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Abstract. One of the most efficient seismic design methodologies is Direct Displacement
Based Design (DDBD) because it considers the inelastic range of the structure. There are
several investigations on the application of this methodology in frames, structural wall and
bridges, but those related to steel structures with concentric bracing are scarcer. The objective
of this investigation is to determine the damping parameters and the seismic responses of a
dual concrete building and one of concentrically braced steel frames, to later compare their
base loads and displacements. The procedure first determines the design offset for the 1GDL
model; then the desired responses are obtained by this displacement. This methodology uses an
effective stiffness, which is composed of an elastic and an inelastic state of the structure to
determine seismic responses.

1. Introduction

The large number of earthquakes in the Ring of Fire and its high population density forces Civil
Engineering to investigate and propose new and more precise methods when making the seismic
design of a structure.

A first reference is that of Priestley et al. [1], which established the theoretical guidelines on
Displacement Based Design (DBD) with a special methodology called Direct Displacement Based
Design (DDBD), which is what will be used in this work.

Subsequently, research was carried out on the application of this methodology in steel frame
buildings. Connections and concentric bracing (CBF) [2] in the structures have a great impact on the
damping of these, which is demonstrated by the article. A structure with CBF type bracing has a great
increase in lateral stiffness, so its displacement profile is much smaller than one without bracing [3].
All values were corroborated with the American Society of Civil Engineers [4].

With respect to the application of the DDBD method in buildings with double wall frames, the
influence of the cutting walls on the displacement profile of the structure is used. In addition, unlike
steel frames, in a dual wall-frame building with cracks there is an increase in its damping due to the
cracked inertia of its structural elements.

In this research, two buildings of similar architectural distribution have been analyzed using this
seismic design methodology, but with different structural systems: dual wall-frame buildings and steel
concentric braced frames. Since this design only applies to axes and not to the structure as a whole, the
most influential and best represented axis for the design in both structural systems has been chosen.
The damping in both cases will be obtained from the guidelines proposed by Priestley [1]; however,
some modifications have been made, corresponding to investigations that support a more specific
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damping. Finally, the answers are presented as shear and basal moment which will be compared and
analyzed.

2. Method
Seismic analysis will be carried out using the DDBD methodology to two structural systems following
the guidelines established by Priestley [1], to then compare the results in displacements and basal
forces. The structure’s damping behavior will be included through the results of previous
investigations [5], [6], [7]; Damping is an important parameter, since it is the one that most influences
the seismic response.

The damping used in structural systems are the following:

- Dual wall-frame system:

Qw = 0.05 + 0.444("#—‘”1 1)

Source: Priestley Et al. 2007
- Steel frames system:

Sw = 005+ 0.565(" @)
Source: Priestley Et al. 2007
Where the parameter purepresents the ductility of system displacement.
3. Results

To validate the investigation, two structural systems were used, which are: Dual system (Figure 1) and
steel frame system (Figure 2).

|
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Figure 2. Steel frame structure (Source: Own
Figure 1. Dual Structure (Source: Own elaboration in Etabs)

elaboration in Etabs)

The comparison will be between 2 buildings of 15 levels with the same architectural configuration.
The first level will be 4 meters high and the following ones will be 3 meters high. The live loads in
each system will be 450kgf / m2 for a tributary width of 7m in the beams and an independent dead
load per level specified in the following paragraphs.
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The dual structural system has a dead load of 600 kgf/m2 on the first level and 500kgf/m2 on the
following levels. The structural elements will have the following sections: 60x80 cm columns, 30x50
cm beams and 30cm cutting walls. The amount of steel in the structural elements will be evaluated
through the Etabs program. The concrete used is 280kgf/cm2 in verticals and 210kgf/cm2 in
horizontals. The amount of steel used will be 1% for columns and beams 0.0018.

The structural system of steel frames has a dead load of 400kgf / m2 on the first level and
300kgf/m2 on the following levels. The structural elements will have the following sections: HSS20x20
metal columns, T 15x15 beams and HSS8x8 bracing. The connections will be of the cut type.

3.1. DDBD seismic response in dual system

The theoretical guidelines followed in this research are those proposed by Priestley [1]. Next, the
results obtained under the DDBD method and non-linear Pushover analysis method are presented in
order to compare them. A drift limit state of 2.5% damage prevention is considered.

