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Assessment of rigid steel frames: ductility versus damageability
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Modern seismic code relies on the capacity design approach to assure ductility. When the capacity design
dictates, the frames are dimensioned for strength. Inadvertently, stiffness often presents itself as a dominating
parameter in MRFs (Moment Resisting Frames), especially with strict drift limits. In this research, rigid steel
moment-resisting frames have been designed as per Eurocodes provisions. Initially, the results obtained from
modal analysis and nonlinear analyses are concisely elaborated in such a way to highlight the complexities
of Eurocode 8 design procedures. Various parameters are assessed to evaluate their influences on high and

medium ductility classes. A simplified predictive method is proposed through tables, graphs, and flowcharts.

Several combinations are suggested where for an assumed ductility class, a specific drift limit is defined. The
elastic overstrength, redundancy factor, and reserve overstrength factors are indicated with the confidence
to allow an un-iterated design approach for steel moment-resisting frames designed with a pre-determined
strategy for failure mechanisms by improving the design approach of Eurocode 8.
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1. Introduction

Till forth, by parametric analysis, the problem of damage-
ability, flexibility, and ductility of steel frames are dealt with
[1-3] to investigate Eurocode 8 [4] design procedure. The
modern seismic code philosophy is based on the capacity
design approach to assure ductility. As shown in Fig. 1 [5],
so-called chain strength vindicates the concept of capacity
design adopted by modern seismic codes. The chain’s over-
all capacity is the strength of its weakest link; one ductile
link may be used to achieve ductility for the entire chain.
The ductile link’s nominal yield strength is subject to strain
hardening and imperfections in the material.

The other links are believed to be brittle; however, their
failure can be prevented if their strength is higher than
the actual strength of the weak ductile link at predicted
ductility.

It is evidence that when the capacity design dictates,
the frames are sized for strength. Inadvertently, stiffness
often presents itself as a dominating parameter in MRFs,
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Fig. 1. Principle of capacity design.

especially with strict drift limits. When these are employed
with high behaviour factors, an inconsistent capacity de-
sign might arise. Therefore, while designing seismic resis-
tance frames, the rigidity, strength, and ductility should be
taken into consideration in such a way so that they inter-
relate. Additionally, in the capacity design, large global
overstrength, to size the non-dissipative, affects the amount
of the so-called reserve overstrength or ductility [2] as well.

In American provisions [5], the Special Moment resist-
ing Frame (SMF) exhibits high reserve overstrength com-
pared to Intermediate Moment resisting Frame (IMF), in-
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Fig. 2. Eurocode 8 design procedure.

vestigated by Elnashai [6]. Contrarily, in Eurocode 8, this
overstrength is usually calculated and might be the same
for different ductility classes. The rationale behind this is
the iterated procedure related to the modification in beams’
dimensions due to the proposed inter-story drift limits [7].

Research on nonlinear analysis, behaviour factors, and
performance of frames has been the subject of many re-
searchers in the past as they are highly deformable. For
example, Gupta and Krawinkler [8] studied the seismic de-
mands for steel MRFs’ performance evaluation. Yun et al.
[9] provided procedures for seismic performance evalua-
tion of steel MRFs, with a simple method for estimating the
confidence level for satisfying the performance level for a
given seismic hazard. Furthermore, Foutch and Yun [10]
focused on modelling steel moment-resisting frames for
earthquake loads. Besides, Lee and Foutch studied the seis-
mic performance of steel frames with brittle connections.
Early literature on nonlinear lateral load analysis, such as
FEMA-356 [11] includes Freeman’s work [12]. Fajfar and
Fischinger [13], Fajfar et al. [14, 15] developed the so-called
N2 method for checking the demand and capacity of a
frame with pushover analysis. With the existence of FEMA-
356, statics and dynamic non-linear techniques have been
the subject of several studies. In this context, the study of
Krawinkler and Seneviratna [16], Tso and Moghadam [17],
Mwafy and Elnashai [18] are worthy of being referenced
here. Mazzolani and Piluso [19] studied the inelastic design
of steel frames and proposed an approach for steel frames
failing in a global collapse mode. Vahid et al. evaluated
global and local damage indices of story failure mechanism
in Mohsenian and Mortezaei [20]. They concluded that
the proposed maximum values for drifts in different stan-
dards and codes are not reliable. An interesting study has
been conducted by Aidcer et al. [21] on the strain limits,
drift, and ductility demands for frames. It concludes that
several time drift criteria govern the design with ductility

