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The Inst i tute  of Hydrodynamics  of the Siberian Division AS 

USSR has designed and bui l t  a tes t ing m a c h i n e  for studying creep under 

condi t ions of b i a x i a l  tension.  This paper reports on studies a i m e d  at 

d iscover ing  the po ten t i a l i t i e s  of  the new m a c h i n e  and at  ob ta in ing  

data on the laws of creep in the complex  stress s ta te  with a v iew to 

c la r i fy ing  the effect  of the third invar ian t  on the creep rate  distr ibu- 
t ion. The exper iments  were designed with the in ten t ion  of ana lyz ing  

the data by the method  of  [I] .  

As the objec t  of inves t iga t ion  we chose a f ami l i a r  m a t e r i a l -  

IKh18N9T s teel .  Data on the creep of this s tee l  in combined  tension 

and torsion are g iven  in [2] and ana lyzed  in [1]. 

1. In the tests the spec imens  were loaded  with an ax ia l  force 

and in te rna l  pressure. 

The spec imens  were m a d e  from rodt of c o m m e r c i a l  grade s teel  

35 m m  in d iamete r .  The c h e m i c a l  composi t ion  was: C 0.9%, M n  

1 . 0 5 %  Si 0 . 5 7 %  P 0.082~ S 0 .0006% Cr 17.92~ Ni 9 . 4 4 %  Ti  

0.4%. The m a t e r i a l  was hea t - t r e a t ed  by the manufac ture r  under the 

foIlowing condit ions:  hea t ing  to 1100" C and quenching in water.  Met -  

a l lograph ic  analysis  of  spec imens  measur ing  10 x 10 X 18 m m  with 
faces pa ra l l e l  and perpendicular  to the axis of the rod revea led  a qui te  

fine grain.  The grain s ize  was of the order of 9 - 1 3  g, 
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Preferred direct ions of gra in  o r i en ta t ion  were not observed.  The 
m a t e r i a l  was not  subjected to add i t iona l  hea t  t r ea tmen t .  

The tests were run on spec imens  with an outs ide d i a m e t e r  of 16 

ram, wal l  thickness 0 .75  mm,  and gauge  length  10O m m .  The loads 
on each s p e c i m e n  were c a l c u l a t e d  on the basis of its a c t u a l  d imen-  

sions. 

The tests were car r ied  out  a t  600 ~ C. The t empe ra tu r e  was m e a -  

sured with three c h r o m e l - a l u m e l  thermocouples  welded m the spec i -  

men,  The t empera tu re  was m a i n t a i n e d  at the preset va lue  with an 

accuracy  of • 1.5", and the t empera tu re  drop over  the gauge  length did 

not exceed  2 = C. 

Heat ing the spec imens  m the test  t empera tu re  took 2 . 5 - 3  hr. 

The load was appl ied  5 - 6  hr af ter  swi tch ing  on the furnace.  

The tests were conducted  at ratios k = os /~  2 = =~, 1, 7/8,  3/4,  

5/8, ! /2 ,  1/4, 0, Here we took the ax i a l  stress as as, and the tan-  

g e n t i a l  stress as a z. 

The stress l eve l s  were as follows: 12, 14, 16, and 19 k g / m m  2. 

For a number  of test  condi t ions  the  expe r imen t s  were dup l i ca ted .  

2. The stress s ta tes  for k = O and k = ~ d e t e r m i n e  the tens ion in 

the t a n g e n t i a l  and a x i a l  d i rec t ions .  In these  types of  tests the c reep  

curves co inc ided  wi th in  the  l imi t s  of  error of the expe r imen t .  The  

c o i n c i d e n c e  of the curves showed tha t  the m a t e r i a l  had a suff ic ient  

deg ree  of isotropy. 

