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Properties of Fiber Reinforced High Strength Concrete
under High Temperature Condition
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Recent fire accident on San Fransisco-Oakland Bay Bridge on 29 April 2007 reveals how fire remains
one of the serious potential risks to most building and structures. In spite of its superior performance
compared with conventional concrete under ambient temperature condition, high strength concrete is
found to be prone to high temperature condition. Current report deals with properties of fiber rein-
forced high strength concrete under high temperature condition. Some issues related to properties of
- fiber reinforced high strength concrete under high temperature condition included explosive spalling
phenomenon and physical residual properties, explosive spalling and mitigation mechanism, fracture
properties, and microstructure change of heated concrete. Thesis report is presented as follows:
Chapter 1 provides the introduction of current experimental study including significance, objectives,
scope of research, and outline of thesis.

Chapter 2 provides the literature review including all past experimental research which had been per-
formed in the field of high strength concrete under high temperature condition.

Chapter 3 deals with the first issue, explosive spalling phenomenon and physical residual properties
(i.e. compressive strength, modulus of elasticity, and permeability coefficient) of heated fiber rein-
forced high strength concrete. During exposition to high temperature, failure of high strength concrete
is sometimes rapid and catastrophic, characterized by the explosive spalling of layers from the ex-
posed concrete surface. One effective way to mitigate explosive spélling is to include short synthetic
fibers, repercolating the matrix of high strength concrete during high temperature exposition. Unfortu-
nately, generation of pores which is beneficial during the mitigation of explosive spalling will reduce
the residual properties of high strength concrete. To deal with this issue, limited addition of short
polypropylene fibers to certain volume fraction and optimization in polypropylene fiber geometry into
high strength concrete mixture have been performed in the experimental study. The experimental re-
sults show that finer and shorter polypropylene fiber, uniformly distributed along concrete matrix, is
found to be effective in mitigating explosive spalling and minimizing the reduction in residual prop-
erties of high strength concrete after high temperature exposition. Furthermore, correlation between
ultrasonic pulse velocity and physical residual properties has also been established.

Ché.pter 4 deals with the second issue, explosive spalling and mitigation mechanism. Experimental
study is performed to investigate thermo-hydral process takes place inside high strength concrete under

elevated temperature condition. Experimental result on the buildup of pore pressure inside heated plain



high strength concrete and polypropylene fiber reinforced high strength concrete brings into light the
mechanism of explosive spalling and its mitigation.

Chapter 5 deals with the third issue, fracture properties of heated fiber reinforced high strength con-
crete. In order to improve the fracture behavior, combination of short polypropylene and steel fibers,
termed as hybrid fiber, is utilized into high strength mixture. The idea is to achieve a synergy be-
tween these fibers during and after the exposition of high strength concrete to high temperature. While
the melting of polypropylene fibers will prevent explosive spalling, steel fibers will maintain the en-
ergy absorption capacity of heated high strength concrete. Experimental result on fracture behavior of
heated fiber reinforced high strength concrete confirms the effectiveness of hybrid fiber in improving
the toughness of heated high strength concrete.

Chapter 6 deals with the last issue, microstructure of heated high strength concrete. In order to investi-
gate chemical change on heated high strength concrete, X-Ray Diffraction analysis, Scanning Electron
Microscopy, and Electron Probe Micro Analysis have been performed in the experimental study. In
terms of microstructural change of heated concrete, Mercury Intrusion Porosimetry analysis is per-
formed to investigate the change in pore structure of heated concrete and digital imaging of heated
concrete is performed to investigate induced microcracks upon heating. Change of properties in the
microstructure level is found to be the main factors affecting the performance of heated concrete in the
macro level.

Chapter 7 provides the conclusions of current experimental study.
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