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ABSTRACT

The conventional plain cement concrete has been widely used but it has a certain
limitations like low brittleness, tensile and flexural strength. Therefore, to overcome these
limitations fibers are incorporated in the concrete mix. Fiber reinforced concrete consists of
hydraulic cement, water, fine or fine and coarse aggregate and discontinuous discrete fibres. It
may also contain pozzolans, superplasticisers and other admixtures commonly used with
concrete to increase its workability. There are various types of fibers such as steel, carbon, nylon,
polypropylene, asbestos and alkali resistant glass but steel is the principal type of fibre and is
most commonly used while others are used for specific applications only. The incorporation of
steel fibres in concrete increases its resistance to tensile stresses and modifies its ductility
depending upon the fibre concentration and its distribution. The physical characteristics of the

fibres affecting the concrete behavior are the aspect ratio, shape and volume fraction.

Formation of voids and cracks reduces the strength of plain cement concrete in the
hardened state as the increase of stress causes the cracks to merge and propagate and thus the
number and size of cracks increases. This initiation and growth of new cracks reduces the load
carrying capacity of plain concrete and hence the specimen fails. The incorporation of fibres in
concrete enhances the crack arrest mechanism, exhibiting superior post cracking ductility and
significantly higher load carrying capacity with substantially reduced cracking in terms of size
and number of cracks. So fibres appear as a good tool for improving the strength characteristics

of cement concrete matrix.

As steel fiber has high ductility and resistance to tensile stress, incorporation of steel fibre
in the mix results into the increase of flexural strength and also the compressive strength of the
matrix. In the present study we are going to design a matrix with varying percentage of cement,
fly-ash, steel fibres, water and aggregate; so as to obtain a steel fibre reinforced concrete which is
effective, efficient and economical. For obtaining this result blocks of size 150 x 150 x 150mm

for various proportions of mixes have been tested and their results have been compared.

The method of analysis taken was the Finite Element and the soft language used is the
MATLAB. The code was to be developed in MATLAB involving steps of analysis of structures
by Finite Element Method.
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CHAPTER-I
INTRODUCTION

1.1 GENERAL

From a rail dominant economy in the 1950s, India has become g decidedly road dominant
economy in the 1990s. The roadways have grown rapidly in independent India. Ranging from the
cross-country link of the national highways to the roads in the deepest interiors, the country has a
road network of 3.3 million km, making it the second largest road network in the world (19). US
lead the world with 6.43 m km of roadways. China has 1.87 million km’s and Brazil has 1.75

million km's and Japan at 1.18 million km's.

With such a vast network of roads what really does matter is the condition of these roads.
No doubt the condition of roads has improved in the recent years with technological and
economical advancement. But outside the major cities, main roads and other roads are poorly
maintained and congested. The main factors affecting a highway are vehicular loads, variation in
temperature and moisture. The combined affect of these are responsible for setting up tensile
stresses in concrete. Now concrete which has a weaker tensile strength than compressive strength

tends to develop cracks.

Micro cracks start to generate in the matrix of the concrete. The magnitude of the
combined stresses of concrete should always be below the flexural strength in order to safeguard
against the formation and prorogation of cracks, as also to ensure the structural stability and
desired serviceability under the worst traffic and environmental conditions. To improve the
condition of roads so as to improve the tensile strength, flexural strength, toughness and impact
resistance of concrete various researches has been conducied. These researches have provided
information that all these parameters can be improved upon by reinforcing the concrete by

various types of fibre (7).

1"




It has been observed that by varying the size and volume of fibre, the steel fibre
reinforced concrete mix do not show a substantial improvement in strength as compared to mixes
without fibres. But using fibres in concrete increases the post cracking tensile behavior and
ductility. Incorporation of fibre in concrete can be used to reduce the thickness of pavements and
hence improves the strength characteristics and load bearing capacity of the pavement. The fibre
tends to increase the initial capital cost but reduces the subsequent maintenance cost. Various
fibre types are currently being specified in bridge decks, ultra-thin white topping pavements, thin
unbounded overlays, and concrete bus pads.

Steel Fibre Reinforced Concrete (SFRC) is.a composite material comprising:
a. hydraulic (Portland) cement
b. aggregate
c. sand
d. water

e. A dispersion of discontinuous steel fibres.

It may also contain supplementary cementitious material (such as fly ash, silica fume or
ground granulated blast furnace slag) and/or additives (admixtures) commonly used in
conventional concrete. The uniform distribution of fibres in a well proportioned and graded
concrete is essential to achieving appropriate ductility which is fundamental to the performance

of Steel Fiber Reinforced Concrete.

1.2 SCOPE OF STUDY

The properties of fibre reinforced concrete mixes and the effect of various mix design parameters
such as aggregating grading, water cement ratio, fibre types, volume and aspect ratio of fibres on
the strength characteristics has now been well established as a result of numerous research
investigations carried out to date. Recent work preformed in U.S.A. by Zheng and Chung
showed the approximate doubling of the flexural strength with only 0.3 ~01.8 carbon fibres - an
improvement resulting from the use of chemical agents(9). Another research by M.Sargaphuti, S.
P. Shah, and K. D. Vinson showed how introduction of cellulose fibre reduces the adverse

effects of shrinkage cracking. However, after being subjected to repeated wet/dry cycling, a 40
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percent drop in toughness of both cellulose and polypropylene fibre composite was also

observed.

In order to utilize the present study for rigid pavements, it would be necessary to examine
the experimental behavior of plain cement concrete, plain cement concrete with fly ash and steel
fibre reinforced concrete mixes in comparison to each other and then determine the cost and
strength associated with the use of each. Due to superior crack arrest properties and improved
flexural strength of the steel fiber composites, it could be a fair Judgment that fibre reinforced
concrete pavements would be able to bear loads up to the upper limit and may show an entirely

different cracking behavior under increasing loads beyond the first cracking load.

