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LIST OF SYMBOLS

a = depth of rectangular stress block.

A, = area of tenmon bar reinforcement.

e A’ = Area of compressive reinforcement steel.

a/d = the shear span to depth ratio.

b = width of beam.

¢ = distance from extreme compression fiber to neutral axs.
e C, = compression force 1n concrete.
o D = total depth of beam.

e d = distance from extreme compression fiber to centroid of tenmle bar rein-

forcement.

d, = the equivalent diameter of the fiber bundle.

d; = the diameter of fiber.

d’ = distance from extreme compression fiber to centroid of top bar reinforce-

ment.

¢ = distance from extreme compression fiber to top of tenaile stress block of

fibrous concrete.
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¢ E. = modulus of elasticity of concrete.
o E; = modulus of elasticity of fiber stcel.
e E, = modulus of elasticity of reinforcement steel bars.

¢ Fy, = Bond efficiency factor.

¢ f!= compressive strength of concrete,

¢ J, = the flexural tensile strength, also known as madulus of rupture.

® f! = the stresscs in compressive sicel.

® fy = yield strength of reinforcing bar steel.
¢ I, = the moment of inertia of the gross concrete section.
¢ [. = cntical length of fiber,

e I, = the equivalent length of bundle.

o [; = fiber length.

e I;/d; = fiber aspect ratio.

o (I;/ds), = critical fiber aspect ratio.

e M., = moment of cracking.

® M, = theoretical moment strength.

® n = number of gluefi fiber.

® p = percentage by volume of fiber.

¢ Pe = cffective volume percentage of fibers.

o
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Fo0 = value represents the force per unit area developed by the bond strength

of the fibers that are effective in a unit cross section.
S, = section of glued bundles.

Ty. = od(D — ) = tensile force of fibrous concrete.
T,, = A,f, =tenale force of bar reinforcement.

V; = volume fraction of fiber.

Vi, = effective volume of fiber in the tenmle direction.

pr = distance from the centroidal axis of the gross section to the extremc fiber

1n tenmon.

Greek Symbols

€. = compressive strain in concrete.

¢, = tensile strain in steel.

¢,4 = sirain in steel fiber

€, = strain in compressive steel.

p= density of steel in the cross section, it is equal to A,/bd.
¢c = uniaxial tensile sirength carried by componite.

oy = stress n the fiber at the assumed bond stress, alse known as o,
O = nniu:i.a.l tensile strength carried by matrix.

oy = cffective tenaile stress in fibrous concrete.

7 = average value of adherence tension.

1¢ = dynamic bond stress between the fiber and the matrix.
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ABSTRACT

This is an experiment to study the behaviour in bending, cracking, deflection,
deformation and crack propagation, of uncured reinforced concrete beams with fiber.
Tests were carried out on 12 reinforced concrete beams. The beams are divided into
two groups according to the percentage of longitudinal steel and chear span ; the
first group is designed as under-reinforced concrete beams with p = 1.23%, shear
span/depth ratio of 2.83 and of the same sise of 200 % 300 x2000mm., the 2nd group
is designed as over-reinforced concrete beams with p = 4.3%, shear span/depth ra-
tio of 4.1 and were of the same sise of 200 X 200 X 2000 mm:., all the beams were
tested under two concentrated loads positioned symmetrically .All the beams have

the same span of 2000 mm with clear span between supports of1800 mm.

Tests were carried out on reinforced uncured concrete beams, with steel fibers
exposed tolocal environment in Amuman, Jordan. The test results on all beams are
presented and discussed. Two beams from each group were selected to have no steel
fibers ; one was cured in normal curing conditions and the other was uncured and
exposed to local environment during the period of i,n\rc.n‘l.igation outside the labora-
tory and used as control specimens. The remaining four beams of cach group were
uncured reinforced concrete with steel fibers and exposed to the local environment.
These four nncured reinforced concrete contained four different percentages of steel

fibers of 0.5%, 0.75%, 1.0% , and 1.50% of total weight.
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During the tests, strains, deflections, first crack load and ultimate load in flex-
ura), cracking and its propagation were recorded for the cured and uncured beams

without fibers and the uncured beams with fibers.

A comparison between the ordinary cured conventional concrete beams and

the uncured reinforced concrete beams with steel fibers was made with sespect to

their behaviour in fiexural, stress distribution and crack propagation.
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OBJECTIVE OF
INVESTIGATION

To explain the effect of presence of steel fibers on curing and to study the

behaviour, in general, of uncured reinforced concrete beams with steel fibers. And

to observe the crack pattem of under-reinforced and over-reinforced cured beams,

ancured beams without fibers and those of uncured beams with steel fibers.

To measure the deflections, stress distributions at mid section of the beams,

and compatison will be made between the uncured beams with fibers and the cured

beams without fibers.

Pests were carried out to show the ability of fibers reinforcement to control
cracking and deflection more important consideration apractic than improvements
in strength characteristics. The presence of fibre reinforcement is also shown to

increase the stiffness and reduce the deflection of conventionally reinforced concrete
beams. It is also enables higher grade steel and higher steel stresses to be used
without the danger of excessive cracking and deflection.

To know what is the minimum quantity of fibers required to adequately in-

crease-the ductility of the concrete to Ia\foid sudden and catastrophic failure.
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Chapter 1
INTRODUCTION

1.1 GENERAL

Concrele Ioﬂ'eu o lol of advautages, proved by ity large extended areas of all
kind of applications. However concrete is a material with considerable dead weght,
and substantial percentage of its weight is inactive when subjected to tension.

To avoid these problems ;a lot of research as example Ramouldi and batson in ref |

. 15] is done to improve the concrete characteristics. One of the techmques used is to

add steel fibers.

Steel ibers concrete 1s now being considered as a new and totally different con-
crete construction material with improved strength, ductility and fracture to ughness.
However the basic materials are the same as for conventional concrete. Specification
for high quality ingredients will also apply to steel fibre concrete and the properties
of the hardened concrete will be governed by the methods of placang and consoli-

daiing of the wei mix.

1.2 HISTORICAL BACKGROUND

Historically fibers have been used to reinforce britile materials since ancient

times; straws were used to reinforce sunbaked bricks, horse hair was used 4o rein-

1
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force plaster and more recently, asbesios fibers are being used to reinforce portland
cerent. Pateuts have been granted since the tutn of the century lur varivus welli-
ods of incorporating wire segments or metal chips into concrete. The low tensile
strength and brittle character of concrete have been bypassed by the use of reinfore-

ing rods in the tensile zone of the concrete since the middle of the nineteenth century.

The research by Romualdi and Batson [1 |, and Romualdi and Mandel on
closely spaced wires and random nbers in the late 1950, and early 1960, was the ba-
sis for a patent based on fiber spacing. The PCA investigated fber reinforcement in
the 1950,. Another patent based an bond and aspect ratio of the fiber was granted
wn 1972. In the early 1960, experiments using plastic fibers in concrete with and
without sieel reinforcing rods or wire meshes were conducted. Experiments using
glass fibers have been conducted in the United State since the early 1950, as ‘INCH
as in the United Kingdom and Russia[ 1 ]. Applications of fiber reinforced concrete
have been made sice Lhe mid 1960, for ruad and foor slabs, relractory maletials,

and concrete products.

The mayority of experience in the United States has heen in the nse af steel
fibers with normal weight aggregate and portland cement as the binder. ‘Uhe state-
of-the-art is at an early state wherein the method of proportioning ingredients 1o
achieve a mairix of high bond characteristics is still in developmeni. The methods
of mixing, placing, consolidation and finishing have been developed to reason_;.blc
degree, particularly for pavements 2 |. The greater difficulty in handling stee! fiber
reinforced concrete requires more deliberate planning and workmanship than estah-
lished concrete construction producers. Present mechanical methods of praducing
and handling regular concrete may or may not be appropriate for fiber reinforced

concrete depending on the many mix parameters invelved.

ta
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1.3 DEFINITION OF FIBRE REINFORCEMENT

CONCRETE

Steel fibre concrete is the concrete made of hydraulic cement with aggregates

of various sizes and amounts, and reinforced with discontinuous and discrete steel

fibers{ 1].

1.4 CLASSIFICATION OF STEEL FIBERS

A nuinber of fibre types are avadable for reinforeing concrete. Ruuud steel
fibers, the carliest examples, are produced by cutting round wire into short lengihs.
Typical diameters he 1n the range 0.25- 0.75 mm. Steel fibers having a rectangular
cross section are produced from slitting sheéts about 0.25 mm thick, and may be
produced cheaply if smtable scrap steel readily available . The melt extract process
3 ], is capable of producing low cost of stainless and carbon steel fibers from scrap

steel tn many forms.

A tempts by manufacturers to improve the mechanical bond between fiber
and matnx have resulted in the production of indented, crimped, machined and
hook-ended RAbers. Length/diameter or aspect ratios of fibers which have been em-

ployed vary about 30 to 250 3 ).

1.5 STRUCTURAL BEHAVIOUR

The use of fiber reinforced concrete is gaining importance in the building mate-

nals area. Hydraulic cements used in building materials are weak in tension, but

3
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the inclusion of suitable fibers, is found to alleviaic this weakness. The benefits of
uslng tlus malenals in flexure, shear, dynamic strength, creep and i compression

are discussed.

1.5.1 Flexurse

The use of fiber reinforced concrete in buildings to achieve an adequate sec-
tien to resist a flexural failure, has been under investigation by engincers iu ihe
pait decade. Design and analysis methodologies are formed so that this type of
consiruction can be put into use. From research, 1t has been shown that the use of

steel fibers in reinforced concrete has the following benefits in flexural Lehavivur:

1. Increase the moment capacity.

Swamy and Saad [ 4 }, have shown that the maximum increase in the
ultimate flexural strength due to 1% volume of fibre was only 10.5%, very
much less than the eftect of the fibers on the modulus of rupture or the effect

of ibers on the deformaiion of beams.

2. Increase the ductility. Shal and Rangau [ 10 ], have shown thai sicel Rbers in-
crease, although to a lesser extent than stirrups, the ductility of over-reinforced
beams. However, not to the same efficiency of the stirrups . Also, Mansur |
11 ], has shown this te be true in his research. The ultimate conerete strain

at failure 1s also increased.
3. Increase the tensile strength of the material.

4. Improves crack control. when fibrous concrete may crack, its fibrous bridge
the crack, limiting its size and restraining concrete separation.s), [ 6 ].

Hughes and Fattuhi[ 7 ], have shown that the maximum increase in the first
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crack flexural sirength, of nearly 15%, was obtained when the concrete mixes

were reinforced with .64 x 59 mm ordinary Duofurnor hooked steel fibess.

