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Below we present the results of am experimental  investigation 
into the creep stabil i ty of thin-walled eylindricaI Duralumin shells in 

compression and pure bending. 

The stabil i ty tests in bending and the tests on one batch of spec- 
imens in compression were carried our on special lever- type testing 
machines on which various types of constant load could be applied to 

heated specimens: axial  force, bending moment, torque, erc. On 
these machines the constant load is maintained by means of a suspend- 

ed weight. The testing of another batch of specimens in compression 
was carried out on a TsDM-S0 hydraulic testing machine with a singIe- 

section furnace. In this case the constant load was maintained by an 
automatic device connected to the hydraulic system of the machine. 
The accuracy with which the load was maintained was in all  cases 
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Fig. 1 

On the lever- type machines the specimens were heated in e lec-  

tric furnaces with five individual heating sections. Independent con- 

trol of the stress across each section produced a sufficiently uniform 

temperature field in the specimen. For example, in bending tests the 

spread of temperature over the working length of the specimen did not 

exceed .~2 dee C, while in the compression tests it was :~5 dee C. Dur- 

ing the tests a constant temperature was maintained with an accuracy 

of • dee C by means of a EPD-12 potentiometer, while the tempera-  

ture field was measured with a EPP-09 recording device. Chromel-a lu-  

mel  thermocouples were used to record temperature. 

The shell specimens used in these tests were machined from ex- 

truded D16T Duralumin tubing. The nominal shell dimensions were as 

follows: internal diameter  d = 17,5 mm, wail thickness 6 = 0.5 ram, 

length I = 42,5 mm (working length about 360 ram), and width of end 

ciosures 12 mm. Thus, the specimens could be classified as long thin 

shells. 

The specimens were checked by measuring the mutually per- 

pendicular diameters d I and d 2 in three different cross sections and the 

wail thickness. These measurements showed that the deviations from 

the nominal wall thickness over the working length did not exceed 

• mm, while the relat ive ovalness (d 1 - d2)/d 1 was I-2%. Careful 

measurements showed that the ini t ia l  irregularities had no definite form 

and no axial  symmetry and could be represented along the generator as 
long half-waves (with a length equal to tl~e length of the shell) and two 

to three superposed shorter half-waves of various lengths with ampl i -  
tude~ from 0.1 to % (; mm and 0 . 0 5 - 0 . 1 5  ram, respectively. Since the 
ini t ia l  irregularities of each specimen have their own geometry, it is 

nor possible to compare the specimens with respect to a definite para- 

meter. The ini t ia l  irregularities are described here only in order to 

show the quality of machining. 
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Fig. 2 

The specimens were tested at 266 deg C. Each specimen was 
heated to the required temperature in about 1-2  hr and held at this 

temperature for about 0.5 hr before the gradual application of the load, 

which was maintained during the entire test. Loading was continued 

until the actual moment of failure of the specimen, which rook place 

instantaneously with a "bang."  Observation of the surface of the speci- 

mens through small  windows in the furnaces showed that most of the 

time, from the moment of load application to the moment of failure, 

no deformation of the surface was apparent. Shortly before failure a 

smali  dent appeared in the surface, and the deveIopment of this dent 

eventually led to abrupt loss of load-carrying ability. In the case of 
bending the place where the dent appears corresponds to the maximum 

compressive stress, while in the case of axial compression the dent 

may appear anywhere. 

[a" 
0 . 6 - ~  

0/4 

9 0.2 

' V 
,/1. .~'. I 

/ P.. I, ~ 

�9 oo ~  �9 

oOo  �9 

~o 

O.q 0.6 

Fig. 3 

During the axial  compression tests tile longitudinal strain was 

measured by means of dial  gauges with 0.01-null graduations. During 

the bending tests dial  gauges were used to measure the rotation of the 

end section, the displacement of the end section in the plane of appli- 

cation of the moment, and the flattening of the central portion of the 

sliell. All these deformations were probably due not only to creep of 

the middle surface but also to bending of tile shell surface due to ini- 

t im irregularities, The graphs of Fig. ] show tile measured displace- 

ments under a load P = 1100 kg (axial  compression) and a moment 
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Table 1 

I I 
1 

2 
3 
4 
5 
6 
7 
8 
9 

t0 
t l  
t2 

t 3  
14 
t5 

t6" 
17 
t8 
t9  
20 
2t 
22* 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 

33 
34 

35 
36 
37 

.38 �84 

3.640 
3.900 
2.870 
2.850 
3.000 
3.000 
2.500 
2.500 
2.500 
2.000 
2.000 
2.000 
1.500 
t .500 
1.500 

