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BEHAVIOUR OF FIBROUS CONCRETE BEAMS UNDER IMPACT LQADING

ABSTRACT

Impact resistance of concret2 1s consgidered as one of the
most important properties.needed 1in the design of concrete
units subjected to dvnamic toading.Therefore continucus studies
and researches are still carried out to determine the best
technical and economical design for sitructures under dynamic
inading. This paper takes share in this field aiming to study
the effect of different types of fibrous concrete on its
impact resistance. Alsoc,This studies was planned to find the
most economical fibre and its optimum ratio 1In concrete mix Lo
get the besi results of impact resistance of concrete Dbeams
which may exposad to flexural impact loading.

Unfortunately,there i no standard method to determine the
impact resistance of concrete. Thus., an impact apparatus which
constructed specially for this research was used to apply the
impact load (freely falling weight) at midpoint of heam's span.

Experimental investigation were carried cut on
different types of beams (70x10x10 cm.) to determine its impact
resastance. Standard cubes were used to determir > the
compressive strength of the =ame mixes of concrete under
studies.

The experimental! investigation, carried out in this
research, had been planned, to find the impact resistance of
concrete made from local materials which are commonly
used, including different types of f{ibres such as ;HAREX,
FIBERGLASS and FLAX monofilaments.

1i-=) Prof. Dr. of Str, Eng. Dept., Unive. of El-Mansoura
2—Y Assoc. Praf. Dr. of Str. Eng. Dept., Unive. of El-Mansoura
3-) B.Sc. Civil Eng., Unive. of El-Mansoura, 1988
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Thisgs research realized valuable resulfs showing the
effect of the type of concrete on 1t3 impact resistance. Also,
it cleared the great benefit of wusing fibrous concrete in
increasing impact resisgstance.

1- INTRODUCTION

The impact strength of concrete reinforced with wvarious
types of fibres and subjected to impact loading 1s usually
greater than impact strength of plain concrete. The greatar
energy required to strip or pull out the fibres provides the
impact strength.(3]1.(9].

Also, the resistance of the fibre reinforcement to crack
propagation enables the composite to underga extensive
deformation even after the maximum load 1is reached. This
ability to deform while the fibres stretch and debond causes a
considerable amount of energy to be expended before the
composite falils. The ability to absorb energy depends on the
fibre properties and fibre volume. Although, the resisting of
fibrous concrete to shattering under impact lcading 1is Thigh,
the experimental determination showing the impact resistance

and the factors governing it have received little attention.

2—- TYPES OF FIBRES
Three types of fibres were used in this research :-

(1) HAREX

{2) FIBERGLASS

(3) FLAX
2.1-_HAREX_

There are different types of steel fibres, they generally
have thes same properties but they are differ in shape. This
study deals with one type which is known as "HAREX".

HAREX is the commercial name of gshells steel fibres which

has greater surface area to insure higher bond with concrete
and give the concrete Dbetter workability than any other tvype of
steel fibres.
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2.2- FIBERGLASS

Fiberglass is the commercial name of the cut kiem wvaile
monofilaments, Which is a synthetic fibre. FIBERGLASS is the
most expensive synthetic fibre, and is available in the form of

cut moncfilaments to length of 10 to 20 mm having a diametar of
0.2 to 0.1 mm.

2.3- FLAX

FLAX is the name of an organic monefilaments which is
available a3 an agriculture product. Flax monofilaments is the
most cheeper available local fibre, and it iz easy to c¢ut to
any lenagths, but there iz no logical contrel on its diameter.

3— EXPERIMENTAL INVESTIGATION
Typea of fibrous concrete of different percentage of fibre

The following three tvees of fibrous concrete were
studied in this paper.:—

{1) HAREX steel fibrous concrete.

{2) FIBERGLASS fibrous concrete.

{3} FLAX fibrous cong¢rete.

Five mixes of each type of fibrous concrete were
investigated at different fibre content equal to 1.0%, 2.0%,
3.0%, 4.0% as percentage of cement weight, Dbesides ordinary
plain concrete i.e.0.0%

The main constituents of the concrete mix were

¥ 350 Kg cement per cubic meter of concrete.

* Sand : gravel ratio are 1:2 by weight.

* Water/Cement ratios are varied to give an approximate
constant slump on the range (3:5)cm for medium workability.

Tests were carried out to find the impact resistance of

concrete and compressive strength for sach percentage of the
fibre.

4- TESTING OF SPECIMENS
Tests were carried out to find the impact resistance of
concrete and compressive strengih for each investigated mix.
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4. 1-Imeonct test
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Fig. {1) SKETCH FOR THE IMPACT TESTING APPARATUS.

Impact testes were carried out wusing falling mass-type
impact testing apparatus which is Dbuilt specially for these
research in the laboratory of strength of mater:al ,Faculty of
Engineering.Mansoura University. Details of this impact testing
apparatus are shown in Fig. ({1).

Tasts were carried out on {(10x10x70 cm) beams specimens,
using a falding weight (2.32 kg.).The falling weight 1is made
from available sections ang it is consists of circular bar,
which gives a line load. attached in a wvertical rolled squar
bar divided into equal distances, each of them equal Scm.
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The beam 13 gimply supported on a - single apan equal tbo
6C0cm. The beam must be adjusted such that the midpoint of the

beam lies vertically under the falling weight and in the
vertical level.

Zame

The welght is left to fall freely from successive height
starting from a level above the top point of the beam by 7cm.
and increased regularly with S5cm. 1.e. (h=7, 12. 17. 22. 27
..... etc) up till failure. '

Impact resistance will be calculated by multiplying
falling weight with the sum of the diffsrent heights +till
failure as follows

I.R. = W(hs + w2 + ha +

........ ) Kg.cm.
Where

I.R. = Impact Resistance kg.cm.
W = Falling weight kg.

h = Height of falling weight cm.

