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Recently, a practical rule to estimate progressive distorsion 
has bean proposed by Mr. COUSSERAN and co workers. This rule is based on the concept 
of an "effective primary stress" P c . . By definition, distorsion caused by the 
simultaneous application of a primary stress P end a cyclic secondary stress (rangs 
is Q) is equal to the distorsion which would be caused by the application of an 
effective primary stress during the same time. An efficiency diagram allows the 
computation of P e fx value when the values of P and A O are known. 

As far as design is concern, the main point is the choice of 
allowable values of the effective primary stress intensity. At first, it SSS.T.S obvious 
that the same requirements must be applied to primary stress (monotonie leading) end 
to effective primary stress (cyclic loading). Such a point of view seems rational, bu! 
it must be kept in mind that engineering rules are mainly based on experience and not 
cniy cm rational considerations. Therefore a review of the current practice is necs^s, 
ry in order to choice margin against progressive distorsion. As a matter of fact two 
different reviews must be done, depending of creep effects.-

Below the creep range, comparison is made between the safety 
fargir.s used for constant load and for progressive distorsion. It is seen that if th; 
value of the safety factor against excessive distorsion is at least equal ts 1.5, no 
safety margin is rsquiered against progressive distorsion itself. It ep3s»rs a great 
difference safety margins for monotonie and cyclic loading.— 

When operating température is in the creep range, the situation 
i~ "„:n r.3re complicated bocftuâQ safety margin against failure fire diffsrsnt of the 
V»lu* it h£-3 below the creep range. At low tempsrotura primary stress ir-tîr.nity P is 
Hmit=:J -a s which is less that ft third of th» ultimate stress. In the cr = =p rang», 
Wh«« tiine effect is notienable, P ir. limiter! to S which is only less -.r.r.: ::•!& tr.ir 
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thS stress leading to rupture in the given tine. Therefore limitation of the 
tcrsion resulting from cyclic loading cannot be made on the same basis that at 
=r temperature. 

All these difficulties are analyzed in the paper and a prcpo-
L=n is made of what can be the allowable val.es tq be applied to effective primary 

:ress. 
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I - .NJr.UDUCJlON 

Recently a practical rule to appraise ratchet effect 
his been proposed by ?. COUSSHRAN and co-workers [ 1 ]. This rule 
is based on the concept of "effective primary stress" which give 
the ratchetting distorsion. As far as design is concerned the 
main ucint is to know the allowable values for the effective 
prir.ary stress. The aim of this paper is to discuss the choice of 
these allowable values, first below the creep range, and then 
v/hen creep effect is significant. 

II - DEFINITION OF RATCHETTING EFFECT 

One purpose of mechanical analysis 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. Figure 1 illus­
trates tv/o possible types of behaviour under the action of succes­
sive loading applications. In the first case, the residual defor­
mation remains stable after a few load applications, denoting a 
shake-down of the structure. In the second case, the residual 
defcrr.ation increases with every cycle (ratchetting) . This pheno­
menon is liable to cause serious damage ; in particular, our 
understanding of fatigue behaviour in these conditions is extre­
mely poor. 

It must be pointed out that the behaviour illustrated 
jay :"ic.;;-e lb is caused by si:">:ltanoous action of primary stress, 

M 
Wiiicn M W not self 1.imitating and of cyclic seconoary stress 
wr ich are so1f ]imi\ai i ng. 



V'-K-n croop cannot be neglected, that is to say v.hen 
r.;-.tc-rial behaviour is tiœc-depc-nûing, such a simple definition 
is no longer suitable. In this paper, or.e will call ratchetting 
Û: e c-cceleration of déformât ion, under controlled load, due to 
iri-osed cyclic deformations. In other vorcs, attention is given 
to the increase of creep elongation in presence of cyclic defor­
mations, such as thermal straining. 

