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Abstract. This study aims to highlight the advantages and disadvantages of
the main types of concentric braces used for steel structures. The structures
analyzed in this paper were equipped with concentrically buckling restrained
braces or regular concentric braces. The concentrically braced structures are tall
office buildings, located in Bucharest. Concentrically braced frames have been
designed in 6 different cases: 3 cases with concentrically two story X braced
frames and inverted chevron braced frames and 3 cases with buckling restrained
braces disposed like in the above mentioned cases. In this study advantages and
disadvantages of structures equipped with buckling restrained braces were
identified using geometric and element nonlinear analysis, conclusions and
observations resulting from the study being presented.
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1. Introduction

This paper aims to highlight the advantages and disadvantages of the
main types of concentric braces used for steel structures (lonescu-Lupeanu and
Dima, 2017). The studied structures were equipped with concentrically buckling
restrained braces and regular concentric braces. The concentrically braced
structures are tall office buildings, located in Bucharest.

Frames equipped with buckling restrained braces (BRB, Fig. 1) have a
high seismic absorption capacity, the hysteretic behaviour of these frames being
symmetrical and stable in the plastic domain (Fig. 2).

Buckling restrained bars are composed of a ductile steel core inside an
external buckle preventing tube (Fig. 1). The core and the casing are decoupled
using an unbonding material to prevent the interference between them.

The layer of unbonding material disconnects the steel tube from the steel
core. Therefore, the axial bending stress is transmitted only through the steel core,
while the steel tube (due to its bending stiffness) provides the appropriate lateral
support against the bending buckle of the core.

The outer casing is usually composed of steel tubes filled with concrete
or other unbonding materials. The steel tube must be designed so as to prevent
lateral buckling of the steel core.
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Fig. 1 — BRB types used in structural analysis (Black et al., 2002).
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Fig. 2 — a) behaviour of BRB; b) behaviour of regular braces.

2. Description of the Analyzed Structures

In this paper 6 structural models were analysed, aiming to highlight
some favourable or unfavourable characteristics of the main types of bracings
used in the multi-storeys steel structures. The considered structures are
configured with both regular concentric braces and with dissipative buckling
restrained braces. The basic building is a 15-level office building (Fig. 3),
located in Bucharest. The structural system is a dual one composed of frames
and central braced core (Dalban et al., 1997).

The analysed structure consists of 6 bays of 8.10 m and 5 spans of 8.10 m.
The story height is 4.0 m, the structure having 15 stories (G + 14F). The steel
used is S355. The first 3 structural models, 1a, 1b and 1c, have been designed
with two-story X braced frames, the model 1a being equipped with regular
braces and the models 1b and 1c (Fig. 3) being equipped with ductile buckling
restrained bars designed with medium ductility for model 1b and with high
ductility for model 1c. The same basic building was used for models 2a, 2b and
2c (Fig. 4) but instead of X braces, inverted chevron braces were provided
(Dalban et al., 1997).

The structure configuration (layout and elevations) is presented in
Figures 3 and 4.
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Fig. 4 — Models elevations (lonescu-Lupeanu and Dima, 2017).
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3. Calculation Phases for the Considered Models

The design process for buckling restrained braces used in high ductility
systems is (ASRO, 2006):

- calculating the shear force for the structure, taking into account a
medium ductility factor g = 4 (DCM - model 1b, 2b) or higher g = 7 (DCH -
Model 1c, 2c).

— structural analysis: determining the strength and stiffness for the
structural elements.

— design of non-dissipative elements: beams, columns.

— static nonlinear analysis (pushover analysis) is performed and
verifications are carried out according to the design based on the capacity
spectrum: verification of the capability of the elements for the target displacement
level and the maximum bending distortions.

— Obtaining the required strength and rigidity of buckling restrained
braces.

— equipping the structure with buckling restrained braces (FEMA 273,
1997; EN 15129, 2009).

— redesigning the non-dissipative elements of the structures.

— resumption of the pushover analysis for the final verification of the
structure based on capacity spectrum.

Beams, columns and buckling restrained braces have been designed to
the maximum load level that may occur during a seismic action (Dalban et al.,
1997; Dunai 2011; P100-1, 2013).

4. Comparison of Analyses and Comments

Comparison between structures with braces in X — system on 2 levels
with and without buckling-restrained braces:

BRB type structures are more ductile than structures with a classical
bracing system that consists of CHS section braces, this is shown in the push-
over curves resulted from the nonlinear analyses (Fig. 5). The energy dissipated
by the BRB type structures is greater than the classical bracing systems (FEMA
273, 1997; ASRO 2004; EN 15129, 2009).
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Fig. 5 — Push-over curves for 1a,1b and 1c models on X direction.

