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ABSTRACT

Short Term Effects of Glass fibers

on properties of Concrete

by
Mona Al Masri
Supervisor

Dr. Bassel Hanayneh

Glass fiber reinforced concrete (GFRC) is defined as a concrete composed
of cement, aggregates (fine and coarse) and alkali-resistant glass fibers randomly
dispersed throughout the composite. The reason for using fibers is attempting to

improve the ductility and modifying other properties of concrete.

A comprehensive testing program was developed to study the performance of
glass fiber reinforced concrete. The following tests were carried out: slump test, air
content, dry unit weight, compressive strength, tensile strength and resistance to
freezing and thawing cycles. All tests were conducted on two sets of concrete

grades 20MPa and 40MPa. Experiments were carried out with different fiber
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contents (0.5, 0.75 ,1.0 and 1.5) % V{ for concrete grade 20 MPa, and (0.25, 0.5
and 0.75) % Vi for the 40 MPa concrete mixes. On the other hand, two standard
fiber lengths 12mm and 24mm were used for each ratio to determine the effect of
fiber length on the properties of concrete. A group of 144 cylinders, 48 cubes, 32

prisms were molded for a total of 16 mixes forming a total of 224 specimens.

The study resulted in finding that the addition of alkali resistant glass fiber
reduces the workability and the density, increases the air content, improves the

tensile strength and the durability as compared to plain concrete and has negligible

effect on the compressive strength.

(1) V¢ : the fiber volume fraction was taken as a percent from the final volume.
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RESEARCH
SIGNIFICANCE

The primary scope of this research is to describe the effect of presence of
glass fibers in concrete, to understand how these fibers can influence the phystcal
and mechanical properties of the concrete matrix, and to determinc the

characteristics of the fresh and hardened concrete reinforced with glass fibers.

Different ratios and different lengths of glass fiber were added to the
concrete mix, to evaluate the influence of the quantity of the fibers as well as the

effect of fiber lengths on the properties of concrete in both the fresh and hardened

states.

From the obtained results one can compare the performance of fresh concrete

and the mechanical properties of hardened concrete with and without glass fibers.
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CHAPTER ONE
INTRODUCTION

1.1 GENERAL

Concrete is a widely used construction material composed of cement,
aggregates and water. Concrete is a brittle material and has low tensile strength
compared to compressive strength. One relatively new technique, which provides
concrete with high tensile strength and converts the sudden failure into a gradual

ductile failure, has been the development of fiber reinforced concrete (FRC).

" Fiber reinforced concrete is defined as concrete made of hydraulic cements
with or without aggregate of various sizes and incorporating discontinuous discrete
fibers (Mindess ¢t af., 1981). The addition of a random dispersion of fibers to brittle
materials offers a convenient and practical means of achieving improvements in
engineering properties such as flexural, tensile and impact strengths, as well as it

controls cracking and mode of failure by means of post - cracking ductility.
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1.2 HISTORICAL BACK GROUND

The use of fibers in brittle matrix materials has a long history going back at
least 3500 years when sun baked bricks reinforced with straw were used to build the
57m high hill of Aqgar Quf near Baghdad. More recently, asbestos fibers have been
used to reinforce cement products for about 100 years, cellulose fibers for at least
50 years, and metal, polypropylene and glass fibers for the past 30 years.

Hannant,(1995).

Nowadays, it is evident that asbestos fibers are a health hazard, steel fibers
are susceptible to the problem of corrosion at cracks, most polymeric fibers have
lower elastic modulus than concrete, therefore they can not increase the strength of
the composite material, even the conventional glass fibers ( E - glass) are attacked

by the alkali in the cement. Because of this, efforts have been madeto finda

convenient substitute.

This research will focus on the development of glass fibers. In the early

1960s, the Russians Biryukovich et al developed the idea of using glass fibers as a
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reinforcement for cement and concrete. (Hannant, 1978). As mentioned previously,
the early work was based on the conventional borosilicate E glass fibers which are
quickly attacked by the alkali in the cement. This stimulated the work of Majumdar
and Nurse at the Building Research Establishment (BRE) in the United Kingdom
which was directed towards the development of a glass fiber which would resist
attack by the highly alkaline ordinary portland cement .(Hannant, 1978). In the late
1960s, that work led to the discovery of a glass formulation containing zirconia
which could be formed into fibers and offered the possibility of a durable
reinforcing material. That special glass fiber became Cem-FIL, subsequently

developed into a commercial reality and was launched 25 years ago. (Cem-FIL

News, 1995).

1.3 DEFINITION OF GLASS FIBERS

Concrete reinforced with glass fibers exhibit superior properties to the
traditional one. From this point of view there is a growing interest in its usage and

production. To know more about this material the followings are discussed:-

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



1.3.1 Manufacture of Glass Fibers

Chemically, glass fiber is composed predominantly of silica (Si0,) plus other
oxides such as zircon (ZrO,) and lime stone (CaC0Q;). The manufactuning process of
fiber glass consists of melting the raw materials into a furnace at which the
individual filaments (14-20p) are formed. The variety of filament diameters can be
produced by varying the orifices which are located at the base of the drawing
furnace and from the drawing conditions. These filaments are then collected
together, quenched and usually coated with a protective binder known as sizing,
(Margolis, 1986). The collection of 200 or so of filaments is known as strands. The
process of manufacturing fiber glass is shown diagrammatically in Figure 1.1. At

the end of the process two forms of glass fiber can be produced, these forms are:-

® Continuous or Roving : collections of continuous filaments.

® Discontinuous or Chopped Strands: the continuous filaments passed
through a chopping device to produce chopped strands with desired

length.
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Figure 1.1 : Manufacturing process of glass fiber.

1.3.2 Glass Fiber Properties

The remarkable properties possessed by the ARY glass fiber, commercially
known as Cem-FIL, make it very attractive to be used in many applications. The

general characteristics are summarized as follows, (The Cem-FIL Range, 1995), :

® Cem-FIL has proven resistance to chemical attack in both acid and alkal

environments.

® Cem-FIL has a modulus of elasticity 10 ttmes that of most organic fibers

and 3 times of the cement matnix.

(1) AR ; Alkali Resistant

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



® Cem-FIL has a greater specific resistance ( tensile strength/volumetric

mass) than that of steel (3-4 greater).
® Cem-FIL is naturally incombustible.

® Cem-FIL is insensitive to variations in temperature and humidity and has

a low coefficient of linear expansion (dimensional stability).

® Cem-FIL fibers do not rod and have a good resistance to corrosion and

insect or biological attack.

1.4 MECHANICAL PROPERTIES OF GLASS FIBER REINFORCED

CONCRETE

1.4.1 General

Glass fiber reinforced concrete (GFRC) is considered to be one of the most
innovative construction materials available today. This is the belief of the
Prestressed Concrete Institute, Chicago ILL, as expressed in one of its publications
relating to GFRC.(Prestressed Concrete Institute, 1985). The properties of GFRC is

influenced by many factors such as the fiber content, fiber length, the strength of the
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bond between the fibers and the matrix, the orientation and distribution of fibers
where it is believed that continuous aligned fibers result in more effective
reinforcement than short random fibers because the full strength of the fiber can be
utilized at failure. However the variables that are important for traditional reinforced
concrete properties such as ; w/c ratio, air content, density, aggregate size, etc. also

have significant influence on the properties of fiber reinforced concrete. (ACI

Committee 544.1, 1984).

1.4.2 Typical Material Properties

1.4.2.1 Workability

Workability is a property of fresh concrete which indicates its ability to be
mixed, handled, transported and placed with a minimum loss of homogeneity.
Workability can be determined from the slump test, Vebe test and compacting factor
test. Edgington showed that workability of fiber reinforced concrete decreased by
increasing the coarse aggregate content, due to this he suggested to use aggregates
3/8 in. (9.53 mm) or lessin size, or just sand to improve workability. It is evident

that workability goes down by increasing the fiber percentages.( ACI Committee

544.1, 1984)
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1.4.2.2 Compressive and Tensile Strengths

Adding fibers to concrete has a minor effect on the compressive strength of
concrete. In the other hand, fibers increase the tensile strength and the ductility of
concrete significantly depending on the percent of the fiber. This improvement

modifies a major weakness in plain concrete.

1.4.2.3 Toughness

Toughness is a measure of the ability of a material to absorb energy and is an
indication of the resistance against crack propagation. Toughness is found by taking
‘the area under the load - deflection curve. When the fibers are present, the cracks
are bridged and can not extend without stretching and debonding the fibers. Asa
result, considerable additional energy is necessary before complete fracture of the
material occurs. Several investigators have shown that the toughness of fiber
reinforced concrete is at least 10 - 40 times higher than that of plain concrete.( ACI

Committee 544.1, 1984).

