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Abstract

In this study, the nonlinear static Pushover analyses of a reinforced concrete portal frame are obtained by
using Fiber element method based on displacement. For calculating of cyclic behavior of concrete, the
Mander-Priestley-Park model is used. Cyclic behavior of the reinforcement is obtained by using Mengotto-
Pinto steel model. Different longitudinal reinforcement ratios are selected for investigating effect on the
nonlinear behavior of a portal frame under horizontal forces. Concrete mean strength is 20 MPa and
confinement factor is 1.2. The yield strength of reinforcement model is 420 MPa. Obtained results are
evaluated with regard to the top displacement-base shear force and top rotation-base moment. The lateral
load capacities and the overturning moment capacities obtained from 2", 319, 4t and 5" cases were calculated
more between 81-200% and 101-286% than 1% case, respectively. As a results, it is determined that the lateral
load capacity and the overturning moment capacity increase depending on increasing of longitudinal
reinforcement ratio in columns.
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1. Introduction natural vibration periods of a structure. A lot of
time-history analysis of a building are used for this
procedure. In time-history analysis, 2"-order
differential equation of the building is solved by
using one of step by step integration methods [1, 2].
A lot of researcher, investigated nonlinear behavior
of the building under static, cyclic loading and
acceleration loading and exerted so more effort for
modelling of this nonlinear behavior [3-5].
Therefore, modelling of nonlinear behavior has
been an important research area from past to
present [6,7]. Nonlinear behavior is used for time-
history analysis of the building, more solution time
and memory are requiring than linear elastic
solution. Thus, nonlinear static analysis called as

In the last decades more accurate and sophisticated
methods developed after improvement in
computational abilities and development of
technology. One of these methods is dynamic
analysis (time history analysis), known by its
ability to predict more realistic approximation of
structural elements response [1]. Forces and
displacement values obtained from time history
analysis in the structure vary depending on time. A
method called as “Response Spectrum Method” is
developed for obtaining peak force and
displacement values in a structure [2]. In this
method, a response curve is drawn by using
maximum response values obtained for different
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“Push-over Analysis” is preferred for determining
to nonlinear dynamic response of the building. This
solution procedure is based on principal to loading
until collapse of the building under monotonically
increasing lateral loading. The loading is applied at
upper point of the building as a force or a
displacement. As a result, graph of base shear
force-top displacement of the structure is obtained.
Performance point of the building is determined
when this graph is intersected with demand curve
of the earthquake [2].

In this study, the nonlinear static Pushover
Analysis of a reinforced concrete portal frame is
obtained by using distributed plasticity based on
displacement method. Solution was achieved using
SeismoStruct [6], five cases were investigated with
regard to the top displacement-base shear force and
top rotation-base moment.

2. Theory of fiber element method

There are two types of nonlinear modeling,
distributed plasticity method and lumped plasticity
method. In first type element modelling, two zero
length nonlinear rotation spring connected by
elastic beam/column elements uses. The spring
computes nonlinear behavior of structure during
loading. The second one is discretized sections into
fibers and the length into integration sections and it
is called Fiber Element Analysis (Fig. 1). The
method is distributed plasticity and two main
principle formulations are used, displacement
based (DB) stiffness approach and force based (FB)
flexibility approach [6].

2.1. Modeling the cyclic behavior of concrete

Behavior of a concrete cross-section subjected to
cyclic loading can be obtained by the realistic
hysteretic stress-strain relations of it. The first study
to characterizing cyclic behavior of concrete was
done on 48 concrete cylinders tested by Sinha et al.
[7]. An analytical expression in their study was
developed by using the yielded data. They assumed
that developed the stress-strain relationship is
uniqueness to product the behavior of concrete,
uniqueness means that unloading and reloading of
stress-strain independent to its previous cycle. This
hypothesis was refuted later by evidence. Another
formula for the stress-strain relationship of concrete
was presented by Karsan and Jirsa [8] and it base
on the residual amount of plastic strain obtained in
the previous loading cycle (Fig. 2). The results are
obtained through testing 48 short columns under
cyclically axial compression load [7]. Yankelevsky
and Reinhardt [9] proposed a simple uniaxial
stress-strain model based on geometrical properties
of the loading history curves in the uniaxial stress-
strain plane. This research was defined with
complete unloading-reloading cycle by a set of
pieced linear. An advance model for ordinary and
high strength concrete was developed for both
confined and unconfined concrete in cyclic
compression and tension by Chang and Mander
[10]. Unloading and reloading curves defined by
behavior of concrete under cyclic loading. For
understanding the concrete compression properties
statistical analysis was conducted by Sinha et al.
[7], Karsan and Jirsa [8], Spooner and Dougill [11],
Okamoto et al. [12] and Tanigawa and Uchida [13].

