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ABSTRACT

Steel fibered high-strength concrete (SFHSC) became in the recent decades a very popular material in
structural engineering. High strength attracts designers and architects as it allows improving the durabil-
ity as well as the esthetics of a construction. As a result of increased application of SFHSC, many exper-
imental studies are conducted to investigate its properties and to develop new rules for proper design.
One of the trends in SFHSC structures is to provide their ductile behavior that is desired for proper struc-
tural response to dynamic loadings. An additional goal is to limit development and propagation of macro-
cracks in the body of SFHSC elements. SFHSC is tough and demonstrates high residual strengths after
appearance of the first crack. Experimental studies were carried out to select effective fiber contents as
well as suitable fiber types, to study most efficient combination of fiber and regular steel bar reinforce-
ment. Proper selection of other materials like silica fume, fly ash and super plasticizer has also high
importance because of the influence on the fresh and hardened concrete properties. Combination of
normal-strength concrete with SFHSC composite two-layer beams leads to effective and low cost solu-
tions that may be used in new structures as well as well as for retrofitting existing ones. Using modern
nondestructive testing techniques like acoustic emission and nonlinear ultrasound allows verification of
most design parameters and control of SFHSC properties during casting and after hardening. This paper
presents recent experimental results, obtained in the field SFHSC and non-destructive testing. It reviews
the experimental data and provisions of existing codes and standards. Possible ways for developing

modern design techniques for SFHSC structures are emphasized.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Concrete is a widely used material in structural engineering all
over the world. Its history begins since cement was introduced.
Unreinforced concrete was a brittle material, with a low tensile
strength and a low strain capacity. A revolutionary improvement
of concrete properties was using steel bar reinforcement allowing
getting tensile forces. Reinforced concrete (RC) became an alterna-
tive to other materials that were used in bending elements. Scien-
tists worked intensively to find appropriate ways for increasing
compressive strength of concrete in order to decrease the dimen-
sions of structural elements and their self weight leading to more
economical design solutions. As a result of these research activities,
using high-strength concrete elements became a common trend in
modern construction.

Fibers were used to reinforce brittle materials before cement
was known since Egyptian and Babylonian civilisations [1]. It is
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well known that the main role of fibers is to bridge the cracks that
develop in concrete and increase the ductility of concrete ele-
ments. Fibers increase the strain at peak load, and provide addi-
tional energy absorption ability of RC elements and structures. It
was recently reported that they also considerably improve static
flexural strength of concrete as well as its impact strength, tensile
strength, ductility and flexural toughness [2].

Fiber reinforcement is usually randomly distributed throughout
the whole element, but it can be also used in a part of the element’s
section, for example in composite elements like two-layer beams
[2,3] or in high-strength concrete columns, covered by fiber rein-
forced concrete [4]. Steel, textile, organic, glass and other kinds
of fibers are widely used to improve performance of concrete for
about 90 years [5].

For design purposes a very detailed knowledge about the tensile
carrying behavior of fibered concrete is required. It is affected by
various parameters like fibers’ geometry and content, bond
strength between fiber and binder matrix, strength of the matrix,
shrinkage of the concrete orientation of fibers, etc. [6]. Effective-
ness of fibers added to concrete can be investigated experimentally
or numerically. The routine laboratory testing methods are impact
test, compressive test, tensile and flexural tests, etc. [7].
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