5. Increases the stiffness.
More recently swamy et. al. [ 8 ), have shown by tests on reinforced con-
crete beams and slabs that steel fibers car be used to increase the stiffness of
the beams, control cracking and reduce deflection in concrete structural niem-

ber,

Bui walkus, et. all. [ 9 ], have showed that the moduius of elastic-
ity of fibre rewnforced concrete decreases by 20% when the volume [iaction
of hbre increases. Also they showed that the addition of cut stcel fbers to
the concrete increases the temsile strength of fibre reinforced concrete up to
50% greater than that of plain concrete, but anly when reinforced helow some

critical microreinforcement content.

The tests reported by Swamy and AL-Noori [ 12 ], showed that the presence
of steel fibers enables high strength steel with yield strength of 706 N/mm? to be
used with both crack width and deficction being controlied to within accepiable
hmts. They also showed that over-reinforced beams could be made to behave in
ductile manner by also use of stecl fibers [ 3]. The basic assumption that the tensile
strength of the concrete may be neglected across a cracked section is not valid with
respeci to fiber reinforced cnn;:rete.

The presence of fber in rciﬂforccd concrete member will produce tensile stresses
across a cracked section in tensile sone. Equations for the behaviour of ultimate

flexural strength has been developed by Swamy and Al- Ta’ an [4, 18,19 |.

(4]
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1.5.2 Shear

The shear capacity of a conventionalreinforced concrete beam can be increayed
from 30 to more than 100% of the capacity by the addition of fibers [ 13]. Stcel

hbers have some advantages over vertical stirrups or beni up bars and these are:

1. The hbers are randowly distribuled Lhrough the volumne of coucrebe al much

closer spacing than can be obtained by the smallest reinforcing rods.

Bt

. The first crack tensile strength and uitimate tensile strength are increased by

Lhe presence of hbers.

3. The shear friction strength is increased. 1t is evident from test [ 14 ], that
stirrups and fiber reinforcement can be used more effectively when both types

of reinforcement are present.

A comparison of the tests results from AMAL AL-FAR([ 11 ], has shown what
s lost in strength due to improper or no curing , can be gained by inciusion of fibers
in uncured beams. For example, when ¢/d! = 1, the uncured beams withoui fibers,
lust 13% in shear strength when compared to uormally cured beaws.

Whereas, a similar uncured beam containing 1% of steel Aibers, gained in shear
strength equal to 14%, indicating that what is lost in shear strength due to no curiny

conld be compensated by inclusion of suitable amonnt of steel Abers.

1.5.3  Dynamic strength

The dynamic strength of concrete reinforced with various types of fihers anid
subjected to explosive charges, and dynamic tensile and compressive loads have been

measured. The dynamic strength for various types of loadings were five to ten times

Ywhere g is the shear span, and d over all depth of the beanm

]
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greater for fiber reinforced than for plain concrete [ 1]. The greater energy require-
meuts Lo strip or pull out the fibers provides the impact strength and resistance to

spalling and fragmentation | 12 |.

1.5.4 Creep

The limited test data indicated that wire fiber reinforcement had no sig-
mhcant effeci on the creep behaviour of portland cement mortar. For eXPARSIVE

mortars reinforced with steel fibers, the fibers contribute to early no-load creep,

termed precreep, [ 1].

1.5.5 Compression

The use of fibers in reinforced concrete columns has been studied by maky
nvestigators [1 |. From the tests on axially loaded specimens, it was observed that
the ductility mereased slightly with the increase in the amount of ibers. The fibers

need to be placed in the outer cover of the column in order to help in confining the

cuncrete core.

High shearing forces and axial loads, when applied simultaneously Lo 1estrained
short column under double curvature bending, cause an unfavourable explosive type
of failure. This explosive failure can be controlled by proper propertionmng of the
column dimensions. The use of fibers helps in reducing such violent failure | 11 ).
It has been seen that, with the use of fibers in the columns, the tailure behaviour
changed from an explosive type of failure to a bending type of failure | 12 . The

shear capacity was increased with a less explosive type failure ocCurnng.

|
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1.6 APPLICATION OF STEEL FIBRE CON-

1.6.

CRETE

Applicativa of steel-fibre concrete may be classified iuto six categuries, | 3 ).

Highway and airfield pavements.
Structural application.

Fibrons shotereate.

Pipes.

Refractory concrete.

Miscellaneous precast applications.

1 Highway and airfield pavements

Three principal benefits have led to steel-bre concrete pavements helug selected

as the best engineering solution on a number of major projects.

A high flexural strength (compared to plain concrete Jresults in a reduction in
the required pavement thickness for given design life, or an extended design life
for the same thickness. By a rule of thumb approach, if the flexural strength
of fibers concrete is twice that of plain concrete, then the required thickness

of the former is about 70% of the latter.

The transverse and longitndinal joint spacing may be increased. Under con-
ditions of restrained shrinkage, the greater tensile strain capacity o} steel hbre

concrete results in lower maximum crack widihs than in plain concrete.

e The resistance to impact and repeated loading is increased. Mixing , placing

and finishing of fibre concrete is very similar to plain concrete, and slab have

8
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been laid using semi-manual methods, concreting train and slip-form paver.

Projects have involved new pavement construction or tepair 10 eaisting pave-
LY

ments by the use of overlays which may be bonded or unbonded to the slab

bencath. At McCarran International Airport, Nevada, USA, both types of

constrietion have Leen employed.

1.6.2 Structural application of steel-fibre reintorcement.

Structural applications where fibers alone provide the reinforcesuent are rare,
although onc notable example consisted of precast slabs about 1.1 m square and 65
mm thick, supported by tabular steel space frame for a demountable car park at
london airport. Three percent by weight of 0.25 mm diameter by 25 mm long fibre

provided the reinforcement for the slab.

The prospects for the uses of fibre reinforcement in struciural applications

have recently been reviewed by Swarny [ 15 ], who oullines the following pussibilitics.

e fibre reinforcement can inhibit crack growth widening, which may permit the
use of high-strength steel without excessive crack widths or deformation at

service loads.

¢ The use of fibre reinforced concrete has been applied to hemispherical domes,
vsing an inflated membrane process. A layer of fibre shotcrete is applied to the
inside of a layer of foam first applied to the interior of 2 membrane. Batsan,
Naus, and williamson developed a construction technique for inflation forming
steel fibre concrete shell structures suitable for shelters and fortifications. Some

companies which have built domes using this type of construction mclude

9
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Monohthic Construciion, Inc., EnvironmentaiShells, Inc, and Tecion, Inc. in

the U.S.A.

¢ Fibre reinforcement can act effectively as shear ceinforcernent. Punching shear
strength of slabs may be increased and sudden punching shear failure trans-

formed into a slow ductile one,

o In prestressed concrete members, the addition of Aibre reinforcement has been
fonnd to reduce transmission lengths and prestress losses dne to elastic short-

ening, shrinkage and creep.

e f'iber reinforcement can provide increased impact strength for conventionally

reinforced beams. Resistance to local damage and spalling is also increased.

® Fibre reinforcement can provide enhancement and integrity to preserve conventionajly-

rewnforced concrete structures subject to earthquake and explosive loading.

1.6.3 Fibrous Shotcreate

Steel fibrous shatcrete is a mortar or concrete containing steel fibers pneumat-
ically projected at high velocity anto a surface. The addition of steel fibers to
shotcrete has considerably improved the flexural strength, direct tensile strengih,

shock resistance, ductility and failure tougluess.

The use of a reinforcing wire mesh can be avoided: placement of a wire mesh

1s a dangerous and expensive joh,

Dramix steel fibrous concrete can be applied using existing equipment with
httle or no medifications to stabilize rock slopes, liue mines, tunnels, irrigaiion

channels, repair existing structure (Dams, Bridges,.....), construction in earthquake

10
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areas, steel pipe coatings, refractory coating, shell roofs and other application.

1.6.4 Pipes

Adding steel fibers gives to the pipes a higher first crack resistance. A concrete
pipe with steel fibers has better quality; the increase in toughness of steel fibre con-

crete canses a better distribution of the bending moments and so a higher ultimate

resistance.

1.6.5 Refractory Concrete.

Refractory lining of furnaces (petrochemical industries, steel works, cement plants).

Lining of steel profiles against fire attack [16 ].

1.6.6 Miscellaneous Precast Applications

A variety of applications have made use of the improved flexural and impact
strengths and resistance to handling misuse of steel fibre concrete. Examples include

manhole cavers, concrete pipe, burial vaults and machine bases and frames | 3]

11
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Chapter 2
EXPIREMENTAL WORK

2.1 GENERAL

Cement, water, reinforces steel, admixtures, and other conventional material to
he nsed for steel fiber reinforced concrete should conform to the same local recognized

specification used for conventional concrete| 2 |.

2.2 MIX DESIGN

The mix design adopted here was bascd on trial error, simply because the work-
ability of the mix does respand to the norms encountered in ordinary mixes. The
presence of the Abers interferes significantly with the level of workability needed.
The concrete mixes were designed to have a 28 day compressive strength of 20 MPa
and to enable the same mix proportions to be used for both conventional and fiber
ranforced concrete. The concrete was proportioned to have required strengih and
adequate wortkability to cnable easy placing, and this was achieved Ly using 20 nuw
maximum aggregate size. After doing three trial tests the mix proportions! chosen

by weight/m?® is

e cement= 350 kg

e free water = 308 kg

'These trials were made to calculate the adequate workability and cequired stoength.

13
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 coarse aggregate= 1225 kg
» hne aggiegate = 520 kg
e admixture= 3 ml/ kg cement from superplasticizer.

ihe description for the maierials used in the 1nix are presented in the fnllow-

i115 sechion,

2.2.1 Cement:

Pozzolanic portland cement ( Jordanian cement equivalent to type 1 ) was used in
all mixes, and it’s chemical composition compiled with relevant J.S 719 | Typrcally

the cerent cuntained about[ 11 J:
e 5:0.=23.38%
o Ca0=53.97%
o 40.0,=6.31%
o Fes(0,=4.91Y%
* 50,=29%
o MgO=41.94%

The cement was tested in the 1.5.5% and found to have fineness of 411 < 10°
mm*/g and an initial setting time of 200 minutes and final setting tume of 250

minutes. Also the cement has a compressive strength of:

» 3 day compressive strength = 27.5 N/mn?
» 7 day compressive strength = 39.8 N/mm?

¢ 2% Jday compressive strengith = 49,38 N/mm?®

‘ROYAL SCIENTITIC SOCIETY

14
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2.2.2 Appreguates

The local aggregate from Amman area was used and contains, fine aggregate aud

coarse aggregate the description for aggresate are shown below
1. Fine aggregate consists of sweileh sand and Al-Adasia sand.