With the development of iiioaern techniques, such as 
Liquid .Metal Fast Breeder Reactors, the knowledge of this pheno­
menon becomes very important, in order to get a safe design. 
Thus, there is a strong need for convenient, effective, and safe 
design rules. Concerning the design of nuclear reactors, cons­
truction Codes give some indications [ 2 ] [3 1. When creep is not 
to be 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 v/hich 
the 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.^ lif ied 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 [l) [4] [51 [61. 

In this compact it is not possible to make a review of 
the state of the art, therefore the reader is invited to consult 
reference |1] which includes a great nu-ber of references. 

ill - METHOD OF APPRAISAL OF RATCHETTING 

In most of practical cases, ratchetting occurs when a 
:-.ri.:--.ary SU'L-HS of intensity P (due to internal pressure for 
'•.--ance) and a cyclic secondary sirv^s r.rc applied. Secondary 
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si_r«. .-s is elastic co.'\pu* ed stress'corresponding to an imposed 
de-formation. An o>:ui:.ple of sect;i.cary stresses is thermal stro.-s 
dus to differential cHUba-hc»-^ The intensity of th<? r;">ge cf 
secondary stress will be noted LQ. 

Due to the cyclic secondary stress of range LQ, elonga­
tion, distortion and damage are greater than it would be if the 
primary stress P was applied alone. Cousseran and co-workers [i ], 
I 5] [61 shoved that the distortion (function of time) is equal to 
the distortion obtained by only the application of fictitious 
primary stress called "effective primary stress" Peff. They cave 
the îTiethod to compute Peff : 

- Intensity of primary stress P 
- Intensity cf the range of cyclic secondary stress LQ 

- Secondary Ratio SR = *f 

- P/Peff is given as a function of (SR) 2 on figure 2 
(efficiency diagram). 

This method is justified by the analysis of a great 
number of experimental results obtained at SACLAY [ 6 1 or published 
by different workers ( 7 1 . 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 method". 
The best way to answer this question is comparaison with current 
practices. As current practices seem different according to creep 
effect, it is the best way to examine low temperature range and 
high temperature range separately. 

1 V " DISCUSSION BELOW THE CREE? RANGE 

Effective primary stress give the obtained distortic 
.t.-.d an i nui Cc'.t.ion on d.image, l.-.nce, it Kcer.is obvious to choice 



-lie r-iric allowable valuer; for effective primary strer.s \.h^r. fc: 
:o:tvc-:":tional primary stress ?off <S . ^ m 

Such a choice must be compared to the rules written : 
: ressure vessel codes like ASME code I 2 ] . 

The only requirement about ratchetting is that thcr;:?. 1 
stress ratchet is not allowed ( N3 3222-5] and examples are cjiven. 
In one case (corresponding to BREE's diagram) the requirements 
are (if S > \ Sv) 

P AQ 
x = , c c y = 1,5 S J 1,5 S„ 

' m ' m 
0 < x < 0 , 5 y < 1/x 

0,5 < x < 1 . y<4(1-x) 

The comparison show that allowable P eff intensity is 
greater than S and is near 1,5 S (or Sy). Such a value is very m m 
much larger than the initial proposition. What is the meaning of 
this discrepancy ? 

It is possible to get an rough idea for elastic perfect 
plastic material. As P < S < Sv. there is a safety factor equal 
to 1.5 between design load and'the 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 interesting this 
exA4iale. In current ooerations S = 0,9 Sy and P < 0,9 Sy. This 
rr.eans that, in stable operating condition, the allowable strain 
for conventional primary stress, does not exceed 0,1 %. On tha 
contrary P eff is only limited to 1,5 S and under cyclic loading 
conditions, the allowable strain nay be as larger as 3 % (cor­
responding to a stress o = 1,35 Sy). 
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As a c o n c l u s i o n t h e r e i s a trc-;>:ndous d i f f e r e n c e 
•> ••' : n >•'*' ' a t e 1 o n g a t i o n i s t o l e r a t e d u::dfi_r_ <£Vcl_i£ _ 1 . 0 , 4 < ^ -n<i a"_4 
•••••hat e l o n g a t i o n i s a l l o w e d ujider_ s t a t i c l o a d . T h i s d i f f e r e n c e 
5-_-:-:?.s d i f f i c u l t t o e x p l a i n a n d t o j u s t i f y . 

