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BEHAVIOR OF VERY THIN CYLINDRICAL SHELLS UNDER MOVING AXIAL
GRADIENT OF TEMPERATURE

A. Combescure

DMT/SEMT/LAMS, CEN Saclay, F-91191 Gif-sur-Yvette Cedex, France

This paper deals with the behavior of very thin shells
submitted to a moving axial gradient of temperature.

This case is very interesting because it shows a lack in the
methodology to assess ratchetting for this particular case of
loading and of structure.It seems that the ratchetting is
highly influenced by the geometrical nonlinearity for these
very thin shell and that interaction of mechanisms is not taken
into account in the design guides.

The paper is divided in three main parts;first one gives the
experimental results;then the simplified methods results are
presented; finally full nonlinear predictions try to explain the
differences between the simplified results and the observed
behavior of the structure.

1 EXPERIMENTS
11 The geometry and materials

The cylinder tested has a radius of .5m and a thickness of
lmm.Its heigth is .56m;an horizontal stiffner of 2mm thickness
is attached at .125m of the top of the cylinder;its base is
clamped.The cylinder is obviously imperfect;the imperfection
size has a maximum amplitude of about three times the
thickness.The shell is made of 304SS steel.The yield stress has
been measured and depends of the temperature with the following
law

temperature(°C) sy (Mpa)
20 225
400 155
600 135

12 Loading

The loading is only an axial gradient of temperature which is
moving in space between the distance of -.052m and -.022m from
the top.Three maximum temperatures have been tested
(400,500,600°C) .A typical temperature transient is represented
on figure 1.
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13 Results

The main result is the following:for the three load cases
studied here we observe two types of results.The shell all show
progressive deformation that seem to stabilize in the first 90%
of the cycling and which suddenly increase at the end of the
life of the shell.The observed deformed shells (see for
instance fig 2) all show non axisymmetric pattern of
deformation;fig 4bshow the evolution of the deformed shell
(mesured by the amplitude of the non axisymmetric dominant
mode)as a function of the number of cycles.

14 Comments

These results seem to indicate a coupling between the
rattchetting mechanisms and the geometrical instability
deformations.If one were to design such a shell against
ratchetting one would certainly not take into account the out
of roundness of the shell.

2 SIMPLIFIED METHODS PREDICTIONS
21 Necessary numbers

For the two extreme cases,called T400 and T600,we have the
following stress states in Mpa for case T400(resp T600)
membrane maximum stress 176 (resp 582) which is only a hoop
stress;maximum skin stress 280(resp 611) ;maximum membrane
stress range 254 (resp 850); maximum stress range 377 (resp
911) ymaximum axial stress range 482 (resp 862).

22 RCC-MR(87),SDM methods

These methods are not applicable in this case.The SDM is
unapplicable because the whole section is plastified,and RCC-
MR(87) because there is no primary load.

23 Ponter’s method

The method can be employed in our case and the result is the
following.The T400 case is just below the limit of
rattcheting(1.34 for a limit of 1.35).The T600 case is largely
in the ratchetting domain.

24 3Sm method

If we apply the method we obtain clear ratchetting in the
T600 case and we are just above the boarder in the T400
case (377 for a 3Sm of 374)

24 IGARI’s and all method

Igari has proposed a method to evaluate the ratchetting in
this particular case(ref 1).If we apply the method to the T400
case we obtain a final hoop deformation of .7% which leads to
an evolution of the radius of 3.5mm.The method is not
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applicable directly for the T600 case because the loading is
too strong to stay in the given diagrams.

25 Conclusion

The T600 case is well beyond the ratchetting limits with all
methods.For the T400 load case the situation is the following:
the SDM method is very conservative in this case.The classical
RCC~MR is not applicable but an improved RCC~-MR has been
proposed which is based on the idea that the mean membrane
thermal stress is to be taken as a primary load;this leads that
the T400 is just above the ratchetting limit.The other methods
give the same type of prediction,the Ponter’s method being the
less conservative(it is just below the ratchetting limit);this
result is not very surprising because Ponter’s method is based
on an upper bound method.

If we now apply these methods to T400 stresses computed on an
imperfect structure having an imperfection amplitude of three
times the thickness and a shape of the thermal buckling mode we
predict the ratchetting in all cases the stresses being 20%
higher on the imperfect shell.

3 NONLINEAR PREDICTIONS
31 Perfect shell

We have the performed inelastic predictions using a perfectly
plastic material (yield stress by function of temperature) and
an axisymmetric shell structure.We have studied the effect of
large displacement and shown that in our case the effect is
negligible.We obtain the following results.For the T400 case
there is no ratchetting the final hoop strain being .05%.The
Igari’s estimation is about ten times excessive but it has the
big merit to be the only method giving a quantitative
estimation.The T600 case leads to a clear ratchetting which
gives an increase of the hoop deformation of about .08% per
cycle.Figure 3 gives a typical stress strain curve for the T600
case.

32 Imperfect shell

An imperfect shell has been built taking an imperfection size
of 3 times the thickness and the shape of the buckling mode.We
have only applied the T400 loading with a perfectly perfect
material as in 31 analysis and we observe the following
results.If we compute the imperfect structure in small
displacements we observe no ratchetting after the second
cycle.If we now compute using large displacement theory we
obtain a clear ratchetting as can be observed on fig 4 5 and
6.This indicates that we have a coupling of the two mechanisms
of ratchetting and large displacement
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4 CONCLUSION

This paper has given a possible explanation of the observed
experimental ratchetting behavior of very thin shells
subjecting to moving axial gradients of temperature.It is the
combination of large displacements effects with redistribution
of stresses which induces the ratchetting mechanism.Of course
the evaluation is rather crude the material being represented
only by a perfect plasticity model and the effect of the
amplitude of initial imperfection having not been studied.There
should be an imperfection size under which no ratchetting is
observed.The acceleration of ratchetting is not observed in the
computations and is probably more complex to explain but this
phenomenon is of importance to understand.

(1) advanced evaluation of thermal ratchetting in FBR
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FIGURE 1 MOVING AXIAL GRADIENT OF TEMPERATURE
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FIGURE 2 EXPERIMENTAL DEFORMED SHELL T400 CASE
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FIGURE 3 T600 HOOP STRESS STRAIN CURVE AT MAXIMUM LOADED POINT
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