2. Coarse aggregate used were crushed lune stone and consist of the Al-Fulleh

and Al-Humsia aggregate.

The properties for all types of aggregate are shown in the following table:

type ol | dry water mw [ moist

aggregate | density | ahsorption content
sweiich 2.6 2.535% | 1.85) .38% |
adassia 2.57 7.32% 10| 3%
al humsia | 2.52 7.27% 1491 14% |
al follieh | 2.64 5.00% | 1.44| .04% |

Table 2.1 Description for aggregate.

The mix contains 15% from Sweileh 15% from the Al - AJdassia, 45% from

Al - Humssia and 25Y% from Al-folliah. And for the mixed aggregate:
{a) Abrasion resistance using Los angles machine , according to{ ASI'M -C
- 131 )= 36%

(b) Specific gravity aceording to ( BS:512 )
Dry=2.54 gram/c.c

5.5.D=2.56 gram/c.c

(¢} Water absorption % according to ( B.S: 812 )=6.01%

15
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2.2.3 Water

The tap water used in the oux was calculated to nvercome the abrarntiog
- problem and to complete reactions and to give adequate workability for the

mrx, and was equal to 38% of the cemeni weight.
2.2.4 Steel Fibers

One type of steel fibers was used in the eight beams. The fibers obtained
was manufactures to have deformed hooks of both end, and are glued together
in bundles witl a water - soluble adhesive. These fbers are made {roin low
carbon steel wires, corrosion protected. One standard size of Aibers were used
and had, a nominal length of ( 60 mm ) and a diameter of { .5 mm ) with

aspect ratio 1/d = 75 .

Gluing the loss fibers together, offers them in a compact buadle from whick
makes 1t poustble to mix longer steel fibers having a higher reinforcing capac-

iy, [18].

The gluing of the fibers creates an artificial aspect ratio of approximately
25 when introduced to the mix, When the glue is dissolved by the water in
the mix, the fiber will be separated as individual fibers with an aspect ratia
of 75.

To determine the aspect ratio of glued Abers, we calculate the equivalent

diameter as if the bundle has a circular section] 16, 23 ):

T} el
— f_ mag

=n—L == (2.1
8p 1 1 (2.7)

ﬂdf, = df _ (2.2}

16
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+
rd®

(ft‘ = '\i/ S [“3"'

WHERE:

¢ 5p = section of glued bundles,

* 0 = number of glued fbers.

e d; = diamcter of each hiber.

o de = equivaient diameier of the bundle.

o | = le = length of Rber / bundle.

Suhstitnte le instead I; and de from equation (2.3) to find the new aspect

ratio 1n equation (2.4)

le I 1

B uEy
de dy o b

These bundles can be added to the dry aggregates as well as to the already
mixed concrete. As soon as mixing process starts the bundles spread immedi.
ately t‘hrmlg}mut the entire mass. They separate once more into separate steel
fibers and distributed throughout the concrete to give a homaegenous mix. ''he
distrtbution of the fiber in throughout the beam is illustrated in plate { 2.1

). From this plate it 15 clear that the hbers distribubed umforinly and Ruaily

oriented in three dimensions.
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2.2.5 Reinforcing Bars

In the first group Grade,® Fe 380 mild deformed bars were used as main

flexural reinforcement, also Fe 340 mild deformed bars were used as main flex-
ural reinforcement in the second group. Two-¢12 mm diameter of Fe 330 used
to hang the stirups in all beams and ¢8 mm mild steel used for stirups in two

sets of beamns,

The first set was reinforced by 3- $16 mm bars used as flexural reinforce-
ment and 3-¢13 mm diameter reinforcing bars used as henger bars. The flex-
ural reinforcement bars were placed at 247 mm from the extreme compressive
fiber. The bars were held in place during casting by using the stirups of ¢8
mm distributed uniformly throughout the span of the beam; one stizrup each

80 mm., as shown 1n figure 2.1.

In the second set all beams were reinforcing by 5 $18 mm deformed bar as
a flexural reinforcement and 2-¢12 mm bars as hanger bars. The flexural bars
were placed 1n two rows with a center located at 147 mm from the extreme
compressive fiber. The beams are provided by 2 ¢8 mm as stirups distributed
throughout the length of beam uniformly each § cm., as shown in figure 2.2.

#Tested In Royal scientific society
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2.3 DETAILS OF TEST BEAMS

To siudy the hehaviour in bending, cracking, and deflection of uncured
rainforced concrete beams with fiber, the experiment work consisted of tests
on 12 reinforced concrete beams. The beams are divided in two sets according
to the percentage of longitudinal steel ; the first group designed as under rein-
forced concrete heams g = 0.0123 and were of the same size of 200 X 300 < 2000
mumn., the 2nd group designed as over-remnforced concrete beams p = 043 were
of the same size of 200 > 200 = 2000 mm.. All the beams are iested under two
symmmetncally placed coucentrated luads as illustrated w plate(2.2). Al the

beams have the same span = 2000 mm. with clear span of 1800, mm.

'T‘hc two group, cach of six heams will consisied of one cured and one un-
cured beam witheut fibers, the remaining four uncured beams weie exposed Lo
local environmental directly after opening the molds by keeping them outside
the laboratery until tested after 28 days. These beams contained 5%, .75%,
1%, and 1.5% of fiber by total weight of concrete as shown in table ( 2.2 ) and
table ( 2.3).

First set of six beams 15 denoted by CB,, UCB,, UCBIF..E\ , UCBF TS,
UCB\F1, UCBF1.5. Sccoud set of six beams is denoled by CB5,, UCB,,

UGBy F.S, UCBLFT5, UCB.F1, UCB,F1.5 .
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| Beam Beam P Fiber a/d type of
Name Size pereaniage curing
B, 200 x 300 x 2000 | 1,22% 0.0% 2.83 | maost cured
B, 200 % 300 »x 2000 | 1.22% 0.0% 2.83 ) air cured
UCBF&Y% | 200300 2000 ] 1.22% 0.5% 283 | awrcured
OB P.75% | 200 .5 300 ~ 2000 | 1,225 TEYD 2.83 1 awr cured
CCBF1% | 200 « 300 » 2000 | 1.22% 1.0% 2.8% | air cured
JCB,F1.5% | 200 > 300 ~ 2000 | 1.22% 1.5% '3.83_{ air cured

Table 2.2 properties of lifferent heams of frst set

WHERE

» CB

o UCH

¢ UCBF . 50%

o UCBF.75%

« UCBF1.0%

s UCBF1.5%

cured beam.

uncured beam.

uncured beam with 0.5% fibers.

uncured beam wath .75% fibers.

uncured beam with 1.0% fibers.

uncured beam with 1.5% fibers.

Beam Beam I Fiber afd wype of
Name Size percentage FuTIng

C B- 200 x 200 » 2000 | 4.3% 0.0% 4.1 | moist cured
UcB., 200 > 200 x 2000 | 4.3% 0.0% 4.1 1 arr cured
UC B | 200 > 200 »x 2000 | 4.3% 0.5% 4.1 | air cured
CB.F.75% | 200 x 260 = 2000 | 4.3% 5% 4.1 atr cured
UCB,£1% | 200 % 200 = 2000 | 4.3% 1.0% 4.1 | auwr cured
UC B2F1.5% | 200 x 200 % 2000 | 4.3% 1.5% 4.1 | air cured

Table 2.3 Properties of different beams of second set,

To check the strength of the mix for each beam is adequate so 44 stan-
dard 150 X 300 mm test cylinders and 44 150 % 150 X 150 mm cubes and 44
standard prism of 100 x 100 x 530 mm were casted with each batch of heams.

They were tested in compression and indirect tension as a check for mix design

23
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strength. Also because of the unique properties of steel Aber reinforced con-
cTete, aur entertauunent and workalility measuretnents or shunp lequireicits
somewhat different from those of conventional concrete. Waorkability of steel

hber reinforced concrete was determined by the following two metheds

e Slump Test.

o Vebe test (BS5:1881)[ 17 ).

Controlled tests such as slarnp V, and air entertainment had heen done for

each cast to check the workabihty and the percent of air entrained in the mixes.

2.4 MIXING AND CASTING

The quantities of cement, sand and water were weighted on platform scales
and the steel hbers were weighted using a iriple-beam balance. The totat ag-
gregate cement rauio of the mix was 5. and the water cement ratio was .85 .
The details of the nuxture propoertions for one cubic meter of concreie were

presented in seclion 2.3.

One third of the sand, coarse aggregate, cement and water were combined
and thoroughly mixed. Two beams, two cylinders and two cubes were casted

from each mix, then stee] Abers were added as wixer continued runsing.

Finally the remainder of the cement and aggregate were added. The con-
crete was mixed an a rotating drum electric mixer with a total capacity of
0.1 of cubtc meter. Afier mixing, the concrete was placed in the forms in

approximately three layers. After each layer then the concrete i the forms

24
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was compacted by 1” an elecine vibrator to achieve air voids as permitied by

ASTM C31 and C192 and not by rodding [17].

2.5 TESTING EQUIPMENT

A 2000 KN capacity machine was used for compression tests | a hi-range
-load capacity (100 AND 3000 KN) universal testing machine was used for the
rupture tests, and compression bending machine test ( 400 kN capacity ) with

control capent. Plates(2.3, 2.4 & 2.5) show the testing machine.

The test beams were supported on knife edge supports resting on a large

needle beam. The load was applied through a loading beam resting on 25 mm

Jitameter steel rollers.

Deflections were measured by dial gauges fixed to the needle heam with
clamps. These gauges had .01 mm graduation and were used to read defleciion

at the mid span of the beany. The beam test set-up is shown w plate (2.2).

2.5.1 Demic Demountabhle Strain Gauges

Demic demountable strain gauges of 100 mm gauge length and 00! mm

sensitivity was used through the tests for the measurements of strains
2.5.2 Dial Gauges

Dial gauges having .01 mm sensitivity were used thought the tests for the

meazuremmenis of deflections.
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2.6 TESTING PROCEDURE

The test beams were cast in groups of four beams, four cubes, and four
cylinders. As previously stated one type of stee! fibers was used. Two sets of

bearns were prepared *:

All the fibers were used directly as obtained from ihe manufacture. The
tolal aggtegate -cement ratio was kept constant al 5 and the waler ceuent
ratlo was kept constant at 0.88. The total number of the beams specimens
cast was 12 . After beng transported to the laboratory, the beam specimens
were measured for mounting on the testing machine. The 2000 mimiong heam

specimens were tested using two point symmetricalloading on a 1800 mmspan,

A pencil and Romaster pen were used to mark the poinis of contact of
the huife edge supports, the mid point, lu make the giid ab aboui 3 of the
span to tllustrate the crack location and how it propagates, also located and
marked to aid in the placement of the stainless steel locating discs used for
strain measnrements and dial gages used for deflection measurement.

