International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950

Creep Constitutive Equation for 2- Materials of
Weldment-304L Stainless Steel

Amir Hossein Daei Sorkhabi, Farid Vakili Tahami

Abstract—In this paper, creep constitutive equations of base Over the past several decades, considerable effiante
(Parent) and weld materials of the weldment fodatdawn 304L been made to gain a fundamental understandingeotiiep
stainless steel have been obtained experimentedly this purpose, mechanisms and to develop an efficient engineedesign

test samples have been generated from cold drave dved weld N . .
material according to the ASTM standard. The crieepavior and criterion for hl_gh temperature -components, Whlc.keram
under multi-axial stress states. However, a réalisteep

properties have been examined for these mateatemducting uni- ) - )
axial creep tests. Constant temperatures and curlsed uni-axial testing procedure requires tremendous effort amdgy lome

creep tests have been carried out at two high tehpes, 680 and tests which are expensive and often unachievable.
720 °C, subjected to constant loads, which produceainittresses overcome this shortcoming, usually, tests have beseried
ranging from 240 to 360 MPa. The experimental tiatze been used oyt at ynj-axial condition under high temperaturel stress

to obtain the creep constitutive parameters usingmerical
optimization techniques.

Keywords—Creep, Constitutive equation,
stainless steel, Weld, Base material

|. INTRODUCTION

NGINEERING parts, which operate at high temperatur

and under mechanical loads, have many applications

power generation and petrochemical plants. Thedtram
increase the thermal efficiency of these systeraddeo the
use of higher working temperature levels [1]. Theme it is
necessary to study the creep behaviour of the tieigiperature
alloys, which are used in these systems. Recemtiyhods to
analyze the creep behaviour of the structures ¢eniatés have
been improved significantly in three fields:

» Developing more realistic constitutive equations;

» Carrying out more tests to produce accurate coiigtt
parameters;

* Improving or modifying methods to analyze the cree
behaviour of materials and reduce the simplifyi
assumptions.

In this paper both first and the second fields haeen
addressed. In other words, using a series of ual-&xeep
tests, the creep behavior of two different matsripbrent and
weld of cold-drawn 304L stainless steel (CD 304L) &8ve
been determined. The material conforms to ASTM AQ36
specifications. Using the experimental data, crempstitutive
parameters for two materials have been obtainetivdan be
used to estimate the creep behavior of welded gomit
different operating conditions.

Constant temperature and constant load uni-axéptests
have been carried out at two high temperatures, &89
720°C, under initial stresses of 240 to 360 MPa.
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levels.
Hald [2] and also Agamennone et al. [3] have qfiaatithe

Cold-drawn 304LMicrostructural evolution during the creep at ®500f

tempered martensite 9-12%Cr-steel modified with 2%
5%Co. Hayhurst et al. [4] have studied the credprdetion
and rupture data of butt-welded pipes associateth wi
2.5Cr0.5M00.25V ferritic steel.

Kimura et al. [5] have studied long-term creep deifation
properties of modified 9Cr—1Mo steel. They havevamhthat,
with decrease in stress level, the magnitude ofiErain at
the onset of accelerating creep stage decreasesafoout 2%
in the short-term regime to less than 1% in thegimrm
region. They have also shown that the time to 184 t&irain,
that is an important parameter for design of higingerature
components, lies in the transient creep stagedrstiort-term
regime; whereas, it shifts to the acceleratinggrgage in the
long-term regime.

The effect of precipitation behaviour in the galeyggths of
the creep test specimens have been studied byhRadihl. [6]
|?or initially solution annealed type 316L(N) stask steel at

"$50 and 60T for periods of up to 85000 hr. Latha et al. [7]

have studied the thermal creep properties of dli8yand 316
stainless steel tubes. They have compared theiltsesith the
properties of 20% cold worked type 316 stainlesglstubes
and showed that alloy D9 has higher creep rupttrength,
lower creep rate and lower rupture ductility thdrd 3tainless
steel.

Hayhurst et al. [8] have obtained constitutive eigue for
time independent plasticity and creep of 316 stamisteel at
550°C.

Il. NORTONPOWERLAW CREEPCONSTITUTIVE EQUATION

Numerous authors, within the framework of the ptagsand
metallurgical points of view, have proposed varityses of
creep constitutive equations for metals. Most ofe th
constitutive equations are obtained by means of the
generalization of the simple and classic time atirs
hardening laws. Once the types of the constitudigaations
and their parameters have been determined, thessted
temperature levels, at which these equations ad, ishould
be determined.
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A wide range of creep model equations are in udaytdo
represent the high-temperature time-dependent mietton
behaviour of engineering materials [9].

number of classical representations of primary,osdary,
and/or tertiary creep deformations. The selectibthe proper
form of a constitutive equation is a major taslsindying the
creep behaviour of materials and this can be aeligvy
comparing the experimental data with the predicteeep
strains for the material obtained using the setbctmstitutive
equation [10]. The most important and widely usgaes of
constitutive equations to predict the secondaryegrare
Norton- Power Law [10]:

gss =A0" eXp(—%) (1)

in which éss is the steady state creep strain rates stress, Q

is the activation energy, R is Boltzman gas conistais time
and T is absolute temperature. Other parameterplgrscal
constant which should be determined based on destata
for each material.