Firs1 batch'  

0.5C i3123 
0.5C 14.17 

0 . 4 8  10.83 

1 
0.5~ 10.36 
0.50 i0.90 
0.50 i0,90 
0.50 9.08 
0.52 8.73 
0.52 8.73 
0.52 6.97 
0.49 7.4t  
0;49 7.41 
0.49 5.55 
0.50 5.45 
O.5O 5.45 

Second batch: 

0 
0 
0 
0 
t .33 
0.05 
0 . i6  
t . 5  
5.0 
7 . ~  
5.16 
8.33 

58 . t l  
54.9 
17;33 

~2 .70(  0.5t  
~2 .50(  0.49 

3.00C 0.5t  
3. OOC O. 50 
3.00C 0 .5 t  
2.500 0.52 
2.5O0 O. 49 
2.500 0.51 
2.500 0.5i  
2.500 0.5t  
2.500 0.50 
2.000 0.51 
2.000 D. 50 
2.000 9.49 

2.000 9.50 
2.000 0.50 
I .  500 9.50 

t .  500 3.50 
1.500 3.51 

t . t 0 0  ).51 
t . t 0 0  3.51 
1. t00 ). 50 

t .  t00 ). 50 

9.62 0 
9.26 �9 0 
10.67 O. 03 
i0.90 0 
t0.67 0.02 
8.73 0.53 
9.25 0 
8.90 0 . t l  
8.90 0.55 
8.90 0.25 
9.08 0.54 
7.16 7.58 
7.27 18.33 
7.4t  2.75 

(2.33) 
7.27 3. O0 
7.27 9.83 
5.45 53.75 

(27) 
5.45 34.5 
5.32 7t .0 

(53) 
(60.5) 

3.9i  65.0 
3.91 43.0 
3.99 62.0 

(56) 
3.99 192.28 

Table 2 

so: M, kg.  m ~,mm ~max, 2 t h ~ 
k g / m m  ' 

t 
2 
3 
4 
5 

6 
7 
8 
9 

10 
t l  
t2 
t3 
14 
t5  
t6  

17 
t8 
i9 
20 
21 
22 
23 
24 
25 
26 

27 
28 

29 
30 
31 

32: 
33 
34 

96.4 
129.2 
135 
130.7 
90.0 
94.0 
94.0 
94.0 
94.0 

94.0 
94.0 
94.0 
94.0 
85.9 
85.9 
85.9 

85.9 
8 5 . 9  
85.9 
85.9 
85.9 
85 .9  
85.9 

�9 80.6 
80.6 
80.6 

80.6 
80.6 

80.6 
80.6 
74.1 

7 4 . t  
74. l 
74. i  

0.51 
0.50 
0.50 
0.50 
0 .5 i  
O. 49 
0 . 5 t l  
0.51 I 
0.50 

0.51 
0.50 
0.51 
0.51 
0.50 
O.5O 
O.50 

0.52 
0.51 
0.49 
0.50 
0.50 
0.50 
0.50 
0.50 
~.50 
E).51 

0.52 I 
0 .5 i  ! 

0 .5t  
0.47 
0.51 

O. 53 
0.50 
0.50 

7.67 
LO. 48 
[0.92 
LO, 60 
7.15 
7.78 
7.47 
7.47 
7.63 

7.47 
7.63 
7.47 
7.47 
6.96 
6.96 
6.96 

6.70 
6.82 
7.11 
6.96 
6.96 
6.96 
6.96 
6.54 
6.54 
6.40 

6.28 
6.40 

6.40 
6.95 
5.89 

5.67 
5.92 
5.92 

0 
0 
0 

0 
0 
0:.5 
0.03 
0.07 

34,91 
(15.,5) 

7.59 
6.17 
5.08 
2.59 

10.75 
8.40 
4.25 

2.00 
2 0 . 7 7  
19.75 
t6.02 
5.75 
1.59 
3.17 

36.83 
41.25 
(34) 
24. O0 
22.5O 
(16) 
t4.03 
7.25 

149.33 
(1t8) 

78. O0 
54.59 
36.75 

An asterisk* denotes specimens with large ini-  
t i a l  i rregulari t ies.  I f  the test was interrupted, the 
figure in parentheses shows the t ime  at which the in-  

terruption occurred. 

Note: Figures in parentheses show the 
time at which the interruption occurred. 
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M = 74.1 kgm (bending). In this graph the abscissas give the t ime  and 

the ordinates show the displacement of the end plate 5 in axial  com- 
pression and the angle of rotation of the end plate c~ in bending. The 

moment of acceleration prior to failure apparently corresponds to the 
moment at which the first dent appeared. The change of relat ive ov- 
aIness during the bending test was about 0, ! -  0.2%. 