After sticking the steel discs by super glue,® the beam is left for 24 hours to
get good bond between the discs and the concrete surface. The beam was then
lifted ou to the siecl ueedle beam and the kaile edge supporis were aligned
I their proper position. Twenty five mm diameter rollers, which transmitted
the external loads te the beams, were positioned on their marked location.
Steel hearing plates were used on all points of contact between the heam and

specimens, the knife edge supports and the roller supports. The bearing plates

Ygem pection 2.5
“Super Glue is Made In West Germany
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ensured against local crushing of the concrete on knife edge suppori and roller
support were free 1o inove, acting as rollers. The luading bean was thew
lowered in place. Two plates were placed between the loading beam and the
loading head of the testing machme to ensure proper load distribution, see
plates (2.2 &2.8). After the dial gages were positinned at mid span  The
loading cycle began. The load was applied in 2.5 kn increments until wtimate
failure was reached in each case. Defiection data and strains were taken at each
load increment. After fatlure, the beam cross section was visually examined
to note the steel fiber distribution. For each increment of load, after the first
crack, crack pattern and propagatiun were marked on the beam for all the 12

beams. Load at first crack, and the ultimate load were noted for all beams.

The cylinders were capped, and cylinders, cubes, and beams were tested
after 28 days according to ASTM specification C31-64 T to obtain compressive
and tewsile strengths of concrete nsed in lieam specimens alang with the heam

tests as seen in plate { 2.7 ).

30
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Chapter 3

FLEXURAL THEORY

Information on methods for calculating the Hexural strength of reinforced
concrete heams and steel Alious concrete heams is readily availahle hut there
ts currently little information available on methods for analysis ot beams rein-

forced with a combination of steel bars and steel fibers.

A method 15 descnibed for calculating the ultimate moment strength of

concrete beams remnforced with a combination of steel bars and randomly dis-
tributed steel Aibers. The method was developed in a study of structnral uses
of WIRND concrete for the Battelle Development Corporation, which holds
United states-and United Kingdom paients on metallic-fiber reinforced con-

crete.

The methed described in this chapter is based on the ultimate strength
method and takes into account the hond stress, fiber stress, filier length di-
ameter ratio, and amount of fiber. The strength computed for the hbrous
concrete is added to strength contributed by the reinforcing bars to obtain
ihe theoreiical ultimate moment. Henger, and Doherty show good correlation

between predicied strength and experimental value.] 15 ]

33

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



3.1 ASSUMPTIONS

The following assumptions are made for the analysis method:

(a) The maximum usable strain at the extreme concrete compression fiber is

003 mm/mm.

(k) The strain in the reinforcing steel and concrete are directly proportional

to the distance from the neutral axgs.

(\:J The cunlpl‘cnivc sliess 1y rtprtaeutcd I_Iy G .l'cllt.i‘tllbllldl‘ stress blodk as in

the ultimaie strength design method.

(d) The tensile contribution of the fibers is represented by a stress block
having a force equal to that required to develop the dynamic bond siress
that 1s structurally eflective tn the Lensile portion of the beam. The term
" Dynamic bond stress ” 1s used to describe the bond stress developed
durmg fiber pullout, this term is equal to the bond from adkesive, friction

and mechanical, see Figure 3.1 .

(¢) Dynamic bund stress is taken as 2.297 MP?a which gives fiber stresses
in the range OF 321 MPa to 586 MPa, depending upon fiber length and
diameter. The ultimate strength of the beam occurs along with consid-
erable cracking, indicating that fber pull out vecurring. The dynamic
pullout load 1s somewhat less than the initial static or "breakout” load.
From reference [ 24 |, the results show that the average bond stress at
first crack 1s 3.57 N/ mn® compared io the ultimate bond stress of 4.15

N/ mm?,

(f) Tensile stress in the fibrous concrete acts on the area having a minimum

tenstle strain in the fibers of o,/ F,, in which o, = stress in the fber at

Note: IMPa == IN/inm?

34
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the assumed bond stress; and £, = modulus of elasticiiy of sieei.
{(g) A bond efficiency factor was iltustrated in table 3.1 for different types of
fibers, and equal to 1.1 tor bekaret Abers. 19 ]
(k) Figure 3.1 illustrates the design assumptions in which the netztion mean-
Ings are -
¢ a = depth of rectangular stress black.
e b = width of beam.
e ¢ = distance from cxireme compression fiber to neutral axis.

e d = distance from extreme compression fiber to centroid of tensile

bar reinfurcement.

¢ d’ = distance from extreme compression fiber to ceniroid of iup bar
rexnforcement.

o ¢=distance from exireme compressiou fiber io top of tensile siress
block of fibrous concrete.

e ¢, = Lensile strain n stecl.

® €. = COmMPpressive sirain In concrete.

o f. = compressive strength of concrete.

o f, = yield strength of reinforcing steel bar.

o A, = area of tension bar reinforcement.

(e = compression force in concrete.

o D = total depth of beam.

e o, = tensile stress i fibrous concrete.

e £, = modulus of clasticity of steel.

o Ty = o b{D — ¢) = tensile force of fibrous concrete.

o Ty = A, fy =tensile force of bar reinforcerment,

G
ot

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1sooe@ sisayl Jo BIusD - ueplor Jo AlSIBAIUN JO AkeiqiT - PaABSaY SIYDIY |1V

SAIYSUOIT 013 UIOULS -~ SS3JLS T'E Bl

wv.Boq YOI} BLUIS3uday uon.NalJg sig
uiodlr s paizhduls $S3J431S PAuUNsSsy
sJog ™\ LA e
Y .\..—. < = Hm_l. ® o o

sSJdaqy ) I/l

ENNNW

= i) e
f— U —

SIXy
10J43NAN

[ 2d -

s
£000= O —=f b= _ | |
4GB0 e b he— Q@ —=

f————— O} -]

| ' ———-y

s

3¢



3.2 FORMULATION OF THE METHOD

The following equation represents the ellective volutae percentage of fiber

in a matrix. This equation is slightly modified for use in this mcthod

Pe _ 0.41 % .BQIfrde

; = _-"uc'fd:}" 13.1)
Where
o Pe= effective volume percentage of fihers.
® p = percentage by volume of fiber.
e 41= fraction of fibers effective in random distribution.

or onentalion factor.
o .82= length correlation factor.
o | = fiber length.
o 75 = dynamic boud siress between the fiber and tle maleix.
o d; = fiber dlameter.
e oy = tensile stress developed in ﬁbt;r during pullout.
Fanation 3.1 may he rednced to ;

!
DOy = .41 % B2 x rdg}-p {3.2)

The term P,o; represents the force per unit area developed by the bond
strength of the fibers that are effective in a unit cross section. The right hand
side of the equation is the net dynamic boud stress Limes Uie Aber aspect ralio,

I/dy, times the volume percentage of fibers.

Assuming 7; to he 2.297 MPa (333 psi } incorporating a bond efficiency

factor, Fy,, and dividing by 100 to correct the units of P as & percentage,
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Equation 3.2 reduces to[ 15 | :
ey | :
o, = 0.00772—p Ay, (2.31
d‘f :
In which o represents the effective tensile stress in the fibrous concrete or
Po;=a (5.4}

And F,, : Bond efficiency factor.

Equating the forces shown in figure 3.1 :

Co=Ta+ Ty, (4.5)
Where?
C. = 850, f.he (3.6)
T = A.f, (3.7)
Tie = 6b(D —¢) (3.8)

And by simifar tria‘ngles, see strawn diagramin figure 3.1

¢ = —00—::;52{—1: (3.9)
Where
é4; =strain in steel hiber and
€5 = %’5 (310}

substitute equations 3.6, 3.7 & 3.8 in equation 3.5 so

853, fobe = AL S, *+*-(T:fl(D—r?) {3.11)

‘Per ACIL 318-T1 (para 10.2.7): The fraction £, chall be taken ac .%5 tor strengths, f., up to
4000 pel (27.6MPa) and shall be reduced continuouely at a rate of 0.05 far each 1000, psi (5.9
MPa) of strengil in excess of 4000 pei (27.6).
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Substitute ¢ from equation 3.9 in equation 3.11 to solve for ¢

Af,+abD o
= 13.12)
b-&ljlfdb+ O'rbl‘_.‘
Where
ﬂﬂ.’a-f— r'-{ .
b, = ——— % 213
? 003 (2.13)
and
&= {3.14)

Lquating moments about C,, using (\d — 2} as the moment arm for T\,
and (Qiﬁ—'ﬁ) as the moment arm for T';., we obtain the theoretical moment
LS - -

strength M

M, = A,fy (d- g.) +ob{D—¢) (E_Jrj ”“)

{3.15)

lf the compression steel 1s not neglected, as shown iu Rgure 3.2 so equation

3.11 will be modificd to the following equation

858, flbe + A [0 = A f, + o b(D — &) (3.

——
L]
o

Where

Ay = Area of compressive ceinforcerment steel.

[y = the stresses in compressive steel, It 16 equal to
f:'—'—‘ t;E‘J ) f\.?l,l?)

Where €, : Strain in compressive steel. From figure 3.2 b and by similar

triangles:

, o=d’

€, =

.003 (3.18)

c
Substitute equation 3,18 in equation 3.17 to get equation 3.19 so :

¢c—d’

c

fl=E x 003 (3.19)
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Substitute equation 3.19 & 3.9 inte equation 3.16, from this equation find

the neutral axis position by solution of quadratic equation as

c= -8+ /i —day
2o

Where

o= .85ﬁ1de + d'gb(
p=EAy—Af,~ a;bD

_7 — "'E,A,ttf

.N+ f,!)

(3.20)

(3.21)
(3.22)

(3.23)

Add the effect of the compression steel to equation 3.15 to get

Mi = A, fr(d = 3) + o b(D — e)(

3.3 EXAMPLE

) FALG - (324)

The following example analysis illustrate the use of Equations 3.3 and 3.15

or 3.24 to determine the strength of the beam, a cross section is shown in

figure 3.2, n which :

b=200. mm
D=302. mm
d= 247. mm

p=.462%

i2 mun top Pars

0 mm Stirrops
¢ 00

25 nun olear All wides

ew:] T 18 mm Dia Burw

¥iG &2 Cross section of beams tested in experimental program
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As=584 mm?

