZ materials, the geometry of the weld preparation 
and the loading conditions are considered. 

Other works on the creep properties of austenitic welds are 
also relevant here. In the majority of cases the reported results 
have been obtained using standard size creep specimens (diame­
ters 4 to 8 mm) and describe mainly the creep properties of 
different weld metals. Furthermore, Wood (1985) and Mathew 
et al. (1993) have given evidence that the rupture properties of 
many grades of welds are inferior to those of the corresponding 
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Fig. 1 A quarter of the specimen geometry—(a) dimensions (millimeters), (b) plane-stress finite element models 

base material. Senior (1990), Smith and Farrar (1993) also 
showed that manual metal arc deposits of nominally the same 
composition can exhibit very large differences in creep prop­
erties. 

These aforementioned results were acquired by using small 
test specimens and the influence of specimen geometry on creep 
test results for welded joints are not discussed. Some designers 
claim that geometry size effect on the results could be signifi­
cant. Using finite element techniques, to predict creep behavior 
of welded joints in AISI 316 at a temperature of 600°C, Roode 
et al. (1980) showed that, for the same axial stress, the value 
of equivalent stress is lower in the large thick plate than in the 
standard size creep specimen machined across the weld. They 
also demonstrated that the axial creep strain in the weld metal 
is higher than that in the base metal, and this is different from 
the creep strain distribution in the standard test specimen. Simi­
lar work, concerning the creep behavior of welded joint of 304 
stainless steel at a temperature of 550°C, was performed by 
Yamazaki et al. (1991). They established that the fracture took 
place in the base metal for small specimens, whereas it occurred 
at the weld metal for the large specimens. They also indicated 
that the change in location of fracture for small or large joint 
specimens was attributed to the plastic constraint at the base 
metal. Another interesting experimental and numerical study 
was presented by Dhalla (1991). He tested a full-scale 304 
stainless steel intermediate heat exchanger at a temperature of 
593°C and used finite element calculations taking into account 

one of the nozzles welded to the main cylinder. He observed 
creep rupture cracks in the weldments and revealed that the role 
of the residual stresses on creep rupture cracking is of secondary 
importance, and need not be numerically simulated in the ele­
vated temperature design of weldments. 

Faced with the lack of data on the practical behavior of large 
full-size (full-thickness) weld joints, a European program has 
been undertaken (CEC-BRITE-P2147, 1994). In this program, 
the experimental creep behavior of small and large specimens 
taken from the same welded joint was evaluated. Constitutive 
equations were derived for the parent and weld metals and these 
were applied in finite element analyses to predict the behavior 
of the large full-size specimens. The present investigation is 
realized as part of this European contract. The creep behavior 
at 600°C of a large full-size manual metal arc-welded plate has 
been treated experimentally and numerically. The aim is to 
assess and quantify the supposed "size" effect and also to 
determine whether the design codes are not too pessimistic by 
neglecting the constraint effect existing for small weld thick­
nesses and large plate thicknesses. Creep tests on full-size speci­
mens may give accurate results for base metal and for weld 
joint. 

This paper is divided into two sections. In the first section, 
the optimal geometric design of the specimen, the test condi­
tions and the determination of the creep law used are presented. 
The second section contains the finite element simulations and 
the comparison between numerical and experimental results. 
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Table 1 Comparison of numerical results for different geometries 

Loading Results Case 1 Case 2 Case 3 Case 4 Case 5 

a = 240 MPa 
y 

uy(mm) 15.09 9.44 13.66 9.56 17.04 

a = 240 MPa 
y 

^ ( M P a ) " ' 16 4 27 1 0 a = 240 MPa 
y 

1.15 1.12 1.38 1.25 1.35 

<7y=300MPa 

4 0 ^ (MPa) - 6 - 5 -

<7y=300MPa - 1.14 - 1.25 -

Extrapolation 2i^(mm) 247 192 230 195 250 

w Aayy = axial stress gradient in the reduced section 
*> GyM1 = maximum value of the Von Mises equivalent stress 