unconfined concrete

Integration sections

Fig. 1. Fiber model of a reinforced concrete beam/column member [6]
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These authors proposed some expressions for
compression with the tension cyclic response. It
was seen that a good overlap with experimental
results obtained to demonstrate the behavior of
concrete under cyclic compression loading for
equation derived by Bahn and Hsu [14]. These
relations are linear for reloading and curve for

unloading. Mansour and Hsu [15] developed the
Softened Membrane Model [16] for reversal cyclic
shear stress, the development takes account
“Softening” of the concrete compression strength
subjected to cyclic uniaxial loading. The unloading
and reloading curves were derived for this behavior

(Fig. 3).
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Fig. 3. Analytical model for cyclic stress-strain curve of concrete [5,15]
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Concrete does not experience only full unloading-
reloading cycles during earthquake, but partial
unloading-reloading cycles may occurred in
compression and tension. Mander, Priestley and
Park [17] developed a stress-strain model for a
transverse reinforced confined concrete subjected
to uniaxial reversed compression loading with
tension. The model was based on the equations of
developed by Popovics [18] for concrete subject to
monotonic compression loading. Stress-strain
curves were generated in modelling of unloading
and reloading cases for confined and unconfined
concrete (Fig. 4). Material property data was only
required for wunconfined concrete. However,
material and section properties are used for
confined concrete curve, defining based on
compression strength of concrete and ratio of the
confinement steel stirrups in the cross section.
Martinez-Rueda and Elnashai [19] modified this
model to include stiffness and strength degradation
for cyclic loading. Sakai and Kawashima [20],
based on a set of column specimen tests proposed a
model for concrete subjected to unloading and
reloading cycles.

2.2. Modeling the cyclic behavior of steel
reinforcement

Stress in the material can exceed to yield strength
when steel subjected to cyclic loading. In this case,

linearity of elasticity modulus of the steel losses
prior to threshold of its yield strength. As seen in
Fig. 5, this behavior is called as Bauschinger effect
[21].

Mengotto and Pinto [21] proposed a hysteretic
curve for uniaxial nonlinear behavior of steel
material. This model is extended by Filippou et al.
[22] to include isotropic hardening effects. As
shown in the Fig. 6, the relation is in the form of
curved transitions between the first straight line
asymptote with slope Eo (Modulus of elasticity) and
second straight line asymptote with slope E1 = bEo
(Yield modulus) which b is the strain hardening
ratio, the curvature of the transition curve between
the two asymptotes is defined by a cyclic curvature
parameter R, which permits the Bauschinger
behavior, the curvature totally governed with the
strain-stress increasing or decreasing, the strain-
stress values (&,0y) and (go,00) updated after each
strain reversal. Also isotropic hardening included in
compression and tension through optional values a;
and ap for isotropic strain hardening in
compression, and as and as for isotropic strain
hardening in tension. When isotropic hardening
excluded default values a;=a; =0, and az=as=1
are used. To including in compression value of
parameters a;= 0.01 and a; = 7.0, also in tension
values az = 0.01 and a,=7.0 recommended [22].
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Fig. 4. Concrete model of Mander et al. [17]
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Fig. 6. Mengotto and Pinto [21] model for steel

3. Numerical application

In this study, static pushover analyses of a
reinforced concrete portal frame are obtained for
different  longitudinal  reinforcement  ratios.
SeismoStruct software [6] is used for the numerical
solutions. Nonlinear behavior of reinforced
concrete element is selected displacement based
Fiber element method. As shown in Fig. 7, finite
element model of the frame is given. Height and
length of the frame with one story-one bay are 3 m.
Beam is rectangular cross-section as 25%50 ¢cm and
columns are square cross-section as 40x40 cm.
Five different longitudinal reinforcement ratios
in the columns are selected for investigating effect
on the static push over analysis of its. The

longitudinal reinforcement is constant for the
beams (3312 mm continuous bar for the bottom
and 2012 mm continuous bar for the top), also
transverse reinforcement is same and constant for
the beam and columns (8 mm @ 20 cm c/c) for
all five cases. The longitudinal reinforcement ratio
used within columns are p; = 0.00439, p,=0.00867,
p3 = 0.01135, pa = 0.0144 and ps = 0.0178 called
which called as casel, case?, case3, case4 and
caseb, respectively (Table 1).

