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DETERMINATION OF STRESSES AND STRAINS FOR CYCLIC LOADS 1IN AN
ELASTO-PLASTIC STATE
URCENI NAPETI A DEFORMACI PRI OPAKOVANEM ZATEZOVANI V PRUZNE

PLASTICKEM STAVU

Vejvoda S.

Mezni stavy pevnosti ocelovych konstrukci jsou ovlivné-
ny p¥itomnosti zbytkovych napéti, vyvolanych technolo-
gickym procesem p¥i vyrobé. Je naznalen postup urceni

zbytkovych napéti pomoci tenzometrického méreni. Pri-

klad je vypoclten programem TENZO na PC AT/286.
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Limit strength states of steel structures are influenced
by a technological process which causes residual stresses. A
structure are often loaded in elasto-plastic states during a
technological process. Fixing of tubes into openings of a per-
forated flat plate by rolling is an example. Values of residual
stresses are importand, if the medium flowing throngh tubes
can cause then a stress corosion cracking.

The Matar s method (drilling of opening) cannot be used
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in any cases, than an originated opening is not possible always

to remove by welding or grinding. We are often interested in a

response of material under loading during all technological

process. We can determine residual stresses at the finish of
technological process using strain gauge method, if relations
strain-stress €, = f (o) for a monotonic loading and A€t=

= f ( Ac) for a branch of hysteresis loop is known. Numerical

analysis method is demonstrated in |1|. This process has follo-

wing steps:

1. cCalculation of residual strains €, s €45 Egp in the direc-
tion of strain gauges from after welding measured residual
stresses 9, and Oy -

2. This step is used when strains and stresses reach the abso-
lute maximum at time <¢ . Determination of total strains
from pressure p and residual stresses on stress-strain cur-
ve for monotoninc loading €, = f (o), Figure 1. Calculation
of the strain intensity € ip using of Poisson’s coefficient
v for elasto-plastic state.

3. This step is used when strains and stresses do not reach
the absolute maximum at the time <. Determination of the
range of total strains from pressure p on a branch of
hysteresis loop ¢ J (where J < Z-1) Aet =f (Ao), Figure 1.
Calculation of the range of strain intensity Aetr’

4. Calculation of Etr,i and Or,i at the end of a branch of
a hysteresis loop in the time <.

5. Calculation of principal stresses 0,0 Oy and stress inten-
sity O, These stresses are residual stresses at the end
of every pressure cycle. An itteration procedure have to be

used for determination of € and a, in the time < using

tr
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step 2 until 5. Relations €4p = f( %,) or Asm,= f (A%1)

and strength rule for o, have to be fulfiled.

6. Stress components in an axis direction of a weld 0. and in

a perpendicular direction on this axis o are calculated from -
2 Reot ou O 2 ) . AN AN
o, and o, . 2 Nerbex m\zﬁ}uf}r SNz Ve

Relations €4p = f( o, ) and Aetr =f (Aop ) are taken
either for material Ramberg-Osgood type or for ideal elasto-
plastic material.

Residual stresses was determinated in a perforated flat

plate and tubes (Figure 2) using program TENZO, Table 1.

Table 1. Residual stresses calculated by program TENZO

Tube outside ligament Ligament of perforated flat
53 = 642,1 MPa plate; sy = 334,2 MPa

half 9, Oy o, half ! oy ! O, ! o,
cyclel ryp, ) [MPa ] [MPa] | €YCLe! [wpa) Pa] | [wpa]
1 -7,0 434,6 E 438,1 1 ; -36,6 j 35,1 : -62,1
2 -27,0 | -90,1 | -so,1| 2 ' 2,71 9,0 . -8,0
3 29,5 | 556,2 542,1 3 -62,4 i 44,8 -92,3
4 -27,0 -90,1 -80,1 4 4,7 15,8 i -14,0
59 | 108,2 i 548,6 503,3 23 ' -330,1 . =-20,9 ! -320,1
60 : -712,7 | -533,4 -642,1 24 -344,2 f -68,2 ; -315,7
61 | -381,6 -44,5 -361,4 25 -338,8 E -50,2 ; -316,7
62 -629,4 | -508,4 i -578,4 26 i-345,6 i -72,7 | -315,6

When stresses 01 and 02 are calculated from a half-

T €gs without program TENZO, we get different va-
~ Snia b T
lues from values of Table 1. For example we get for tube

cycle €

0, = 833,5 MPa and o, = 4780 MPa.
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Figure 1. Figure 2.
History of loading Detail of structure
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