2 Specimen Optimal Geometric Design 
The creep rupture tests were carried out at a temperature of 

600°C and conducted on a heavy loading 250 tons hydraulic 
machine equipped with a thermal furnace. The 316L(N) austen-
itic stainless steel plate used for the specimen fabrication is 
rectangular, with a length of 1320 mm, a width of 190 mm, 
and a thickness of 25 mm. To perform creep tests up to rupture 
with an as-large size dimension specimen, a study to define 
and optimize its reduced section, using parametric elastoplastic 
calculations, was necessary. The main objectives of these calcu­
lations are: 

• to obtain a final total elongation lower than the maximal 
displacement (200 mm) of the actuator-test apparatus, 

• to achieve an axial stress in the active part of the specimen 
as homogeneous as possible, 

• to minimize the maximum von Mises stress intensity. 

For these preliminary calculations, the specimen was assumed 
to have no joint and to be at a homogeneous temperature of 
600°C. Five finite element elastoplastic calculations were per­
formed on five different geometries, as defined by (see Fig. 
1(a)) : 

case 1: a = 45 deg / = 62.5 mm 
case 2: a = 60 deg / = 50 mm 
case 3: a = 90 deg / = 62.5 mm 
case 4: a = 90 deg / = 50 mm 
case 5: a = 90 deg I = 62.5 mm 

h = 62.5 mm (Ml = 1) 
h = 75 mm (hll = 1.5) 
h = 62.5 mm (Ml = 1) 

h = 88 mm (hll = 1.76) 
h = 125 mm (hll = 2) 

Given the symmetries, only a quarter of the specimen was mod­
eled. Two types of the mesh, using eight-node plane-stress ele­
ments, were realized (Fig. 1(b)). The material characteristics 
are given by the RCC-MR code. Young's modulus and Pois-
son's ratio are, respectively, equal to E = 145,000 MPa and v 
= 0.3. The stress-strain curve is that identified by Piques and 
Pineau (1984) and can be defined here by its best-fit function 
a = ken

p + Rp02, with k = 1246, n = 0.807 and Rpm = 122 
MPa; RpQi indicates the yield stress determined for a plastic 
deformation of 0.2 percent. The loading consists of a specimen 
tension with axial stress in the reduced section increasing up to 
300 MPa. This maximum stress level is necessary to limit creep-
rupture times to between 1000 and 3000 h. The calculations 
were performed with the general finite element INCA (1986) 
code. From elastoplastic calculation results, the final total elon­
gation was estimated by a simple extrapolation method. This 
method considers an equivalent geometry of the half-specimen, 
composed of two bars connected in series. These bars, with 
lengths of (L = x) and x, represent the current part and the 
useful part (reduced section) of the equivalent structure, respec­
tively. Their corresponding elastoplastic deformations e^ and 
ex, assumed to be constant in each bar, are these determined by 
the elastoplastic calculation at the top and at the center of the 

specimen, respectively. Using the definition of the deformation 
e = Ln((L + uy)IL), with uy the elastoplastic elongation, x can 
be determined by the following expression: 

1(1 - exp(e^)) + uy 

exp(e j - exp(eLt) 
(1) 

In this method, the value of x, determined from the elastoplastic 
calculation results (ex, e^, and uy) is supposed to remain con­
stant. The final total elongation is then calculated by the follow­
ing formula: 

4 = (L - x)(elmm + ec) + 0.63* (2) 

total elongation of 
current part 

total elongation to 
rupture of useful part 

where e(max is the elastoplastic deformation at the end of loading, 
ec is the creep deformation supplied by the RCC-MR code, and 
the coefficient 0.63 denotes the total deformation at rupture of 
the useful part (63 percent represents the maximum value of 
the material ductility at rupture at 600°C). Table 1 gives the 
calculated results for two values of loading, 240 and 300 MPa. 
In all cases, the von Mises equivalent stress and the axial stress 
are almost identical; their maximum value is observed in the 
fillet (interface between the current part and the useful part). It 