The finite element method technique can be extended towards the solution of layered
system problems by incorporating numerically integrated finite elements. Finite element
software should have been used in this analysis but due to unavailability of the software the
analysis is done using MATLAB to evaluate the stresses and deflection in pavements and
subgrade. The main advantage of using software for the analysis is that it can save a lot of time

of calculations.
1.3 EXPERIMENTAL PROGRAM

The present investigation aims at cevaluating the experimental behavior of SERC mixes. This is
done by investigating the effectiveness and structural adequacy of SFRC composites. The

experimental study has been divided into the following:

. Preparing concrete mixes.
il.  Laboratory testing of plain cement concrete mixes for evaluation of strength
characteristics i.e. compressive strength.
iii.  Preparing PCC mixes by adding fly ash to the concrete,
iv.  Laboratory testing of PCC mixes for evaluation of strength characteristics.
v.  Preparing FRC mixes by adding various percentages of fibres in the mix.
vi.  Laboratory testing of FRC mixes for evaluation of strength characteristic.
vii.  Comparing the results of various mixes.

Viii.  Analysis of stresses, strains and deflections of subgrade due to application of load on

pavement using MATLAB.

5]
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CHAPTER - 2

LITERATURE REVIEW

2.1 GENERAL

By adding steel fibre it is possible to improve the tensile strength and increase the ductility but
fibre should be of appropriate size, shape and aspect ratio. Due to these properties the thickness
of pavement can be reduced up to 40% (7). Fibre addition also improves the impact and fatigue
resistance and thermal cracking is eliminated resulting in a smoother riding surface and higher

stability of the pavement.

One of the important properties of steel fibre reinforced concrete is its superior resistance
to cracking and crack propagation. As a result of this ability to arrest cracks, fibre composites
possess increased extensibility and tensile strength, both at first crack and at ultimate. particular
under flexural loading; and the fibres are able to hold the mix together even after extensive
cracking. The net result of all these is to impart to the fibre composite pronounced post —
cracking ductility which is not present in ordinary concrete. The addition of fibre transforms the
mix from a brittle to a ductile type of material would increase substantially the energy absorption
characteristics of the fibre composite and its ability to withstand repeatedly applied, shock or

impact loading.

2.2 HISTORICAL REVIEW

2.2.1 Early Developments

The oldest mode of travel obviously was on foot-paths. Later on the discovery of wheel

brought up the necessity of providing a hard surface for these wheeled vehicles to move. Such a
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hard surface is believed to have existed in Mesopotamia in the period about 3500 B.C. The first

road on which there is some authentic record is that of Assyrian empire by about 1900 B.C (3),
2.2.2 Roman Roads

Only during the roman period the roads were constructed on vast scales which were
mainly aimed for military operations. Hence they are considered to be pioneers in road
construction. The Apian Way as built in 312 B.C. extending over 580 km still exists after 2000

years.
2.2.3 Treasaguet Construction

After the fall of Romans, their technique of road construction did not gain popularity in
other countries. Until the eighteenth century there is no evidence of any new road construction
method, expect of using the older concept of thick construction of road beads as roman did.
Pierre Tresaguet (1716 - 1796) developed an improved construction in France by the year 1964
A.D. The main features of his proposals was that the thickness of construction need be only the
order of 30 ¢cm due to the consideration given by him to subgrade moisture condition and

drainage of surface water.
2.2.4 Macadam Construction

John Macadam (1756-1836) put forward an entirely new method of road construction as
compared to all the previous methods in 1815. He improved the subgrade drainage and
compactions were recognized. He replaced the heavy foundation stones with smaller broken
stones placed at the bottom, with advantage. This technique was having better load dispersion
characteristics of compacted broken stone aggregate of smaller size. It was the first method
based on scientific thinking, One of the most popular methods which is even now prevalent in

many countries is the water bound macadam (WBM), known after Macadam’s technique (3).

2.2.5 Further Developments

k The WBM were considered to be one of the superior methods until the fast moving
vehicles start using these roads causing problems of dust. mud in monsoon season etc... The next

development was the penetration and bituminous macadam and other type of surface dressing

T
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methods using bituminous materials. For better performance superior mixes like the bituminous
carpet and bituminous concrete were also developed in a scientific way. The uses of cement
concrete for roads have been popular even prior to the use of bituminous mixes. The cement
concrete roads could be designed to keep up the heaviest loads expected on the roads even in

adverse soil and climatic condition and to last for a long service life (3).

2.3 HISTORY OF CONCRETE

In Serbia, remains ot a hut dating from 5600 BC have been found, with a floor made of red lime.
sand, and gravel. The pyramids of Shaanxi in China, built thousands of years ago, contain a

mixture of lime and volcanic ash or clay.

The Assyrians and Babylonians used clay as cement in their concrete. The Egyptians
used lime and gypsum cement. In the Roman Empire, concrete made from quicklime, pozzolanic
ash/ pozzolana and an aggregate made from pumice was very similar to modern Portland cement
concrete. The secret of concrete was lost for 13 centuries until in 1756, the British engineer John
Smeaton pioneered the use of hydraulic lime in conerete, using pebbles and powdered brick as
aggregate. Portland cement was first used in concrete in the carly 1840s. In modern times the use
of recycled materials as concrete ingredients is gaining popularity because of increasingly
stringent environmental legislation. The most conspicuous of these is fly ash, a byproduct of coal
fired power plants. This has a significant impact by reducing the amount of quarrying and
landfill space required. The properties of concrete have been altered since Roman and Egyptian
times, when it was discovered that adding volcanic ash to the mix allowed it to set under water.
Similarly, the Romans knew that adding horse hair made concrete less liable to crack while it
hardened, and adding blood made it more frost resistant. In modern times, researchers have
added other materials to create concrete that is extremely strong, and even concrete that can
conduct electricity. As of 2005 about six billion cubic meters of concrete are made each year,
which equals one cubic meter for every person on Earth. Conerete is used more than any other

man-made material on the planet (10, 19).
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2.4 HISTORY OF STEEL FIBRE REINFORCED CONCRETE

The concept of using fibre as reinforcement is not new. Fibres have been used as reinforcement
since ancient times. Historically. horsehair was used in mortar and straw in mud bricks. In the
carly 1900s, asbestos fibre were used in concrete, and in the 1950s the coneept of composite
materials came into being and fiber reinforced concrete was one of the topics of interest. There
was a need to find a replacement for the asbestos used in concrete and other building materials
once the health risks associated with the substance were discovered. By the 1960s, steel, glass
(GFRC), and synthetic fibre such as polypropylene fibre were used in concrete, and research into

new fiber reinforced concretes continues today.