To study the creep rupture-time of metals, variphgsics-
based equations such as Larson-Miller, Monkman-G@n-
Sherby-Dorn, Goldhoff-Sherby, White-Le May, haveebe
proposed [11]. Among them Larson-Miller equatiom dze
expressed as:

P.w =(M(C+log,t,) (2

This equation can be derived from Equation (1) wsitme
simplifying assumptions. In this equation T is ieltin, t is
rupture time in hours and C is a physical parametéch has
been assumed to be 20. This value is an acceptedrarfor
most engineering materials and steels [12] ancefboe, has
been used in this research work to estimate thepdoehavior
of the materials.

Ill.  SPECIMENS AND CREEP TEST MACHINE

The test specimens have been machined out frorbate
according to the ASTM E8M-04 [13] with gauge length
100mm and diameter of 10mm (see Figure 1).
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Fig. 1 Schematic creep test specimen, dimensi@manm.

Uni-axial creep tests have been carried out usB@p kg,

the machine is up to 108D with the accuracy of +/-8. It
also provides displacement-time graphs with theuray of

Many of ghe +/-0.5pum. The maximum extension of the specimen is 10 mm.
equations comprise components originating from aallsm

IV. MATERIAL AND EXPERIMENTAL TESTS

Type 304 stainless steel is the most widely uskey aff the
austenitic group. It is a variation of the basic8L§rade, Type
302, with a higher chromium and lower carbon conteower
carbon minimizes chromium carbide precipitation dge
welding and its susceptibility to intergranular mmion. In
many instances, it can be used in the "as-weldedditon,
while Type 302 must be annealed in order to resaiequate
corrosion resistance. Type 304L is an extra lovboar
variation of Type 304 with a 0.03% maximum carbontent
that eliminates carbide precipitation due to waidis a
result, this alloy can be used in the "as-weldedhdition,
even in severe corrosive conditions. 304L has #igbwer
mechanical
temperature to which Types 304 and 304L canekposed
continuously without appreciable scaling is w@tbh@99°C.
For intermittent exposure, the maximum exposureptrature

is about 816°C. Type 304L is non-hardenable by heat

treatment annealed by heating to 1038 - 1121°Qy toeled
rapidly. Cold worked parts can be stress relieweg98°C for
1/2 to 2 hours [15].

To study the creep properties of the base matetést,
samples have been obtained directly from new aitist&04L
stainless steel cold-drawn bars, which have beédutico,
annealed at 108G. Chemical composition of this material is
given in Table 1.

TABLE |
CHEMICAL COMPOSITION OFCD 304L SSIN PERCENT
C Si Mn Cr Mo Ni Cu \
0.025 0.42 1.8 17.8 0.27 8.1 0.76 0.19

In this table, results of quant-metric measureméotshe
specimens under investigation are given. To stidydreep
properties of the base material, CD 304L SS, Uialeoreep
tests have been carried out at temperatures fr@n&R0C
under constant initial stress from 320 to 360 MPuaring the
tests, the temperature and load levels remain aonst

To study the creep properties of the weld matetiedt
samples have been obtained directly from the blamkshined
out from the axis of the weld material zone of theldment
and in the direction parallel to the weld line. @eoid any
material mismatch, the weld blanks were 3.5 mm tajpam
the fusion boundary (see Fig. 2). The materiabdusvas a
CD 304L SS steel plate with a thickness ofnd@. The
plates were welded using Multi-layer TIG weldingtiwi28
passes. X-ray inspection of the welded jointeeded no
welding defects. Uni-axial creep tests have beeriechout at
two temperature levels of 680 and 7QQunder constant initial

AMSLER creep test machine according to the ASTM ®13;.055 of 240 and 260 MPa.