Table 1
Steel Consumption for 1a,1b si 1c Models

Model 1a Model 1b Model 1c
Classic: g=4 BRB: gq=4 BRB: =7

Total weight, [t] 4146 3895 3750

Consumption comparison 100% 94% 90%

The lowest material consumption was obtained in the case of model 1c
(BRB DCH g=7), the high ductility BRB type structure proving a 10% economy
in terms of material consumption compared to the structure without buckling-
restrained brace (Table 1).

Comparison between structures with chevron type bracing with and
without buckling-restrained braces:

BRB type structures are more ductile than structures with a classical
bracing system that consists of CHS section braces, this is shown in the push-
over curves resulted from the nonlinear analyses (Fig. 6). The energy dissipated
by the BRB type structures is greater than the classical bracing systems.
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Fig. 6 — Push-over curves for 2a,2b and 2c models on X direction.

Table 2
Steel Consumption for 2a,2b si 2c Models

Model 2a Model 2b Model 2c
Classic: g=4 | BRB: g=4 BRB: =7

Total weight, [t] 4644 3998 3803

Consumption comparison 100% 86% 82%

The lowest material consumption was obtained in the case of the high
ductility BRB type structure (2c). This type of chevron bracing system shows an
18% economy in terms of material consumption compared to the structure
without dissipative elements and a 14% economy compared to medium ductility
BRB type structure (Table 2).

5. General Conclusions

After conducting analyses on all 6 structural models having both
concentric BRB as well as classical type concentric bracings the following
conclusions resulted:

— the static non-linear analyses conducted to similar results as the ones
obtained from the dynamic non-linear analysis, only 10 to 12 elements out of
3075 needed replacement at the end of the analyses meaning that the structure
had a positive behaviour during the push-over analyses.

— for developing the same amount of dissipated energy, the BRB type
structures had 10% greater displacements.

— in the case of BRB type structures after simulating the maximum
earthquake the only elements which needed replacement were the BRBs, other



16 Silviu-Cristian lonescu-Lupeanu et al.

structural elements having minimum plastic deformations. The BRBs can be
simply and fast replaced with minimum costs.

— in the case of the classical bracings (without BRB) in X — system on 2
levels and also chevron bracings, because of high plastic deformations and
rotations in the beams and bracings these elements should be replaced. This is a
difficult, time consuming and expensive procedure.

—the structures without BRB are stiffer than the ones having BRB as long
as the compressed elements which are designed based on resistance and rigidity
criteria, do not buckle.

— the steel consumption decreases with 10 to 15% in the case of high
ductility BRB type structures but it should be taken into consideration the higher
costs of the BRB system.

— the high ductility BRB structure designed in X system is with 3-4%
more expensive than the structure without BRB.

— in order to reduce the costs, the BRB from the upper third part of the
building can be replaced with classical bracings due to the fact that they do not
develop plastic deformations or rotation.
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STUDIUL COMPORTARII LA ACTIUNI SEISMICE A STRUCTURILOR
METALICE PREVAZUTE CU CQNTRAVANTUIRI CENTRICE CU FLAMBAJ
IMPIEDICAT

(Rezumat)

Lucrarea isi propune sa puna in evidentd avantajele si dezavantajele
principalelor sisteme de contravantuiri centrice utilizate la structurile metalice
multietajate. Studiul a fost desfasurat pe o gama de cladiri multietajate cu structura
metalica, in diferite variante de alcatuire constructiva. Sistemul structural ales este unul
dual, alcdtuit din cadre contravantuite centric si cadre necontravantuite. Cadrele
contravantuite centric au fost analizate in 6 situatii distincte de alcatuire si anume: 2
situatii in care se utilizeazd contravantuiri clasice centrate la noduri cu diagonale
incrucisate in ,,X pe doud niveluri”, respectiv cu diagonale in ,,V inversat” si 4 situatii in
care se utilizeaza contravantuiri din bare cu flambaj Tmpiedicat (BRB) dispuse in ,, X pe
doua niveluri”, respectiv in ,,V inversat”. Au fost identificate, utilizand analiza neliniara
la nivel geometric si de element, avantajele si dezavantajele utilizarii BRB pentru
structurile metalice multietajate si au fost prezentate concluziile si observatiile rezultate
n urma studiului realizat.
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