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Abstract— The principal objective of this study, is the evaluation
of the seismic performance of reinforced concrete frame structures,
taking into account of the behavior laws, reflecting the real behavior
of materials, using CASTEM2000 software. A finite element model
used is based in modified Takeda model with Timoshenko elements
for columns and beams. This model is validated on a Vecchio
experimental reinforced concrete (RC) frame model. Then, a study
focused on the behavior of a RC frame with three-level and threestory in order to visualize the positioning the plastic hinge (plastic
rotation), determined from the curvature distribution along the
elements. The results obtained show that the beams of the 1 st and 2nd
level developed a very large plastic rotations, or these rotations
exceed the values corresponding to CP (Collapse prevention with cp
CP= 0.02 rad), against those developed at the 3 rd level, are between
IO and LS (Immediate occupancy and life Safety with IO = 0.005 rad
and rad LS = 0.01 respectively), so the beams of first and second
levels submit a very significant damage.

II.

PRESENTATION OF THE EXPERIMENTAL MODEL

The experimental model is based upon the work of
Vecchio F [16], where the RC frame structure with two floors
is examined and tested experimentally. The size and
reinforcement of the structure are shown in Fig. 1. To
represent constant live loads, two constant vertical forces of
700 kN each are applied over the RC Frame Structure.
A lateral displacement is imposed and the corresponding
charge is measured until the rupture of the structure.

Keywords— seismic performance, performance level, pushover
analysis, plastic rotation, plastic hinge.
I. INTRODUCTION

I

n this study, Vecchio's experimental RC frame [16] is
modeled using a CASTEM2000 finite element code by
means of Timoshenko elements for columns and beams with
modified model Takeda bihavior [15]. The results obtained
were compared with the experimental results in order to
validate the finite element model [8].
After validation of the finite element model, a RC frame
with 3-level and three story was modeled with the same
sections as the Vecchio RC frame, in order to evaluate the
level of damage of the plastic hinges (plastic rotation) in the
beams, in this design, the damage to the beam results if the
developed rotation exceeds the value recommended by the
FAMA356 (rotation corresponding to the performance level,
IOPL, LSPL and CPPL.

Fig .1 Geometry and reinforcement of the experimental RC frame.

III. MOMENT- ROTATION RELATIONS GENERATED IN THE
BEAMS

The law of behavior of homogeneous sections used in this
study is based on the modified Takeda model [16]. This model
reflects only the bending behavior and is characterized by a
trilinear moment-curvature curve (Fig.2).
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Fig .2 Moment -curvature response of modified TAKEDA
model [16].

Takeda model is the model that is closest to the actual
behavior of reinforced concrete structures or structural
elements, due to the development of cracking, microcracking
and degradation of steel-concrete adhesion.
IV. PLASTIC ROTATION CALCULATION
The strain energy in the structure is dissipated by the
formation of plastic hinges in the end zones of an element
without affecting the rest of the structure. Several analytical
models [3]-[6], [11]-[15] have developed semiempirical
formulae (analytical models) in order to estimate the plastic
rotation p [1], [10].
The rotation of an element can be determined from the
curvature distribution along the length of the element [2 and
12]. Therefore, the rotation between two points, A and B
(Fig.3) is equal to the area under the curve between these two
points, analytically it is given by Eq. (1).

The correlation suggested by FEMA is adopted in this study
to deﬁne major performance levels corresponding to given
likelihood of ground motion. FEMA-273 [7], and ATC-40 [1]
described the performance levels (PL's) summarized in table 1
as:
 Immediate occupancy (IOPL): damage is relatively
limited. The structure retains a signiﬁcant portion of its
original stiffness and strength.
 Life safety (LSPL): substantial damage has occurred to
the structure. It may have lost a signiﬁcant amount of
its stiffness but a substantial margin remains for
additional lateral deformation before collapse
occurrence.
 Collapse prevention (CPPL): extreme damage has
occurred. If laterally deformed beyond this point, the
structure can experience instability and collapse (CPL).

𝐵

𝜃𝐴𝐵 = ∫𝐴 𝜙(𝑥) 𝑑𝑥

(1)
where is the rotation of an element, x is the distance of the
elementary element dx from B, and  is the curvature
between points A and B.

TABLE 1
ACCEPTANCE CRITERIA FOR REINFORCED CONCRETE BEAMS
GIVEN BY FEMA 273

Immediate
occupancy
(IOPL)

Life
Safety
(LSPL)

Collapse
Prevention
(CPPL)

Plastic
rotation angle
(rad)

0.005

0.01

0.02

Description

Insignificant

Moderate

Heavy
Complete

V. DESCRIPTION OF THE 3RD STOREYS CASE STUDY RC FRAME

(a) Beam, (b) Bending Moment Diagram,
(c) CurvatureDiagram
Fig .3 Schematic Curvature Distribution along Beam at Ultimate
Stage.

The RC frame structure studied (Fig.4) is composed of
columns and beams of the same dimensions as the
experimental RC framework, in which it added a level and two
frames (The frame is having a storey height of 3.06 m and bay
width of 3.5 m), see the Fig. 4.
To see the positioning and evolution of the rotations in the
beams. Failover analysis was used [15]. The RC frame was
subjected to a triangular lateral load with increasing intensity
(pushed progressively) [1, 7, and 9].
The lateral increasing load, at which the different structural
components reach failure, is recorded according to the
displacement of the roof (load displacement).
This incremental process continues until the ultimate
displacement of the structure is reached (occurrence of plastic
hinges).
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Fig .6 Moment- rotation relations developed in the beams of RC
frame (Beams of 2nd level).
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The Fig.5, 6 and 7, shows the moment-rotation laws
obtained for deffentes beams of the RC frame, and the location
of the rotation corresponding to the performance levels IOPL,
LSPL and CPPL.
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Fig .7 Moment- rotation relations developed in the beams of RC
frame (Beams of 3rd level).
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Fig .4 The 3rd stores case study RC frame and identification of the
beams.
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Fig .5 Moment- rotation relations developed in the beams of RC
frame (Beams of the 1st level).

We have shown in the first part the evolution of the moment
as a function of the rotation in the different beams of the RC
frame, which allowed us, after positioning the rotations
corresponding to the IOPL, LSPL and CPPL states, to predict the
level of performance (performance level) in each beams
(nodal area),
The final (maximum) rotations developed in the beams of
the first level of the RC frame exceed the rotations
corresponding to CPPL (cp = 0.02 rad), their corresponding
values are of the order of 0.0522, 0.0465 and 0.0710 rad for
the beams BS1F1, BS1F2 and BS1F3 respectively
For the beams of the second level of the RC frame, the
extreme (maximum) rotations developed exceed the rotations
corresponding to the CPPL performance level (ie CP = 0.02
rad) for the BS2F3 beam to reach a value of 0.0249 rad, whereas
the BS2F1 beam has just reached the corresponding limit at the
LSPL performance level (with LS = 0.01 rad), and for the BS2F2
beam, the developed rotation greatly exceeds LS = 0.01 rad to
take a value of about 0.0175 rad which anticipate the limit
CPPL.

On the other hand, the beams of the last level of the RC
frame, the developed rotations, exceeding the threshold of
IOPL (IO = 0.005 rad), without reaching the limit (LS = 0.01
rad).
We conclude that, (Fig.8), the 1st and 2nd level beams have
lower performance levels (CpPL). The beams of the last level
exhibit a better behavior and they present important level of
performance, i.e. an IOPL level.
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