The dual structural system that uses the DDBD methodology has a baseline shear of 1772kN,

greater than the non-linear methodology by 54.26% as seen in Figure 3. A linear tendency is observed
in Figure 4. The story moments at the base are 53927kN-m, greater than the non-linear system by
50.98%, the latter being 36536 kKN-m present in Figure 5. The maximum drift obtained with the
DDBD method is 2.5%, controlled by the limit state of damage control and a maximum drift of the
non-linear methodology at 0.44% as seen in Figure 6.
The displacement through the DDBD is 110 cm in the limit state of damage prevention compared to
the 4.4 cm obtained from the non-linear methodology observed in the capacity curve of Figure 7.
These results are due to the simplicity of the DDBD methodology that does not consider the hysteretic
effect of the structure and, consequently, greater displacements are acquired.
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Figure 3. DDBD shear forces (Source: own Figure 4. DDBD displacements (Source: own
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It should be mentioned that for the non-linear Pushover methodology, hinges were used at 0.1 and
0.9 of the length of the columns and beams obtaining an effective stiffness of 2829 kN/m. In contrast,
in the DDBD methodology an effective stiffness of 2475 kN/m was calculated, this being inferior to
that obtained in the non-linear analysis. This imprecision implies a considerable increase in the forces
and, consequently, in the sections of the structural elements.
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Figure 7. Pushover capacity curve for dual system (Source: own elaboration in Etabs)

3.2. DDBD seismic response in steel frames system

In the same way as in the dual system, the theoretical guidelines followed in this investigation are
those proposed by Priestley [1]. Next, the results obtained under the DDBD method and non-linear
Pushover analysis method are presented in order to compare them. A drift limit state of 2.5% damage
prevention is considered.

The steel frame system using the DDBD methodology presents a baseline shear of 2024 kN, which
is greater than the non-linear methodology by 54.26% and is observed in Figure 8. The story
displacements are shown in Figure 9.

The moments at the base are 18927 kN-m, greater than the non-linear system by 50.98%, the latter
being 12536kN-m present in Figure 10. The maximum drift obtained with the DDBD method is 2.5%

controlled by the damage control limit state and a maximum drift of the non-linear methodology at
0.44% as it is shown in Figure 11.
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Figure 8. DDBD shear forces (Source: own source)
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Figure 9. DDBD displacements (Source: own source)
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Figure 11. DDBD drifts (Source: own source)

The displacement using the DDBD is 118 cm in the limit state of damage prevention compared to
the 4.4cm obtained from the non-linear methodology observed in the capacity curve of Figure 12.
These results are due to the simplicity of the DDBD methodology that does not consider the hysteretic
effect of the structure and, consequently, greater displacements are obtained. It is necessary to mention
that for the non-linear Pushover methodology, hinges were used at 0.1 and 0.9 of the length of the
columns and beams obtaining an effective stiffness of 4532 kN / m in the capacity curve. Instead, in
the DDBD methodology calculated an effective stiffness of 3248 kN / m, this being inferior to that
obtained in the non-linear analysis. This imprecision implies a considerable increase in the forces and,
consequently, in the sections of the structural elements.
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Figure 12. Pushover capacity curve for Steel frames (Source: own elaboration in Etabs)

4, Conclusions
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The displacements are the same in the two structural systems by condition of the DDBD methodology,
in which it is established that the maximum displacement in the two structures will be 2.5% of the
height of the building per damage prevention limit state according to Priestley[1].

The basal shear force in the steel frame is greater than the dual system in 6%. In ideal conditions,
being the most ductile steel structure, it allows greater displacements. However, the system is not ideal
and has a damping that decreases its effective period and consequently its basal forces. The period
obtained in the contributed steel system was 3.96 s and 5.48 s in the dual system.

The damping in the steel structure is 13% and that of the dual system is 18%. The damping in a
dual system increases due to the cracking of the structural elements of the concrete and in a system
provided with steel it increases mainly due to the buckling of its steel columns.

The DDBD methodology allows to avoid oversizing in structural design of the structure. This is
due to the fact that this methodology falls within the inelastic range of the structure and we do not
assume that all its behavior is linear, which confirms its proximity to the real effects with the
comparison with the capacity curve obtained from the non-linear Pushover analysis. When it is
considered that the behavior of a structure is always linear, it is when oversize begins to exist due to an
excessive increase in seismic forces. This happens because non-linear behavior, such as cracking the
structure, releases efforts and makes the ultimate design efforts less.
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