Specimen thickness 

Fig. 2 Deposited weldment 
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Fig. 3 Geometry of the large full-size specimen—(a) dimensions in milli­
meters; (b) general view of the four extensometer setting points 

is shown that, among the five studied cases, the best compromise 
determined by this method is the geometry of case 2 with a = 
60 deg. For this latter, the stress gradient in the reduced section 
as well as the local amplification of the von Mises equivalent 
stress is extremely low, and the final elongation (more pessimis­
tic than the reality) is the lowest and corresponds to the maxi­
mum stroke permitted by the test apparatus (200 mm). Finally, 
this geometry (case 2) was adopted for the fabrication of the 
large full-size plate specimens. 

3 Experimental Program 

In this investigation, due to the complex experimental imple­
mentation, only two full-size weld joint creep tests at 600°C 
were performed under two stress levels, 240 and 265 MPa. In 
order to evaluate the creep performance of the full-size joint 
from experimental and computational points of view, more ex­
perimental data were required; creep properties of the base and 
weld metals, obtained by using conventional small specimens, 
were then used at the same time. These results from small 
specimens were provided by the RCC-MR code, by Escaravage 
et al. (1993), and also from our own available laboratory data. 
The latter results were augmented by those obtained from our 
own additional tests which were carried out at 600°C and under 
load stresses of 240 and 265 MPa, as described in the forthcom­
ing. 

3.1 Full-Size Welded Specimens The material investi­
gated for the specimen welded joint fabrication is the austenitic 
stainless steel 316L(N) with two kinds of X-butt weld: manual 
metal arc (MMA) and tungsten inert gas (TIG) welds. For this 
study, only the MMA weld is considered and the electrode used 
for welding is of grade 19 Cr 12 Ni 2 Mo. The MMA X-shaped 
welded joint, in the middle of the reduced section, is composed 
in an upward vertical position with 7 runs on each side (see 
Fig. 2) . All the chemical compositions and mechanical proper­
ties meet the requirements of the RCC-MR code. 

The ends of the specimens were also welded together with 
two metallic solid parts required by the tensile testing machine 
system, as shown in Fig. 3(a) . Two different extensometer 
systems were used; the first was mounted outside the furnace 
and measured the total elongation of the specimen on a 110-
mm gage length and the second, working at elevated tempera­
ture, was utilized for weld metal strain measurements on a 15-
mm basis. They were in contact with the specimen by four 
setting points as presented in Fig. 3(b). The regulated tempera­
ture along the gage length was controlled to within ±3°C. More 
details about experiments (welding parameters, chemical com­
positions, mechanical properties, test procedures) were pre­
sented by Allais et al. (1998). They studied the creep behavior 
of defect-free full-size weld joints and considered the two kinds 
of welds (MMA and TIG). 
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Fig. 4 Position and orientation of specimens inside the welded plate (dimensions in millimeters) 
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Table 2 Some creep law characteristics for the weld and base metals 4 Finite Element Simulation 
End of primary creep Secondary creep rate 

CIO"6 h-'i 

Creep strain (%) 

at 1000 h .Tim? (W Strain (%\ 

Secondary creep rate 

CIO"6 h-'i 

Creep strain (%) 

at 1000 h 

CT ;=240MPa Weld metal 49 0.15 5.34 0.7 

Base metal 70 1.02 74.7 7.9 

a= 265 MPa Weld metal 11 0.25 38.3 4.0 a= 265 MPa 

Base metal 34 1.11 168.4 17.4 

These experiments provide three types of results: the creep 
strain-time characteristics obtained with the aid of the exten-
someters, the times to rupture and the material rupture facies. 