The model of Mander et al. [17] is used for
calculating of cyclic behavior of concrete. In this
model, compressive strength, mean tensile strength
and elasticity modulus of concrete are 20 MPa,
1.565 MPa and 28534.44 MPa, respectively.
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Fig. 7. Finite element model of portal frame and cross section properties of columns/beam

Table 1. Geometric properties of beam and columns for
using in the solutions

Longitudinal Longitudinal
reinforcement reinforcement ratio
detailing in ()
columns
Case 1 8910 0.00439
Case 2 8014 0.00867
Case 3 8916 0.01135
Case 4 8¢18 0.01440
Case 5 8620 0.01780

Strain at peak compressive strength is 0.002 and
specific weight is 24 KN /m* and confinement
factor is 1.2, mean strength value is 20 MPa,
characteristics or Nominal value is 813.3 MPa. The
reinforcement model is Mengotto-Pinto steel model
[21,22]. In this model, the yield strength, modulus
of elasticity, specific weight, strain hardening
parameter is selected as 420 MPa, 200000 MPa, 78
kN/m?, and 0.005, respectively. In the hysteresis
behavior of steel, transition curve shape calibrating
coefficients that a; and a, were selected as 18.5 and
0.15. Isotropic hardening calibrating coefficient, as
is 0.0. Fracture/buckling strain is 0.1, mean strength

value is 500 MPa, characteristics or Nominal value
is also 434.783 MPa.

In this study, the nonlinear static Pushover
Analysis of a reinforced concrete portal frame is
obtained by using distributed plasticity based on
displacement method. Solution was achieved using
SeismosStruct [6], five cases were investigated with
regard to the top displacement-base shear force and
top rotation-base moment. Top displacement-base
shear force curves for all cases were given in Fig.
8. Maximum displacement value of top point of the
frame was calculated as 400 mm for all cases.
Maximum base-shear force in 1%, 2", 31, 4t and 51
cases was obtained as 114.26 kN, 206.79 kN,
255.03 kN, 302.44 kN and 343.23, respectively.
Lateral load capacities obtained from 2", 31, 4t
and 5™ cases were calculated more 81, 123, 165 and
200% than 1% case, respectively. It was determined
that the lateral load capacity increase by increasing
reinforcement ratio in columns.

Top rotation-base bending moment curves for
all cases were given in Fig. 9. Maximum
displacement value of top point of the frame was
calculated as 400 mm for all cases. Maximum base
bending moment in 1%, 2", 31, 4t and 5™ cases was
obtained as 186.89, 375.93, 498.53, 613.41 and
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Fig. 9. Top rotation-base bending moment curves for all cases

721.17 KN.m, respectively. Moment capacity
obtained from 2nd, 3rd, 4th and 5th cases were
calculated more 101, 167, 228 and 286% than 1st
case, respectively. It was determined that the
overturning moment capacity of the frame increase
by increasing reinforcement ratio in columns.

4, Results

In this study, the nonlinear static Pushover Analysis
of a reinforced concrete portal frame is obtained by
using distributed plasticity based on displacement

method. For calculating of cyclic behavior of
concrete, the model of Mander et al. is used.
Mengotto-Pinto steel model is selected for
modelling to cyclic behavior of the reinforcement.
Solutions were obtained by using SeismoStruct
program. Five cases investigated for five different
longitudinal reinforcement ratios in the columns.
Results are evaluated with regard to the top
displacement-base shear force and top rotation-
base moment. The lateral load capacities and the
overturning moment capacities obtained from 2",
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31 4t and 5% cases were calculated more between
81-200% and 101-286% than 1% case, respectively.
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