1.4.2.4 Dynamic and Fatigue Strengths
The dynamic strength of concrete reinforced with various types of fibers and

subjected to explosive charges and dynamic tensile and compression loads have
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been measured. The dynamic strengths for varous types of loading were 5 to 10
times greater for FRC than for plain concrete. The greater energy requirements to
strip or pull out the fibers provides the impact stre.igth and resistance to spalling and
fragmentation. It has been shown that the addition of fibers increases fatigue life

and decreases the crack width under fatigue loading, (ACI Commuttee 544.1, 1984).

1.5 _APPLICATIONS

The utilization of glass fibers as reinforcement for brittle materials is used
throughout the world for many applications. The major field applications include
the followings:-

1.5.1 Civil Engineering (cast in situ and precast applications).

Glass fiber concrete by virtue of its superior flexural, tensile, impact and
fatigue properties and its ability to be used in thin sections appears to be
advantageous as: 4 7 5 7 y 7

- Bridge deck formwork and parapets.

- Highway, street and airfield pavement overlays and construction.

- Industrial floor.

- Concrete pipes and pile tips.
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- Repatrs and new construction of hydraulic structures.

1.5.2 Architectural Moldings

- Cladding panels: since glass fibers add flexural, tensile, and impact
strength, GFRC is perfect for lightweight architectural cladding
panels. GFRC cladding panels can be cast as wall units, window wall
units, spandrels and mullions. McDougle et al., (1995).

- Capitals and column casing.

- Decorative garden units

1.5.3 Cement or Mortar Applications

- Permanent formwork : since glass reinforced cement (GRC) is a material of
consistent quality and controfled thickness, GRC permanent formwork
is used to protect steel. GRC provides more protection against
carbonation and chloride induced corrosion than the same thickness of
a good ordinary concrete. Brown, (1988).

- Glass fiber shotcrete : The advantages of fiber reinforced shotcrete
included good strength, durability, and density as well as significantly

lower costs compared to latex shotcrete, epoxy or polymer mortars.

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



12

- Asbestos cement replacement : - Corrugated sheet.

- Partition fire boards.
- Pipes and accessories.

- Roof slates and flat roof tiles.

1.6 PREVIOUS STUDIES

Although GFRC are used in many applications but there is relatively little
published work on the physical properties of glass fiber concrete. March and Clark,
(Hannant, 1978) investigated the effect of fiber contents on workability and the
flexural strength of reinforced concrete using AR glass fibers and 10 mm maximum
sized aggregate. The conclusion they reached that increasing the volume

percentages decreases the slump rapidly while it increases the ultimate strength.

Meanwhile, the research efforts have been concentrated on the development
of GRC which is made from ordinary resistant glass fiber combined with a matrix
consisting of ordinary Portland cement with or without silica sand. It is evident that
GRC has remarkable properties in flexural, impact, tensile strengths, toughness and
in controlling crack growth. On the other hand, exposing GRC products for long

time under natural weathering leads to embrittlement and loss of flexural and impact
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strengths. The loss of strength and ductili_ty was due to chemical reactions and
physical changes. The chemical factor is that the AR glass fibers are subjected to
some alkali attack in moist cement and lose some of their tensile strength. The
physical cause of GRC aging' results from the tendency of the cement hydration
products, especially calcium hydroxides, to fill up spaces between and around the
filaments of glass fibers and bind the filaments. This causes excessive bonding and
local concentration of stresses under load at the surface fiber, resulting in
embrittlement. Parviz ef al., (1993). Many solutions have been suggested to
eliminate the chemical attack, such as the use of low alkaline cement. Recently a
new type of cement has been developed in Japan, calcium silicates C,A,S5-CS-slag
type, to improve the durability of GRC. Akihama et al., (1987). Other solution lies

in fiber modification and this is achieved in two ways:

1- Improving the actual glass composition by adding 10% of rare earth oxides to the
basic AR glass composition. Such development has been commercialized by Asahi
with the introduction of their “AR Fiber - Super”. Proctor, ( 1990).

2- Surface treatments based on the inclusion of chemical inhibitor in the fiber size
which is slowly released around the fiber and reduces the rate of alkali/glass

reaction and hence improves the strength of the fibers, Proctor ez al., (1985), the

treated fibers are known as Cem-FIL 2.
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CHAPTER TWO
EXPERIMENTAL PROGRAM

2.1 GENERAL

The main objective of adding fibers is attempting to modify the properties of
concrete. A comprehensive experimental program was carried out to determine the
main characteristics and the mechanical properties of fibrous concrete such as
compressive strength, splitting tensile strength, air dry unit weight, durability, air

content and workability .

To accomplish this aim 16 concrete mixes have been made for two grades of
concrete strength namely 20 MPa and 40 MPa. Different ratios and different lengths

of glass fibers were added to the mix and tested in both the fresh and hardened

states. ‘
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2.2 MATERIALS USED

Cement, aggregates, water, admixtures and other conventional materials used
for fiber reinforced concrete should conform to the same Jordanmian recognized

specifications used for conventional concrete .( ACI Committee 544.3, 1984)

2.2.1 Cement

The cement used in this investigation is the commercially available Ordinary
Portland Cement (OPC) - Petra Brand, commonly known as Al Janoube cement.
The chemical composition and the physical characteristics for this type of cement
satisfy the relevant Jordanian Standard Specification (JSS) No.30. (JSS5/30, 1983).

These specifications and the results obtained from Royal Scientific Society (RSS)

are illustrated in Tables 2.1 and 2.2.
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Table 2.1: Chemical composition of ordinary portland cement.

ALO, * 5.83

Fe, O, * 2.92

S0, £3.5% 2.59

MgO <5% 1.98

C:A * 10.51

CL £0.1% 0.02

Loss on Ignition <5% 1.13
Insoluble Residue <£5% 0.31

* - not available

Table 2.2 : Physical characteristics of ordinary portland cement.

Specific Gravity 3.15 *
Initial Setting Time, minutes > 60 162
Final Setting Time, minutes * 215
Fineness, m*/Kg * 310
Compressive Strength @ 2 days > 10 N/mm" 22 N/mm’
Compressive Strength @ 28 days | 2425 N/mm* | 52.18 N/mm’

* - not available
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2.2.2 Aggregates

The aggregates used were crushed natwal wadi materials which consist of
coarse, medium almd fine sizes, locally known as Foulyeh, Addassia, wadi sand
respectively. In order to determine the properties of aggregates the following tests

were carried out, and the tests results are summarized in Table 2.3 .

—  Grain Size Distribution, according to ASTM C 136 - 94, “ Sieve Analysis of
Fine and Coarse Aggregates”.

— Specific Gravity and Water Absorption according to ASTM C 127 & 128 -
94, “ Specific Gravity and Absorption of Coarse & Fine Aggregates”™.

— Abrasion Resistance, according to ASTM C 131 - 94, * Resistance to
Degradation of Small-Size Coarse Aggregate By Abrasion and Impact in Los

Angeles Machine”,

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



18

Table 2.3 : The properties measured for all the sizes of aggregate.

1/2” 12.5 mm 14,7 89.6 99.2
3/8” 9.53 mm 0.96 48.2 98.6
No. 4 4.75 mm 0.73 2.9 88.9
No. 8 2.36 mm 0.3 2 78.1
No.16 | 1.18 mm 0.3 0.75 70.9

E Gradmg Type

- Saturated Surface .
- Apparent Gsa 2.712
Water Abso ton % 2.04

- Percent Loss, %

2.2.3 Water

Mixing water should be clean and free from deleterious matter. In this

investigation ordinary tap water from the municipal supply system was used for

mixing,
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2.2.4 Admixture

The admixture used is commercially known as Melment L10. Chemically
Melment L10 is la sulphonated melamine based polycondensation product. These
products comply with ASTM C 494, Types A and F; that means that Melment L10
is a water reducing superplasticizer admixture. It is absorbed on the surface of the
binding agents and of the fine aggregate particles, where it forms a lubricating film
thus reducing the inner friction of the heterogeneous fresh mix. In addition it has a
strong, dispersing effect which influence the hydration processes of the clinker
phases and therefore the early hardening of the cement paste.(SKW TROSTBERG,

1990). Table 2.4 shows some properties of Melment L10.

Table 2.4 : Melment L10 characteristics

Appearance Colorless to slightly yellow, transparent to slightly liquid.
Density/Unit Weight 1.110 £ 1.118 gm/cm’

pH Value 9-12

Viscosity 3 -5 mm’.s’

The benefits gained from using Melment L10 are summarized as follows :-
e High early and final strength can be obtained by reducing the w/c ratio.

e The consistency of concrete is improved.
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e Good resistance to freezing and thawing is atiained.
e Low permeability to water can be provided.

e Concretes with Melment is resistant to aggressive chemicals attack.

