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Racently, a practical rule to estimate progressive distc-sion
has bz2n proposed by Mr. COUSSERAN and co workers. This rule is based on thz concept
o7 an "effective primary stress” Peff' By definition, distorsion caused by thz
simylteneous epplicetion of & primary stress P end a cyclic secondary strass (range
Loy is equel to the distorsion which would be caused by the applicatica of ean
effective primary stress during the same time. An efficiency diagram allows the
computation of Peff value when the values of P and AQ are known.

o ema

As far as design is concern, the main point is the choicz of ,
ellowable values of the gffective primary stress intensity. At first, it s=:=x

s Obvicuc
that the same requirements must be epplied to primary stress (monotonic lcading) and

t0 effective primary stress {cyclic loading). Such a point of view seems restiocnal, bu!
it must be kept in mind that engineering rules are mainly based on experience and not
cniy on rational considerations. Therefore e review of the current practice is necses,

ry in order to choice margin against progressivs distorsion. As a matter of fact tuc

Below the creep range, comparison is mad2 bztwsen the safety )

different reviews must be done, depanding of cresp

argins used for consiant load end for progressive distorsion. It is seszn that if the
va2luz of the safety factor ageinst sxcessive distorsion is at l=2ast equ=l “s 4.5, no
z272%y margin is requiered ageinst progressive distorsion itself. It egs2zrz a greet

ifferance gafety margins for monotonic and cyclic loadin

ns To e ame o &

(:j’;;;n operating tamperature is In th2 creep rang

e
<n more complicated beceuse safzty margin sgalnst failure ere diffzrzns of tha
Value i: nzs bolow the creep renpge. At low temparature primary stress frtzrzity P
limit=:f <o S,, which is less that o third of the ultimate stress. In th2 crzsp renge,

When time =77:ct 5 noticeahle, P is limited io St which is  o~ly less <hzs -uo




th2 stress leading to rupture in the given time. Therefore limitation of the

~isticrsion resuliing from cyclic loacding cannc: b2 mad2 on the same basis that at
lzwzr tamperature.

All these difficuylties ars enalyzed in the paper and a prepo-
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oL el

s-tlon is made of what can be the allowable valuss to be applied to effectiva Primary

s.rass.
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I - LIIRODUCTION

Recently a practical rule to appraise ratchet effect

hzs toen propesed by P. COUSSzZRAN and co-workers [1). This rule
is tzs2& on the concept of "effective primary stress" which cive
the raichetting distorsion. As far as cesign is concerned the

main pcint is to know the allowable values ifor tne effective
prinary stress. The aim of this peper is to discuss the choice of
tniese allowable values, first below the creep rance, and then

when creep effect is significant.

II - OEIFINITION OF RATCHETTING EFFECT

One purpose of mechanical aralysis of structures,
carried out during the design stage, is to prevent any damage
that is liable to cause shutdown or collapse of these structures.
One of these dangers is progressive distortion (or ratchetting),
and it is current practice to take this into account in advanced
industries such as the nuclear industry.

This type of damage is characterized by an increase in
deformation whenever a load is applied or varied. fFigure 1 illus-
trates two possible types of bshaviour under the action of succes-
sive loading applications. In the first case, the residual defor-
mation remains stable after a few load applicaticns, denoting a
shake-covn of the structure. In the second case, the residual
deicrrztion increases with every cycle (ratchetting). This pheno¥

w2ncn is liable to cause serious damace ; in particular, our

undzrstanding of fatigue behaviour in these conditions is extre-
mely goor.

It must be pointed out that the behaviour illustrated
Oy Ific¢ire 1b is caused by simnltancous action of primary stress,

viiich eme not self limitating and of c¢yclic secondary stress

which are self limitlating.




Woen creep cannot be neglectec, that is to say when

1 Lohaviour is time-depenaing, such a simple definition
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onger suitable. In this paper, ore will call ratchetting
i@ zcceleration of ceformation, under controlled load, due to
irvcsed cyclic deformations. Inother words, atteniion is given
to the increase of creep elongation in prosence of cyclic defor-

maticns, such as thermal straining.