The application of SFRC was first started in 1968 when & short length of fibres reinforced
road leading to Machinery Division of the National Standard Company Plant at Niles, Michigan
was constructed (7, 36). In 1973, an extremely interesting project was undertaken by Collin D.
Johnson at the University of Calgary, Calgary, Alberta, Canada. Under this project plain concrete
and SFRC were laid on gravel sub base under adverse conditions of temperature and weather. [t
was observed that SFRC pavement with fibre reinforced percentage 0.5-1.0 % offered the
possibility of reducing the pavement thickness by 60-70% of that of PCC. Also the damage

incurred by SFRC pavement slabs was appreciably lower than concrete pavements (7, 20).

SFRC has been recognized as an acceptable material for heavy duty pavements and
numerous other uses. Progress in the applications of the material is also being made in Canada,

Japan, Australia. England. Western Europe, New Zealand and India.

2.5 USE OF FLY ASH IN CONCRETE PAVEMENTS
2.5.1 Introduction

Coal fly ash is a coal combustion product that has numerous applications in highway
construction. Since the first edition of Fly Ash Facts for Highway Engineers in 1986, the use of

fly ash in highway construction has increased and new applications have been developed. Fly ash

T Pa




has been used in roadways and interstate highways since the early 1950s. In 1974, the Federal

Highway Administration encouraged the use of fly ash in concrete pavement (21).

Fly ash is most commonly used as a pozzolan in PCC applications. Pozzolans are
siliceous or siliceous and aluminous materials, which in a finely divided form and in the presence
of water, react with calcium hydroxide at ordinary temperatures to produce cementitious
compounds. The unique spherical shape and particle size distribution of fly ash make it good
mineral filler in hot mix asphalt (HMA) applications and improves the fluidity of flowable fill
and grout. The consistency and abundance of fly ash in many areas present unique opportunities

for use in structural fills and other highway applications.

The use of fly ash in Portland cement concrete pavements has many benefits and
improves concrete performance in both the fresh and hardened state. Fiy ash use in concrete
improves the workability of plastic concrete, and the strength and durability of hardened
concrete. Fly ash use is also cost effective. When fly ash is added to concrete, the amount of
Portland cement may be reduced. Benefits to concrete vary depending on the type of fly ash,

proportion used, other mix ingredients, mixing procedure, field conditions and placement.

2.5.2 Benefits of Using Fly Ash

1. Benefits to Fresh Concrete: - Generally, fly ash benefits fresh concrete by reducing the
mixing water requirement and improving the paste flow behavior. The resulting benefits are as

follows:

a. Improved workability: The spherical shaped particles of fly ash act as miniature ball
bearings within the concrete mix, thus providing a lubricant effect. This same effect also
improves concrete pump ability by reducing frictional losses during the pumping process

and flat work finish ability.

" b. Decreased water demand: The replacement of cement by fly ash reduces the water

demand for a given slump. When fly ash is used at about 20 percent of the total
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cementitious, water demand is reduced by approximately 10 percent. Higher fly ash
contents will yield higher water reductions. The decreased water demand has little or no
effect on drying shrinkage/cracking. Some percentage of fly ash is known to reduce

drying shrinkage in certain situations.

¢. Reduced heat of hydration: Replacing cement with the same amount of fly ash can
reduce the heat of hydration of concrete. This reduction in the heat of hydration does not
sacrifice long-term strength gain or durability. The reduced heat of hydration lessens heat

rise problems in mass concrete placements,

2. Benefits to Hardened Concrete: One of the primary benefits of {ly ash is its reaction with
available lime and alkali in concrete, producing additional cementitious compounds (21}. The
following equations illustrate the pozzolanic reaction of fly ash with lime to produce additional

calcium silicate hydrate (C-S-H) binder:

(hydration)
Cement Reaction: CS + H — CSH + CaOH
Pozerolanic Reaction: CaOH + 5 — C-5-H

sitica from
ash constituents

2. Increased ultimate strength: The additional binder produced by the fly ash reaction
with available lime allows fly ash concrete to continue to gain strength over time,
Mixtures designed to produce equivalent sirength at early ages (less than 90 days) will

ultimately exceed the strength of straight cement concrete mixes.
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Figure 2.1: - Typical strength gain of fly ash concrete (21).

b. Reduced permeability: The decrease in water content combined with the production of

Cecreasing permeability «——

additional cementitious compounds reduces the pore interconnectivity of concrete, thus
decreasing permeability. The reduced permeability results in improvect long-term

durability and resistance to various forms of deterioration.
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Figure 2.2: - Permeability of fly ash concrete (23)
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c¢. lmproved durability. The decrease in free lime and the resulting increase in
cementitious compounds, combined with the reduction in permeability enhance concrete
durability. This affords several benefits:
- Improved resistance to ASR. Fly ash reacts with available alkali in the concrete, which
makes them less available to react with certain silica minerals contained in the

aggregates.