In this work Melment L10 was used to obtain a high early and final strength, hence

it was added to the mixes of 40 MPa grade.

2.2.5 Reinforcement Fibers

The fiber used in this study was the alkali resistant glass fiber, a United
Kingdom product commercially known as Cem-FIL. These fibers are manufactured
from a specially formulated glass composition within a critical region of the Na,O-
Ca0-Zr0, -Si0, system, Cem-FIL exhibits a high degree of acid and alkali chemical
resistance. It was specifically developed to enable these fibers to resist the very high

alkalinity produced by the hydration of Ordinary Portland Cement.( The Cem-FIL

Range, 1995)
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The g,léss fibers are available in two forms, the Cem-FIL Rovings which are
continuous fibers while the other is discontinuous and known as Cem-FIL AR
Chopped Strands. The latest was used in this research with standard lengths of
12mm and 24mm ( Figure 2.1). Evidence to date has shown that these fibers cause

no long term health haiard, although some temporary skin irrtation may be

experienced. (Cem-FIL Composites, 1995).

Y
e~
/=

‘ s

Figure 2.1 : Glass fiber type Cem- FIL AR chopped strands with standard len gths 12mm
and 24mm.
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Glass fibers have remarkable properties which are shown below in Table 2.5, (The

Cem-FIL Range, 1995):

Table 2.5 : Cem-FIL AR chopped strands properties.

Single Filament Tensile Strength 3500 MPa
Strand Tensile Strength 1700 MPa
Young’s Modulus of Elasticity 72000 MPa
Specific Gravity 2.68
Strain at breaking point (strand) 24%
Softening Temperature 860 °C
Filament Diameter 20 p
Water uptake <0.1%
Strand Tex 83 gm/Km
Loss on Ignition 1.7 %

2.4 _MIX PROPORTIONS

The concrete mixes were designed to have a 28 days compressive strength of
20 MPa and 40 MPa. Mix proportioning was based on finding the absolute volumes
of the ingredients. The grading olf aggregates used in the concrete mixes satisfies the
grading limits specified by the Ministry of Public Works and Housing
(MPW&H).(Jordanian Standard Specification, 1987). The grading limits of

MPW&H and the combined grading (31% coarse , 31% medium and 38% fine) are
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shown below in Table 2.6 and Figure 2.2. The maximum aggregate size used was

20mm.

Table 2.6 : The Combined grading of aggregates and the grading limits.

100 90 - 100
95.4 70 - 100
70.0 -
52.7 50-75
35.0 35-60
30.4 27-45
27.3 20-35
23.2 12-25
13.5 5-15
50 1-5
4.6 0-5
Grzin Sze Distribution
100

g 9

2 ol

s

S ,LN/_

£ » PRl

0 Fie gl
Q001 om Q1 1 10 100
Seve Size, mm
—%— UpperLinit -+ - Guodingion ~ —%— Lower Linit

Figure 2.2 : The Aggregates grading combinations and the MPW& H specifications.
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The mix proportions for the two grades of concrete mixes (20 and 40 MPa)

are summarized in Table 2.7,

Table 2.7: The mix proportions for all the mixes.

0.78 0.3370

Cement, Kg/m’ 256.4 392.2

Net water, liter/m’ 200 140
Total water, liter/m’ 239.14 180.1
Coarse aggregate, Kg/m’ 553.9 566.8
Medium aggregate, Kg/m’ 553.9 566.8
Fine aggregate, kg/m’ 678.9 694.9
Melment L10, Kg/m’ - 9.81%
Fiber Percentages, %V, |0.5,0.75,1.0and 1.5% | 025,05 and 0.75%

2.5 MIXING PROCEDURE

The quantities of raw materials have been weighed using a heavy duty

balance with a capacity up to 20 Kg (1 gm sensitivity) . Mixing was made using

(1) Including the Melment water.
(2) 2.5% by weight of cement.
(3) Fiber volume fraction was taken as a percent of the final volume.
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Electric Revolving Drum mixer with a total capacity of 0.04m’.

The absorbed water was added to the dr- aggregates, mixed and left for 10

minutes so as to be saturated.

Cement was added to the ingredients and the mixing operation was continued
for 3.5 minutes during which the total amount of water was added gradually. The
last step in mixing was the addition of fibers. In feeding Cem-FIL AR chopped
Strands to the mixer the following precautions should be considered so as to obtain

a good dispersion and little fiber damage as well as to prevent fiber clumping :-

® The fiber should be added to a fluid mix, so the addition is delayed to the

last step.

® The fibers should be fed into the mixer by sprinkling them during mixing
and avoid throwing them in handfuls (Figure 2.3) .

® Since over-mixing will damage the fibers, it is recommended to add the

fibers to the mix in less than 1.5 minutes (Cem-FIL GRC, 1995).
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The same procedure was followed for the high strength concrete except that
the Melment was added before adding the fibers. The total number of specimens

molded after the completion of mixing were three cubes , nine cylinders and two

prisms (Figure 2.4).

> L =
Rty » 3
e >

L]

s _IL _I_ g;' “&‘

Figure 2.4 : The total Number of specimens obtained for each mix proportion.
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2.6 _CASTING AND CURING

Since there is no standard specification for casting and curing of fibrous
concrete, the specimens were prepared in accordance with ASTM C 192-81

“Making and Curing Concrete Test Specimens in the Laboratory”.

Glass fiber reinforced concrete (GFRC) was cast in 150 mm cube molds,
150x300 mm cylinders and 75x75x255 mm prisms. Casting was done by placing,

GFRC into molds with required number of layers of approximately equal volume.
Each layer was consolidated with the required number of blows using a suitable
consolidation tool (Table 2.8). The sides were tapped lightly using the mallet and

the top surface was finished by means of trowel.

Demoulding was carried out after 24 hours and the specimens were stored in

water curing tanks at 23°C until the day of testing,
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Table 2.8 : Number of layers, Number of roddings and the rodding tool used in molding

test specimens.
3 35 25 mm square steel
Cylinders ' 3 25 16 mm tamping rod
Prismas 2 25 16 mm tamoping rod

A group of 144 cylinders, 48 cubes and 32 prisms were molded for the total

mixes forming a total of 224 specimens.

2.7 MEASUREMENT OF PROPERTIES

The glass fiber reinforced concrete has been tested in both the fresh and
hardened states. The fresh state tests consist of workability and air content. The
hardened state tests were the air dry unit weight, compressive strength, splitting

tensile strength and durability.

(1) The cubes were molded according to the BS 1881: Part 108 : 1983 “ Method for Making test
cubes from concrete”.
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2.7.1 Fresh State

2.7.1.1 Workability
Workability was measured by the slump test which is covered under the

specification of ASTM C 143-78 “Slump of Portland Cement Concrete”.

2.7.1.2 Air Content

Air content of fresh concrete was determined using Controls C170 air
entrainment meter (Figure 2.5). The air content in this type of meter ranges from
0 to 7 %. The test was carried out according to ASTM C 231-82 “Air Content of

Freshly mixed Concrete By the Pressure Method”.

The operational principle of this meter consist of introducing water above a
sample of concrete of known volume ( 0.005m’) to a definite elevation, and the
application of a predetermined air pressure called the standard operating pressure

(1 Kg/em®) over the water.

The reduction in the water level is indicative of the reduction in volume of
the air contained in the concrete sample. A graduated scale is provided from which

the reduction of water level is read directly in terms of percent air content (A,).
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The air content determined included the entrained air and the air held within the
pores of the aggregate particles. (Controls testing equipment, 1993) . Due to this,
the same procedure mentioned earlier is carried outon a combined sample of all
sizes of aggregates to determine the air held within the aggregate particles. The
result obtained is known as the aggregate correction factor (G). The corrected air
content of the concrete is obtained by using the following formula :

A,=A,-G

where : - A, : air content of the tested sample.
- A, : apparent air content of the tested sample.

- G : aggregate correction factor.

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

Figure 2.5 : Pressure - type air content meter, type A




3l

2.7.2 Hardened State

2.7.2.1 Compressive Strength

Compressiwlle strength test was performed in accordance with the British
standards BS. 1881: Part 116 : 1970 “Method for Determination of Compressive
Strength of Concrete Cubes”. Cube specimens of 150x150x150 mm were tested
under compression at the age of 28 days. Three specimens for each mix proportion
were tested. The test was conducted by using compression machine type Controls

with a capacity up to 200 ton (880 Kg/cm® (Figure 2.6).