Improve stifness of frames

far smaller than that implied by the same code’s reduction
factor. Nonlinear dynamic analysis has been the subject
of many researchers, for example, Sivandi et al., in [22,
23] proposes equations of modal damping ratios of hybrid
buildings for the dynamic analysis of frame structures.

Lastly, as during an earthquake or in extreme winds, the
potential failure of infill panels such as glass breakage will
not give any warning, therefore can lead safety hazards
to the public indoors or beside the building. If the drift
limitations are not satisfied, the anchored facade structure
might fail. It could provoke cladding material damage
due to the interstorey drifts induced by lateral loads [24].
Therefore, if brittle materials are attached, they can lead to
failure because of interstorey drifts [2, 25, 26].

2. Eurocode 8 synopsis

Necessary design requirements as per Eurocode 8 are illus-
trated in Table 1.

The behaviour factor () is the ratio of “elastic strength”
to the “design strength,” or simply the ratio of the elasti-
cally induced forces to the prescribed design forces at the
ultimate state. It is used to reduce the ultimate seismic
event, and the amount of reduction depends on ductility.
The behaviour factor q and displacement amplification fac-
tor q; for MRF is illustrated in Table 2.

The multiplier «,/a; with the behaviour factor (g)
stands for the redundancy factor. This ratio represents
“the structure capable lateral force” to “the lateral force
when the first element of the structure reaches its resis-
tant capacity.” This ratio can be obtained using pushover
analysis and should not exceed 1.6.

Since the formation of local buckling in a cross-section
reduces energy dissipation capability to a great extent,
avoiding local buckling ECS8 restricts the use of a class
of cross-section for a given ductility class shown in Table 3.
Class 1 sections are unaffected by local buckling and can
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Table 1. Synthetic scheme for Eurocode 8.
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Description

Eurocode 8 criteria (EC8 and EC3)

Seismic Weight

Y G+ Y YEi X Qg

Seismic combination for beams
(dissipative members)

YGrj+E+Y i X Qi

Seismic spectra

Two primary spectra are considered, i.e., for high seismicity with surface-
wave M; >5.5 and moderate seismicity Ms <5.5

Cross-section limitations

Class 1 sections for q >4 only, Class 1 and Class 2 for 2 <q < 4 and Class 1,

2 and 3 for 1.5 <q < 2 are allowed

Rotation capacity (local ductility

In DCH: Plastic hinge rotation is restricted to 35 mrad and

concept) In DCM, it is 25 mrad
Be?arr.l str.ength checks I\II\]E'd <015, AI/\IAE'd <10, ‘;/E,d <05
(dissipative members) PLRA PR plRd

Columns strength checks
(Non-dissipative members)

N4 = Negg +1.1700QNgg E
Mg g = MEgac +1.1700QMEgg £
Ved = Vea,c +1.170QVEs £

Strong column weak beam
(SCWB) philosophy

Y Mpge > 1.3% Mgy,

Table 2. Behaviour factor for frames.

Lateral load resisting system (MRF)
High

Behaviour factor (q)/Displacement amplification factor (qd)

Medium Low

[l

agfay=1.1 e -— -

/=12 (1 bay)
a/ai=1.3 (multi-bay)

Sy /oy

4 (1.5 to 2), for low seismicity

regions, elastic analysis

Table 3. Restriction of Cross-section for behaviour factor.