3.2 Conventional Small Specimens To determine the 
creep properties of the base and weld metals, six constant load 
creep rupture tests were carried out at 600°C—four under a 
load stress of 265 MPa and two under 240 MPa—on standard 
specimens. These small-size specimens, with a length of 20 mm 
and a diameter of 4 mm, were machined; their position and 
orientation inside the MMA-welded plate is shown in Fig. 4. 
Specimens 1 and 2 were taken from the base metal in the 
longitudinal and transversal directions, respectively. Specimen 
3 was cut twice from the weld metal and specimen 4 machined 
twice across the weld. 

3.3 Creep Laws Used for the Full-Size Specimen The 
characteristics of the used base metal are in agreement with 
those specified by the RCC-MR code. Nevertheless, the consti­
tutive creep law, elaborated from small standard specimens and 
proposed by this code, had to be validated for our metal sheet. 
The primary and secondary stages of creep behavior are defined 
by Eqs. (3) and (4), respectively, 

e = Co" 

(3) 

(4) 

where Cu C2, nu C and n are the material coefficients; the 
creep strain is expressed in percent. No attempt is made by this 
code to model the strain during the tertiary creep stage. The 
values of these coefficients given by the RCC-MR code, Ci = 
1.0225 1(T12, C2 = 0.5134, n, = 4.6424, C = 2.268 10 ~2 \ and 
n = 8.2, described correctly our experimental creep strain-time 
characteristics obtained from our small specimen tests (speci­
mens 1 and 2 of Fig. 4) as well as from our full-size specimen 
tests. Stating that, for the last data related to the weld joint, the 
elongation of the base metal was determined from the global 
elongation defined by the following mixture law: 

^global ^weld ^weld ' ^base metal ^base metal (5) 

where CweM and Cbase melai are the ratio of the length of the weld 
and base metals to the total specimen length, respectively. 

Concerning the weld metal, the constitutive creep law pre­
sented by Escaravage et al. (1993) was considered. The same 
form of equation as that defined by Eqs. (3) and (4) was uti­
lized. A comparison between their creep strain-time curves with 
those obtained on one hand from our small specimen tests (spec­
imens 3 and 4 of Fig. 4) , and on the other hand from our 
full-size specimen tests, showed that our experimental curves 
concerning 265 MPa were in agreement with their curves of 
240 MPa. To suppress this gap, it was sufficient to correct their 
coefficients with the ratio of the two considered stress values 
(240/265). Hence, the new adopted coefficient values are: C\ 
= 1.12 10"19, C2 = 0.17, n} = 7.5, C = 2.427 10"53, and n = 
19.89. 

Some characteristics of these creep laws, related to the weld 
and base metals, are presented in Table 2. It is shown that the 
creep strain of the weld metal is clearly less than that displayed 
by the base metal. 

The full-size specimen creep tests are modelized with the 
general finite element CASTEM 2000 code (1995). Eight-node 
plane-strain elements are used with an updated Lagrangian large 
displacement formulation. Due to the symmetries, it is only 
necessary to consider a quarter of the specimen thickness geom­
etry (see Fig. 3(b)). Two models are made up of 2723 nodes 
and 868 elements, and of 2628 nodes and 837 elements, respec­
tively; the meshes are presented in Fig. 5. The second model 
is used to study the effect of the real boundary shape of the 
weldment on the numerical results (see Fig. 2) . 

4;1 Elastoplastic and Creep Calculations Creep calcu­
lations were performed for two constant stress loadings, 240 
and 265 MPa, with a temperature condition of 600°C. To reach 
these stress loading values, elastoplastic calculations were car­
ried out. The stress-strain curve, related to the weld metal, is 
identified by our own tensile tests and can be defined by its 
best-fit function a = kep + Rp(a, with k = 619, n = 0.494 and 
Rp02 = 225 MPa. It can be noted here that the yield stress ̂ 02 
(determined for a plastic deformation of 0.2 percent) is dis­
tinctly higher than that of the base metal which was given 
earlier. 