- Improved resistance to sulfate attack. Fly ash induces three phenomena that improve

sulfate resistance:
+ Fly ash consumes the free lime making it unavailable to react with sulfate.
* The reduced permeability prevents sulfate penetration into the concrete.
- Replacement of cement reduces the amount of reactive aluminates available,

- Improved resistance to corrosion. The reduction in permeability increases the resistance

to corrosion.
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CHAPTER - 3

MECHANISM OF FIBER REINFORCEMENT AND ITS
APPLICATION IN PAVEMENTS

3.1 GENERAL

Concrete is inherently a brittle material, with low tensile strength and limited ductility.
Contribution of the conventional steel reinforcements in RCC construction in taking care of the
tensife stresses is limited in its own plane. Widespread cracking due to secondary effects like
temperature and shrinkage in fresh concrete is quite common, which affects its performance,
Incorporation of discontinuous, diserete. uniformly dispersed fibre in the matrix of concrete or
mortar improves tensile and flexural strength, ductility, toughness, and impact and fatigue
resistance of the composite (FRC) manifold. compared to the plain concrete. Another weakness
in common concrete construction is that water, in excess of what is needed for hydration and
strength properties, is required to be added for achieving workability.

Taking advantage of these characteristics, FRC, finds application in roads and airfield
pavements, runways and taxiways, overlays, industrial floors, blast-resistant structures, hydraulic
structures like dams, spillways, tunnel lining, underground roof support with shotcrete, repairs
and restoration and many others, Improved ductility is of advantage in earthquake resistant
structures (30).

Therefore it becomes necessary to understand the mechanism of fiber reinforcement. This

chapter will discuss the mechanism of fiber reinforcement.
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3.2 BASIC MECHANISM OF FIBER REINFORCEMENT

Fibre influences the mechanical properties of concrete in all modes of failure, especially those
that induce fatigue and tensile stresses. The strengthening mechanism of fibre involves transfer
of stress from the matrix to the fiber by interfacial shear or by interlock between the fiber and the
matrix. With the increase in the applied load, stress is shared by the fiber and the matrix in
tension until the matrix cracks; then the total stress is progressively transferred to the fiber, till
the fibre are pulled out, or yield, or break in tension (ACI 544.4, 1994). Fiber efficiency and the
fiber content are the important variables controlling the performance of FRC. Fiber efficiency is
controlled by the resistance to pullout, which depends on the bond at the fiber-matrix interface.
Pullout resistance increases with fiber length. Since pullout resistance is proportional to
interfacial area, the smaller the diameter, the larger is the interfacial area available for bond. For
a given fiber length, smaller the area, more effective is the bond. The composite effect of these
two variables is expressed by the ‘aspect ratio” (length/diameter). Fiber efficiency increases with

increase in ‘aspect ratio’ (30).

3.3 THE VARIABLES AFFECTING FIBRE REINFORCED CONCRETE

The contribution of fiber to the composite depends upon:

a. The fiber material and type,

b. Length (L), diameter (d) and aspect ratio (L/d), as discussed above.

€. Volume concentration of fibre in the matrix. In case of steel it varies from low volume
(<0.5 %), moderate (1 — 3 %) or high volume (3% +). For low volumes indicated, normal
batching, mixing and casting procedures are adopted and no additional precautions are
needed. For moderate and high volumes. there may be tendency for the fibre to *ball’ and
workability of concrete may be reduced. For large volumes, special techniques like slurry

infiltration, shotcrete or pressures forming are adopted (30).

3.4 PROPERTIES OF CONCRETE

Concrete is an artificial conglomerate stone made essentially of Portland cement, water, and

aggregates. When first mixed the water and cement constitute a paste which surrounds all the
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individual pieces of aggregate to make a plastic mixture. A chemical reaction called hydration
takes place between the water and cement. and concrete normally changes from a plastic to a
solid state in about 2 hours, Thereafter the concrete continues to gain strength as it cures.

During the first week to t0 days of curing it is important that the concrete not be
permitted to freeze or dry out because either of these, occurrences would be very detrimental to
the strength development of the concrete. Theoretically, if kept in a moist environment, concrete
} will gain strength forever, however, in practical terms; about 90% of its strength is gained in the
first 28 days (14). Concrete has almost no tensile strength (usually measured to be about 10 to
15% of its compressive strength), and for this reason it is almost never used without some form
of reinforcing. Its compressive strength depends upon many factors, including the quality and
proportions of the ingredients and the curing environment. The single most important indicator
of strength is the ratio of the water used compared to the amount of cement. Basically, the lower
this ratio is, the higher the final concrete strength will be. (This concept was developed by Duff
Abrams of The Portland Cement Association in the early 1920s and is in worldwide use today.)
A minimum w/c ratio (water-to-cement ratio) of about 0.3 by weight is necessary to ensure that
the water comes into contact with all cement particles (thus assuring complete hydration). In
practical terms, typical values are in the 0.4 to 0.6 range in order to achieve a workable
consistency so that fresh concrete can be placed in the forms and around closely spaced

reinforcing bars (14). Typical stress-strain curves for various concrete strengths are shown in.fig
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f Figure 3.1: - Stress-strain curve for different compressive strength (14)
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During hydration and hardening, concrete needs to develop certain physical and chemical
properties. Among other qualities. mechanical strength. low moisture permeability. and chemical

and volumetric stability are necessary.