2.7.2.2 Air Dry Unit Weight

The same cubes used for compression were used also to determine the air dry
unit weight. The cubes were taken out from the curing tank 24 hours before the
testing date at the age of 28 days. The specimens were left to dry in air under the
room temperature. At the testing date the dimensions of the specimens were
measured to the nearest 0.1 mm and also weighed to the nearest 1 gm. The air dry
unit weight is determined by dividing the weight of the specimen by 1ts volume:

y=WW
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where : -y : Dry unit weight, g/cm’
- W : Weight of the specimen, g

- V: Volume of the specimen, cm’

Figure 2.6 : The Compression testing machine, Controls Type.

2.7.2.3 Tensile Strength

The splitting tensile strength test is used to determine the first crack tensile
strength, but should not be used for additional determinations due to the unknown

stress distribution after the first crack . (ACI Committee 544.2, 1984).

osit
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Three cylindrical specimens of 150x300 mm were tested at 7,14 and 28 days
to determine the splitting tensile strength. The test was conducted in accordance
with ASTM C '469-71 “Splitting Tensile Strength of Cylindrical Concrete

Specimens”.

The cylinders were placed with its axis horizontal between two bearing
plywood strips of 3.2mm nominal thickness, free of imperfections, approximately
25mm wide, and of a length equal to or slightly longer than that of the specimen.
The load was applied continuously using ELE testing machine with a capacity up to

2000 KN. until splitting occurs (Figure 2.7).

Knowing the maximum load and the dimensions of the specimen, the
splitting tensile strength is calculated as follows :

T=2P/nLD

where - T = splitting tensile strength, N/mm”.
- P = maximum applied load indicated by the testing machine, KN.
- L = length of the specimen, mm.

- D = diameter of the specimen, mm.
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Figure 2.7 : ELE testing machine for determination of splitting tensile strength.

2.7.2.4 Durability Test

The durability of concrete was measured by its resistance to freezing -
thawing cycles. For each mix, two prismatic specimens of 75x75x255 mm were
tested at the age of 14 days. The tests were performed according to ASTM C 666-84
“Resistance of Concrete to Rapid Freezing and Thawing”, procedure A was adopted

where freezing and thawing take place in water.
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The specimens were placed in the apparatus (Figure 2.8) where each
specimen should be surrounded by approximately 3 mm of water at all imes while
it is being subjected to freezing and thawing cycles.( Humboldt MFG., 1985). The
freezing/thawing cycles consist of altemately lowering the temperature of the
specimens from 4.4 to-17. 8°C and raising it from -17.8 to 4.4°C. This operation is
entirely automatic. It takes 2 1/2 hours for each cycle with 2 hours for freezing and
1/2 hour for thawing. After a specified number of cycles, the specimens brought to
the thaw temperature to determine the weight, length and transit time, from which
the change in weight, length change and ultrasonic pulse velocity are calculated.

The test was terminated after 300 cycles.

2.7.2.4.1 Change in Weight

The weighing operation was done by using an electric balance with a
capacity up 13 Kgand 1 g sensitivity. At O cycles, the weight of the specimens was
determined (W,). To find the weight loss, the specimens were weighed after n

cycles and compared to the imitial weight.

1

Weight Change = 21" x 100%
W
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where: - W, = Weight at 0 cycles, Kg.
- W, = Weight at n cycles, Kg,

2.7.24.2 Length Change
The length of specimens was determined by using length comparator
(Figure 2.9). To estimate the length change, the length comparator at 0 and n cycles

was determined.

)
L =—2 17 o 100%

- L, = length change of the test specimen after ¢ cycles of freezing
and thawing, %.

- L, = length comparator reading at 0 cycles.

- L, = length comparator reading at n cycles.

- L, = the effective gage length between the inner most ends of the

gage studs, 247 mm.
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Figure 2.9 : Length measurement comparator.
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2.7.2.4.3 Velocity of Ultrasonic Pulses in Concrete.

The pulse velocity test was conducted according to the British standards BS.
1881 : Part 203 : 1986 “ Recommendations for measurement of velocity of
Ultrasonic Pulses in Concr_ete”.l The test was carried out using Portable ultrasonic
non - destructive digital indicating tester, Pundit type (Figure 2.10) .

: (

To make .measurcments =€c::uf pulse velocity the transducer and the receiver
were placed on opposite faces 6f the specimen, this arrangement is known as direct
transmission. The transit time, time taken for an ultrasonic pulse to travel from the
transmitting, transducer to the receiving one passing through the interposed concrete,
is recorded to the nearest 0.1ps, the pulse velocity (v) is estimated from dividing the

path length by the transit time

l
V= —
4

where: - v : ultrasonic pulse velocity, Km/s.
-1-: path length, mm
- t : transit ime, ps

The velocity was measured at different cycles. At the end of the test the

durability factor (DF) was evaluated as the square of the ratio between the pulse
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velocity after 300 freeze - thaw cycles to the initial pulse velocity (0 cycles).

DF = (Y50 )2 . 1099
1%

0

where: - DF = durability factor, %
- Vi = pulse velocity after 300 cycles.

- Vo = initial pulse velocity at o cycles.

f Thesis Deposit

This durability coefficient based on pulse velocity measurements is similar to
the usual durability factor based on dynamic modulus of elasticity measurements,
according to Neville, the dynamic modulus of elasticity is a function of the square

of pulse velocity, density and Poisson’s ratio of concrete. Pigeon ez al., (1981).

Figure 2.10 : Portable ultrasonic non - destructive digital indicating tester, Pundit type.
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CHAPTER THREE
TEST RESULTS &ND ANALYSIS

3.1 INTRODUCTION

The aim of this research as repeatedly mentioned is to determine the effect of
adding alkali resistant glass fibers (4R Cem-FIL) on the properties of concrete. For
better understanding of this effect, mixes with different fiber volume fractions and
different fiber lengths were mixed for two sets of concrete grades namely 20 MPa
and 40 MPa. The results, for control mixes as well as for mixes incorporating AR
glass fibers, obtained from the experimental program which included : slump, air
content, unit weight, compressive strength, tensile strength and durability are

summarized and analyzed in the next sections.
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3.2 FRESHSTATE

3.2.1 Workability

Table 3.1 shows the slump values and degree of workability for the two
grades of concrete (20 & 40 MPa) with different fiber concentrations and fiber
lengths. It is evident from the data obtained that there is a considerable loss of
workability in concrete incorporating fibers and the workability of the concrete

reinforced with alkali resistant glass fibers was generally low to very low.

Figure 3.1 illustrates the effect of fiber lengths and fiber percentages on
slmﬂp value from which it is obvious that increasing the fiber content the slump
value decreases rapidly and the mixes tend to be not workable and not easy to
handle, also that the 12 mm fibers gave a higher slump than the 24 mm fibers. The

low values of slump can be attributed to the fact that :-

® Fibers tend to have relatively large surface areas ( Mindess et al., 1981),
so that the same amount of water used results in a somewhat decreased

workability.

® Glass fiber bundles are porous themselves, Majumdar,(1975) so they

absorb water between filaments making up each individual fiber .
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The slump obtained for all mixes was true slump except for the control mix
for grade 20 MPa where the slump was collapse type (Figures 3.2 to 3.4). The rate
of loss of workability in concrete grade 40 MPa was greater than that of concrete
grade 20 MPa since a stiff consistence mix was obtained at 1.5%V; in the latter

while it is obtained at 0.75% V;in the former.

Table 3.1 : The Slump values and the degree of workability for the two grades of
concrete strength 20 MPa and 40 MPa

Degree T T vbegree
Length | Percent | Value of Length | Percent | Value of
mm % mm Workability mm %4 mm Workability
- 0 150 High - 0 70 Medium
12 0.5 60 Medium 12 0.25 10 Very Low
12 0.75 40 Low 12 0.5 5 Very Low
12 1.0 10 Very Low 12 0.75 3 Very Low
12 1.5 5 Very Low
24 0.5 30 Low 24 0.25 3 Very Low
24 0.75 15 Low 24 05 2 Very Low
24 1.0 12 Very Low 24 0.75 0 Very Low
24 1.5 0 Very Low
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Slump Value, mm

0 0.25 0.5 0.75 1 1.25 1.5 175 2

Fiber Percentage, %o

~#&— 20 Mpa, 12Zmm ~—20 MPa, 24 mm
—o— 40 MPa , 12mm —3— 40 MPa , 24mm

Figure 3.1 : The influence of fiber percentages on slump of concrete with different fiber lengths
(12mm & 24 mm) for the two grades of concrete strengths.

