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Abstract—According to current seismic codes the structures are
calculated using the capacity design procedure based on the concept
of shear at the base depending on several parameters including
behavior factor which is considered to be the most important
parameter. The behavior factor allows designing the structure when it
is at its ultimate limit state taking into account its energy dissipation
through its plastic deformation. The aim of the present study is to
assess the basic parameters on which is composed the behavior factor
among them the reduction factor due to ductility, and those due to
redundancy and the overstrength for steel moment-resisting frames of
different heights and regular configuration. Analyses are conducted
on these frames using the nonlinear static method where the effect of
some parameters on the behavior factor, such as the number of stories
and the number of spans, are taken into account. The results show
that the behavior factor is rather sensitive to the variation of the
number of stories and bays.
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[. INTRODUCTION

HE main difficulty affecting the calculation of the

temporal response of a building structure subject to
seismic action represented by an accelerogram resides in its
behavior beyond its elastic limit. The nonlinear dynamic
analysis may seem the most complete method for calculating
the response of a structure to deterministic excitement, but it
requires firstly relatively heavy computation means and
secondly it overcomes with difficulty overcomes the particular
character of choosing a accelerogram. Consequently, modern
seismic design codes recommend the use of the elastic
response spectrum divided by an appropriate reduction factor
taking into account the post-elastic behavior of the structure.
In standards, this factor is commonly called "behavior factor,"
noted "R" in most codes [1], [2] and "q" in Eurocode 8 [3].
But, this approach is not totally safe because, under certain
conditions, it can lead to behavior factors that are not fully
adapted to the real behavior of the dissipative structure [4]-[6].
According to some researches [4], this phenomenon can be
explained by taking into account of negligence of some forms
of local ductility mainly at the base of columns of tall frames
which are subjected in this case to very high compressive
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forces. This neglect can be dangerous even for steel structures
which are considered a priori as highly dissipative.

II. NOTION RELATING TO THE BEHAVIOR FACTOR IN THE
CODES

In practice, the behavior factor is generally attributed so as
inclusive in terms of materials and types of structures. The
concept of the behavior factor was introduced for the first time
by American Codes [7] and developed thereafter [8]-[10]. An
appropriate definition of the behavior factor is based on a
ductility-dependent component, R, and a strength-dependent
component, R;. The strength factor, Ry, is the product of two
factors: the redundancy factor R,, and the overstrength factor,
Rq. The ductility factor R, is deduced from the inelastic
response spectrum; the redundancy factor, R,, is intended to
reflect the effects of the redundancy of the structure; and the
resistance factor, Ro, represents a part of the capacity of global
overstrength that holds the structure and depends on a number
of sources such as design method, the nature of the earthquake
and local construction practices [4]. Other studies have
introduced another factor that takes into account the effect of
viscous damping, noted Re, [11], [12]. For comparison, the
behavior factor, denoted q, in Eurocode 8 [13] is set, in the
case of steel structures, by the product of the three factors
mentioned above which are ductility factor, redundancy factor
and overstrength factor. For steel structures, the value of the
behavior factor depends on the ductility class of structure
(DCL "low ductility," DCM "average ductility" and DCH
"high ductility"). These values are indicated in Table I, given
below. The ratio a./a represents the ultimate plastic strength
that divides the resistance corresponding to the formation of
the first plastication of the structure and symbolizes the
redundancy of the structure. This ratio can be estimated from
capacity curve but its value should not exceed 1.6. Eurocode 8
also stipulates that in the absence of a detailed assessment, the
ratio o,/ may take the following values: 1.1 for simple frame,
1.2 for multi-storey frame with single bay, and 1.3 for multi-
storey frame with multi-bays. Unlike Americans and European
codes, in the Algerian seismic code [14] the values of the
behavior factor are generally given depending on the lateral
load resistance system of the building structure with a single
class of ductility and redundancy introduced implicitly
through a factor called "quality factor" in which the regularity
criterion is also considered but where overstrength is ignored.
Furthermore, the components of behavior factor have been
widely studied in the literature including the component, R,
has received the largest part [15]-[19].
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According to Eurocode 8, regular structures located in areas
of low seismicity, a behavior factor whose value is between
1.5 and 2.0 can be adopted without pass by the application of
capacity design methods and without neglecting the presence
of the effect of the ductility and overstrength.

TABLEI
BEHAVIOR FACTORS FOR STEEL FRAMES ACCORDING TO EC8
Type of structure  Classed q
non-dissipative DCL 1.5t02.0
DCM 4.0
Frame
DCH Sa,/oy

III. EVALUATION OF THE BEHAVIOR FACTOR

Several methods have been proposed for determining the
behavior factor [20]-[28]. These methods have been widely
recalled in past and recent work [4], [28]. In the case of this
present study, the evaluation of the behavior factor is made by
the use of the nonlinear static method (MSNL) on steel
structures including ductility, redundancy and overstrength

factors. By this method the overall behavior of the structure is
described by the capacity response curve obtained under the
effect of an increasing monotonic lateral loading. Loading,
obtained from the provisions of the code, is inverted triangular
shape with the shape of the first vibration mode. The capacity
response curve is then idealized by bilinear curve of type
perfect elastic-plastic. These two curves are illustrated in Fig.
L.
From Fig. 1, the behavior factor can be written as [4]:

R=Vo/Va = (Ve /Vo).(Vu/Vy).(Vy/Va) = RuR, R

where Ve, V,, Vi and V4 indicate respectively the maximum
yield strength, ultimate plastic strength, yield strength and
design strength calculated from the code. A comparison with
Eurocode 8 leads to:

R =q = qo. aw/o1 with: qo = Rp.Roand R, = a/ou

where; q, is the basic value of the behavior factor.
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Fig. 1 Relationship between base shear and roof displacement

TABLEII
CHARACTERISTICS OF STEEL MOMENT FRAMES (WITH 3 AND WITH 6 BAYS)

Frame with: Column: HEA (N° of storey) Beam: IPE (N° of storey)
3 stories 240(1 to 3) 330(1 to 3)
6 stories 280(1 to 4) +260(5 to 6) 360(1 to 4) +330(5 to 6)
9 stories 340(1 to 5) + 320(6 to 7) + 300(8 to 9) 400(1 to 4) +360(5 to 7) +330(8 to 9)
12 stories 400(1 to 5) +360(6 to 7) + 340(8 to 12) 450(1 to 4) +400(5 to 7) + 360(8 to 10) +330(11 to 12)

IV. NONLINEAR STATIC ANALYSIS

A. Choice of Structures

Height structures are assessed in this study. They are
designed according to the requirements of Eurocode 8 and
Eurocode 3 [29]. The seismic design load is defined on the
basis of a soil type A, damping coefficient § = 5%, with a
maximum ground acceleration y = 0.25g and behavior factor q
= 4.0. The inter-storey height for the 1* floor is 3.5 m and 3.0
m for the upper floors. Each bay has a length of 5.0 m. The
steel frames, of S275JR quality, have a limit elastic resistance
estimated to 275 MPa. It will be assumed that the mass can be
concentrated only to the levels of the stories. The
characteristics of each element of the frames and their general

geometry are shown respectively in Table IT and Fig. 2. Only
frames with three bays are shown in Fig. 2.

B. Nonlinear Static Analysis

The four structures are subjected to horizontal loads
distributed along their height according to the shape of the
first vibration mode whose intensity increases incrementally
until a mechanism is formed, while the gravity loads remain
constant. It is performed using the SAP2000 software/version
14 [30] and his aim is to construct the push-over curve for the
capacity response curve of each structure which will be
deducted the values of ductility, redundancy, overstrength
factors and finally those of the behavior factor. In this manner
we can have, on the basis of comparisons, a general idea about
the evolution of the latter according to the number of stories
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and the number of bays. In total eight frames of 3, 6, 9 and 12
stories with 3 and 6 bays each are considered.

Base shear, kN
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Fig. 3 Pushover curves of analyzed frames: (a) 3 bays, (b) 6 bays
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V. ANALYSIS RESULTS - The average value of R, related to the redundancy factor
is 1.46 and 1.45 for frames with 3 and 6 bays respectively.
These values are slightly higher than that provided by
EC8: aw/oy = 1.3.

- Values of behavior factors, R, obtained for the frames of 3,
6 and 9 stories and with 3 bays and those of the frames of
3 and 6 stories with 6 bays are greater than those of ECS.
By against, for frames of 12 stories, with 3 bays and the
frames of 9 and 12 stories, with 6 bays, are they are lower
than that of the ECS.

The complete relations between the base shear and the roof
displacement of the eight analyzed steel moment-resisting
frames are shown in Fig. 3. The corresponding values
plasticity to different factors are given in Tables III and IV.
The histograms of Fig. 4 show the evolution of different
resistance factors and behavior factor according to the number
of stories and bays. From these results, it emerges the
following conclusions:

- Overstrength, ductility, redundancy and behavior factors
show a reduction when the number of stories increases.
Same observation also, but less important when the
number of bay increases.

TABLE III
VALUES OF VARIOUS PARAMETERS FOR THE PUSHOVER CURVE
Frames with 3 bays Frames with 6 bays
Number of stories Vu (kN) Vy(kN)  Va(kN)  Amax(m) Ay(m)  V.u(kN) Vy(kN)  Va(kN)  Amax@m) Ay (m)
3 627.50 407.40 124.01 0.160 0.060 1184.07 755.10 241.0 0.160 0.060
6 658.81 456.45 147.10 0.196 0.105 1242.07 877.68 290.89 0.182 0.104
9 781.89 557.62 205.70 0.258 0.144 1495.50 1081.36  410.75 0.239 0.142
12 836.76 574.83 272.84 0.297 0.169 1597.44 111820  545.46 0.276 0.164
TABLE IV 3
VALUES OF DIFFERENT RESISTANCE AND BEHAVIOR FACTORS
Number of  Frames with 3 bays Frames with 6 bays

stories Rk RR, Re R R, R, Ra R
3 247 154 329 1251 247 157 3.13 12.14

6 1.87 144 310 835 1.75 142 3.02 751
9 1,79 140 271 6,79 1.68 138 2.63 6.10 1
12 176 146 211 542 1.67 143 205 4.89 : W 3bays
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Fig. 4 Relationship between "resistance factors" and "number of
stories and bays

VI. CONCLUSIONS

We can conclude that in the case of the structures studied,

the use of the nonlinear static method gives a general idea of
nonlinear behavior. It should be underlined that the behavior
factor and its resistant components decrease when the number
of stories and bays increase. Even finding for the behavior
factor. However, an average of 6.5 is obtained for the behavior
factor.
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