I. Workability
Workability is the ability of a fresh (plastic) concrete mix to fill the form/mould properly

with the desired work (vibration) and without reducing the concrete's quality. Workability
depends on water content, aggregate (shape and size distribution), cementitious content and age
(level of hydration), and can be modified by adding chemical admixtures. Raising the water
content or adding chemical admixtures will increase concrete workability. Excessive water will
lead to increased bleeding (surface water) and/or segregation of aggregates (when the cement
and aggregates start to separate), with the resulting concrete having reduced quality. Workability
can be measured by the "slump test,” a simplistic measure of the plasticity of a fresh batch of
concrete. Slump can be increased by adding chemical admixtures such as mid-range or high-

range water reducing agents (super-plasticizers) without changing the water/cement ratio.
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Figure 3.2: - Slump test

II. Curing

It is well known that the cement requires time to fully hydrate before it acquires strength

K and hardness, concrete must be cured once it has been placed and achieved initial setting. Curing
is the process of keeping concrete under a specific environmental condition until hydration is
relatively complete. Good curing is typically considered to provide a moist environment and

control temperature. A moist environment promotes hydration, since increased hydration lowers
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permeability and increases strength resulting in a higher quality material. Allowing the concrete
surface to dry out excessively can result in tensile stresses. which the still-hydrating interior

cannot withstand, causing the concrete to crack.

111. Strength

Concrete has relatively high compressive strength, but significantly lower tensile strength
f (about 10% of the compressive strength). As a result, concrete always fails from tensile stresses
even when loaded in compression. The practical implication of this is that concrete elements
subjected to tensile stresses must be reinforced. Concrete is most often constructed with the
addition of steel or fibre reinforcement. The reinforcement can be done by using bars, mesh, or
fibres, producing reinforced concrete. Concrete can also be prestressed (reducing tensile stress)
using internal steel cables (tendons), allowing for beams or slabs with a longer span than is

practical with reinforced concrete alone.

The ultimate strength of concrete is influenced by the water-cement ratio (w/c), the
design constituents, and the mixing, placement and curing methods employed. All things being
equal, concrete with a lower water-cement (cementitious) ratio makes a stronger concrete than a
f higher ratio. The total quantity of cementitious materials (Portland cement, slag cement,
pozzolans) can affect strength, water demand, shrinkage, abrasion resistance and density. ‘As
concrete is a liquid which hydrates to a solid, plastic shrinkage cracks can occur soon after
placement; but if the evaporation rate is high, they often can occur during finishing operations

(for example in hot weather or a breezy day).

If no restraints existed the concrete would simply shrink, aggregate interlock and steel
reinforcement cause tensile stresses to develop within the concrete and due 1o its low tensile
strength, has the effect of plastic shrinkage cracking of various depths at the surface. A typical

strength-gain curve is shown in Fig. 3.3. The industry has adopted the 28-day strength as a

reference point, and specifications often refer to compression tests of cylinders of concrete which
k, are crushed 28 days after they are made. The resulting strength is given in the designation Fig.

33
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Figure 3.3: - Typical strength-gain curve (14)

IV. Elasticity
The modulus of elasticity of concrete is a function of the modulus of elasticity of the
aggregates and the cement matrix and their relative proportions. The modulus of elasticity of
concrete is relatively linear at low stress levels but becomes increasingly non-linear as matrix

cracking develops.

V. Expansion and Shrinkage

Concrete has a very low coefficient of thermal expansion (0.000008 to 0.000012, per
degree Celsius). However if no provision is made for expansion very large forces can be created,
causing cracks in parts of the pavement not capable of withstanding the force or the repeated
cycles of expansion and contraction. As concrete matures |t continues to shrink, due to the
ongoing reaction taking place in the material, although the rate of shrinkage falls relatively
quickly and keeps reducing over time (for all practical purposes concrete is usually considered to
not shrink any further after 30 years). The relative shrinkage and expansion of concrete and

brickwork require careful accommodation when the two forms of construction interface. Because
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concrete is continuously shrinking for years after it is initially placed, it generally accepted that

under thermal loading it will never expand to its originally-placed volume.

Cracking
Concrete cracks due to tensile stress induced by shrinkage or by applied loading.
Engineers are familiar with the tendency of concrete to crack, and where appropriate, special
design precautions are taken to ensure crack control. This entails the incorporation of secondary
reinforcing, for example deformed steel bars, placed at the desired spacing to limit the crack
width to an acceptable level. Water retaining structures and concrete highways are examples of
structures where crack control is exercised. The objective is to encourage a large number of very

small cracks, rather than a small number of large, randomly-occurring cracks.

Shrinkage cracking
Shrinkage cracks occur when concrete members undergo restrained volumetric changes
(shrinkage) as a result of drying, autogenous shrinkage, or thermal effects. Restraint is provided
either externally (i.e. supports, walls, and other boundary conditions) or internally (differential
drying shrinkage, reinforcement). Once the tensile strength of the concrete is exceeded. a crack
will develop. The number and width of shrinkage cracks that develop are influenced by the
amount of shrinkage that occurs, the amount of restraint present, and the amount and spacing of

reinforcement provided.

Concrete is placed while in a wet (or plastic) state, and therefore can be manipulated and
moulded as needed. Hydration and hardening of concrete during the first three days is critical.
Abnormally fast drying and shrinkage due to factors such as evaporation from wind during
placement may lead to increased tensile stresses at a time when it has not yet gained significant
strength, resulting in greater shrinkage cracking. The early strength of the concrete can be
increased by keeping it damp for a longer period during the curing process. Minimizing stress
prior to curing minimizes cracking. High early-strength concrete is designed to hydrate faster,

often by increased use of cement, which increases shrinkage and cracking.
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yIIl. Creep
Creep is the term used to describe the permanent movement or deformation of a material

in order to relieve stresses within the material. Concrete which is subjected to forces is prone to
creep. Creep can sometimes reduce the amount of cracking that occurs in a concrete structure or
element, but 1t also must be controlled. The amount of primary and secondary reinforcing in
concrete structures contributes to a reduction in the amount of shrinkage. creep and cracking (10,

14).

PHYSICAL PROPERTIES
The coefficient of thermal expansion of Portland cement concrete is 0.000008 to

0.000012 (per degree Celsius). The density varies, but is around 2400 kg/m?,

3.5 PROPERTIES OF SFRC

Steel Fibre Reinforced Concrete (SFRC) is a composite material comprising of hydraulic
(Portland) cement, aggregate, sand, water and a dispersion of discontinuous steel fibres. It may
also contain supplementary cementious material (such as fly ash, silica fume or ground
granulated blast furnace slag) and/or additives (admixtures) commonly used in conventional

concrete.