Figure 3.2 : The slump for control mix of concrete grade 20 MPa, collapse slump
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concrete grade 20 MPa with glass fiber ratio of 0.75%V;

Figure 3.3 : The slump for

and fiber length of 12mm

- Library of University of Jordan - Center of Thesis Deposit

All Rights Reserved

Figure 3.4 : The slump for concrete grade 20 MPa with glass fiber ratio of 1.5%V;
and fiber length of 24mm
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3.2.2 Air Content
Table 3.2 shows the results of air content test for the two classes of concrete
strengths from which it is noticed that more air was entrapped in concrete mixes

containing fibers than in control mixes.

Table 3.2 : Air content for control mixes as well as for mixes incorporating
fibers.

~Fiber Ratio | Fiber Length | Air Content || Fiber Ratio | Fiber Length | Air Content

% mmm % % mm %
0 - 1.7 0 - 2.0
0.5 12 2.2 0.25 12 2.2
0.75 12 1.9 0.5 12 2.2
1.0 12 24 0.75 12 2.4
1.5 12 2.6

0.5 24 1.9 0.25 24 2.3
0.75 24 1.6 0.5 24 2.2
1.0 24 2.5 0.75 24 2.5
1.5 24 29

The effect of different fiber ratios and different fiber lengths on air content is
illustrated in Figures 3.5 and 3.6. Since there is a vanability in the results a
regression analysis was performed. A linear model was adopted in the regression

analysis since the R-squared value ( also called the coefficient of determination, and

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



46

is often used to judge the adequacy of a regression model, the R’ value lies between

0 and 1) is reliable and its value is shown in the above mentioned figures.

|

Tt is obvious from the graphs that the air content increases by increasing the
fiber ratio and that the concrete mixes incorporating 12mm fibers have lower air

content than the 24mm fibers.

These phenomena can be explained as :-

® [ong fibers with high volume fractions tend to interlock in some
fashion to form a mat from which it is very difficult to dislodge them

and more bubbles are entrapped.

® Using 20mm maximum aggregate size will affect the fiber distribution,
Mixes contain large aggregate size tend to have a low fraction of mortar
due to which the fibers can not move freely and this will lead to
bunching and greater interaction of fibers between large aggregate

particles. (Hannant, 1978).
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30

- 20 MPa, 12mm : y = 0.6031x + 1.7, R? = 0.7886

‘ 20 MPa, 24mm : y = 0.6462x + 1.7, R? = 0.6524
2.6

244
2.2 4

2.0 4

Air Content, %

1.8 4

1.6

-+~
=+
-

]—4 : L)
0 0.25 0.5 75 1 1.25 1.5 1.78 2

Fiber Percentage, %

—t— 200 MPa. 12mm ——20) MPa, 24mm
v = | incar Repression (20 MPa. 12mm) . | inear Regression {20 MPu. 24mum)

Figure 3.5 : The relationship between the air content and the fiber volume fraction for the two fiber
lengths (12 & 24mm) for concrete grade 20 MPa. The experimental data and the regression curves.

2%
2.7 40 MPa, 12mm : y = 0.5143x + 2, R = 0.8929
264  90MPa 24mm:y=0.6286x+ 2, R?=0.7363

Air Content, %

1.9 +

: i

1.8 } : ' '
) 0.25 0.5 0,75 1

Fiber Percentage, %

<« 4 - 40 MPa. [2mm ~—lp—40) MPa. 24imm

mwwe == | inear Regression (40 MPa 12mim) Em— inear Regression (40 MPa. 24mm}
| ———— e

Figure 3.6 : The relationship between the air content and the fiber volume Jraction for the two fiber
lengths (12 & 24mm) for concrete grade 40 MPa. The experimental data and the regression curves.
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3.3 HARDENED STATE

3.3.1 Dry Unit Weight.

The dry unit weight results are presented in Table 3.3. It is clear that there
is a considerable loss in density for the mixes reinforced with AR Cem-FIL fibers.
Figures 3.7 and 3.8 show the relationship between the unit weight and the AR glass
fiber percentage for the two standard lengths and their linear regression curves. It s
obvious that the higher glass fiber volume fraction the lower the unit weight.
Increasing the fiber length would reduce the density. This is true since air content
increases with greater fiber ratio and with longer fiber as shown in the preceding
section. On the other hand, the behavior of 24mm fiber length in concrete grade 40
MPa was different, since its density was greater than for the 12mm fiber length even
though the air content was higher, the rate of change is negligible. The scatter n
results is due to the fact that increasing the fiber ratio and fiber length, segregation
and non homogenous mixes were produced resulting in less accurate data.( Figure

3.9)
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2,380
2.360
2.340 +
2320 4+
2,300 +
2.280 +
2.261 A
2,240 4
22211 -
2.200 4
2,181 t + ' t + ¥

20 MPa, 12mm | y = -0.1108x + 2.365, R? = 0.8464

20 MPa, 24mm : y = -0.1182x + 2.365, R? = 0.8269

Density, g/em’

Fiber Percentage, %

——— 20} MPa. 12Zmm —{—=20 MPa. 2dmun
v o= inear Regression {20 MPa. 12mm) e | inur Regression (20 MPa. 24mm)

Figure 3.7 : The influence of the fiber length and the fiher concentration on the density of concrete for
all mixes of 20 MPa concrete grade and the regression curves.

2.460

2440

2,420

2,401 -

2.380 1

L

2.360 -

Density, gfem’

340+
23 40 MPa, 12mm : y = -0,0554x + 2.434, R? = 0.4893

2320 T 49 MPa, 24mm ; y = -0.0994x + 2.434, R? = 0 5667

2.310 + t
0 025 - LA 0358 1

Fiber Percentage, %

——p— 40 MPa, 12mm =40 MPa, 2dmm
o waem | inear Regression (4} MPa. 12mm) s |_ingar Regression (40 MPa. 24mm)

Figure 3.8 : The influence of the fiber length and the fiber concentration on the density of concrete for
all mixes of 40 MPu concrete grade and the regression curves.
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Table 3.3 : The results of air unit weight tested at 28 days for all mixes

Fiber Ratio | Fiber Length Dry Density Fiber Ratio | Fiber Length | Dry Density
% " mm g/em’ % mm g/cm’
0 - 2.365 0 - 2.434

0.5 12 2.309 0.25 12 2.430
0.75 12 2.255 0.5 12 2.381
1.0 12 2.231 0.75 12 2.406
1.3 12 2.228
0.5 24 2.271 0.25 24 2.448
0.75 24 2.298 0.5 24 2.421
1.0 24 2.219 0.75 24 2.322
1.5 24 2.207

Figure 3.9 : The non homogeneity obtained by increasing the fiber ratio and fiber

length. This mix contains 0.75%Vyand 24mm fiber length for concrete grade 40MPa.
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3.3.2 Compressive strength

The results for the compressive strength and the rate of variation (rate of

increase or decrease from the control mix as a percent) for both grades are

summarized in Table 3.4. The data indicate that the addition of fibers had no

positive effect on the compressive strength of concrete, on the contrary the

compressive strength for control mixes was higher than mixes incorporating fibers.

An exception to this was the mixes containing 12mm fiber at 0.25 and 0.5%V;in

grade 40 MPa. This may be related to the contribution of Melment L-10 which

increases the compressive strength by reducing the water/cement ratio at unchanged

consistency.

Table 3.4 : Compressive strength @ 28 days and the rate of variation for all the fiber

Rate of
Ratio | Length Strength Varation || Ratio | Length Strength Variation
%V mm MPa % %V mm MPa %
0 - 222 - 0 - 50.7 -
0.5 12 20.3 -8.6 0.25 12 51.8 2.2
0.75 12 18.7 -15.8 0.5 12 52.2 3
1.0 12 21.0 -5.4 0.75 12 474 -6.5
1.5 12 17.0 -23.4
0.5 24 17.8 -19.8 0.25 24 48.5 -4.3
0.75 24 20.4 -8.1 0.5 24 46.3 -8.6
1.0 24 19.8 -10.8 || 0.75 24 40.2 -20.7
1.5 24 17.5 -21.1
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Figures 3.10 and 3.11 show the influence of fiber volume fraction and the
effect of fiber length on the compressive strength. For concrete grade of 20 MPa a
linear regression analysis was adopted from which it is clear that the compressive
strength was reduced by increasing the fiber ratios for the two standard fiber
lengths. On the other hand, it indicates that the 12mm fiber length has a higher
compressive strength than the 24mm but the differences between the two are very
small. Meanwhile, a polynomial regression model was adopted for concrete grade of
40 MPa since the R? value obtained by this model is higher than the R’ value
resulted from the linear regression.(For 12mm fiber length the R? was 0.1603 from

linear regression compared to 0.9251 obtained from the polynomial model).