Pilate (1)
Impact testing apparatus

4. 2-Compression lest

The test were carried out on c¢ubes {15x15x15cm) which
were prepared and tested according ta British Standard
Specifications B.5.5. Ng, 1881.
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5- ANALYSIS AND DISCUSSION
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Fig. (2)- Effect of Fibre Content in concrete mix

cn its impacht resistance.
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Fig. (3)- Effect of Fibre Content in concrete mix

on its compressive strength.
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5.1- Effect of Fibre Content
5.1.1- HAREX Fibrous Concrete

Figs.(2)and(3) show that impact resistance, and

compressive strengih incr2ase with the increase of HAREX fibre
content.

The rate of increasing of the impact resistance, and the
compressive strength, increases at higher percentage of HAREX
fibre content within the investigated limits.

5.1.2~ FIBREGLASS Fibrous Concrete

It ¢can be shown from figs.(2)and(2) that the impact
resistance, and the compressgive strength increase due to
increasing FIBREGLASS content up to specific limit at which
inflection point occurs. Any increase of fibre content after
this limit will produce a decrease of both of the impact
resistance, and the compressive strength.

The inflection peint is found to be at a fibre content of
about 1.75% for Dboth of impact resistance and compressive
strength.

I1f the peak zone assumed to be all wvalues above 95% of
maximum value, then the higher values of the impact resistance
can be obtained from 0.7% to 2.8% fibre content.Also, the
higher values of the compressive strength will be obtained

.from 0.5% to 3.0% fibre content. Thus, better results may be
obtained with FIBREGLASS content from 0.7% to 2.8% az a
percentage of cement weight.

5.1.3- FLAX Fibrous Concrete

1t was found thet both of impact registance and
compressive strength increase with the increases of FLAX
content up to sepecific limit at which inflection point occurs,
then any increase of FLAX content will cause decreasing of beth
the impact resistance and the compressive strength, as can be
seen in figs.(2)end(3).

The percentage of fibre content at which inflection point
occurs is not the same for both of impact resgistance and

compressive strength. It was found that compressive strength
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decrease with the increase of FLAX content than 1.25%. On the
ather hand,the impact resistance will decrease after a FLAX
content of about 3.0% . This decreasing will continue due to
any increase of FLAX content.

Also,.if the peak zone assumed to be all values above 95%
of maximwea value, then the higher wvalues of the impact
resistance can be obtained from 2.1% to 3.3% FLAX content. The
higher values of the compressive strength will be obtained
from 0.5% to 2.5% fibre content. Thus, ocptimum FLAX content may
be considered from 2.1% to 2.5% as a percentage of cement
weight .

From the above discussion .it c¢an be c¢oncluded that
increasing of fibre content may i1ncrease impact resistance or
compressive strength of concrete up to specific limit after
which any increase of fibre content may decrease compressive

strength or impact resistance of concrete.

3.2- Effect of Type of Fibre

The effect of type of fibre 1s differ according to fibre
content in concrete. For example, for 1% fibre content it can
be seen that find that FIBREGLASS fibrous concrete gives the
highest impact resistance over FLAX and HAREX fibrous concrete.
Where as at 3% fibre content FIBREGLASS fibrous concrete has
the lowest impact resistance as shown in fig.(2).

On the other hand at 1% fibre content the highest
compreasive strength was obtained from FLAX fibrous concrete
where .HAREX fibrous concrete has the highest compressive

strength at 3% fibre content over other types of fibrous
concrete as shown in fig. (3).

It can be concluded that a certain percentage of fibre
content in concrete could show a higher impact resistance over
plain concrete or other fibrous concrete but it may have not
the same increase in compressive strength. Thus a specific
fibre can be’used to Improve impact resistance of concrete,
where as for improving compressive strength another fibre with
different fibre content may be used.
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5.3- The Cost of Fibrous Concrsts
From the above discussion i1t may be concluded that several

types of fibres can be used to improve impact resistance of
concrete. Also, different pesrcentage of specific fibre may be
uged to get the desired impact resistance. It  is knouwn that
adding fibre in <oncrate mix msans additional cost. Thus
economical -factor must be taken into consideration whean
choesing the type of fibre or its percentage.

Fig. (6) shows thes additional cost over the original cost
of plain ceoncrete (in L.E.) which wi1ll be necessary to get a

specific 1mpact resistance using any of iInvestigated fibres

{HAREX. TIBREGLASS., and FLAX) according to price list of tLhese
fibres in 19%92.
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6— CONCLUSIONS

This investigation of fibrous concrete beams under impact
loading leads to experimental results which give the feollowing
main conclusions :-

All of investigated fibrous concrete t{vypes showed a
higher impact resistance over plain concrete at different ages

increasing of fibre content will increase impact
resistance of concrete and compressive strength up to specific
limit after which increasing of fibre <¢ontent may decrease

compressive strength or impact resistance of concrete or both
of them.

At certailn percentage of f{ibre content of a fibrous
concrete type could show a higher impact resistance over plain
concrete or other fibrous conc¢rete but 1t may have not the same
increase in compressive strength.

The cptimum FIBREGLASS content in concrete mix may be
considered from 0.7% to 2.8% as a percentage of cement weight.
Where, the optimum FLAX content 1in concrete mix may Dbe
congidered from 2.1% to 2.5% as a percentage of cement weight.

FLAX fibre was found to be the most economic fibre to get
a desired impact resistance up to 300 kg.cm. Alsc,it was found
that if it is reguired to get impact resistance over 300 kg.cm,
then HAREX fibre must be used without putting the economical
factor in considration.
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