The addition of steel fibres, typically from 20 to 50 kg/m?, significantly enhances some of

the engineering properties of hardened concrete including;

a. Toughness,
b. Impact strength,
c. Flexural strength,

d. Abrasion resistance.

However, the major benefit is the ability of the randomly dispersed fibres to provide a
$ crack arrest mechanism and enhanced post-cracking performance. The steel fibres provide a

ductile member in a brittle matrix which significantly improves the dynamic properties of the
concrete. The fibres enable the concrete to continue to carry load after cracking has occurred.

The failure mode is no longer brittle once the first crack is reached. Instead, the concrete behaves
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in a ductile manner with the bending moment remaining constant as deformation increases after

cracking, effectively forming a plastic hinge.
The properties and performance of Steel Fibre Reinforced Concrete depend upon:

a. The concrete mix strength,

b. The fibre volume,

c. The bond between the fibre and the concrete matrix.
The uniform distribution of fibres in a well proportioned and graded concrete is essential to
achieving appropriate ductility which ts fundamental to the performance of Steel Fibre

Reinforced Concrete (18, 19).

3.5.1 Static Mechanical Properties
Compressive Strength
Fibres do little to enhance the static compressive strength of concrete, with increases in
strength ranging from essentially nil to perhaps 25%. Even in members which contain
conventional reinforcement in addition to the steel fibres. the fibres have little effect on
compressive strength. However, the fibres do substantially increase the post-cracking ductility,

or energy absorption of the material as shown in Fig. 3.4.
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Figure 3.4: - Stress-Strain curves in compression (4)
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1. Tensile Strength

Fibres aligned in the direction of the tensile stress may bring about very large increases in
direct tensile strength, as high as 133% for 5% of smooth, straight steel fibres. However, for
more or less randomly distributed fibres, the increase in strength is much smaller, ranging from
as little as no increase in some instances to perhaps 60%, with many investigations indicating
intermediate values, as shown in Figure 3.5. Splitting-tension test of SFRC show similar result.
Thus, adding fibres merely to increase the direct tensile strength is probably not worthwhile.
However, as in compression, steel fibres do lead (0 major increases in the post-cracking behavior

or toughness of the composite.
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Figure 3.5: - Influence of fibre content on tensile strength (4)

III.  Flexural Strength
Steel fibres are generally found to have aggregate much greater effect on the flexural

strength of SFRC than on either the compressive or tensile strength, with increases of more than

100% having been reported. The increase in flexural strength is particularly sensitive, not only to
the fibre volume, but also to the aspect ratio of the fibres, with higher aspect ratio leading to
larger strength increases. Figure 3.6 describes the fibre effect in terms of the combined parameter

Wi/d, where I/d is the aspect ratio and W is the weight percent of fibres. It should be noted that
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for Wi/d > 600, the mix characteristics tended to be quite unsatisfactory. Deformed fibreg show

the same types of increases at lower volumes. because of their improved bond characteristics
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Figure 3.6: - Effect of W.//d on the flexural strength of mortar and concrete (4)

IV. Flexural Toughness

i As was indicated previously, fibres are added to concrete not (o improve the strength, but
primarily to improve the toughness, or energy absorption capacity., Commonly, the flexural
toughness is defined as the area under the complete load-deflection curve in flexure; this is
sometimes referred to as the total energy to fracture. Alternatively, the toughness may be defined
as the area under the load-deflection curve out to some particular deflection, or out to the point at
which the load has fallen back to some fixed percentage of the peak load. Probably the most
commonly used measure of toughness is the toughness index proposed by Johnston and
incorporated into ASTM CI1018. As is the case with flexural strength, flexural toughness also

increases at the parameter Wi/d increases, as show in Figure 3.7.

The load-deflection curves for different types and volumes of steel fibres can vary
enormously, as was shown previously in Figure 3.8. For all of the empirical measures of
k toughness, fibres with better bond characteristics (i.e. deformed fibres, or fibres with greater
r aspect ratio) give higher toughness values than do smooth, straight fibres at the same volume

concentrations (4).
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Figure 3.7: - The effect of W//d on the flexural toughness of SFRC (9)
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V. Modulus of Elasticity
The modulus of elasticity of Steel Fibre Reinforced Concrete has not been determined by
testing, but it has been established that the modulus of elasticity of plain concrete is not

significantly affected by the incorporation of steel fibres in the concentrations normally used,

As per IS code. the following relationship may be used to determine an appropriate
modulus of elasticity for design purposes. based on the characteristic compressive strength of the

concrete (17).
E. = 5000 /f.

where, f, = Characteristics strength of concrete in N/mm?

V1. Poisson’s Ratio

For Steel Fibre Reinforced Concrete, a nominal value of 0.75 is used for Poisson’s Ratio.

3.5.2 Mechanics Of Fibre Reinforcement

Fibres influence the mechanical properties of concrete in all modes of failure, especially
those that induce fatigue and tensile stresses. The strengthening mechanism of fibres involves
transter of stress from the matrix to the fibre by interfacial shear or by interlock between the
fibre and the matrix. With the increase in the applied load, stress is shared by the fibre and the
matrix in tension until the matrix cracks; then the total stress is progressively transferred to the

fibre, till the fibres are pulled out, or yield. or break in tension (5).

3.5.2.1 First Crack Loading

FRC in flexure essentially undergoes a trilinear deformation behavior as shown in figure

3.9

——
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Figure 3.9: - Schematic load-deflection relationship of FRC (12)

Point A on the load deflection curve represent first crack load, which can be termed the first
crack strength. Normally this is the same load level at which a non reinforced element cracks.
Hence segment OA in the diagram would be the same and essentially have the same slope for

both plain and fibre reinforced concrete.