I n mos t o f p r a c t i c a l c a s e s , t h e KB 3 2 2 2 - 5 c o n d i t i o n s 
i r e ir.cjt when NB 3 2 2 2 - 2 c o n d i t i o n i s ; : iet . T h i s c o n d i t i o n c a n be 
w r i t t e n 

P + AQ < 3 S 
max m 

(due to the fact that P is varying betv/een 0 and P ) . When this 
condition is applied, the allowed elongation is very larger than 
the one admissible under static loading. It is interesting to 
compare this rule to the rule proposed by COUSSERAN and co-workers 
To do that it is easiest to write the S rule in term of P ef f 

m 

P + AQ < 3 S e q u i v a l e n t t o P e f f < S 
max " m ^ m 

P e f f = 
IP + AQ) 

max 

o r V = 1-SR 

This is put on the figure 4 and it can be seen that 3 S rule is 
m less conservative than the proposed rule when P is near S, m 

V - DISCUSSION IN THE CREEP RANGE 

In the creep range, the current practice can be taken 
out of Code Case'N47 13] . The choice proposed at the beginning 
of the preceeding chapter can be written 

Pcff < S Hit 

ic-adir.g t o l i m i t t h o v a l u e o f t h e o l c - g a i i o n a t end o f l i f e a t 
1 %. T h i s l i m i t a t i o n i s r e a l l y l i k e t h e l i m i t a t i o n i n c l u d e d i n 
'.••: ̂ t p .d ix T of ( 3 ] (T 1.310). T h i s r . c sns t h a t Coda CSKC a l l o w s t h e 
'-'•". '"i :-; t o r t ion unfi-r c y c l i c lev.riïny rir:d ;!ii;:fr s t a t i c l e n d i n g 
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:-.r.-i ::he difference poin'cd out for operation bel-,-.-; the cr- v\. r,.-. ,j-_ 
v":•:•.-.: s not ."ipp-.-ar at elevated température. Khat is the reason -.-.-h y 
jZ'T.cl usions are different according to the temperature riiMje ? 

It must be emphasized that current practices are very 
different. 7\s an example, the safety factor against rupture under 
constant load is almost equal to 3 at low temperature and almost 
equal to 1,5 at elevated temperature. In other words it is pos­
sible to multiply design load (design pressure for instance) by 
a factor equal to 2,5 without rupture at low temperature, but it 
is sure that rupture will be obtained at elevated temperature 
before the specified life v/as achieved. Such a difference result 
frcn operating experience, but is difficult to explain. 

As a conclusion at elevated temperature, the same value 
of elongation is allowed under cyclic load or static load. But 
there is a great difference between the safety factors currently 
used at elevated temperature and those used at elevated tempera­
ture. As a consequence there 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) I 3 1 . The 
main difference is that COUSSERAN metnod do not take into account 
any effect of yield stress value. According to the authors of 
( 1 ] , experimental tests do not show any effect of this yield 
strength. Therefore the two methods give similar results when 
Z = P eff/Sy is great, but the COUSSERAN method is more conserva­
tive when Z is small. 

VI - CONCLUSION 

The new ircthod proposed by COI.JSS.-.KAN nnd co-workers 
ai low to compute; an effective primary stress p off with the help 
of an efficiency >': i .lyr.im. Distortion of the structure under 
cyclic lo.'-.c";ing ir; l.c.ir the distortion obtained by the static 
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-:>:-.! ic/ttion of this effective stress. 

At elevatc-d tcr.perature, the limitation of the value 
-,-f this effective primary stress at S , insures the limitation 
•jl strain at 1 %. Therefore it is recc.-.-ûaended to use for Peff 
-.ne same allowable value than for conventional primary stress. 

Such a recoiKsendation is very different from the cur­
rent practice at low température. It has been pointed out that 
-his current practice tolerate very much larger elongation under 
cyclic load than under static load. This situation needs to be 
justified, but this is not obvious to do. y 
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