Al=272.2 g

fy=380 N/mm?
Aibers=DRAMIX 2X60 mm
1/d; =75

f«=21 N/mm?

74=2.297 N/mm®

E, = E,;=2x10° N/mm?

And Fpg =1.1 (bond efficiency factor for BEKAERT DRAMIX-"ZC" pattern

fiber) table(3.1)

(a) Solve for o

{
Ty = QTdeeE;

ap =2 x 2.297 X 1.]% = 379.0N/mm’

t‘_,fz—

£,

(b) Solve for ¢,

379.0

= —Y  — 000
/= 200 % 109 1895

(¢) Solve for oy :

[
o = 0.00772 % £, X p X di
f

60. R
7 = 0.00772 X 1.1 % 462 - = 0.2049N /mm?

(d) Solve for e (by similar triangles, sce strain diagram fig 3.1 ).

_esf+ ﬂ_ODSC
0003

, .. 0:00195 +0.003

= 1.632 x
303 ¢ J2xe

41

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



(c) solve for ¢, if we neglect the top bars use equation 3.12 io find ¢

_ A, +adD
¢ 5B/ Jb+ obk,

¢=65.4 mm
But if we consider the compressive steel use equations 3.20 to 3.23 to find

c
_ €, +.003
T .003

O R X G
2o

k, = 1.662

where

a = 858, F!b + o, bk,
o = .85 X 21 x 200+ 2942 x 200 x 1,632 = 3666.00
B=EA, ~ A, —edD
= 2x10° x 227.2 - 584.5 X 380 — .2942 x 200 x 302 = 45200238
v=—-EAd
y= =2 x10% % 272.4 x 50 = 2272 x 10°

Substitute o, §&~ In the above equation o get ¢ 50
c= 50.06 mim
Note that ¢ locates the neutral axis. Since the location of the 2~ ¢12 mm

top bars 1s coincides to the neutral axis. Their contribution is negligible

and may be ignored.

(f) solve for a:

(g) solve fore:

e =1.632%654=106.73mm
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(h) find Mt using cquation ( 3.15 ) :

M= afy(d— D+ ob( - ey 2107

-

M; = 50.684kN.m

but the value of M; from equation 3.24

M; = 50.094 +.217 + .0047 = 52.275kN.u
Note that method will calculate the theoretical moment strength of con-
ventional (singly - reinforced ) beams by formula M, = A,f (d— ) if the

fiber percentage 18 set equal to zero. But the value of a changed to

ASf,‘.'

a=
85

And in previous example 1t is cqual to 73.19 mm so M, = 46.732 kN.m
From this example 1t 15 clear that the sirength of Aibrous reinforced

concrete from the equation 3,15 15 greater than strength of conventional

concrete by about §.25%, and if we add the effect of compression steel

to the effect of addition .462% of fiber was increased to 11.86%. So the

effect of compression steel in fibrous reinforced concrete is about 3.1%.
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Table 3.1 bond cfficiency factor for vanous fiber shapes[19 |

Fiber Description Bond Efficiency Factor, Fj,

1. Smooth, straight, round steel fibers 1.0
unplated, brass plated or liquor finsh, c.g.,

chooped wire

u. smooth, or shightly irregular, straight 1.0
steel fibers, square or rectangular,
(e.g. sht- sheet fibers)

. smooth, round, crimped-end steel 1.1
fibers, BEKAAERT DRAMIX - "ZC"

pattern fibers.

1v. deformed, straight, round steel ﬁbcr; 1.2
, unplated or brass plated, national
standard duoform fibers.

v. melt- extraction, irregular shape, 1.2
carbon steel fibers, ight melt oxde

fimish, FIBTIC "CC” fibers.
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Chapter 4

TEST RESULTS

4.1 Introduction

Two seis of beams were designed to study the flexural behaviour of
cured, and uncured conventionally reinforced beams and their resulis wili

be compared with other four beams contamning fibers of 5%, .75% ,1%

and 1.5% of total weight.

Allbearns in first set were reinforced with 1.22% of ordinary steel with

minimum yleld strength of 380 N/mm® and haven one cross scction of

200 x 300 x 2000 mm, but all beams of second set are remnforced with
4.2% of ordinary steel with minimum yield strength of 340.N/mm? and

have a cross section of 200 x 200 x 2000 mm.

All the beams in both set were instrumented to study the cracking
and ultimate load, deflection, strain and cracking characteristic over the

entire range of loading up to failure. From the large amount of data ob-
tained, only typical resulis are presented here but the data presented are

representative of the general behaviour of all the beams.
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4.2 Cracking load

The load at first flexural crack for cach beam was found by visual
inspection and recorded, (First crack 1s defined as the first visible crack
at a 30.cm distance from the bare eye). After we finish the experiment
work the load associated with the first crack will be checked with the first
kink 1n the load deflection curve of the beam. The observed results were
tabulated in table 4.1 and were shown also in the figures (4.1 through
4.6) for the first set, and in table 4.2 an;i figures 4.8 throut 4.13 for the
second set. Crack load divided by ultimate load for each beam is Listed
mn column 4 in table 4.1 &, table 4.2, also the increment duc to inclusion

of steel fiber were listed 1n column 5.

4.3 Load at failure

Ultimate loads detected visnally and were associated with concrete
crushing, the machine test stopped automatically when the flexural rigid-
ity of the beam became zero or negative. The testing machine recorded
the maximum ultimate loads. For the first set the results were tabulaied
1n table 4.1 and were also shown in figures (4.1 through 4.6). But results
for the second set were tabulated in table 4.2 and shown in figures 4.8
through 4.13. The increase in the failure load due ta inclusion of fiber in

+ different beams is calculated and listed in column 6 in tables 4.1 and 4.2

16
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Beam Crack | Ultumate Crack change mn | change 1n
name load load divided by | crack ultimate
(KN) (KN) ultimate load load
column 2 | column 2 | column 4 | column 5 | columan ¢
CB, 2. 140.1 16.4% R
UCB, 22.9 129.9 17.6% -.43% -7.3%
UCB,F5% 23.5 160. 14.7% 2.17% 14.2%
[ UCB,F75% 74.8 170. 14.6% 782% 791 A% T
UC'B F1% 25.9 172, 15.1% 12.6% 22.8%
UCB, F1.5% 8. 185.9 15.1% 21.7% 32.7%

Table 4.1 Crack and Ultimate load for different beams in first sct.

Beam Crack | Ultimate Crack [ change in | change n
name load load divided by crack ultimate
(KN) {KN} ultimate load load
column 2 | column 2 | column 4 | column 5 | coluinn 6
CB, 23.5 135.0 17.4%
UCB, 20.0 120.0 16.7% -14.89% | -11.11%
UCB,F 5% 21.5 138.7 15.5% -3.51 % 2.74%
UCB,F75% | 235 140.1 16.8% 00.00% 3.8% .
UCB,F1% 26.5 120.0 22.1% 12.77% (| -11.11%
UC B, F1.5% 28. 134.2 20.9% 19.15% -.60%

Table 4.2 Crack and Ultimate load for different beanms i second set.
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4.4 Deflection characteristics

All beams were gradually loaded at increments of 2.5 kN and deflec-
tion were measured by dial gages up to 50mm. Beyond this maximum
defiection the results of deflection were taken from the machine itself.
The correspondence between the recorded deflections by the dial gages
and the deflections given by the machine was satisfactory in the range of
2-50 mm. The typical results of deflection at cracking, at 80 kN and at

experimental ultimate load were tabulated for the first set in table (4.3),

also for the second sei were tabulated in table 4.4

deflection(mm) at:
Beam Crack load | 80 kN Ultimate L.oad
Name column 2 | column 3 Column 4
CB, 69 35 63
ocsn, .83 4.15 53
UCBF.5% 76 3.85 58
UCB, F.15% 65 355 74
UCB,F1Y% 72 3.53 7
UCB\F1.5% 71 3.11 98.

Table 4.3 Deflection at different stages of loading in the first set.

The deflection curves for all tested beams were drawn, and in addition
to that, the first part up to about 100 kN for each bean: were drawn sep-
arately using a larger scale, to clarify the characters of this curve, these
curves can be seen in figures 4.1 through 4.14, and for the companson

purpose all results for all beams up to about 10U kN were drawn in figures

4.7 and 4.14
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deflection{imm} at:

|

Beam Crack load | 80 kN Ultiniate Load
Name column 2 | column 3 Column 4
CB, 69 35 72.3
UCB, 83 115 18.8
UCB,F5% 76 3.65 991
UCB,F.75% 15 5.94 1075
UC,BF1% 1.62 5.66 118.4
UUCB;F1.5% 1.4 5.43 1398
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Table 4.4 Deflection at different stages of loading in the second set.
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4.5 Deformation Characteristics

Al beams were instrumented by three sets of demec gages, cach set
consistéd of 12 points 1n six rows as shown in plate (4.6 & 4.12), strains
were measured at increments of 15 kN on compression face by using me-
chanical strain gauges with a gauge length of 10. ¢cm. For all beams,
strains were measured at three sections at six different deptihs, then the
results were recorded. For'all ihe beams, strain distributions across thie
depth for different loads were plotted as shown in figures 4.15 through
4.26. Curvatures were calculated from the strain diagram by dividing the
compression strain at top fiber on the depth of neutral axis for a specified
load, then the M-¢ curves were plotted and can be seen in figures 4.27

through 4.38, for comparison purpose the M-¢ curves for all beams in

first set and second sei were shown in figures (4.39 & 4.40).