With the development of modern techniques, such as
i,iguid Metal Fast Breaeder Reactors, the knowledge of this pheno-
menon becomes very important, in order to get a saie design.

-2S, there is a strong need for convenient, effective, and saic

oh

esicn rules. Concerning the design of nuclear reactors, cons-
truction Codes give some indications [2] [3]. When creep is not

to ke considered, rules are designed to accomodate a pure elastic
behaviour, required for the validity of fatigue analysis. At high
temperature, various very conservative rules are proposed of which
thre field of application is very limited.

The rules proposed in the construction Codes result
only from theoretical work. Such a situation seems strange because
theoretical works are based on over sir,; lified assumptions about
material behaviour like perfect plasticity.

This is the reason why Cousseran and co-workers made a
comprehensive experimental study in order to obtain a practical
rule to appraise ratchetting effect {1]{4])([5)1[6].

In this compact it is not possible to make a review of
the state of the art, therefore the reader is invited to consult
refzsrence [ 1] which includes z great number of references.

111 - METHOD OF APPRAISAL OF RATCHETTING

In most of practical cases, ratchetting occurs when a
vrirary stress of intensity P (due to internal pressure for

‘ratance) and a cyclie scecondary siress are applied. Secondaery




sirv=s is elastic curnguted stress~corresponding to an imposcd

Geforration. An cxueple of secuncary siresses is thiermal stros:

jve to differential Jdiatahone, The intensity of the ranga cf

sceonéary stress will be noted A7.

Due to the cyclic secondary stress of range £Q, clonc:z

.\
i

tion, distorticn and damage are greater than it would be if (h

vy
[}4]

primary stress P was applied alone. Cousseran and co-workers [1i],

[5] [€] showed that the distortion (function of time) is eqgual =o

the céistortion cbtained by only the application »f “fictitious -
primary stress called "effective primary stress” Peff. They czava
the method to compute Peff :
- Intensity of primary stress P
- Intensity ¢f the range of cyclic secondary stress =D
. _ AQ
Secondary Ratio SR PFAQ
- P/Peff is given as a function of (SR)? on figure 2 '

(efficienc?rdiagram). \

This method is justified by the analysis of a great
number of experimental results obtained at SACLAY [6] or publisheéd
by different workers [7] . The results of these analysis are shown
on figure 3 and it is obvious that the curve of the efficiency
diagram is conservative.

As far as design is concerned, the main question is
"How to use the effective primary stress computed by this metrzg"
The test way to answver this guestion is comparaison with currezxt

practices. As current practices seem different according to crcep

2N

effect, it is the best way to examine low temperature range a-
hign temperature range separately.

1V - DISCUSS10N EELOW THE CRELP RANGE

Effective primary stress give the obtained distorticn

ard zn indication on damage, Lonce, it scems obvious to choics
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“he ezme allowable valucs for effcective primary stress

P
.
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cenventional primary siress Poff «S

Such a choice miust be compared to the rules written in
ressure vessel codes like ASME coéde [ 2]

"0

The only reguirement about ratchetting is that therizl
stress ratchet is not allowed [NB 3222-5] and examples are ziven.

In or2 case (corresponding to BREE's diaaram) the regquirements
are (if S, 2 2 Sy)

> 3
- P = _2Q
x 1,5 5_ y 1,5 s
0 <x< 0,5 v < 1/x
0,5 <x<1 . y < 4(1-x)

The comparison show that allowable Peff intensity is
¢reater than Sm and is near 1,5 Sm (or Sy). Such a value is very

much larcger than the initial proposition. What is the meaning oi
this discrepancy ?