Table 4. ECS8 interstorey drift limitations.

develop and maintain their fully plastic resistances until a
collapse mechanism forms. Due to local buckling, Class 2
cross-sections may develop plastic moment resistance but
have limited rotation capacity. In the remaining 2 cross-
sections, classes 3 and 4, local buckling occurs before attain-
ing yield stress in one or more parts of the cross-section.

EC8 prescribes the following limitations for drift criteria,
as shown in Table 4.

Where d, denotes is the design interstorey drift, v is the
reduction factor, and & is the story height.

3. Study case

In this study, 144 different frames (refer to Tables 5 and 6)
are designed according to Eurocodes [4, 27] to highlight
the issues and complexity in the capacity design approach.
These frames are analysed by nonlinear analysis, following

Ductility class | Behaviour factor q | Cross-sectional class Description Limit
. 12<q<2 class 1,2 0r3 Structures having brittle non-
S 0 < 0.
Medium 2<q<4 class 1 or2 structural elements drv < 0.0050h
High q>4 class 1 Structures having ductile non-

0 <0.
structural elements dro < 0.0075h

Structures having no non-structural
elements OR non-structural elements
fixed in a way to not interfere with
structural deformations

dr.v < 0.010h

the FEMA 356 acceptance criteria. The typical floor plan for
6 bays is shown in Fig. 3(a), whereas frame elevation for 9
storeys is shown in Fig. 3(b). The secondary beam’s orienta-
tion is provided for the external bays only; nevertheless, the
secondary beams in the internal bays are oriented similarly.
The beams are oriented in such as to have a symmetrical
effect on the overall frames. The modal analysis outcomes
are presented in this section; these include discussions on
alpha critical, fundamental period, codified overstrength,
and frames’ weight. For design purposes, the frames have
been considered on the building’s perimeter (perimeter
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configuration). The beams to column connections are con-
sidered rigid. Modal response spectrum analysis using SAP
2000 [28] has been performed on two-dimensional planner
frames. Besides, buckling analysis and pushover analysis
are also carried out to check the second-order effects and
evaluate frames’ performance [2, 29-31].

4. Material properties

In this section, the material properties used in modeling
the frame obtained from the design are mentioned. The
material properties for the adopted steel grade (EN 10025-
2 S275) are shown in Table 7. Since there are 144 frames
and all the frames have varying cross-sections, therefore
in such paper, it is difficult to provide the cross-section
profiles. Nevertheless, details are presented in [29].

5. Modal analysis

Modal analysis is performed, a fundamental tool for as-
sessing the dynamic behaviour of a structure. It provides
valuable information on the behaviour of structure to dy-
namic forces in the elastic range. In general, this analysis
makes it possible to analyse the following representative
quantities:

® The periods of vibration

* The participating masses corresponding to different
modes of vibration.

® The participation coefficients of the individual modes.

From the modal analysis, it is observed that with the varia-
tion of drift limits from 0.01 h (the relaxed one) to 0.0075 h
(intermediate) and then to 0.005 h (the most stringent one),
the following equalities hold:

¢ The design base shear increases.
¢ The elastic base shear increases.

¢ The fundamental period decreases with the increase
in the frame stiffness.

* The overstrength increases for "DCH" in the cases of
drift limit (0.005h) its value is around 4.5, therefore,
giving rise to very low reserve overstrength.

¢ The alpha-critical increases.
* The weight of the frames increases

¢ The base shear obtained from the load combinations
of capacity design increases.

The frames are also designed using a conventional be-
havior factor that equals 3.0, where capacity design rules
are used. The obtained overstrength factor is lower in this
case than in the other two ductility classes with a small
reserve overstrength.

Finally, in the low ductility class, frames to be propor-
tioned elastically with adequate stiffness and strength to
resist seismic forces as per Eurocode 3. Therefore, the ca-
pacity design rules are avoided in such a case, the over-
strength factor is considered as a unity, and the material
overstrength and strain hardening effects are ignored.