64

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



[Cm)
h

-10 0 -

-15.0 1

DEPTH

-20.0

T

Laval)l of fFlaxwral slaal

~26.0 +

-30.0 -

A

-4.0 -3.0 -2.0 -L.0 0.0

St x107°

FIG. (4.15): STRAIN DISTRIBUTION FOR BEAM # 1

e x10 5

0.0

{cm]
h

-10.6 -~

=-15.0 T

DEFPTH

-20.0 T

Lavel of flaxural staal

-25.0

-30.0 ~ -t I

-4,0 -3.¢ -2.0 -L.0 0.0

St x107°

FIG. (4.16): STRAIN DISTRIBUTION FOR BEAM # 2

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



66

£c x107°
1.0 2.0 3.0 4.0
0.0 -’- | i | -
E —5 D....
U
-10.0 +
I
—
R -15.6 +
L
- -20.0 1
96 D Laval of flaxwral stael
-30.0 -~
St x107°
FIG.(4.17): STRAIN DISTRIBUTION FOR BEAM # 3
e XlO—:3
0.0 1.0 2.0 3.0 4.0
0.0 — | § | | L
f—\E —5.0 ——
o
~10.0 +
T
—
(il ~15.0 1
Ll
& -20.0 +
-26.04 Laval of flaxural ctaal .
“30.0 - € T i I |
-4.0 -3.0 -2.90 -1.0 0.0
£t x107°

FIG.(4.18):

STRAIN DISTRIBUTION FOR BEAM # 4

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit




67

0.0

07T

(eml

-10.0 T

=15.0 ¢

DEPTH

-20.0

-25.0 1

-30.0 -

Et X10

FIG.(4.19):

Leval of flaxural claal

-

-4.6 -3.0

3

STRAIN

-Z2.0

DISTRIBUTION FOR BEAM # &

0.0+

_5-0 -4

(em)

-10.0 +

-15.0 1

DEPTH

-25.0 +

-30.0 -

FIG. (4.20):

Se X102

LGVGI

-4.0 -3.0

Et X10

-2.0 -1.0 0.0

3

cf flaxural cteal

STRAIN DISTRIBUTION FOR BEAM # B

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



0.0 — l J | l -

—

=

U

- -5.0 -+

I

—

a -10.0 +

N 16.0

(]
“15.04+ 000 momome s - | Level of flexural utee!
-ZO.D-J— 4 I i I I

-40 ~«30 -20 -1.0 0.0

St X10

FIG. (4.21): STRAIN DISTRIBUTION FOR BEAM # 7|

e x1073

0.0 1.0 2.0 3.0 4.0

— 0.0 | ! l 1 ).
£
O
= -5.0 +
I
—
O _ 1
W 10.0
[

504 000000 m---=-- Leve! of flexurol sieel

200~ = T 1 | |

. -40 -30 -20 -1.0 00
-3
Et X10

FIG.(4.22): STRAIN DISTRIBUTION FOR BEAM # 8

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



69

6.0+ | 1 | [ L5

&
O
7 -5.0 +
I
0
LL.} =-10.0 +
O
I-15,0-— Lavel of fiexural ateel
-20.0-L - I
-4.0 -3,
-3
Et X10

FIG.(4.23):STRAIN DISTRIBUTION FOR BEAM # S

e XIO"3

—_ 0.0 | | | | -
=
9}
it -5.0 T
I
i_
. . 1
L 10.0
(0]
50+ === -= Leve)l of flexural sleel
20.0 4~ I f |
-4.0 3.0 =20 ~1.0 0.0
-3
ct X10

FIG.(4.24):STRAIN DISTRIBUTION FOR BEAM # 10

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



70

-3
&c X10
00 10 20 30 4.0
L 0.0~ | | - L 5
c [
U
- -5.0 4+
I .
o
L -10.0 T+
]
504+ 0000000 ------ Leve)l of flexural ateel
"20.0 ~ -
=-4.0 -3.0 -2.0 -1.0 0.9
-3
ct X10

FIG. (4.25):STRAIN DISTRIBUTION FOR BEAM # 11

-3
& e X10
00 10 20 3.0 40
— 0.0+ | | 1 l | -
c .
U
= 5.0 +
I
f—
% -10,0 T
[}
-0+ 0 === =- Leve! of flaxurcl steal
“20.0 - -y T I r
-4.0 -3.0 -2.0 -t.¢ 0.0
-3
&t X10

FIG. (4.26):STRAIN DISTRIBUTION FOR BEAM # 12

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit




MOMENT (kN m)

MOMENT {kN.m)

MOMENT (LN.m}

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit

NE /
30 — -
4//

20 //
10 —

. | | |

0 L0 20 30

¢ *1.LE-6 (1/mm)
FIG.(4.2% ) : MDNENT-CURVATURE CURVE FOR BEAM ¥ 1

40 —
30 —
20 | —
10 —

0 10 20 30

¢ *1.E~6 (i1/mm)
FIG.{4.28 ). MOMENT-CURVATURE CURVE FOR BEAM # 2

40 —
30 (—
20 —
10 —

0 : |

0 10 20 30

¢ *1.E~6 (1/mm)

FIG.(4.29 ). MOMENT-CURVATURE CURYE FOR BEAM #3



MOMENT (kN m)

NOMENT {kMN.m)

MOMENT (:N.m)

40
30
20
10

72

L0 20 30
¢ *1.E-6 (1/mm)

FIC.(4.90 ); NOMENT~CURVATURE CURVE FGR BEAM # 4

| |

10 20 30

g A E-6 (0 ram)

FIG.(4.01 ); MOMENT—CURVATURE CURVE FOR BEAM # &

40 —
30 —
20 —

10

| | |

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit

10 20 30

o T1LE-8 (1 ram )

FIC.{4.52 }; MOMENT-CURVATURE CURVE FOR BEAN # ©



MOMENT (N m)

MOMENT (KN.m)

MOMENT (kN.m)

73

N N
o o O
]

_—

| |

|

O

_—

<

10 20

Y OTLE-E O mm)

FIG.(4.00 ); MOMENT-CURVATURE CURVE FOR BEAM § 7

40 —

20 —
10 —

: |
0 10 20

£ rIE=R (3 rom

FIG.(4.04 J: MOMENT-CURVATURE CURVE FOR BEAM # @8

30

40 —
30 —
20

10 —

o |

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit

0 10 20

[

K| Vo '-} g
£ 1 E-6 (1rm)

FIG.(4.06 ): MOMENT-CURVATURE CURVE FOR BEAM # O

30



MOMENT 1kN m)

MOMENT (kM.m}

MOMENT (kN.m)

74

40 |

30 — ,,/

20 |— "

10—

o tLE-8 {1 rmm)

FIG.(4.36 ) MOMENT~CURVATURE CURVE FOR HEAM # 10

30

40
30 —
20 |
10—

O

10 <0

orE-6 (L )

FIC.[4.27 ). MOMENT-CURVATURE CURVE FOH BEAM # 11

30

40 —
30 —
20 —
10 —

o0&

10 20

wOFLE-A (1)

FIC.(4.0B ); MOMENT-CURVATURE CURVB FOR HEaM § 12

30

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



79

50.0

40 .0

30.

(KN. m)

20 .

MOME-NT

10.0

pr—
CURED BEau o
0 @  0UNCURED dEau - X p
& ~ -0~ - o UNCURED dBabi WiTn 5% FIBERI / 7,
4~ —&— —& UNCURED HEAW WiTt .78% FIBERS S
3— -a— —x UNCURED BEAM WITH 1% FIBERS / P
Ao & ——a UNGURED BEAM WITH 1.6% FIDENS / / /”
/ /

A
/ ////,',
/ .
/)
/ /;/”! -
/f/a’/lo" __nll
e
// ;f" g
s
//l’ K
////,'
e

w

N

FIG.(4.39 ):
FOR ALL BEAMS IN FIRST SET

4.0 8.0 12.0 16.0
¢ *1.E-6 (1/mm)

20.0

COMPARSION OF MOMENT-CURVATURE CURV

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



76

A————— CURED G&im

u] x] 0 UNCUEED 8Eatd

& = =0- =0 UNCURED AEam Welne 3% FIBERS
&~ —&— —a PHCURED HEaW WiTi 765 FIBERS

35 i O |_+— -#— — UNCURED HEaM WITH 1% FIBERJ

30.0 b

£ 25.0—
=
\/

20.0 |—
l_
=
L
= 15.0—
=

10.0 [—

Aom—— g i UNCURED HEAM WITH 1.6R FIBERS

0.0 4.0

F1G.(4.40 ). COMPARISON OF MOMENT-CURVATURE CURVE

FOR ALL BEAMS

8.0 12.0 16.0
¢ *1.E-8 (1/mm)

IN SECOND SET

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



4.6 Cracking characteristics

All the crack characteristics such as crack location, crack width, crack
shape s, crack spacing and crack hight not measured but the vhotographs
were .taken for all stages of loading for all beams. Typical photoygraphs
were taken at approximately 120.kN and at ultimate stage shown in
plates(4.1 through 4.12), these plates illustrate the crack characteristics,

the behaviour of concrete in compression zone aud the wode of failure.

‘In the second group for example the number of crack at cach load

were counted, the length of crack, and spacing also recorded, for example

see table ( 4.5) & table ( 4.6 ).

load | number of | averge averge | max.
cracks spacing | length | length

95 11

45, 14

680, 15 5.77 6.37 11.5

75. 17 8.70 8.22 12.0

30. 19 5.14 8.7% | "12.1

105. 20 8.40 9.06 12.5

120, S22 8.00 9.49 12.5

135. 24 727 g.50 15.0

Table 4.5 Cracking characteristics for UCB-EF.TBU%.

i |

-1
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load | number of | average | max.
cracks length | length
45. 12 6.5 8.
60, 17 9.2 13.
5. 22 9.75 15.
90. 24 .87 17.
105, 27 9.9 18.5
120, 27 10.8 19,

Tahble 4.6 Cracking characternistics for UCB,F1.%.
To 1llustrate how the crack grouth with the load hapen, see plate (4.10)

and table (4.11 ).

78

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



79

115009'SIS8Y L JO JBIuaD - Leplor Jo AVSBAIUN JO AkIq1T - PRAISSSY SIUDIY [V

[ % Wy3F 404 SN

—_

avo JhNIv4d iv
1Vd ATvdd WIIdAL

(

Il

) 31V7d




84

1sooe@ syl Jo BIusD - ueplor Jo AlSIBAIUN JO AkelqiT - PaABSaY SIYDIY |1V

L Qv0T 3WNTIv4 LV
7 # Wy3g 404 SNY3LLVd XJv5) WIIdAL

(. az v 131V




1Isodedsiseyl Jo BWaD - uepior Jo AYiseAIuN Jo Akld!T - peAesSY SIUDIY ||V

gl

ay0T 3JWNTIIVA LV
¢ 4 Wy38 H04 SNY3LLVA MOvHD IWOIdAL - ( 9% )31V

R - A——— et o, f——— T T

......