The drop in the compressive strength of glass fiber reinforced concrete may

be attributed to the following reasons :

® As the fiber percentage and length are increased, the probability of these

fibers nesting together and leaving large voids in the concrete is greater.

® [t is believed that glass fibers will suffer severe damage and loss of
strength since, during mixing and compacting a considerable abrasion and
impact forces are generated by the movement of aggregates. Zonsveld,

(1975).
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22
20 MPa. 24mm 1y =-3.2x+22.2, K = 0.412%
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Figure 3.10 : The effect of different fiber lengths and different fiber ratios on the compressive strength
of concrete grade 20 MPa and the regression CHrves.

40 MPa, 12mm | y = -22.653% + 12.805x + 50.7, R? = 0.9251

38 1

Compressive Strength, MPa

40 MPa, 24mm : y = -14.779%% - 2.6421x + 50.7, R? = 0.987

30 t ¥ t
0 .25 0.5 075 1

Fiber Percentage, %

—— 40 MPa. |2mm ! wecari— 40) MPa. 2dmm

== Polynomial Regression (40 MPa. 24mm) s Balynominl Regression (40 MPa. 2dmm)

Figure 3.11 : The effect of different fiber lengths and different fiber ratios on the compressive strength
of concrete grade 40 MPa and the regression curves.
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The results for the tensile strength at the age of 7, 14 and 28 days for the

control mixes as well as for the mixes reinforced with fibers are shown in Table 3.5,

Figures 3.12 to 3.15 indicate the relationship between the fiber volume fraction and

the tensile strength with the polynomial regression curves. Itis evident, as with

conventional concrete, glass fiber reinforced concrete exhibits a gain of strength

with time, this leads to the fact that bond improves with age.

Table 3.5 : The tensi

le strength tested at 7,14 and 28 days for all the mixes.

——

5

XL

Tensile Strength

Fiber | Fiber Tensile Strength Fiber | Fiber

Ratio | Length MPa Ratio | Length MPa

%V mm @ 7 days @ 14 @ 28 days || % V¢ mmn @ 7days | @ 14 days | @ 28 days
0 - 0.98 1.62 2.04 0 - 3.89 4.24 435
05 | 12 1.55 1,84 244 |[o25] 12 3.84 4.12 434

075 | 12 1.48 1.73 2.19 l 05 | 12 3.71 428 4.51
10 | 12 1.60 1.65 227 I 075 | 12 3.91 4.00 432
15 | 12 1.43 1.77 218

05 | 24 1.67 1.83 249 |[o25] 24 3.78 416 472

075 | 24 1.37 1.68 217 |05 | 24 3.94 4.49 468
10 | 24 1.85 1.89 216 |lo7s | 24 3.40 348 3.96
1.5 | 24 1.43 1.88 1.83
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The regression curves point out that there is an increase in tensile strength
with increasing glass fiber ratio up to a limit beyond which fiber addition does not

improve the strength. These ratio are summarized below:

Foctive Rafio,
0.75-1.0

24 0.75
12 0.25-0.5
24 0.25

The apparent loss in the tensile strength of the matrix beyond a certain
percentage (%V;) can be contributed to the increr.se in its porosity and the fact that
fibers are susceptible to damage by the movement of aggregates.

The effect of fiber length on the tensile strength for the different volume
fractions is illustrated in the Figures 3.16 to 3.22. It is clear that 24mm fiber length
produces a stronger product than the 12mm, an exception to this behavior was
noticed in concrete mix (grade 40 MPa) containing 0.75%V; where the reverse was
true. In general, the increase in the tensile strength of concrete incorporating fibers
can be associated to the fact that the glass modulus of elasticity and the strand

tensile strength are greater than the matrix (Table 3.6).
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2.6

Tensile Strength
MPa

tir 7 duys, R* = 0.9322

1.2 4
ta 14 days, R* = (L1783
1
(h 28 duys, RY = 04414
0.8 4 4 { } 4 $ +
0 0.25 0.5 0.5 1 1.258 1.5 1.75
Fiber Percentage, %
—O— T days —eedfl-— 14 days —k— 28 duys
= Poly. {7 dnys) ——Poly. (14 days) wmem = Poly, (28 duys)

Figure 3.12 : The influence of fiber volume Sraction on the tensile strength tested at 7,14 and 28 days
for concrete grade 20 MPa and fiber length 12mm with the polynomial regression curves.
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Figure 3.13 : The influence of fiber volume fraction on the tensile strength tested at 7,14 and 28 days
Jor concrete grade 20 MPa and fiber length 24mm with the polynomial regression curves.
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@ 14 duys, R = 0.46
(@128 days, R = 0.366
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Figure 3.14 : The influence of fiber volume fruction on the tensile strength tested at 7,14 and 28 duys
for concrete grade 40 MPa and fiber length 12mm with the polynomial regression curves.
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Figure 3.15 ;: The influence of fiber volume fraction on the tensile strength tested at 7,14 and 28 days
for concrete grade 40 MPa and fiber length 24mm with the polynomial regression curves.
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Figure 3.16 : The effect of fiber length on the tensile strength tested at 7,14 and 28 days for concrete
grade 20 MPa and fiber ratio 0.5%Vy.
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Figure 3.17 : The effect of fiber length on the tensile strength tested at 7,14 and 28 days for concrete
grade 20 MPa and fiber ratio 0.75%V .
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Figure 3.18 : The effect of fiber length on the tensile strength tested at 7,14 and 28 days for concrete
grade 20 MPa and fiber ratio 1.0%V}.
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Figure 3.19 : The effect of fiber length on the tensile strength tested at 7,14 and 28 days for concrete
grade 20 MPa and fiber ratio 1.5%V}.
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Figure 3.20 : The effect of fiber length on the tensile strength tested at 7,14 and 28 days for concrete
grade 40 MPa and fiber ratio 6.25%V.
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Figure 3.21: The effect of fiber length on the tensile strength tested at 7,14 and 28 days for concrete
grade 40 MPa and fiber ratio 0.5%V5.
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Figure 3.22: The effect of fiber length on the tensile strength tested at 7,1 4 and 28 days for concrete
grade 40 MPa and fiber ratio 0.75% ¥y

Figure 3.23: The mode of failure for concrete cylinders with and without fiber.
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Figure 3.22: The ¢ffect of fiber length on the tensile strength tested at 7,14 and 28 days for concrete
grade 40 MPa and fiber ratio 0.75 % Vr.

Figure 3.23: The mode of failure for concrete cylinders with and without fiber.
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Lt b

@ 2

Ordinary portland concrete  * 25000 - 40000 1-4
Glass Cem-FIL strand 72000 1700

The unreinforced cylinders failed suddenly and were split into separate
halves, while the fiber reinforced specimens merely cracked at failure without any

sign of collapse or separation ( Figure 3.23).

3.3.4 Durability

3.3.4.1 Change in Length

Tables 3.7 and 3.8 show the results (;f the change in length of specimens
subjected to freezing and thawing cycles carried out as part of durability test for the
two concrete grades 20 and 40 MPa respectively.

Figures 3.24 to 3.29 illustrate the influence of the presence of AR glass fiber
with different percentage and different fiber lengths on the change in length of the
specimen for the 20MPa concrete grade. The results indicate that expansion took
place in the specimens and its value is very high since the acceptable limit of
expansion should be 0.1%. Length change (expansion) is an indicator of internal

disruption and deterioration in the concrete. In general, glass reinforced concrete
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Figure 3.24 : The influence of fiber concentrations on change in length after n cycles of freezing and

thawing for concrete grade 20 MPa and 12mm gluss fiber length,
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Figure 3.25 : The influence of fiber concentrations on change in length after n cycles of freezing and

thawing for concrete grade 20 MPa and 24mm glass fiber length.
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Figure 3.26 : The effect of glass fiher length on change in length of the specimen after n cycles of

freezing and thawing for concrete grade 20 MPa and fiber ratio = 0.5% Vy.
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Figure 3.27 : The effect of glass fiber length on change in length of the specimen after n cycles of
freezing and thawing for concrete grade 20 MPa and fiber ratio = 0.75% Vy.
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Figure 3.28 : The effect of glass fiber length on change in length of the specimen after n cycles of
freezing and thawing for concrete grade 20 MPa and fiber ratio = 1.0% V;.
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Figure 3.29 : The effect of glass fiber length on change in length of the specimen after n cycles of
[freezing and thawing for concrete grade 20 MPua and fiber ratio = 1.5% V.
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exhibited lower expansion compared to plain concrete . At the same time the length
change increased by increasing the fiber volume fraction. For 24mm fiber length the

length change was less than the 12mm fiber length.

