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When structures are subjected to complicated fluctuating loads due 
to earthquakes, wind storms, waves and so on, stresses beyond the 
elastic-limits of steels break out in members or parts of them repet-
itively. In this case, even if the structures do not collapse, it is 
expected that the hysteretic effect reduces the load capacity or 
deformability of such a structure from the level predicted in design. 
Because such problems are very important and fundamental for structural 
design, the authors have investigated the effect of loading histories on 
mechanical properties of steels which are important structural mater-
ials, and have accumulated experimental data. 

Petersson & Popov Model (P.P. Model) [1) has the grounding in the 
multi-surface plasticity theory and has an advantage that only a few 

tests are required to make up fundamental functions representing 
material properties. 

The final purpose of this investigation is to complete an accurate 
hysteretic model to predict elaso-plastic behaviors of steel structures 
or members subjected to external forces in excess of those amot1nt. In 
this paper, a stress-strain model based on P.P. Model is studied with 
the emphasis on the evaluation method of hysteretic effects. 

In P.P. Model, hysteretic stress-strain behaviors are represented by 
the concept of expansion, reduction and movement of state surfaces in 
the stress space. Each surface is defined by a surface size function-K , 
by which the size of each surfaces is expressed, and a vector {a} 
indicating its central coordinates. In order to introduce the hysteretic 
effects to stress-strain relations, K and {a} are changed with the 
progress of loading histories. The degree of hysteretic effect is 
described by accumulative equivalent plastic strain€ and increment of D 

equivalent plastic strain も01. The surface size function is defined 
according to the f~llowing equation, introducing Ka , Kb and W which 
are the functons of€ 。 and€01 . 

K=W・K。+(1-W) Kb (1) 

where. K. is the surface size in the case where no hysteretic effect is 
and Kb is that in the case where the hysteretic effect is stationary. 
The weighting function W represents the change in the surface size 



function from K. to Kb due to loading histories and is evaluated by 
means of numerical calculation. Ka and Kb which are referred to as 
Fundamental Surface Size Functions (F.S.S. Functions) in this paper, are 

key functions for evaluating the surface size function in any phase of 
loading. 

In this paper, basing on experimental results, accumulation of 
equivalent plastic strain in the process of repetitive loading is 
accomplished in the following way consistent with results of measure-
ments ; the accumulative equivalent plastic strain is evaluated under 
the assumption that the plastic strain beyond the preceding plastic 
strain amplitude is effective. 

Characteristic features of stress-strain relations for steels under 
repetitive loading conditions are as follows ; 

(a) the disappearance of yield plateau in the successive hysteteric 
loading processes when unloading is applied on yield plateau, 

(b) the change in degree of Bauschinger effect when unloading is taken 
place in strain hardening region. 

It seems・to be a necessary condition for a stress-strain model 
compatible with experimental results that the model may represent these 
features. In N.M.M. Model, to get better compatibility with experimental 
results, the surface size function Kab , which is a surface size 
function at the start point of strain hardening for virgin material, has 
been introduced as a F.S.S. Function in addition to K. and Kb. Following 
the introduction of Kab• W1 and粕 is defined as weighting functions. 
The function W1 expresses the phenomenon that stress-strain curve 
changes continuously from the virgin stress-strain curve, which is 
characterized by yield plateau and strain・hardening, to the smooth 
curve, on which Bauschinger effect is characteristic, and W2 stands for 
the cyclic softening or hardening following the progress of loading 

histories. These two functions are peculiar to each materials. 
Since the model is baed on the assumption that the stress-strain 

relations on the certain loading path or unloading path is determined by 
means of accumulative equivalent plastic strain瓦 atthe start point of 
the loading or unloading, material properties can be estimated by a 
combination of a monotonous tension test and several tension-compression 

tests each including only one reversed point. 
Elasto-plastic FEM analyses are~5: 

performed. Fig.1 shows an example o 
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fig. 1 comparison;Experiment and calculation. 

(Reference) !.Petersson H. and Popov E.P.: Constitutive Relation for 

Generalized Loadings, Proc. of ASCE, Vol.103, No.EM4, pp.611-627,1977. 
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