1so0e@ sisay. JO BIusD - ueplor Jo AlSIBAIUN JO AkeiqiT - PaABSaY SIYDIY |1V

avo 3uNIvd LY
y # Wy38 ¥04 SNY3LLVd AIvHED TWOIdAL

(

Sy "y ) 31Vd




B3

1S009 SS9y JO BIua) - ueplor Jo AlsiBAIUN JO AkeiqiT - paABSaY SIYDIY |1V

Qv0oTl 38NTIVS LV
¢ # Wv3g Y04 SNJ3ILLvd HOvyd "W3ILdAL - (

o TR T
oty

v

49" 131vViid




84

1sodedsisayl Jo BeD - ueplor Jo AJiseAIuN JO AkeldIT - peARSSY SIUDIY ||V

gvoTl 3BN1Ivs 1V :
m_ﬂﬁqummoumzmuhhqayud@uJ{QHn_\r._.l_Qm.v _m_HdI_m_




1Isoded S1sey JO BWaD - uepior Jo AYiseAIUN JO Akld!T - peARSSY SIUDIY ||V

OvOo 1 3dNIvd 1v
/ H AWV3E HO04 SNY311vd XIvYD IWIIdAL

{ 9% 13d1v'1d




36

}Isode Sisayl Jo Bua) - uepJaor Jo AlsieAlun Jo Aelqgi -

PaAJesay SIYDIY ||V

OvOol 3dhiivd 1V
8 # W33 H04 SNY3ILLIVE ADVEI WIIJAL

- (9B ¥ )31VYd




87

AL CRACK PATTERNS FOR BEAM # S

TYPIC
AT FATLURE LOAD

)

b

4.

FLATE

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



88

gv

X

..‘1':'1

) - TYPICAL CRACK PATTERNS FOR BEAM # 10

4. 10

PLATE(

AT FATLURE LOAD

All Rights Reserved - Library of University ofh Jordan - Center of Thesis Deposit




89

1sooe@ sisayl Jo BIusD - ueplor Jo AlSIBAIUN JO AkeiqiT - PaABSaY SIYDIY |1V

N 501 1V
1T # WVY39 HO4SNY3LLIVd JOVHD VIIdAL - ( P11 ¢+ 131vid




90

1Isodedsiseyl Jo BWaD - uepior Jo AYiseAIuN Jo Akld!T - peAesSY SIUDIY ||V

avol 39N 1ivs v
1T # Wv3g HO4SNA3L1IVd JOv8D TWIIdAL - ( 9ll + ) 4ivld




91

1sooe@ sisayl Jo BIusD - ueplor Jo AlSIBAIUN JO AkeiqiT - PaABSaY SIYDIY |1V

NX 071 1V
21 # AV3E HO4SNY3LLVE M3vED 1vDIdAL - ( ®21°% )31 =




92

1sooe@ sisayl Jo BIusD - ueplor Jo AlSIBAIUN JO AkeiqiT - PaABSaY SIYDIY |1V

avo 3WN1Ivs 1V
21 # Wv39 HO4SNE3L1Vd AIvHD IVIIdAL - ( 921 % 131V1d




4.7 RESULTS OF CONTRO{L TESTS

4.7.1 fresh concrete

The freshly mixed concrete was tested for slump (ASTM C 1423-78)
and for air content to measure the value of workabihty, according to
(ASTM C231-71), butlbecause the slump test wasn't swtable for con-
crete with fiber so the vebe time was measured and all result far tests

carried ou fresh concrete are shown in table 4.7 &4.8

BEAM muxang | slump alr Vi
NAME date mm | content | second
C'B, 11/9 | 180 | 3.1% 3
UCBH, 12/3 | J70 | 2.9% | 2.5
UCB,F.5% 17/9 155 2.8% 4
UCB,F.75% | 18/9 | 120 | 2.6% 7
UCBF1% 19/9 1 115 | 2.5% 7.5
UCB P1.5% | 23/9 70 2.4% 10

Table 4.7 properties of fresh concrete for first series .

LN
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The workabiity of ibered concrete 1s significantly cffecicad by the hber,
hence the method of mix desigu should grantee that the workability of
fresh fibered concrete is accepted accordingly the water cement ratio ad-

justed 1n our mixes based on the vebe test.

BEAM mixing | slump alr v,
Name date nun | content | second
C'B, 24/9 165 3.2% A
UCH, 25/9 | 180 | 2.9% 3
UC By F.5% 26/9 150 2.9% 4
UCB,F.75% | 27/9 125 2.7% 8
UCB,F1% 30/9 117 | 2.4% g
UCB,F1.5% | 01/10 65 2.2% 12

Table 4.8 properties of fresh concrete for second series.
4.7.2 hardened concrete

The hardened concrete was tested for compressive strength and static
Hexural strength at 28 days. The test for compressive strength was done
according to (ASTM C 39-72). In the test for Hexural strength, third
point loading was applied to the 14in (356 mm) long beam. The tests
were made according to (ASTM C 486 -78), the results for cach 1ux wae

chown 1n table 4.9 & 4.10.

The results obtained for fibers concrete indicated enhancement in the

strength dependent on the percentage of iber inclusion in concrete.
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Chapter 5

DISCUSSION OF TEST
RESULTS

5.1 Cracking Load

From the results shown in tables 4.1 & 4.2, it was observed that
for the same longitudinal percent of reinforcement, different fsst crack

moment were obtained.

For all beamns with fibers the corresponding cracking moments were
larger than the crack moments for cured and uncured conventionally rem-
forced concrete beam. Also from these tables it 15 clear thal the cracking
resistance of concrete membersin bending 1s a function of the percentage

of fibers. This occurs because the moment of first crack is a function of
tensile strength( 20 ]:

M, = Irly (5.1)
Y

WHERE
e M. Cracking Moment.
o f, : Flexural tensile strengih, also known as modulug of rupture.
o Ig : Moment of inertta of the gross concrete section.
s y : The distance from the centroidal axis of the gross section to the

o7
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extrerne fiber 1n tension.

For conditions of equal elastic sirain in fiber and matnx, the tensile
strength of a composite 5, contaimng umaxial continues can be expressed

by the law of mixtures[1, 24} as:

ffﬁ-':cfm(] —1’})4—0;‘/}- (r‘?}

Where
o, runiaxial tensile strength carried by composite.
#,, ‘uniaxial tensile strength carried by matrix.
a; umaxial tensile strength carried by fibers.
1 — Vy :volume fraction of matrix.

Vs ivolame fraction of fibers.

In the rescarch only fiber reinforced composites in which randomly

oriented short length of fiber are incorporated are used. At the failure of
such composite, fiber pull-out invariably accurs since the effective lengths
of each fiber 1n the direction of stress 1s less than the critical Jength, [,
Equation { 5.2 ), can therefore modified to apply to this case, if o is
considered to be the stress in fiber caused by the fiber - matrix interfacial
bond siress, and V; 1s replaced by an equivalent volume of fiber which
are effective in the direction of stress. The average tensile stress in the

fibers related to the average bond stresses given by [ 24 ), is:

{
o; x?ré (5.5)

VWhere

7 : the averge interfacial bond siress

ds : 18 the diameter of fiber.

EL
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lr : the length of fiber.

And the effeciive fiber length from references (1, 24, 25 |, is equal
to .82, and the eflective hber volume or orientation factor fur the Abers

distributed in 3 - dimensions is given by
1’}6 = 41V}r fral)

Substitute Equation(5.3) for ¢, and Equation(5.4) for V;, instead
V in Equation (5.2) yields a mnodified law of mixtures equation (5.5 ) for

composite containing randomly oriented fibers which fail by pull-cut
o= an(1 - Vi)t 2?5!— X .41V (5.5)
f

From the results of rupture test tables 4.7 & 4.8 it was ohserved that

the fibrous beam had higher tensile strength than the plain concrete.

‘The rupture test for plamn concrete beams occurs suddenly | however,
for fibrous concrete the rupture test behaves differently, due to the hook-
g effect of the fiber and their capacily to carry tenside forces. Aud
consequently the failure characteristics for test, show gradual failure as-
sociated with-pu]li.ng out of the failure embedded in the concrete at the

failure section.

Tahles 4.1 & 4.2 show the crack point for all beams, for cared, un-

cured conventionally concrete and fiber concrete. 1t had showed consis-
tently higher cracking loads, for the first set the ratio of moment at first

crack to the uitimate moment varied from 14.7%to 15.1% for the uncured

beams with hber concrete compared to 17.6% for uncured conventicnally
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concrete and 16.4% far curcd conventionally concrete, also for second sei
from columu 4 n table 4.2 the ratio of moment atl first crack to the ul-
timate moment varied from 15.5% to 20.0% for the uncured beams with
hber concrete compared to 16.7% for uncured conventionally concrete

and 17.4% for cured conventionally concrete.

From tables 4.1 & 4.2, 1¢ 15 shown that for cured and uncored con.
ventionally reinforced concrete beam no significant difterence 1n cracking

point for beams with low percent of steel and there are significant in-

creases i the first crack load for a Abrous concrete beains over ordinary
reinforced beam, the ratio were 2.2%, 7.8%, 12.6%and 21.7% for 5%,
.75%, 1.0% and 1.50% werght percent of fiber respectively. So the first
crack point increase as the amount of fibers increase, but from tahle 4.2
it 13 shown that the uncured bearn loss 21.7% from it 1s crack sirenyih,
also the uncured beams with 5% & .75% loss 8.5% & v.0% from it is
strength, but the others uncured beams with 1% &1.5% gain mcrease in
the first crack strength Ly 12.8% and. 19.1%, frons these comparison it
has sl.lown what 1s lost i crack strength due to improper ar no curing,
can be gained by inclusion .5% of total weight if the beams designed as
under reinforced and inclusion 1% of total weight if the beams designed

as over reinforced.
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5.2 ULTIMATE STRENGTH

For the first set 1t were shown in table 4.1 the increase in the ex-
perimental ultimate lexural strength of the uncured renforced concrete
beams due to the presence of steel fihers was mgmificant, the maximam
increase was being 32.7% due to inclusion 1.5% of fibers from the total
weight of muix. The reduction i the flexural strength due to improper
or no curing was 7.3% and can be gained by inclusion of 5% hibers 1
uncured beams, also from table 4.2 for the second set ' over- reinforced
beams ' the increase in the experimental ultimate Hexural strength of the
uncused reinforced concrete beams due to the presence of steel ibers was
only marginal, the maximum increase was being 3.8% due to inclusion
.75% of fibers from the total weight of mix. The reduction in the fiexural
strength due to improper or no cuning was 11.11% and can be gained by

mclusion of .50% fibers in uncured beanis.

Fram tables 4.1 & 4.2 it is shown that the ultimate Hexural strengih
increase as percentage of fibers increase, this due to the 1mprovement of
tensile strength. This incrcmcnrt in the ultimate flexural sirength due
to the improvement of tensile strenglh of concrete and wcrease in the
stiffness due to the ability of fiber concrete to arrest cracks and of fiber
bridging the cracks to carry loads. From this study and others it 1s ¢lear
the use of ihers may not he the most economical means of achieving hight
ultimate strength in conventional reinforced concrete heams cs;)ccially n
over-reinforced concrete beams but the use of steel fibers in beams un-

prove the ductility of the beam and change the bnttle farlure or sudden

failure 1n beam to ductile manner and give the required time to warming.
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To understand how the reinforcement by steel fibers work, a brief ex-
planation is appropriate concerning the differences w the lleaural sirength

of fibrous concrete compared to that of conventional concrete.