It is possible to get an rough idea for elastic perfect
plastlc material. As P < S < Sy, there is a safety factor equal
to 1.5 between design load and'Eﬁe load leading to excessive dis-
tortion. On the contrary there is not safety margin for progres-

sive distortion which lead to the same damage after several load
cycles. '

The use of austenitic steel is much 1nterest1na tind

exarple. In current opcrations Sm =0,29Sy and P < 0, 9 Sy. Tris

means that, in stable operating condition, the allowable st

rain
for conventional primary stress, does not exceed 0,1 %. On th2

cntrary Peff is only limited to 1,5 Sn and under cyclic lcaiing

co tions, the allowable strain may be as larcer as 3 % (cor-
-

<

néi
csponding to a stress o = 1,35 Sy).
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As a conclusion the

<

e is a trouindous differonce

4

c lo:cG ng and

woiwern what elongation is tolerated under cycli

i
wat elonvation is allowed under static load. This difference

sesns difficult to explain and to Justify.

In most of practical cases, thie NB 3222-5 conditions
zre met when NB 3222~2 condition is met. This condition can be
“ritten

Pmax + AQ < 3 Sm

{Gdue to the fact that P is varying between 0 and Pmax)' When this
condition is applied, the allowed elongation is very larger than
tnhe one admissible under static loading. It is interesting to
ccmpacse this ruie to the rule proposec by COUSSERAN and co-workers

TO do that it is easiest to write the Sn rule in term of Peff

pmax + AQ < 3 Sm equivalent to Peff <« Sm
P + 8Q)
_ max
Peff = 3
1-SR
or V = —3—

Tnis is put on the figure 4 and it can be seen that 3 Sm rule is

less conservative than the proposed rule when P is near Sm.

V - DISCUSSION IN THE CREEP RANGE

In the creep range, the current practice can be taken
out of Code Case N47 [3] . The choice gproposed at the ‘beginning
oi the preceeding chagter can be written

Peff <« smt

cading to limit the value of the clcocation at end of life at
1 . This limitation is really like the limitation included in
svendin T of [3) (T 1310). This rmcans that Code Casc allows the

distortion und.r cyclic loading and under stalic leading




==3 the differerce pointed out for operation beluw (e cr.oop

Goo s onot appear at elovated temperatuce. What is the rozson wiwy

~soncluesiorns are different according to the temperature range ?

It must be emphasized that curront practices are very
cifferent. As an cxample, the safety factor against rupture undar
constant load is almost ecual to 3 at low temperature and almost
ezczal to 1,5 at elevated temperature. In other words it is pos-
sizle to multiply design load (3esign pressure for instance) by
a factor ecual to 2,5 without rupture at low temperature, but it
i

5 sure that rupture will be obtained at elevated temperature

o

gfore the specified life was achieved. Such a difference result

ircm operating experience, but is difficult to explain.

As a conclusion at clevated temperature, the same value
of elongation is allowed under cvclic lcad or static locad. But

there is a great difference between the safety factors currently

used at elevated temperature and those usasd at elevated tempera-
ture. As a consequence therée is a strong difficulty to fit ele-
vated temperature rules and low temperature rules in the inter-

mediate temperature range.

The proposed method can be compared with O'DONNEL-
POROWSKY method as it is written in T-1324 (test n°3) [3] . The
main difference is that COUSSERAN metnod do not take into account
any effect of yield stress value. According to the authors of
(11, experimental tests do not show any effect of this yield
strength. Therefore the two methcds give similar results when
Z = Peff/Sy is great, but the COUSSERAN method is more conserva-
tive when Z is small.

VI - CONCLUSION

he new pothod proposcd by COUSSZRAN and co-workers
ailow to computecaneffective primary stress Peff with the help
c¢i an cfficiency diagram, Digtortion of the structure under

zyrlie loading is near the distortion obtained by the static




-untication of this eficctive stress.

At elcevated temperature, the limitation of tihe value
+f tnis effective primary stress at St' insures the limitation
5 strain at 1 $. Therefore it is reccimanded to use for Peff

-ne same allowable value ihan for conventional primary stress.

Such a recomiendation is very Qiffcrent from the cur-
cent practice at low temperature. It has been pointed out that
-nis current practice tclerate very much larger eloncation under
cvclic load than under static lcad. Tais situation needs to be
justified, but this is not obvious to co. 7
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