4.2 Creep-Rupture Times Creep-rupture damage is cal­
culated by using the following integral form, similar to that 
used in the RCC-MR or ASME-N47 code: 

W = f dt 

Jo TD(t) 
(6) 

where T is the creep-time duration, and TD denotes the allowable 
time at a given effective stress from loading. TD values are 
obtained by entering in the stress-to-rupture curve a stress value 
equal to the calculated stress. The stress-to-rupture curve used, 
concerning the weld metal, is established from our experimental 
results obtained with small and large specimens as described 
previously. The best-fit function of these data, utilizing the same 
slope as that of the best-fit curve proposed by Escaravage et 
al. (1993), is presented in Fig. 6. In the creep finite element 
calculations, the Von Mises equivalent stress is given for each 
mesh point (or element) and for each time increment; by using 
the stress-to-rupture curve, we can deduct then the correspond-

t t t t 

55 mm 

Half-thickness Model 2 

Fig. 5 Dimensions and meshes 
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2.6 2.7 

ing value of TD or a time-dependent function TD(t). The creep-
rupture time is obtained when the value of the creep-rupture 
damage W is equal to 1. Thus, the creep-rupture time of the 
structure corresponds to the damage of the first element of the 
mesh. 

5 Results and Discussion 
Table 3 compares the calculated and experimental axial 

strains, at the end of the elastoplastic loading and at the exten-
someter setting points (Points 1 and 2 in Fig. 3(b) or Fig. 5) . 
It can be seen that the calculated results are in good agreement 
with the experimental results. 

Maximum stresses are localized in the weld metal; their val­
ues as function of time, for the constant stress loading 240 MPa, 
along the half-thickness (Points A, B, and C in Fig. 5) , are 
presented in Table 4. It is shown that the maximum values of 
the Von Mises and principal stresses are located at the center 
(Point A) and at the edge (Point C) of the weld, respectively. 
It has been specified that Point A also corresponds to the loca­
tion of the fracture initiation which was observed in our experi­
ments, equally for the large full-size as well as small-size speci-

Table 3 Axial elastoplastic strains at the extensometer setting points 

At the end of 
elastoplastic loading 

240 MPa 265 MPa At the end of 
elastoplastic loading Weld metal 

(Point 1) 
Base metal 

(Point 2) 
Weld metal 

(Point 1) 
Base metal 

(Point 2) 

Experimental ey (%) 1.01 2.95 2.33 6.87 

Calculated Ey (%) 1.42 3.21 2.42 4.41 

Table 4 Stresses as function of time along the half-thickness, under 
240 MPa 

Time Stresses (MPa) 1 (Point A) (Point B) (Point C) 

End of elastoplastic 
calculation 

"•:":'' V O I V M W ':? I : ': 324 228 :. - 308 End of elastoplastic 
calculation Max. principal stress 120 215 340 

lh .'•/' VonMises: 262 230 258 lh 
Max. principal stress 190 243 294 

600 h 'VonlMiscs 260 2 3 8 . 257 600 h 
Max. principal stress f 191 251 289 

mens. The calculated Von Mises equivalent stresses, capable of 
estimating the fracture location in the weldment, are therefore 
chosen for the time-dependent function TD(t) calculation (see 
Eq. (6)) . It can be seen also in Table 4 that the stress redistribu­
tion takes place very rapidly (important stress variation at 1 h 
and low stress variation thereafter). Stress values are distinctly 
smaller in the base metal and their distribution is more homoge­
neous than in the weld metal. These comments are also true in 
the case of the constant stress loading 265 MPa. 

Figure 7 illustrates the comparison between the calculated 
and measured creep strains at Point 1 (weld metal) for the two 
values of loading 240 and 265 MPa. In the case of 240 MPa 
(Fig. 7 (a) ) , it can be seen that the calculated creep strains are 
clearly higher than the measured values; however, with the same 
form of curve, a small disparity is obtained between these two 
results. In the case of 265 MPa (Fig. 1(b)), a good agreement 
between the calculated and experimental creep strains is ob­
tained for a creep duration of less than 100 h; after this time, 
an increasing divergence occurs, which is due to the tertiary 
creep observed during the experiment, and as already stated, is 
not taken into consideration in the numerical model. 