For concrete grade 40 MPa the behavior was slightly different. From Figures
330 to 3.34 it is observed that for 12mm fiber length the change in length of
specimen was greater than the plain concrete and reduced by increasing the fiber
ratio, while for the 24mm length, expansion increased by increasing the fiber ratio.
However, the differences are very small. The 12mm fiber length expanded more

rapidly than 24mm standard length.

3.3.4.2 Weight Change
Tables 3.9 and 3.10 show the results obtained from freezing and thawing test

for all the mixes for concrete grades 20 and 40 MPa respectively.

Comparison of glass fiber reinforced concrete with plain concrete indicates
that their behavior under freeze - thaw conditions is better since the weight loss is
lower than that of control mixes. Figures 3.35 to 3.40 show the relation between the

weight change and the number of cycles of freezing and thawing for concrete grade
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Figure 3.30 : The influence of fiber concentrations on change in length after n cycles of freczing and

thawing for concrete grade 40 MPa. and 12mm glass fiber length,
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Figure 3.31 : The influence of fiber concentrations on change in length after n cycles of freezing and

thawing for concrete grade 40 MPa. and 24dmm glass fiber length,
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Figure 3.32 : The effect of glass fiber length on change in length of the specimen after n cycles of

Sreezing and thawing for concrete grade 40 MPa and fiber ratio = 0.25% Vy.
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Figure 3.33 : The effect of glass fiber length on change in length of the specimen after n cycles of
[freezing and thawing for concrete grade 40 MPa and fiber ratio = 0.5% V.
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Figure 3.34 : The effect of glass fiber length on change in length of the specimen after n cycles of

freezing and thawing for grade

40 MPa and fiber ratio = 0.75% Vy.
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Figure 3.35 : The influence of fiber volume fraction on weight for concrete grade 20 MPa and 12mm

fiber length.
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Figure 3.36 : The influence of fiber volume fraction on weight for concrete grade 20 MPu and 24mm

fiber length.
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Figure 3.37 .

The relation between the change in weight as function of fiber length and the number of
epeles of freezing and thawing for concrete grade 20 MPa and fiber ratio = 0.5%Vs.
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Figure 3.38 : The relation between the change in weight as function of fiber length and the number of

cveles of freezing and thawing for concrete graf}é 20 MPa and fiber ratio = 0.75%V}.

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



Number of cycles of freezing and thawing

1] 50 100 150 200 250 300 350

—{F— 12mm
—i— 24mm

24mm

Weight Change, %

12mm

-7

Figure 3.39 : The relation hetween the change in weight as function of fiher length and the number of
cycles of freezing and thawing for concrete grade 20 MPa and fiber ratio = 1.0% V5.
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Figure 3.40 : The relation between the change in weight as function of fiber length and the number of
cyeles of freeting and thawing for concrete grade 20 MPu and fiber ratio = 1.5%V;.
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20 MPa. It is obvious that the control mix was severely damaged where-at the end
of the test the weight loss was -12.13%, this loss is attributed to the disruption
caused by expansion. Adding fiber improved the weight loss and increased by
increasing the fiber volume fraction. The weight loss for the 24mm fiber length was

lower than that for the 12mm.(Figures 3.41 to 3.44).

On the other hand, the behavior of mixes of concrete grade 40 MPa was

totally different. Figures 3.45 to 3.49 illustrate the effect of fiber length as well as

fiber percentage on the weight change. Itis clear that good resistance to freezing

and thawing is attained since the rate of weight change for fiber length 12mm ranges
from (-0.22 to -1.21)% for all the fiber ratios, and for 24mm fiber length ranges

from ( 0.13 to 1.57)%. hence, the differences are not significant. (Figures 3.50.2 and

3.50.b).

3.3.4.3 Ultrasonic Velocity
The results of ultrasonic velocity for all fiber volume fraction and both the
standard fiber lengths are summarized in Table 3,11 for concrete grade 20 MPa and

in Table 3.12 for concrete grade 40 MPa.
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Figure 3.41 : Weight loss after 300 cycles
of freezing and thawing for concrete
Grade 20mpa and fiber ratio = 0.5%Vy

Figure 3.42 : Weight loss after 300 cycles
of freezing and thawing for concrete
Grade 20mpa and fiber ratio = 0.75%V;

of freezing and thawing for concrete

Grade 20mpa and fiber ratio = L.0%Vy

Y~ -

Figure 3.44: Weight loss after 300 cycles
of freezing and thawing for concrete
Grade 20mpa and fiber ratio = 1.5%Vy
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Weight Change, %

Number of cycles of freezing nnd thawing

—{—12mm

= 24mm

Figure 3.47 : The relation between the change in weight as function of fiber length and the number of
cyeles of freezing and thawing for concrete grade 40 MPa and fiber ratio = 0.25%Vy .
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Figure 3.48 ; The relation between the change in weight as function of fiber length and the number of
eyeles of freezing and thawing for concrete grade 40 MPa and fiber ratio = 0.5%Vy.
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Figure 3.49 : The relation between the chang,
eyeles of freezing and thawing for concrete grade 40 MPa and fiber ratio = 0.75%V .
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Figure 3.50.a : Weight change after 300
all the fiber ratios and 12mm fiber length.
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It is shown that the ultrasonic pulse velocity which is an indicator to

microcracking improved by the addition of glass fibers. Figures 3.51 to 3.56 show

the effect of fiber length and fiber percentage on the velocity for concrete grade

20MPa. It is observed that the velocity decreased by increasing the fiber percent and

is higher for 12mm than 24mm fiber length. An exception to this behavior was

noticed for fiber percent 0.75%Vs where the reverse was true. The lower value for

24mm is attributed to the higher air content and lower density since the velocity is

directly proportional to the density.

Figure 3.50.b : Weight change after 300 cycles of freezing and thawing for concrete

grade 40MPa, and for all the fiber ratios and 24mm fiber length.

hts Reserved - Library of University of Jordan - Center of Thesis Deposit

All Ri



1s00e@ S1Say L JO e - Ueplor Jo AYISIBAIUN JO Akeid!T - paARSSY SIYDIY ||V

org LLE arr r fr | ot o | of't 9T b e | oSEr &9t r CLD
vre | 6TF fEr | BEE W e [T ISk Sy (173 i T 2N T tZ £
$rE | 00r | 9CF 99t 59t e | wer 99t 99°F | %9t o r | exr t0's FT €0
6 | 8FE g | rey byE 133 FUE LEE | I8¢ RRC | 267¢ 55t | OLF [ L0
Ist | &5t ISt | 3t rr 6tr st ot | Wt CTH O B Ay ret | 88 4 <0
t2E | 3T | MY LYF 89t e | €Lr 9T 65T | 65F st | 98'r LE'F 7l T0
£ | £87¢ 133 W 65k | 1Lt 08 98 | 9L'F 98F 08F | t8°F 9t - 0
yidury raqid | 1wasaag s3qed

oo [ eez { 1ot | tst | rev | stz | o1z | iot | 68U | 141 § T9T } £S1 | trt | €€I | LIl | BOL | 06 © €9 Sr I%4 81 6 ON 38D

“305/ury] *A)130]3A NUOSEI () -
BJIA OF : OPEIN 21240100

81

sadvuaaiad saqif ayp v puv sYISUI| pIUPUDIS
2q1f 3y1 y10q 40f VI gp apv48 21240100 d0f Sumwiyy pup Sui2aasf fo sopdd u 421fv G208 Jmosvyp Y[ S Z]E VL

o0z | 9Tt T | 8ot 10f | 642 YO} LR Tt 8¢ 91 i | aey T |
671 9571 | 291 oIt sg1 | 1% SIT ]8T 3LE 9% | EOT vo'Y il !
TN IR ard 6T 1 1T ¥R'T | LOE FOE | ALY 98¢ S6E 36 10F LUF rZ L0
0y 1 £01 | 6Lt e | ez 9T | 06T £ e | owor $1r e L arv || - w2 <G
ST | 9t 181 | 691 BT | 8 AN 187 r&'c soE 9ug | Lyt Y 4] €]
Ly | e 00z | 907 £rz | 91 0T e Pt LINY e | 69t s0F i 1
Lol TN AR o't 5¢71 | s0°7 9T 8Tz o 597 f{ixY 09t £9¢ zl Lo
F9l 1oz | r01 05T teT ] 16T £e 1ee | 6k ¢ e ECt (@t Zl <0
LTl T | 6Tl €01 et | 561 e L 00z L1t ire 66'% - )]
3ur] sagig | waasad 22ai3
v | sez oz | st | rez | szz | coz | emt | esr §oeoe | oern | ser [ 2 [ s 66 06 43 £9 S St Lz st (] ON AIND