A total of 38 shells was tested in axial  compression, while a fur- 

ther 34 shells were tested in bending. The shells tested under a com- 

pressive load on TsDM-30 machines were made from the same batch 

of mater ia l  (first batch), while the shells tested in bending and com- 

pression on lever- type machines were made ~rom another batch of ma-  

terial  (second batch). All the results are given in Tables 1 and 2. 

During the compression tests loss of stabil i ty was accompanied by 

the formation of six to nine half-waves along the circumference and 

two to three rows of half-waves along the axis of the specimen. The 

shells that lost s tabil i ty had exact ly  the same external appearance as 

shel/s after instantaneous loss of stabil i ty.  In the bending tests waves 

were formed in the compression zone, In shape and size the waves 

were s imi lar  to the waves formed in axia l  compression. 

For a quanti tat ive evaluation the creep characteristics of the ma-  

terial  were plotted for constant stress at 286 deg C. At each stress level  

5-12 specimens made from tubes of each batch were tested on D S T - 5  

and ZST 3/3 machines. The working length of these specimens was 

100 mm and the diameter  8 mm.  The average creep curves obtained 
by processing all  the experimental  data are given in Fig, 2 (the broken 

line represents the first batch and the solid line the second batch). Ac- 
cording to [1] extruded tubes from D16T have at 250 deg C an etastic 
modulus of 5900 k g / m m  2, a shear modulus of 2080 k g / m m  2, and a 

proportionality l imi t  of about 12 k g / m m  2, 

Assuming for shells at 255 deg C a modulus of eIasticity E = 5850 
k g / m m  2 and Poisson's ratio # = 0.42, we obtain from the equations of 

[2] for shells without in i t ia l  irregularities the maximum v a l u e  of the 

cr i t ica l  compressive stress 

l h h 
E - - -  = .0.64E - -  = 21.4 k g / m m  2. 

~* :-  g g  (i - -  # )  n l~ 

For the same shells with fairly large ini t ial  irregularities we use 

the lower value of the cr i t ica l  compressive stress 

0A73 E h h 
- -  = 0.192E ~ -  = 6.2 k g / m m  2. 

g (~- - ~ )  R 

Table 1 shows that instantaneous loss of stabil i ty of shells sub- 
jected to compressive stress takes place above the lower cri t ical  stress, 

thus indicat ing that the quality of shell manufacture was high. Loss of 

stability in creep takes place at Ioads above as well as below the lower 

cri t ical  stress. The wide scatter of the results is due to the fact that the 

shells all  had different ini t ia l  irregularities and the creep characteris- 

tics themselves show a considerable scatter. 

Using the creep curves of Fig. 2 and the data of Table 1, we now 

est imate the total  deformation of the middle surface at which the shell 
loses stabil i ty in creep. The ordinates of Fig. 3 represent the dimen- 
sionless stress o ~ = o]o*, while the abscissas give the dimensionless to- 

ta l  strain s~ Es/o",  in which tile instantaneous strain is assumed elas- 
tic, while the creep strain is determined from the creep curves of Fig. 

2. Figure 3 shows that the total  deformation at which loss of stabil i ty 

takes place in creep is smaller  than the elastic strain corresponding to 
the upper cr i t ica l  stress, but larger than the elastic strain corresponding 

to the lower cr i t ica l  stress. The scatter of the experimental  data in- 
creases with decreasing stress, f. co, with increasing creep strain, Ex- 

act ly the same conclusion concerning the magnitude of the cr i t ica l  

creep strain under compressive load in creep was obtained theoret ical ly 

in [3] on the basis of nonlinear shell equations where the creep of the 

mater ia l  was based on the aging hypothesis. 
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Fig. 4 

A comparison of the experimental  results on bending and axial  

compression of shells made from the second batch of mater ia l  is given 

in Fig. 4. Here the abscissas are the cr i t ica l  t ime t '~ and the ordinates 

are the average stress in axial  compression or the maximum compres- 

sive stress at the ini t ial  moment in the case of bending. 

Figure 4 shows that in the region of low stress ievels the lowest 

values of the cri t ical  t ime are obtained for axial  compression. Thus, 

the est imate of the cr i t ical  t ime of loss of stabil i ty for shells in creep 

obtained from the elastic strain corresponding to the lower cri t ical  

compressive stress u** gives a guaranteed lower value of the cr i t ical  
t ime  both for compression and for bending. 
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