Once the matrix is cracked, the applied load is transferred to the fibres that bridge and tie
the crack to keep it from opening farther. As the fibres deforms, additional narrow cracks
develop and continued cracking of the matrix takes place until the maximum load reaches point
B of the load deflection curve. During this stage, debonding and pullout of some of the fibres

occur. But the yield strength in most of the fibres is not reached.

In the falling branch BC of the load- deflection diagram, matrix cracking and fibre
pullout continue. If the fibres are long enough to maintain their bond with the surrounding gel.

\ they may fail by yielding or by fracture element depending on their size and spacing.
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3.5.2.2 Critical Fibre Length: Length Factor

If /. is the critical length of a fibre above which the fibre fractures instead of pulling out

when the crack intersect the fibre at its midpoint, it can be approximated by Mindess and Young

(12).
dr
[C = T }f
Up
where,
d; = fibre diameter in mm.
vy = interfacial bond strength,
oy = [libre strength.

Bentur and Mindess, 1990 (12) demonstrating that the strength of a composite increases
continuously with the fibre length. This is of significance as it indicates that pullout work may go
through a maximum and then decrease as bond strength increase over a critical value. This loss

of pull out work would be reduced to a typical range of 1= 10mm in the cement based composite.

If a critical vy, value of 10 MPa is chosen and a small diameter fibre d; = 20 micro meter, namely

a cementitious system with such a small diameter fibre, an increase in bond may result n reduced

toughness.

|
3.5.2.3 Critical Fiber spacing: Space Factor i

The spacing of the fibres considerably affects cracking development in the matrix. The

closer the spacing the higher will be the first crack load of the matrix. This is owing to the fact

that the fibres reduce the stress intensity factor that controls fracture. The approach taken by {

stress-intensity factor through decreasing the spacing of the fibres acting as crack arresters,

$ Romualdi and Batson (1963) to increase the tensile strength of the mortar was to increase the




Figure 3.10 relates the tensile cracking stress 10 the spacing of the fibres for various volumetric

percentages.

ks
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Figure 3.10: - Effect of Steel fibre spacing on the tensile cracking stress in fibrous

concerete in p =2.5,5.9 and 7.5%,. (1)

Figure 3.11 compares the theoretical and experimental values of the ratio of the first
crack load to the cracking strength of PCC(strength ratio). This figure shows that the closer the
spacing of the fibres the higher the strength ratio, namely, the higher the tensile strength of the
concrete up to practical workability and cost effective limits. Several expressions to define the
spacing of the fibres have been developed. If 5 is the spacing of the fibres, one expresslion from

Romualdi and Batson,1963 gives

/10
s=13.8 dy e

Where, d; = diameter of the fibre,

1
-,

P = fibre percentage by volume of the matrix.
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Figure 3.11: - Effect on fibre spacing on the strength ratio (2).

3.5.2.4 Fibre Orientation: Fibre Efficiency Factor

The orientation of the fibres with respect to load determines the efficiency with which tee
randomly oriented fibres can resist the tensile forces in their directions. This is synonymous with
the contribution of bent bars and vertical shear stirrups provide in beams to resist the inclined
diagonal tension stress. If one assumes perfect randomness, the efficiency factor is 0.41, but it
can vary between 0.331 and 0.651 close to the surface of the specimen as trawling or leveling can

modify the orientation of fibres.

3.5.3 Steel Fibres

Steel fibres have been used in concrete since the early 1900s. The carly fibres were round
and smooth and the wire was cut or chopped to the required lengths. The use of straight, smooth

fibres has largely disappeared and modern fibres have either rough surfaces, hooked ends or are
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crimped or undulated through their length. Modern commercially available steel fibres are
manufactured from drawn steel wire, from slit sheet steel or by the melt extraction process which
produces fibres that have a crescent-shaped cross-section. Typically steel fibres have equivalent
diameters (based on cross sectional area) of from 0.15 mm to 2 mm and lengths from 30 to 50
mm. Aspect ratios generally range from 20 to [00. (Aspect ratio is defined as the ratio between
fibre length and its equivalent diameter, which is the diameter of a circle with an area equal to

the cross-sectional area of the fibre.)

Carbon steels are most commonly used to produce fibres but fibres made from corrosion-
resistant alloys are available. Stainless steel fibres have been used for high-temperature
applications. Some fibres are collated into bundles using water-soluble glue to facilitate handling

and mixing (11).

Steel fibres have high tensile strength (0.5 -- 2 GPa) and modulus of elasticity (200 GPa),
a ductile/plastic stress strain characteristic and low creep. Steel fibres have been used in
conventional concrete mixes, shoicrete and slurry-infiltrated fibre concrete. Typically, the
content of steel fibre ranges from 0.50 to 2.0% by volume. Fibre contents in excess of 2% by
volume generally result in poor workability and fibre distribution, but can be used successfully
where the paste content of the mix is increased and the size of coarse aggregate is not larger than

about 10 mm.

