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SIZE EFFECT IN ANCHORAGE BEHAVIOR

R. Eligehausen™ and J, Ozbolt™

The resultg of the numerical analysis for
pull-out testg on headed anchors with axisymmetric
finite elements and nonlocal microplane model for
concrete are bresented. Based on the results of the
numerical analysis and Bazant's gjize effect law g
failure load formula ijg derived and compared with
empirical failure load equations, Numerical results
are in good agreement with experimenta] evidence
and indicate g strong sige effect which should be
taken into account in current design Practice.

INTRODUCTION

In engineering bractice headed anchors are often used
to transfer load into concrete structures, From experimental
evidence it jg clear that pProvided the steel strength of the stud
is high enough, headed anchors fajl by pulling a concrete cone. The
failure ig due to the failure of concrete in tension by forming a
circumferentia] crack growing in 80-called mixed mode (Eligehausen
and Sawade (1)). As failure is due to concrete in tension, concrete
tension Properties as well ag fracture energy have g dominant
influence on  the failure load, while concrete compression
Properties have g small influence on the failure load, but play an

fracture ig driven by the stored elastic energy that ig released
globally from the entire specimen at failure, This very important
aspect of pull-out problem ig still open. Due to this, the main
objective of this study is to investigate the sige effect in
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pull-out problems using axisymmetric finite element ahalysis and
nonlocal microplane model.

NUMERICAL ANALYSIS, FINITE ELEMENT DISCRETIZATION
AND MATERIAL MODEL

In the numerical analysis four-nodes isoparametric finite
elements with four integration points are used. The geometry of the
specimen and typical finite element mesh is shown in Fig. 1. The
sige effect is analyzed using three geometrically similar specimens
with the size increase by a factor of three. The geometry of the
specimens is correlated with the embedment depth d. Three embedment
depths are considered: d= 50, 150 and 450 mm. The distance between
support and anchor is 3d, so that an unrestricted formation of the
failure cone is possible. In all analyzed cases pulling out of the
anchor is performed by prescribing displacements at the bottom of
the head. Contact between anchor and concrete exists under the head
of the stud only. To account for the restraining effect of the
embedded anchor, the displacements of the concrete surface along
the steel stud in the vicinity of the head are fixed in direction
perpendicular to the load direction. Except supports, all other
nodes at the concrete surface are supposed to be free.

The analysis is performed using nonlocal microplane model.
Detailed description of the microplane model implemented into the
finite element code is given by Bazant and Ozbolt (3). Material
parameters are taken so that the resulting tension strength is
approx. f = 3.0 MPa, fracture energy G= 0.1 N/mm and uniaxial
compression strength approx. f = 40.0 ME&. Initial Young’s modulus
and Poisson’s ratio are taken 8s E = 30000 MPa and v = 0.20.
Characteristic length in nonlocal analysis is taken as 1 = 12.0 mm.

RESULTS OF THE ANALYSIS

Load displacement curves for three different embedment depths
are shown in Fig. 1. The displacement is monitored under the head.
It can be seen that the displacement at failure load increasing
with embedment depth. Assuming nozsize effect the failure loads
should increase in proportion to d°, that means by a factor of 9
when tripling the embedment depth. The results of the analysis show
that the increase in failure load is much less (approximately by a
factor of 5.7) which is a consequence of size effect.

Using Bazant's size effect law (Bazant (4)), the concrete cone
failure load can be calculated by Ea. 1:

F=F, B(1+d/d,) "/ (1)

where F_ represents load at failure including size effect, F
a failllre load without size effect, d is embedment deptﬂ
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linear regression analysis of the obtained failure loads. No size
effect ultimate load Fu is calculated using a formula:

to assure the dimensional correctness of Eq. 2 , Eq. 2 ig
proposed by ACI 349, appendix B, (5) for the prediction of the
concrete cone failure load.

In Fig. 2 the results of the analysis are plotted and compared
with the size effect law (Eq. 1), The coefficient & jipn Eq. 2 ig
fixed such that the numerically obtained failure load for anchors
with d= 50 pp is predicted correctly. From Fig. 2 is obvious that
the resultsg of the analysis agree rather well with the size effect
law,

150 mm is taken ag reference value. The peak loads according to the
size effect law (Eq. 1) and Eq. 2, which neglects the gjize effect,
are shown. Furthernore, the failure loads according to the formula
proposed by Eligehausen and Sawade (6), which is derived on the
basis of linear fracture mechanics, and isg of the form:

3/2
Fn- ai/ﬁar d (3)

are also plotted. In Eq. 3 a_ ig a constant. The fracture loads
predicted by Eq. 3 agree rat er well with test results (6). From
Fig. 3 it is clear that g formula that does not take into account
the size effect (such ag Eq. 2 proposed by ACI 349) underestimates
the failure loads for small embedment depths and ig unconversative

The relative shape of the fracture cone for three different
embedment depths ig plotted in Fig. 4. The failure cone slopes

embedment depth decreases with increasing anchorage depth. This
agrees qualitatively with test results (1). Therefore the effective
relative cone surface area decreases with increasing embedment
depth, what ig & consequence of the size effect.

The distribution of the tensile stresses perpendicular to the
failure cone surface are shown in Fig. 5 ag g function of the ratio
h/1 a where lh represents the distance from the anchor and lhmax
is tﬂe failure cone radius taken from Fig. 4. These distributions,
which are estimated from the results of the numerical analysis, are
more parabola like in the case of smaller embedments and more
triangular like in the case of larger embedments. Thig is again a
consequence of the gize effect.
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CONCLUSIONS

The results of the present numerical analysis indicates a
gsignificant size effect on the concrete cone failure load of headed
anchors embedded in large concrete blgg&s. The failure loads
increase approximately in proportion to d . This is in agreement
with experimental evidence (1). Prediction formula which do not
take into account the size effect, such as the formula proposed by
ACI 349 (5), overestimate the failure load for large embedment
depths. The size effect is due to the fact that the elastic energy
at peak load is released from the entire structure and as a
consequence the effective relative failure load surface as well as
the area under the tensile stress distribution decrease with
increasing embedment depth. The size effect on anchor failure loads
should be taken into account in design practice.
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Figure 3 Prediction of the failure loads using different
methods
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Figure 4 Shape of the failure cone surface area
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Figure 5 Tensile stresgsg distribution along the cone surface
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