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ROLE OF SELECTEDPARAMETERS OFMATERIAL
MODEL FORCONCRETE INATENA PROGRAM

Miroslav Vofechovsky, Vaclav Sadilek

Abstract

The article studies the effect of variations in selectecpeaters featured in various ma-
terial models of concrete in Atena software. In particulae focus on two material
models, namely Microplane and 3D Nonlinear Cementitioug&(ure plastic) model.
The numerical simulations at elemental and structural$efgeg-bone specimens) were
performed with varied parameters related to tensile stre(iiL vs. tensile strengthy)
and influencing characteristic length (crack bapds. fracture energ®eg).

Abstrakt

Clanek se zabyva vlivem vybranych parametrti mal@ricch model& betonu dostupnych
v programu Atena. PfedevSim jsme se zaméfili na n&tsy model Microplane a
3D Nonlinear Cementitious 2 (lomové plasticky). Numkécimulace na modelu ob-
sahujiciho jeden koneCny prvek a na modelu vzorku veutpai kosti byly provedeny s
rliznymi parametry, které ovliviuji tahovou pevngsaiametr K1 a tahova pevnokj a
charakteristickou délku (Sifka pasu trhtina lomova energi&e).

1 Introduction

There is a plenty of material models for concrete (crackawgjlable in ATENA software.
The most frequently used are probably the fracture-pléision-linear cementitious NL-
CEMII model) and the microplane model. Both these modelsbmspecified by a set
of parameters. The role of the most important parametersefwile failure must be
correctly understood when performing stochastic analysgsrandomly varying param-
eters. Also the inverse identification of model parametessiing to agreement between
model response and real experiments can be greatly sindpfifiee role of parameters
is known. That is why we present a simple yet usable paramsituidy of the role of
selected parameters in the two above mentioned materiatishod
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2 Effect of varied Gg and ¢,

We have performed simple numerical experiments with tweenngitmodels - Microplane
and 3D Nonlinear Cementitious 2 (NLCEM) in ATENA softwarg using which we
document the effects of variggr- andcy, on tensile response of (i) one element and (ii)
dog-bone specimens.
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Figure 1: Effect of varying: fracture ener@ in NLCEM model (top); and crack band
width ¢, in M4 model (bottom) in a single finite element under tensibaft: stress vs
total strain curves; Right: stress vs scaled inelastic{rang) strain.

Fig. 2 presents stress-strain (force-displacement) diagranem@fsquare finite ele-
ment of unit size loaded in uniaxial tension. The top row shdte situation with NL-
CEM model, in which the original fracture ener@¢ = 2000 N/m is multiplied by several
factorssranging from 1/20 to 10f¢ andE were kept constant at values mentioned above).
The bottom row shows a similar numerical experiment in nptane model with original
crack band widttty, = 30 mm multiplied by factors ranging from 1/10 to 32 (again, the
other parameters were kept as before). It is known [se€lkthat when using the crack
band technology, the finite element can be imagined to coaken inelastic part with
softening behavior and a perfectly elastic spring couphed series (see Fig.top left).

It can be seen that both the initial (spring) stiffn&sand tensile strength are not affected



TELC, JUNE 2009

by variations ofGg or cp. The area below the curves is almost perfectly proportitmal
the scaling factos (see the right hand side plots in Fijof stress against scaled inelastic
strains, that collapse into one curve). There is one cadithough, for the scalability
of fracture energy, that is thoroughly described in sec.48d6 Bazant and Planas]f
the finite element can not be arbitrarily large compared &dharacteristic length (or
Cp). Or, equivalently in NLCEM model, the fracture energy ofiagée finite element
must be greater than the elastic strain energy accumulatee spring at the peak stress:

G(FE) > fZ/(2E). The problem is that snap-back behavior can not be captyrttenodal
displacement controlled computation. Therefore, one earlsat whers is small in the
two material models, the finite elements dissipate moreggnigran they should. If no
other criterion (such as those recommended in Bazant aath®Il], sec. 8.6) can be
implemented in the finite element program used, caution ineigaid that the element
fracture energy of the crack band is greater that the elesgagy of the spring. The finite

element fracture energy in our case is simgly’ = Gg/LE), whereL(® is the width of
elements perpendicular to the direction of cracking. Impartant to check this criterion
in models processed in ATENA as the software makes no chdadks Another conse-
quence is the possibility to simplify analyses of strucsuotvarious sizes as the structural
size can be mimicked by change of material parameters irefeeance sizeq.