The period is related to the considered behavior factor
and obviously to the drift limit. Eurocode 8 (mainly for all
other codes) relationship for estimating the period is given
by a function of overall height (H). The height is a simple
known parameter before detailed design, explaining the
ratio between the building’s stiffness and mass. Using ECS,
the period for 5, 7, and 9 story frames is 0.8s, 1.03s, and
1.25s; these are not provided in the figure since the Fig. 4
and 5 are grouped for bays. Instead, the period obtained
from the dynamic analysis is related to the frames’ mass
and stiffness. Therefore, as the drift limit changes, the
stiffness changes, and, accordingly, the period varies. The
periods obtained from codified formulations and modal
analysis are normalized; their values are provided for 5 and
6 bays in Fig. 4 and 7 and 9 bays in Fig. 5. These figures
reveal that the specified code-based fundamental periods
agree with the period of the frames obtained from modal
analysis when the strictest drift limit (0.005 h) is considered.
In contrast, these are higher in drift limits (0.0075 h) and
(0.01 h), which shows that the code-based period is related
to the considered drift limit in the design.

6. Non-linear static analysis

The importance and need to consider the plastic field re-
sponse require numerical software tools to perform the
structure’s non-linearity. The numerical tools currently
available can do this using two different approaches: mod-
elling using plastic hinges with "concentrated" plasticity)
or modelling with "diffuse" plasticity. In this work, only
concentrated plasticity modelling is considered. The non-
linearity of the structure, therefore, remains concentrated in
a few elements. This technique’s advantage is that it allows
working mainly with easily manageable elastic elements,
leaving the concentration of the material’s non-linearity
to a few structure points. The hinges can be assigned to
a frame element in any position along the member’s free
span following FEMA 356 standards [11]. The hinges are
allocated to the ends of beams and columns base in the case
under consideration, using a hard-hardening plastic rigid
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Fig. 3. 6 Bays perimeter MRFs (a) Typical floor plan and (b) elevation.

Table 5. Considered parameters for 9, 7, and 5 story frames.

No. of stories (height) No. of bays (width) Behaviour factor (q) Drift limits (A/h)
5 (H=20 m) 5(9.15 m) DCH (q=6.5) L1 (0.01h)
7 (H=28 m) 6 (7.63 m) DCM (q=4) L2 (0.0075h)
9 (H=36 m) 7 (6.54 m) DCC (q=3) L3 (0.005h)
9(5.08 m) DCL (q=2)

bond starting from a hardening elastic-plastic constitutive
bond.

As shown in Fig. 6, the linear behaviour is described
from point “A” and “B” of effective yield. The gradient
from “B” to “C” is a small percentage of the elastic slope (0
to 10%), necessary to represent the hardening phenomenon.
Point “C” has an abscissa value equal to the deformation
at which a significant degradation of resistance begins and
an ordinate that represents the resistance. After point “D”,
there is a local rupture. The section still carries some load,
but it is defined as loss of resistance between C and D. The
behavioural law of a hinge of this type can be traced auto-
matically by SAP2000. Therefore, M flexural hinges were
automatically assigned to all beams and P-M2-M3 hinges
to all columns. Naturally, an utterly similar procedure is
followed for the columns.

The calculated overstrength (Q),) of the frame is the
ratio of "apparent strength arises due to the seismic condi-
tion" to the "design member strength.” It is strongly related

to the adopted drift limit and, consequently, to the beam
dimensions. The overstrength is calculated using EC8 pro-
visions for the designed frames and is given as the ratio of
"plastic moment of beams" to "the internal moment in the
beams due to the seismic condition" given by Eq. ??.

M .
Q=1 (1)

EC8 recommends a minimum value of "()"; therefore,
the structural behavior corresponds to the "first plastic
hinge" in beam elements, and hence columns are subjected
to higher forces due to the redistribution of forces. In
contrast, maximum "(}" provides foreseen malfunctions
of beams than columns but oversize the members’ dimen-
sions, leading to an uneconomical design solution. The cal-
culated overstrength decreases with the q factor decrease,
as shown in Fig. 7 (al) for 5 and Fig. 7 (b1) 6 bays, Fig. 8
(c1) 7 bays, and Fig. 8 (d1) for 9 bays. The worst cases are
of DCH (especially with drift limits "L2" and "L3"), where
higher values are obtained, reflecting that drift criterion
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Table 6. Considered cases for 9, 7, and 5 story frames.