U D0 A JIUoSRI ()
EJIA (17 D ApEID 21010un)

sadmuanaad aaq1f 21} 1o pup sippduap pappunis
12q1f 2y 04 10§ DRy P 2PUAE 21243003 40§ Tty pUY Jurzooaf fu sap u 10)fi An20p00 J1UOSHAN Y[ T [ [ D ]




82

Ultrasonic Velocity, Km/sec,

50 100 150 200 150 300
Number of eycles of freezing and thawing

350

il ()%
~—1—0.5%
—k—(.75%
—— 1%
—f— | 5%

Figure 3.51 : The influence of fiber percentage on ultrasonic velocity after n cycles of freezing and

thawing for concrete grade 20 MPa and i2mm standard length.
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Figure 3.52 : The influence of fiber percentage on ultrasonic velocity after n cycles of freezing and

thawing for concrete grade 20 MPa and 24mm standard length.
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Figure 3.53 : Relation between ultrasonic velocity and the number of cycles of freezing and thawing as

a function of fiber length for concrete grade 20 MPa. and fiber ratio = 0.5% V.
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Figure 3.54 : Relation between ultrasonic velacity and the number of cyeles of freeting and thawing as

a function of fiber length for concrete grade 20 MPa. and fiber ratio = 0.75%Vy.
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Figure 3.55 ; Relation between ultrasonic velocity and the number of cycles of freezing and thawing as

a function of fiber length for concrete grade 20 MPa. and fiber ratio = 1.0%Vy.
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Figure 3.56 : Relation between ultrasonic velocity and the number of cycles of freezing and thawing as

a function of fiber length for concrete grade 20 MPa. and fiber ratio = L.3%V;.
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For concrete grade 40 MPa the effect of fiber ratio as well as ﬁbér length is
illustrated in Figﬁres 3.57 to 3.61. The differences between the 12mm and 24mm
fiber length are negligible for fiber ratio 0.25 and 0.5%Vg, while for fiber volume
fraction 0.75%V; the velocity was greater for the longer fiber and this behavior is

strange since the air content is greater thus it should be less.

The classification of concrete according to the ultrasonic pulse velocity 1s
shown in Table 3.13 from which itis evident that the quality of 20 MPa concrete

grade ranges from poor to very poor, meanwhile, it ranges from good to doubtful for

the 40 MPa concrete grade.

Table 3.13: Classification of the quality of concrete on the basis of ultrasonic pulse
velocity measured at 300 cycles of freezing and thawing.( Neville, 1989}

Fiber Fiber Pulse | Quality | Fiber Fiber Puse | Quality

Ratio Length Velocity of Ratio Length Velocity of
%V mm Km/sec. Concrete %Vr mm Km/sec. Concrete
0 - 127 Very Poor 0 - 333 Doubtful
0.5 12 1.64 Very Poor 0.25 12 - 384 Good
Q.75 12 1.07 Very Poor | 0.5 12 451 Excellent
1 12 1.79 Very Poor 0.75 12 3.39 Doubtful
1.5 12 1.25 Very Poor
0.5 24 150 | VeryPoor |f 0.25 24 345 | Doubthul
0.75 24 1.78 VeryPoor || 0.5 24 4.44 Good
1 24 1.29 Very Poor 0.75 24 3.40 Doubtful
1.5 24 2.00 Poor
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Another classification was conducted for the quality of concrete according to
the durability factor which is calculated as the square of the ratio of pulse velocity
at 300 cycles to 'initial pulse velocity. The results are presented in Table 3.14, it
should be mentioned that there are no established criteria for acceptance or rejection
of concrete in terms of durability factor; its value thus primanly in companson of

different concretes.( Neville, 1989)

Table 3.14: Classification of the quality of concrete according to the durability factor
estimated from the pulse velocity ( Neville, 1989)

Fiber Fiber | Durability | Quality || Fiber | Fiber Quality

Ratio Length Factor |- of Ratio Length Factor of

% Vs mm % Concrete %V mm % Concrete
0 - 10 Unsatisfactory 0 - 489 Doubtful
0.5 12 19 Unsatisfactory 0.25 12 59.7 Doubtful

075 - 12 8.7 Unsatisfactory 0.5 12 854 Satisfactory
1 12 19.5 Unsatisfactory 0.75 12 50.7 Doubtful
1.5 12 11 Unsatisfactory

05 24 13.2 Unsatisfactory 0.25 24 47 Doubtful

0.75 24 18.2 Unsatisfactory 0.5 24 85.9 Satisfactory
1 24 10.2 Unsatisfactory 0.75 24 52.6 Doubtful
15 24 21.0 Unsatisfactory

Figure 3.62 shows the relation between the fiber volume fractions and the

durability factor as a function of fiber length.
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Figure 3.57 : The influence of fiber percentage on ultrasonic velocity after n cycles of freeting and

thawing for concrete grade 40 MPa and 12mm standard length
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Figure 3.58 : The influence of fiber percentage on ultrasonic velocity after n cycles of freezing and

thawing for concrete grade 46 MPa and 24mm standard length
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Figure 3.59 : Relation between ultrasonic velocity and the number of cycles of freezing and thawing as
a function of fibher length for concrete grade 40 MPa and fiher ratio = 0,25%Vy
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Figure 3.60 ; Relation between ultrasonic velocity and the number of cycles of freezing and thawing as

a function of fiber length for concrete grade 40 MPa and fiber ratio = 0.5%Vz
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Figure 3.61 : Relation between ultrasonic velocity and the number of cycles of freezing and thawing as
a function of fiber length for concrete grade 40 MPa and fiber ratio = 0.75% Vs
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Figure 3.62 : Relation between durability factor and the fiber volume fraction as a function of fiber

Lengths for the two concrete grades.
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CHAPTER FOUR
CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

Based on the results of this investigation, the following conclusions can be

drawn regarding the behavior of AR glass reinforced concrete :-

i. The slump value increased by reducing the amount of glass fibers and the fiber
length. The presence of fiber turned the consistency of the mixes to stiff and
difficult to handle, segregation and honeycombing was noticed. The workability
of the glass reinforced mixes was generally poor to very poor.

ii. More air was entrapped in concrete mixes containing fibers than the control
mixes. Since fibers tend to interlock in some fashion to form a mat like a bird
nest from which it is very difficult to dislodge and compact.

iti. Glass reinforced concrete density was lower than that of plain concrete.
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iv. The addition of fibers has little or no effect on the compressive strength of
concrete. As the fiber percentage and length are increased, the probability of
these fibers nesting together and leaving large voids in the concrete 1s greater
thereby reducing the compressive strength.

v. With large aggregate sizes, the glass fibers will disrupt and will lose some of its
strength, thereby become less effective.

vi. The results indicate clearly that the tensile strength ismore affected by the
presence of randomly distributed glass reinforcement than the compressive
strength of concrete.

vii. The addition of glass fibers changes the way in which concrete failed. Plain
concrete failed suddenly while glass fiber reinforced concrete developed cracks
first, then the cracks widened and gradually failed ( increase the ductility).

viii. The presence of fibers improves the durability compared to control mixes by
decreasing the weight loss, reducing the change in length and increasing the
pulse velocity. On the other hand, increasing fiber peréentage reduces the
durability.

ix. The behavior of concrete mixes of grade 40 MPa was better than 20 MPa since
their classification according to velocity and durability factor was good to

doubtful while for 20 MPa was poor.
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x. Bleeding occurred in mixes of concrete grade 20 MPa. It is observed that the

presence of fiber reduces bleeding,

4.2 _RECOMMENDATIONS

The following recommendations may be useful in improving the fiber incorporation
in concrete :

i. Use the superplasticizers should be considered mainly as an aid to increase the
workability.

ii. Fiber bundles are porous themselves and the introduction of large quantities of
such reinforcement also requires greater amounts of mixing water, so it may be
advisable to immerse glass fiber in water for a peniod of time before mixing,

iii. In theory, 24mm chopped strands should produce greater strength than 12mm,
but it was observed from practice that there are often little differences so it is
preferable to use 12mm strand length because it is easier to incorporate,

iv. The effective fiber volume fraction shall not exceed 0.5% V¢, since beyond this

limit segregation and non homogenous mixes were produced.
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v. Additional research studies are required to :
- Study the effect of varying the water/cement ratio, or the aggregate cement
ratio.
- Try to optimize the effective quantity of the glass fiber

from which the workability and the strength requirements are fulfilled.

- To find a way to minimize the damage of glass fibers.
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