Table 5 gives the comparison of the creep-rupture times for 
the two constant stress loadings 240 and 265 MPa, obtained by 
the experiments using small and large specimens as well as 
determined by calculations. In the latter results, two models 
were used (see Fig. 5) to study the effect on the rupture times 
when the boundary shape of the weldment approaches the real­
ity. This table exhibits a fairly good accord with no significant 
difference in experimental time to rupture. It can be seen that 
the latter data are correctly estimated by the numerical models. 
The difference between the calculated rupture times and the 
measured values is visibly higher in the case of 240 MPa; 
however, this is a satisfactory result respecting that, on the one 
hand, the calculated rupture times here correspond only to the 
onset of the calculated damage in the weld metal and, on the 
other hand, it is well known that the scatter concerning experi­
mental rupture times is significant in creep tests. Model 2, in 
which the interface boundary between the weld and base metals 
is better taken into account, improves the numerical results. 

Figure 8 illustrates the percentage of the damaged volume in 
the weldment for various stress loads and as a function of the 
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Fig. 7 Calculated and measured creep strains in the weld metal, under 
(a) 240 MPa; (b) 265 MPa 

ratio of the current calculated time to the creep-rupture time. 
The plotted curves show that rupture times are evaluated with 
more accuracy when higher stress loadings are considered. For 
example, to define the rupture times to the nearest 5 percent of 
the damaged volume in the weldment, the uncertainty increases 
with small stress loading (T/TD < 107 percent for the case of 
265 MPa and T/TD ^ 120 percent for the case of 150 MPa). 

6 Conclusion 

Tests using small as well as large full-size specimens and 
finite element simulations are carried out; the following conclu­
sions are drawn: 

(a) Feasible experiments on full-size creep specimens with 
real welding are demonstrated. Their results do not make it 
possible to observe a conclusive geometry-size effect which 
could exist between small and large weld thicknesses. The loca-

Table 5 Experimental and calculated creep-rupture times 

Tests and calculations Rupture times (h) Tests and calculations 
240 MPa 265 MPa 

2 x Specimen 3 1964 773 
2 x Specimen 4 1341 468 
Full-size tests 1802 336 

Finite element (model 1) 600 400 
Finite element (model 2) 700 450 

/i I 
/ 

/ 

•' 

/ /••' 4 
.' y<sr 

/ 

yC.^. 

/ / • 

20 

•15 

a> 
E 

§ 1 0 
•a 
u 
Ul 
n 
E <o c n 5 

90 95 100 105 110 115 120 125 130 

T/TD (%) 

Fig. 8 Percentage of the damaged volume in the weld metal, as a func­
tion of the ratio of the current calculated time to the creep-rupture time 

tion of fracture for small and large joint specimens is the same 
and is located at the center of the weld metal. No significant 
difference in time to rupture is observed between these different 
size considerations. 

(b) The creep laws for the base metal and for the weld 
metal proposed by the RCC-MR code and by Escaravage et al., 
respectively, are verified by the additional creep data. Some 
coefficient values of the weld metal creep theoretical formulas 
are modified in order to have a better coherence with the large 
full-size data. 

(c) After having been used for the geometrical and mechan­
ical design of the full-size specimens needed for their fabrica­
tion, finite element techniques simulating creep tests are once 
again performed. The calculated strains in the weld metal as 
well as in the base metal are in good agreement with experimen­
tal values. From the finite element results, the rupture times of 
the full-size specimens are predicted by considering the creep-
rupture damage. Finite element stress fields show that Von 
Mises stresses are required in the creep-rupture damage calcula­
tion to obtain the fracture initiation in the weld metal, at the 
exact site as that determined by experiments. The predicted 
creep-rupture time are conservative and in good accord with the 
experimental results. The calculated evaluation of the damaged 
volume in the weldment shows that, concerning the time to 
rupture estimation, the uncertainty increases with small stress 
loading. 
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