Class No Storys (H) | Bays (B) q (Ductility) A/h | Combination | L-q-Combination
1,2,3,4 0.01 Comb-1 L1-6.5-Comb-1
1 5,6,7,8 5 (H=20 m) 0.0075 Comb-2 L2-6.5-Comb-2
9,10,11,12 0.005 Comb-3 L3-6.5-Comb-3
13,14,15,16 5(9.15m) 0.01 Comb-1 L1-6.5-Comb-1
2 17,18,19,20 7 (H=28 m) | 6 (7.63 m) High (6.5) 0.0075 Comb-2 L2-6.5-Comb-2
21,22,23,24 7 (6.54 m) 0.005 Comb-3 L3-6.5-Comb-3
25,26,27,28 9 (5.08 m) 0.01 Comb-1 L1-6.5-Comb-1
3 29,30,31,32 9 (H=36 m) 0.0075 Comb-2 1.2-6.5-Comb-2
33,34,35,36 0.005 Comb-3 1L3-6.5-Comb-3
37,38,39,40 0.01 Comb-4 L1-4-Comb-4
4 41,42,43,44 5 (H=20 m) 0.0075 Comb-5 L2-4-Comb-5
45,46,47 48 0.005 Comb-6 L3-4-Comb-6
49,50,51,52 5(9.15m) 0.01 Comb-4 L1-4-Comb-4
5 53,54,55,56 7 (H=28 m) | 6 (7.63 m) Medium (4.0) 0.0075 Comb-5 L2-4-Comb-5
57,58,59,60 7 (6.54 m) 0.005 Comb-6 L3-4-Comb-6
61,62,63,64 9 (5.08 m) 0.01 Comb-4 L1-4-Comb-4
6 65,66,67,68 9 (H=36 m) 0.0075 Comb-5 L2-4-Comb-5
69,70,71,72 0.005 Comb-6 L3-4-Comb-6
73,74,75,76 0.01 Comb-7 L1-3-Comb-7
7 77,78,79,80 5 (H=20 m) 0.0075 Comb-8 L.2-3-Comb-8
81,82,83,84,85 0.005 Comb-6 L3-3-Comb-9
85,86,87,88 5(9.15 m) 0.01 Comb-7 L1-3-Comb-7
8 89,90,91,92 7 (H=28 m) | 6 (7.63 m) | Conventional (3.0) | 0.0075 Comb-8 L2-3-Comb-8
93,94,95,96 7 (6.54 m) 0.005 Comb-9 L3-3-Comb-9
97,98,99,100 9 (5.08 m) 0.01 Comb-7 L1-3-Comb-7
9 101,102,103,104 | 9 (H=36 m) 0.0075 Comb-8 1.2-3-Comb-8
105,106,107,108 0.005 Comb-9 1L3-3-Comb-9
109,110,111,112 0.01 Comb-10 L1-2-Comb-10
10 113,114,115,116 | 5 (H=20 m) 0.0075 Comb-11 L2-2-Comb-11
117,118,119,120 0.005 Comb-12 L3-2-Comb-12
121,122,123,124 5(9.15 m) 0.01 Comb-10 L1-2-Comb-10
11 125,126,127,128 | 7 (H=28 m) | 6 (7.63 m) Low (2.0) 0.0075 Comb-11 L2-2-Comb-11
129,130,131,132 7 (6.54 m) 0.005 Comb-12 L3-2-Comb-12
133,134,135,136 9 (5.08 m) 0.01 Comb-10 L1-2-Comb-10
12 | 137,138,139,140 | 9 (H=36 m) 0.0075 Comb-11 L2-2-Comb-11
141,142,143,144 0.005 Comb-12 L3-2-Comb-12