[14] standard. Its lever-arm loading ratio is 2%vith load
accuracy of +/- 1%. Furnace or chamber temperaturge of

properties than Type 304. The maximum
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Fig. 2 The blanks machined out from the axis ofvtle¢d material
zone of the weldment

V. EXPERIMENTAL RESULTS

Fig. 3 presents the true stress-strain curves fierent
material layers of the weldment: Parent and wel@5t680,
700 and 72%C obtained using experimental tests.
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Fig. 3 True stress-strain curves for base (pagerd)weld materials.
Data have been obtained using experimental tests

A power law formulation has been used to modeliuthie
axial time independent elasto-plastic straining:

£ =a/E if o<,
£ =Bg" if 0>8S,

elastic
3

plastic

where E, B and m are temperature dependent material

constants. The Young's Modulus E, and initial yigess, Sy,
have been obtained from uni-axial experimental .ddta

obtain material constants, B and m, Least Squatienzation

scheme has been used. For this purpose theorsttiaals have
been calculated using Equation (3) and the expetahe
strains have been obtained directly from test nreasents.

Minimizing the error function, given constants Bdam, for

different material layers, which are given in Table

TABLE Il
ELASTO-PLASTIC PROPERTIES OF THE BASEPARENT) AND WELD MATERIALS
(CD 304LSS)AT DIFFERENT TEMPERATURE LEVELS

Tem. Elastic Yield
Material  (°C) module Stress B(MPa™) m(-)
(GPa  (MPal

25 179.5 426 3.555x1% 23.09
680 145.2 319 2.339x 18 9.24

Base
700 1162 305 1.059x%8  10.25
720 116 290 8.658x1% 8.4
680 - 213 7.6837x10° 9.8
Weld 3
720 - 194  5.2487x10° g4

Creep failure in engineering components can berdeghin
two ways: when the time to ruptute, has been reached or the
time, treep srain=c at Which the creep strain reaches a critical
level of C%. In most of the engineering componettts, latter
condition plays a major role; and therefore, it basn used in
this study. Since the maximum extension of the ispertis 10
mm (total strain of 10%) in the creep-testing-maehiall the
tests have been carried out until the true creginsdf 3% has
been reached or ttep strain=3%

TABLE III
UNI-AXIAL CREEP TESTING RESULTS FOR THE BASGPARENT) AND WELD
MATERIALS (CD 304LSS)
Min. Creep Strain Rate
. Temp. Stress fereep P
Material o Strain=3% Ess
*C)  (MPa)
(hr) (1/hn)
680 320 400 7.57187x1H
680 340 348 8.59975x1H
Base 680 360 236 1.28547x19
720 320 98 3.07829x10*
720 340 72 3.78703x18*
720 360 55 5.55202x10*
680 240 2100 1.44733x18
680 260 1350 2.33645x 18
Weld
720 240 452 6.69506x18°
720 260 300 1.0844x18*

At this amount of deformation, most of engineering
components would be regarded as failed. The sumofaiye
creep test results have been given in Table 3.,Alke

minimum creep strain raté,_, for each test has been given in

&s?
this table. The results given in Table 3 show thaincreasing
the stress or temperature, time to reach 3% cregpns
decreases significantly. Also it shows that at theme
temperature and stress level, the time to reacltréd#p strain
for the Base material (parent) and weld materias \&ery
close.

Fig. 4 shows the variation of minimum creep stredie

& with 1/T for different stress levels. Also Fig. Bosvs the
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variation of minimum creep strain rat€ with stress at

different temperature levels.
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Fig. 4 Variation of the minimum creep strain ratéh¢) with the
inverse of temperature (1/K)
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Fig. 5 Variation of the minimum creep strain ratén() LOG
(stress (MPa))

The slope of the lines presented in Fig. 4 willegamount
of “-Q/R” parameter; and also the slope of thedinn Fig. 5
give the amount the value of “n” power. The almpatallel

lines in log-log scale in this figure proves than”“is

independent of the temperature level and also dlreqsal
slope of the lines in Fig. 4 show that “-Q/R” igess

independent.

The nonlinear behavior of creep deformation oftanise
large scatter in creep test data. Also, errors tduthe data
recording and discrepancy of the test results teadifferent
values of constitutive parameters for each teserdfiore, the
constitutive parameters which fit best with allttdata should
be obtained using numerical optimazation methodsind)
these methods, the constitutive parameters carbtaened by
minimising the difference between experimental daténts
and the calculated values. A computer code has b
developed based on unconstrained nonlinear optatiaiz

e

TABLE IV
CREEP CONSTITUTIVE PARAMETERS FOR THE BASPARENT) AND WELD
MATERIALS (CD 304LSS)

) A Q

Material sl (mol K x168 "
Base  6.0121x10 2.6 5.73
Weld 97.838x10 2.6 459

VI. CONCLUSION

A set of constant load creep tests have been daotié to
predict creep behavior, constitutive parameters tme to
reach 3% creep strain for CD 304L SS weldment rizser
The results show that at the same temperatureteests devel,
the time to reach 3% creep straifdp srrains%) for the parent
and weld materials are very close. Also it has sfewn that
at the same temperature and stress level, the onimioreep
strain rate is minimum for the weld material andnaximum
for base material.
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