Let us focus on the effect of vari€s andcy, at a structural level. We study a particu-
lar structure, namely do bone specim&h Bince the dog bone specimens are not loaded
just by uniform tension, stress redistribution can take@lat was concluded that varying
fracture energy (or crack band width) is in fact equivalentarying the proportion be-
tween structural size and characteristic length (chanactg the material heterogeneity
scale). In order to document this numerically using the dogelspecimens models, we
have varied the fracture ener@¢ by multiplying it with parametes (s= 2,4,8,16, 32
and their inverses, the largest to the smallest ratio equa(24) and plotted the nominal
strength of specimens as a representative parameter &itpaissructural size (which was
kept constant). If we, however, shift the points towardsdize D/s, the points fall ex-
actly on the size effect curve computed with a cons@nand varied siz®, see Fig2.
The nominal strength dependence on size in the studied ¢alegdoone specimens for
instance, can be fitted very well with the following formuid:[

0§ (D) = ON (1+ Diblp) ()
where, aside fronD, ~ 300 mm,|, is a second deterministic characteristic length con-
trolling the center of transition to the left ‘plastic’ haantal asymptote. The value of
Ip can be deduced from the ratio of ‘ideal-plastic’ limitingestgth and ‘elastic-brittle’
limiting strengthnp = (1+ Dy/lp) = 1.42; thereford, ~ 714 mm (which happens to be
quite close to the Irwin’s characteristic lengtly = E Gg/f? ~ 720 mm). FormulaX)
gives the transition from perfectly plastic behavior @y, — 0 (corresponding to an
elastic body in which the crack is filled with a perfectly glaglue), through quasibrittle
behavior, to perfectly brittle behavior f&x/Dy, — oo,
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Figure 2. Strength scaling using varying fracture endsgyor cy) in a logarithmic size
effect plot.

Itis an occasional practise to study a random model respafrstrictures with varied
(randomized) fracture energy (keeping an identical crgménang law curve shape). If
the size effect relation such as the one in Hg.i§ known, the probabilistic distribution
of random strengtloy for a given sizeD can be written analytically just using a random
variable transformation. The situation is more complidatdéen randomizing the tensile
strength and material toughness simultaneously.

3 Effect of varied f; and K1
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Figure 3: Effect of varying strength KX in microplane (left) [NLCEM (right)] models,
respectively, on uniaxial tensile response of a singledieiement.

Let us now study what happens fif is randomized only in NLCEM model of one
finite element under uniaxial tension. FR&yright studies such a situation, where we have
multiplied the original tensile strength 3= 1/2,1 and 2. Since the fracture energy is
not scaled, the initial softening slope@#f¢ diagram depends on the peak strgse keep
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the same area under the curve. We can write th&tlif s then Gg = const Therefore,
if s> 1 the same element becomes stronger but 'more brittle’ esxipdites the original
amount of energy. The initial softening slope is in perfeetjative dependence diy
while G is independent of;. One would have to multipl®g by s to achieve it because
the characteristic lengtty, 0 2.

A somewhat different situation is when strength parameteriKvaried in the mi-
croplane model. Fig3 left shows results when a single element has K1 multiplied by
s=1/2,1 and 2. The tensile strength of one element scales linedttilyspbut the whole
o—¢ is scaled radially, keeping the instantaneous softenioges equal at correspond-
ing loading stages. In other words, fif 0 s then Gg 0 s? and the characteristic length
{ch = const. This can be viewed as a perfect positive dependemwedef; andGr.

Note that, there can be imagined another alternative inhyhiith f; (I sthe energy
Gr O s. The softening curve would have to decrease towards anicaéistrain value
irrespective the peak strefs The characteristic length, 0 s~1. This would also imply
a perfect positive dependence betwdéeandGe.

These illustrations are important when randomizing botikstress and fracture en-
ergy simultaneously. The most frequent combination in anad studies is the simultane-
ous randomization dbr and tensile strength. For example, it was shown previously by
Vorechovsky B], Vofechovsky and Novakd] that a strong positive correlation between
these two parameters, when they are both randomly varyiaigedly, increases the slope
of size effect curve in the transitional region between tire@ &asymptotic limits (positive
correlation, in fact, speeds up the convergence towardsl#ssical Weibull statistical
size effect).

4 Conclusions

The paper clarified the roles of selected parameters in NL@EMMicroplane material
models. The obtained results might be important for modetihconcrete structures,
inverse identification material parameters as well as studiith randomized material
parameters.
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