governs the design. Since beams are increased drastically
to satisfy the drift criteria; therefore, the overstrength in-
creases, so the columns’ corresponding dimensions. Fig. 7
and Fig. 8 show that the drift limit "L3" indicates that the
calculated overstrength is around 5.0, which is practically
inconvenient. The AISC limit of overstrength to be taken
as 3.0 usually is also shown by the dotted line in Fig. 7
and Fig. 8. Interestingly, Elghazouli, in [32], states that the
overstrength factor in lateral capacity is related to the duc-
tility demand of the dissipative zones. Therefore, for high
overstrength (when drift is governing), the optimum use of
behavior factor is possible only if the frames are designed
for a lower value of q factor.

7. Over-stiffness

When the frames satisfy drift limitations, the evaluated
over-stiffness (();) equals 1.0; therefore, () greater than 1.0
means strength is dictating, and the frame has considerable
over-stiffness. Furthermore, frames with an over-stiffness
factor around 1.0 mean that it optimally designed to sat-
isfy stiffness (damageability criterion). Hence, when drift
limitation dominates the design, the g-factor might not be
optimally used, heading to an uneconomic design situation
(see Fig. 9). Patton in [33] states that when damageability
regulates the design, the members need only to be designed
and detailed for limited ductility.

As it is evident from the present study, on the one hand,
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the limitations of Eurocode 8 are stringent. On the other
hand, no such restriction exists to let the designer know
about the importance of optimally using adopted ductility
and the frame’s damageability.

8. Proposed method

This section proposes a method for optimum steel MRFs’
design based on pre-defined parameters. Compatible com-
binations between damageability and ductility are pre-
sented as well. Since the design moment must be greater
than the resistance moment, as an ideal scenario, the elastic
overstrength (QQg) might be unity. As Qg varies according
to the drift limit, it increases when the drift limit changes
from 1% of story height to 0.5% of story height. Conse-
quently, for cases where drift limits dictate the design, this
overstrength must be fixed; otherwise, the columns may be

massive, leading to uneconomical design situations. Sup-
pose beams are sized considerably more than the minimum
required. The structure might yield a high lateral force than
the effectively assumed analysis due to the drift limitations.
Therefore, the column forces may be greater than predicted
by the analysis as factored by Q)¢  (global overstrength).
A factor of 1.375 is used to allow for strain hardening in
the beam plastic hinges and provide additional reserve
strength.

Redundancy occurs when multiple elements yield or
fail before a complete collapse mechanism establish. Struc-
tures that retain less redundancy must be more resistant
to damage; therefore, seismic design forces are amplified.
Consequently, it is assumed that structures having high
ductility exhibits high redundancy and vice versa. In the
following, the elastic overstrength values are provided (see
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Table 7. Sectional and material properties for the profiles

used.
Label |H (mm)|B (mm) |t, (mm) ts (mm)
HE1000M | 1008 302 21 40
H10x5 1056 314 36 64
H10x8 1056 400 40 80
H11x5 1156 314 36 64
H11x8 1156 400 40 80
H12x8 1200 420 40 80
H12x10 1250 450 45 100
H12x15 1250 500 50 150

NOTE: Adopted steel grade: EN 10025-2 5275 having
unit density (p) = 76.9 kN/m?3, poissons ratio (v) = 0.3,
modulus of elasticity (E in MPa)=2.10E+05, yeild stress
(fy in MPa) = 275, ultimate stress (f, in MPa) = 275,
expected yield stress (fye in MPa) = 302.5 and expected
ultimate stress(f;, in MPa) = 473.

Forces 10 - Intermediate Occupancy [4y] - Yeild
[FIP Ls - Life Safety
CP - Collapse Prevention

deformation
[Au] - Ultimate
deformation

Residual
deformation

Fig. 6. Plastic hinge illustration by FEMA 356.

