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ABSTRACT

Lateral stiffness of a high-rise building is significantly influenced by the design of coupling beams to
spread plasticity over the system height. Design and reinforcement detailing should be performed to
retain strength and a significant percentage of stiffness during large deformations into a plastic range.
The cracking and low toughness problems of high-strength concrete can be overcome by the addition
of short randomly distributed steel fibers. These steel fibers provide a crack bridging the interference plan
between shear walls and coupling beam. An alternative design is proposed in this paper, using an analyt-
ical model for high-strength fiber reinforced concrete (HFC). This is to reduce the reinforcement conges-
tion and construction difficulties. In this study, the fiber composite enables the use of straight bars as
partial or total replacement of diagonal bars. An analytical relationship is proposed, herein, to generate
the complete stress—strain curve of HFC subjected to uniaxial compression. The fiber generates a passive
confinement inside the composite that prevents the concrete from spilling-out during cycles of seismic
load. Based on nonlinear fracture mechanics, a continuum approach is developed, as a linear elastic-strain
softening material, for modeling the tensile behavior of HFC. The model accounts for composite inelastic-
ity and ductility. It also slows down crack growth, fiber debonding and pullout mechanisms, and also
attenuates fracture energy and element size effect. There is a wide variation in the code limit for predict-
ing maximum shear stress. For this reason, based on experimental results, a proposed strut-and-tie model
is developed to determine the contribution of fiber composite in the shear resistance of short-coupling
beams. Comparing the analytical results with experimental results, the adopted analytical model shows
a good agreement. A non-linear finite element model is proposed to examine the effect of using HFC on
forty stories high-rise building.

© 2013 Elsevier Ltd. All rights reserved.

1. Research significance

vice ducts require that shear walls be provided with openings. A
number of empirical expressions [1-5] were performed to examine

The aim of this paper is to use fiber composite as total or partial
replacement of diagonal bars. For nonlinear analysis of HFC shear
wall-short coupling beam system, analytical relationship is pro-
posed. This is to generate a complete stress—strain curve of fibrous
concrete under uniaxial compression and tension. Based on exper-
imental results, a strut-and-tie model is developed to account for
the contribution of fiber composite in shear resistance of short-
coupling beams. To test hypothesis, the analytically predicted
model was compared with corresponding experimental results,
where a good coincidence was obtained. A non-linear finite ele-
ment program has been adopted in this paper to study apply the
use of HFC on forty stories high-rise building.

2. Introduction

Shear walls-short coupling beams are the most common meth-
od in structures resisting seismic loads. Windows, doors and ser-

* Tel.: +20 1001479986.
E-mail address: esamkhalifa@live.com

1359-8368/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.compositesb.2013.08.050

seismic performance of coupled shear walls made from high-
strength and fiber concrete. Numerical models were published
[6-10] to analyze the behavior coupled shear wall system sub-
jected to seismic load. The test results of high strength fiber rein-
forced concrete coupling beams examined [4,5]. The traditional
reinforcement of concrete walls subjected to little bending is not
less than 0.25% of the wall cross section area. Such an arrangement
does not efficiently utilize the steel at ultimate moment because
many bars operate on a relatively small internal lever arm. More-
over, the ultimate curvature ductility becomes considerably re-
duced when a large amount of flexural steel is used in this form
[1]. The typical reinforcement details of shear walls with coupling
beam are shown in Fig. 1. The most common reinforcement type is
represented as conventional reinforcement with longitudinal bars
and transverse reinforcement or diagonally reinforcement [3] as
shown in Fig. 2. Shear stress-story drift relationship for a fibrous
and non-fibrous coupling beam having diagonally reinforcement
is shown in Fig. 3. The non-fibrous specimen SP1 is compared with
1.5% (volume ratio) of steel fibers specimen SP4. For fibrous cou-
pling beam (SP4), hysteretic loops have characteristics of a ductile
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Abstract The need of strengthening reinforced concrete
columns, due to loss of strength and/or stiffness, is an
essential requirement due to variation of the loads and
environmental conditions applied on these columns. Steel
jackets around the reinforced concrete (RC) columns are
usually made by means of steel plates covering all over
the column surface area. For the value of engineering
purposes, another technique was developed using steel
angles at the corners of the RC columns connected with
discrete steel strips. In this paper, an experimental pro-
gram is designed to evaluate the improvement in load-
carrying capacity, stiffness and ductility of strengthened
RC columns, concomitant with steel angles and strips.
Despite of prevailing a substantially increased loading
capacity and strength a pronounced enhancement in duc-
tility and stiffness has been reported. A need for experi-
mental test results with low value of concrete strength to
mimic the local old-age structures condition that required
strengthening in local countries. Seven columns speci-
mens are tested to evaluate the strength improvement
provided by steel strengthening of columns. The method
of strengthened steel angles with strips is compared with
another strengthening technique. This technique includes
connected and unconnected steel-casing specimens. The
observed experimental results describe load-shortening
curves, horizontal strains in stirrups and steel strips, as
well as description of failure mode. The extra-confinement
pressure, due to existence of steel cage, of the strength-
ened RC column can be also observed from experimental
results. The code provisions that predict the load-carrying

E. S. Khalifa (<) - S. H. Al-Tersawy
Higher Technological Institute, Tenth of Ramadan City, Egypt
e-mail: esamkhalifa@live.com

capacity of the strengthened RC composite column has a
discrepancy in the results. For this reason, an analytical
model is developed in this paper to compare the code
limit with experimental observed results. The proposed
model accounts for the composite action for concrete
confinement and enhancement of the local buckling of
steel elements. This adopted model is simplified and
applicable to practical design field. In this respect, the
experimental results and those of the analytical model
showed a good agreement.

Keywords Experimental - Composite - Steel strips - Steel
casing - Strengthening - Analytical - RC columns

Research significance

This paper intended to perform an experimental investi-
gation to examine the enhancement of strengthened RC
columns, using steel angles and strips. The code provi-
sions that predict the load-carrying capacity of the
strengthened RC composite column has a discrepancy in
the results. A need was required for experimental studies
to compare the analytical model with the code limit. Thus,
seven specimens have been developed to investigate the
load-carrying capacity, stiffness and strength enhancement
of the strengthened columns. The experimental results
quietly addressed the load-shortening curve, horizontal
strains in stirrups and strips. A comparison between
strengthened RC column with steel angles and strips with
those columns strengthened with steel-casing was devel-
oped. The obtained experimental results were compared
with the code limit and then an analytical model was
developed in order to monitor the studied strengthened
column performance.
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