The results of the exper iments ,  plot ted in log p vs. log t coordi-  

nates, gave  a series of  straight  l ines pa ra l l e l  within the l imi t s  of the 
expe r imen ta l  scat ter .  From this we may  conclude  that  the creep curves 
are s imi l a r  for various types of stress s tate .  Therefore the equa t ion  of  

any creep curve may  be represented in the form p = or(t). 
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Here e is the c reep  rate with respect  to the transformed t i m e  
r = r(t),  

As standard creep curve we took the curve for k = ~, and o = 

= 19 k g / m m l .  This curve  was a graph of the function r(t) .  All  the 
ind iv idua l  curves were reconstructed by varying the sca le  along the 

ordinate  axis so tha t  the best ag reemen t  with the standard curve was 
obta ined.  The sca le  of  the construction de termined  the rate  with re-  
spect  to the transformed t i m e  r(t) .  

The test results were reduced usin~ the equat ions 

es : ~,'a [~l COS 0 @ e2 cos (0 - -  %r~) @ ea cos (0 - -  a,'arQ] = gv (r (1) 
et -- - -  ~/'s [ez sin 0 + ea sin (O - -  2/s~) + ea sin (0 - -  ~/s~)] = ~ (~ig) dg / dO. 

Figure 1 shows the quant i ty  ~ = s t / s  s as a function of the type of 
stress s ta te .  

In [ I ]  it was shown that  at high stress levels  the creep law as- 

soc ia ted  with the condi t ion of  m a x i m u m  tangen t i a i  stress corresponds 

be t te r  to the data  than a creep law of the Mises type.  However, i t  is 

d i f f icul t  to admi t  the ex i s tence  of  comer  points on the creep surface; 

i t  is necessary to assume that  the corners of the TrescaoSaint  Venant 

hexagon are rounded. In fact, a tX = 0 ,  X = ~ ,  andX = 1, w h i c h c o r -  
responds to compression with superposed omn id i r ec t i ona l  tension, the  

e x p e r i m e n t a l  points display a considerable  scatter .  At smal I  devia t ions  
from the ca l cu l a t ed  stresses in one d i rec t ion  or the other  the creep 

strain rate vec tor  sharply changes di rect ion.  
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When the s p e c i m e n  is loaded only  with in ternal  pressure (X = 1/2)  

there  is no c reep  in the ax ia l  d i rect ion;  this was previously conf i rmed  

in [3]. At k = 1 /4  the sign becomes  negat ive ,  the sca t te r  of the ex-  

pe r imen ta l  points is qu i te  s m a l l  Fo rk  = 5/8.  a /4 ,  and 7 /8  the sign of 
changes to posit ive,  the  points for o = 12, 14, and 16 k g / m m  2 l i e  

fair ly c lose together .  
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The broken line in Fig, 1 corresponds to  the law of creep a s s o -  

c i a t e d  with the Tresca-Saint Venant condition. Clearly, on the seg- 
ment (134 ~ < 0 < 1660) the experimental points are grouped around 
the broken line, which is in accord with the conclusiom of [1]. To 
clarify the behavior of the function x(0) in the region close to 0 = ~r, 
we carried out tests ark = 1/8 (0 = 173~ The corresponding points de~ 
part from the broken curve. The continuous line represents the assumed 
true dependence NO) on the natural assumptio n that x0r) = 0. One 
point at k = 3/4 is out of line for reasom so far unexplained. 

The invariant relations were checked using the formula 

e8 / g = v ( ~ i ~ ) ,  

The function g(0) was found by numerical integration 

| 

(0) = exp _~ x (0) dO. g 
0 

The invariant relations have quite a considerable scatter; com- 
parison of the relations ~ - o i (Fig 2) and s~/g - oig (Fig. 3) does 
not permit any definite conclusions. Analysis of the data of other au- 
thors [1] resulted in a similar situation. 

REFERENCES 

1. Yu. N. Rabomov, "Experimental data on the creep of com- 
mercial aUoys and phenomenological theories of creep (review), " 
PMTF, no. 6, 1964. 

2. I. A. Oding and G. A. Tulyakov, "Creep of austenitic steel 
in the complex stress state, " Izv. AN SSSR, OTN, no. I, 1958. 

3. L. M. Kachanov, Theory of Creep [in Russian], Fizmatgiz, 
1960. 

30 December 1964 Novosibirsk 