Table 8) that helps fix several factors for an assumed duc-
tility class, such as redundancy and reserve overstrength.
The elastic overstrength obtained from the pushover analy-
sis is averaged for each drift limit to account for the bay’s
width (long, intermediate, and short span) and the number
of stories. The suggested elastic overstrength values range
between 1.5 and 3.0. In Table 8, g factors are related to
compatible drift limits, and overstrength factors are also
provided. These are shown in Fig. 10a, Fig. 10b and Fig.
10c are related to DCC (L1 = 0.01 h), DCC (L2 = 0.0075 h),
and DCC (L3 = 0.005 h), respectively. Similarly, Fig. 11a for
DCH using the 0.01h drift limit, in Fig. 11b for DCM with
a 0.01 h drift limit, and in Fig. 11c for DCM with a 0.0075 h
drift limit.

Elnashai and Mwafy in [18] state that ductile structures
show higher reserve strength and are related to using a
higher force reduction factor, which reduces the design

forces, thus magnifying gravity loads. The suggested tech-
nique allow pre-assuming of damageability for an assumed
ductility class; therefore no iterations are required to fulfill
the capacity design for a global failure mechanism.

9. Concluding remarks

The paper dealt with assessing frames composed of 5, 7,
and 9 stories, having a story height of 4.0m. Different
bays, i.e., 5, 6,7, and 9 of 5.08 m, 6.54 m, 7.63 m, and 9.15
m, respectively, have been considered. Four different be-
havior factors have been assumed with three drift limits
of Eurocode 8, concluding 144 cases. Each case has been
designed and analysed carefully. Important outcomes, re-
flecting the ductility class, the definition of overstrength,
and the drift limitations of Eurocode 8 have been examined.
The following conclusions are summarized:

* Optimization rules for frame design have been pro-
vided with suggestions for a realistic design approach.

* Recommendations for the optimum design of steel
moment-resisting frames have been proposedwith
several outcomes such as when a ductility class for
the primary members is defined, an acceptable drift
limit is required, so that the two limit states do not
indulge each other. Therefore, it necessitates to prelim-
inary choose a proper drift limit before choosing the
frame’s ductility.it is foreseen that the overstrength of
the frames in Eurocode 8 is defined well and is conve-
nient when the seismic situation governs the design
for strength; contrarily,

¢ when the design of the structure is governed by drift,
Eurocode 8 definition of overstrength does not hold
any stability and vary drastically. Therefore, in the
presented paper, some suggestions are provided to
use the overstrength factor.

¢ This technique allow to assume damageability for a
ductility class; therefore no iterations are required to
fulfill the capacity design for a global failure mecha-
nism.

¢ The proposed methodology will help the designers
to use Eurocode 8 more consistently for the seismic
design of frames and let a coherent design approach
without unnecessary iteration.

¢ In a future study the applicability of the proposed
methodology will be verified by conducting a similar
parametric study.
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10. Notations

MRFs = Moment Resisting Frames

Mg,4; = design value of the bending moment in the ith
beam in a seismic design situation

My rg,i = plastic moment in the ith beam in a seismic de-
sign situation,

FEMA = Federal Emergency Management Agency

DCH = Ductility Class High (q = 6.5)

DCM = Ductility Class Medium (q = 4)

DCC = Ductility Class Conventional (q = 3)

DCL = Ductility Class Low (q = 2)

SMEF = Special Moment Resisting Frame

ECO = Eurocode 0

EC1 = Eurocode 1

EC8 = Eurocode 8
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EC3 = Eurocode 3

q = Behavior Factor

Drift limit 1 = L1 (0.01h, equivalent to the AISC)

Drift limit 2 = L2 (0.0075h) and

Drift limit 3 = L3 (0.005h, structures with brittle cladding
materials)

h = Interstorey height

Qr = elastic overstrength

Oy = calculated overstrength

Qg g = global overstrength

Gk,]- = denotes the dead load,

Q. ; = denotes the live or variable load.

1§, ; = considers the reduced likelihood of variable loads,
ranging from 0 to 0.8.

Vb = Base shear

Vu = Actual strength
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Vd = Design strength
Vy = Yeild base shear
Ve = Elastic strength
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