Conventional concrete 1s relatively bnittle with load versus deflection
properties (which are a measure of Hexural strength) that are hnear up
to an crack load at which a crack is initiated in the concrete and approx-

unately linear up to yield load which 1s followed by fatlure load directly.

After first crack happen the tensmle strength of concrete becomes zero
i tension zone, bul In hbered concrete load versus deflection properties
arc linear up to the first crack, at this load the tensile strength of con-
crete transimtted to the adjacent fibers in the cross section of concrete,
Past this first crack point the load - deflection of Abrous concrete become

non-linear, it was seen figure 4.3 through 4.6.

While the load 1s increased the first crack is propagated towards the

failure, the stresses in concrete transmitied to the adjacent reinforcement
steel and fibers sleel. After reachiug an ultimate load a} wluch failuse
begins to occur, fibrous concrete withstands additionalload energy which
is necessary to debond the fibers [ 1 ].
Since the fibers do not fracture under a continuously heavy load, Rhrous
concrete does not fail until the hbers bridging the crack, have been pulled
out,the hooked ends of the fibers cause a higher efficiency of the reinforce-
ment.

And the balance of forces 1n the center point of iber gives by :
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Iy T n .
grm:’rd! = 7419 (5.6)

Where

r: average value of adherence tension.
o, —tension 1n the steel fbers.

l; = fiber length.

d; = fiber diameter.

The critical aspect ratio of steel fibers 1s controlled by the fiber failurc

and eqnal to
If [+3
J =2 57
! 2r ( ‘)
As example if
o, =12000 kg/cm? Ultimate tensile strength
7 = 24kg/cm?
! 12000
— = = 250
(d)cr 2% 24

The available steel fibers never reach such a high aspect ratio due to

economical ’ high cost ' and practical mixing reasons.

As a reault of the fiber praperiies fibrous concrete does not fail by
fibers fracture but by pulling the fibers out of the concrete. See plate
(4.1), & plate ( 5.1 ). The stresses in a steel fiber % {aspect ratio 75)
being pulled out of the concrete 1s

—orlr — 2
o, = 21'-3}» = 2% 24 X 75 = 3600kg/cm
< 12000 kg/cm?

A 7, (better mechanical adherence ) increase causes an increase of o, or
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a better usc of the sieel quality. The hooked ends aid a lot o increase

the value of 7.

5.3 DEFLECTION

Figures 4.1 though 4.7 & figures 4.8 though 4.14 showed the load de-
Hection characteristics for the beams of first set & second set respectively.
It 15 shown that the presence of fiber in concrete increase the slope of the
load deflection ( measure for the value of the effective ElI), from these
figures 1t is clear that the deflection for the uncured beam with fiber is
less than the deflection of the conventionally beam at the same load, also
from figures as the amount of included fiber increases, the smaller the
deflection at the same load for all stages. It is clear that the area under
load-deflection for the fibered beam is more than ordinary beam (which

1s measure for the energy required to fracture beam).

To show how fiber work and reduce deflection, it is known that the
concrete after crack can’t carry any tension strength so the neutral axis
go up and the rotation of the beam become more i)roducc large deflection
due to increase load. In fibrous concrete the tensile strength of concrete
after fracture transmitted to the adjacent fibers, the fiber bridges the
crack and redistribution the stresses in the uncracked section of concrete,
when the stress in the uncracked section reach the fracture strength alse
transmitted the stress to the fiber produces the new crack but small so

less rotation lead to less deflection.

The flexural rigidity of the beam (EI value - elasiic modulus times

second moment of area ) from load deflection curve for the beam with
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fibers which is shown to be increased by some 6.5% to 15.9% compared
to the cured beam without fibers reinforcement. This increase in Bl was
due to two reasons, first the lowered of the neutral axis which lcadL_to
increase the value of I value | second the incrgase mn the elastic medulus

value of composite Ec due to the mixture Jaw [ 1, 26 |
Ecz VfEf+Em(1 —Vf) (58)

Where E,, By, and E,, are moduli of clasticity for the composite,
fibers and mixture. Vy 15 the volume fraction of fiber adjusted for the
effect of randomness. So equation 4.8 will be modified to ke used, for

randormly orientation of fiber in 3 - dimension and bhecame [ 26 ],
B.= A3 X V,E; + En(1 - V}) (5.9)

The difference in deflection in the first stage, uncracked section was
moderate, but the the deference in the post cracking is more pronounced,
Typical results were tabulated in table 4.3 &4.4 at cracking and ultimate

loading for all beams. 4

5.4 Cracking Characteristic

From plates 4.1-4.12 it 15 clear that fibrous reinforced concrete beams
showed consistently srnaller crack length and width at the same load than
the ordinary reinforced concrete heam. This SUpeErior resistance to crack
propagation was observed for all stages of loading, although near the fail-
ure loads difference in crack width tended to decrease. Nevertheless, -the
crack arrest properties of fibrous concrete observed in conventional mod-

ulus of rupture tests were fully reproduced in large structural member.
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There 15, however, a fundamental difference in the stress redistribution
over the cross seclion due to flexural cracking between plain coucrete and
fiber concrete. The fibers bndge across the crack and sustain small ten-
sile force, thus 1t 13 possible to sce that the bond stress at crack does not

diminish completely as in the case of ordinary concrete,

The presence of fibers in the tension zone also controls the propagation
of the cracks over the dc.pth of the beam and all the results consistently
showed that the fiexural crack penctration towards the compression zone
in fibrous concrete was less than the usual penetration observed i ordi-

nary reinforced concrete beams.

5.5 Behaviour Of Fibrous Concrete In Com-

pression Zone

Generally, the presence of fibers in concrete beams showed higher de-
gree of compressibality and concrete stram prior to falure was lngher than
in ordinary concrete. Thc.y outcome of this will be the ability of attaining
larger rotations, curvature and plastic deformations than ordinary con-
crete. This was illustrated in plai.cs of the tested heams and From the
load defiections curves, sce plates(4.1 through 4.12 ), it is clear that all
beams will fal flexurally except the 2nd‘ beam (U/C B,) from the scc.ond

set which fail due to shear failure. o

5.6 Deformation Characteristics

From figures (4.15 thought 4.38) which is a plot of strains versus depth

of cross section for different lead, 1t was observed that the strains and
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curvatures are smaller 1n the beams with fiber than strains and curva-
tures 1n the ordinary beams at the same load. Bul the fibrous beatus
have larger strains and curvature at failure load.

The effect of fiber become more effective when the section is cracked
and this is due to the ability of fibers to mobilize the tension zone section,
to resist deformation by the lowered neutral axis and increases the elastic
modulus than in ordinary concrete. For the under - reinforced concrete
beams the increase in neutral axis depth at failure load varies from 1%
to 21.2% 1in the fibrous concrete beams compared to the neutral axis'in
ord'ina.:y concrete beam. But in the second set in which designed as over
- reinforced concrete beams the differences in the neutral axis hetween
uncured fibrous beams and conventionally beams are negligible.

From figures (4.15 through 4.20 ) it is noticed that the last readings for
strain at compression face in the first set vanes from .141% to .118% for
the uncured fibrous reinforced concrete beams compared to .172% [or the
cured reinforced concrete beam and .170% uncured reinforced concrete
beam. Also from fgures (4.21 through 4.26 ) it 1s noticed that the last
readings for strain at compression face for second set varies from .293%
to .273% for the uncured fibrous reinforced concrete beams compared-to
.294% & .295% for the cured and uncured reinforced concrete beam re-
spectively.

To understand how the fibers reduce the deformation of the fibrous
reinforced concrete, see the figures (4.27 through 4.40 ) for M - ¢ the
slope of these curves equal the magnitude of the flexural nigidity Elifor
different beams, the increase in value of EI for the fibrous beamsin the
second set varies from 3.8% to 18.9% compared to the value of El for

ordinary concrete. Also after crack the increase in value of EI for the
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fibrous beams varies from —.7% to 9.86% compared to the value of EI for
ordinary concrete. The reduction due to no curing after crack was 12.2%

and can gained by inclusion .75% fibers in concrete.

The increase in value of EI for the fibrous beams in the first set was
marginal and varies from 8% to 30% compared to the value of EI for
ordinary concrete. Also after crack the increase in value of EI for the
fibrous beams was very large and varies from 22% to 84% compared to
the value of EI for ordinary concrete. The reduction due to no curing
after crack was 7% and can gained by inclusion .5% fibers in concrete.

It 16 known that the deformation depends on the the value of fexural
nigidity, also this value depends on the percentage of fibers inclusion in
concrete. It 1s clear from equation( 5.8)" this increment in stiffness leads

to small deflection and delay the propagation of crack | 8 ).

3.7 Control Tests

- From the data obtained for the specimens, the relation ship between
cube strength and cylinder strength has not been determined. Also the
relation ship between flexural strength and direct tensile strength has not
been determined. Slumps and air content were lower for fiber reinforced
concrete see table ( 4.7 )& table ( 4.8 ). There is a strong correlalion
between slump and air content. So the rate of loss of slump and the air

content are shightly higher for fiber reinforced concrete.

18action 5.3 deflection
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Chapter 6

CONCLUSION

1.

v,

vi,

vil.

. The additien of fibers reduces the slump and air content. The rate of

loss of slump and air content are slightly higher for fiber reinforced

concrete,

The presence of fiber substantially increases the density of cracking

( thereby reducing the crack width ).

. Even a small amount of fiber reinforcement reduces the suddenness

of failure of the unreinforced matrix, and imparts ductility to the

compogtes.

The role of fibers 1n inhibiting crack growth and crack widening is
further confirmed by the increased depth of the neutral axis and
increased flexural nigidity of the fiber concrete beam at all stages of

loading.

. The use of steel fibrous concrete 1in reinforced concrete heams has

been shown to increase their ultimate flexmral strengih.

Crack width and crack spacing were less in reinforced steel fibrous

concrete beams, and first cracks occurred at higher loads.

The post cracking stiffness of the reinforced fibrous beams was greater

than a conventional reinforced beam.
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vin. The results of experimental work have shown that the mode of failure
for the uncured beam without fiber in second series was shear failure

with no signihcant flexural cracking. But for all other beams in two

groups were flexural behaviour with no significant shear cracking,

ix. What 1s lost in flexural strength and stiffness due to no curing or
mmproper condition was gained by inclusion of .5% fiber by weight of

the total mix.
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