Steel-fibre-reinforced concrete containing up to 1.5% fibre by volume has been pumped
successfully using pipelines of 125 to 150 mm diameter. Steel fibre contents up to 2% by volume
have been used in shotcrete applications using both the wet and dry processes. Steel fibre
contents of up to 25% by volume have been obtained in slurry-infiltrated fibre concrete.
Concretes containing steel fibre have been shown to have substantially improved resistance to

impact and greater ductility of failure in compression, flexure and torsion (5, 11).
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Table 3.1:- Characteristics of Commonly Used Fiber (5,9,11,13)
FIBRE Diameter | Length | Specific | Tensile E, Elengation | Typical Poisson’s
(pm) GN/m’ Yolume in
Type (mm) Gravity | Strength at failure, composite ratio
M[)EI Yo
Polypropylene | 20-200 | 20-75 0.91 550 - 700 3.5-6.8 21 <2 0.29 - 0.46
Steel 500-1000 | 30-50 7.86 500 -2000 200 0.5-3.5 <2 0.5-2
Glass 10-15 10 - 50 2.7 1200 -1700 73 2-3.5 4-6 0.22
Asbestos 0.02-20 2.55 210 -2000 159 2-3 7-18 -
Polyester l.4 400-600 | 84-16 11-13 ~0.065
Carbon g-10 L9 2600 230 0.5-1 2-12 0.35
Sisal 10 - 50 1.5 800 - 3 -
Nylon 100G - 200 1.14 ~4 13.5 0.1-6 0.40
Concrete, for 2.4 2-6 20-50 0 0.15-0.22
comparison
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3.6 APPLICATION OF SFRC IN HIGHWAY PAVEMENTS

The uses of SFRC over the past thirty years have been so varied and so widespread. that it

is difficult to categorize them. Steel fiber-reinforced concrete are mostly used for on-ground

floors and pavements, but can be considered for a wide range of construction parts (beams,
pillars. foundations etc) either alone or with hand-tied rebar’s. Concrete reinforced with fibre
(which are usually steel) is less expensive than hand-tied rebar, while still increasing the tensile
strength many times. The most common applications are pavements, tunnel linings, pavements
and slabs, shotcrete and now shotcrete also containing silica fume, airport pavements, bridge
deck slab repairs, and so on. There has also been some recent experimental work on roller-
compacted conerete (RCC) reinforced with steel fibres. The list is endless, apparently limited
only by the ingenuity of the engineers involved. The fibres themselves are. unfortunately,

relatively expensive; a 1% steel fibre addition will approximately double the material costs of the

concrete, and this has tended to limit the use of SFRC to special applications. The fibre
reinforcement may be used in the form of three — dimensionally randomly distributed fibres
throughout the structural member when the added advantages of the fibre to shear resistance and

crack control can be further utilized. SFRC has been used in number of highway pavements and

: bridge deck surfaces and airport pavements with fiber content 0.75 to 1.5% by volume. SFRC
has also been applied even on wooden deck and was found to be virtually crack free. Therefore.
SFRC could usefully be deployed in the areas of:
a. New pavements slab for roadways, bridge decks or runways.
b. Bonded and unbonded overlays for rehabilitation purposes and for strengthening of
existing pavements to increase load carrying capacity. |
c¢. Thin repairs of damaged patches in bridge deck or pavement slabs. The minimum 1
thickness of patch shall be 50mm. !
d. Overlays for rehabilitation of existing roadways and bridge decks. The ability of SFRC to :
provide a thin overlay is of great value in case where overhead clearances are critical. |
> e. Rotaries, intersection and locations where odd shape of pavement is required to be
constructed.




CHAPTER- 4

EXPERIMENTAL PROGRAMME

4.1 GENERAL

The experimental program consists of preparing the composite mixes and then finding their
compresstve strength. The mix that were prepared during the experimental program were plain
cement concrete, plain cement concrete with fly ash and steel fiber reinforced composite. The
SFRC mixes were made by varying fibre content from 0.5 to 1.5 percent by volume. It has been
observed that by increasing the percentage of fibre in mix improves the compressive strength and
a simultaneous increase in the ductility of the hardened concrete can be achieved and thus
increases the flexural strength. Throughout the investigation, the number of samples prepared for
each mix was 10 for different proportions of Cement: Fine aggregate: Coarse aggregate of
conerete ie. 1:1.5:3 and 1:1:2 at w/c ratio 0.6 and at different fiber content. The compressive
strength for each mix was calculated after 7 and 28 days and the result was tabulated for each

mix.
4.2 RAW MATERIALS

SFRC is usually specified by strength and fibre content. For paving works, normally flexural
strength is specified. A design tlexural strength of 60 to 70 kg/cm?” is a typical range after 28
days (13). All the ingredients such as cement, aggregates, water, admixtures and steel fibres used

for SFRC are conforming to the standard specifications used for conventional concrete.
4.2.1 Fibres

Steel fibres normally used are cut from mild steel wire. The wire diameter adopted is in

the range of 0.456 mm and aspect ratio 80. So the length of fibre generally used is 3.6 cm. Steel
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fibres used are clean. free from dust, rust. oil and deleterious materials. T he tensile strength and

percentage elongation of mild steel wire was 82.6 kg/mm” and 0.95% respectively.

4.2.2 Cement

OPC-43 Grade is produced from enriched limestone most suited to make high quality
clinker, which on grinding gives a cement with characteristics better than those specified in [S:
8112-1989. Table below may be referred for the same. OPC-43 Grade cement is available in
50Kg HDPE bags of a distinctive design and cover (bag shot). OPC-43 has emerged as the top
choice of Construction & Civil Engineering Companies engaged in construction of mega projects

such as National Highways, Bridges, Transmission lines or power plants (19).

Table 4.1:- Properties of J.P Buland, 43 Grade Ordinary Portland Cement (19 T
S No. Barfleubays Ghiirer 1S3 1989

r PHYSICAL TESTING T
1. Fineness (M2/K g) 7—'77 208 7___"—22?m—__¥

% Setting Time (Minutes) e -
itial s - 30Min.

Final 180 | 600Max, ]

3. Soundness - ]

Le. Chatelier, Expansion (mﬁTﬁh—* 2.00 10.00 Max.
Auto clave, (%) | 0.12 0.8 Max. |
4, Compressive Strength (MPa) T
3 Days 34.6 23 Min,
7 Days 44.0 —*_Tﬁﬁ_; ]
> 28 Days 1 ' Die | BMin ]
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4.2.3 Aggregates
Coarse Aggregate

Aggregates used are clean and free from dust and moisture. The maximum size of
aggregate used is 10 mm and are rounded or angular in shape and are confirming to IS: 383-
1970. For better results, rounded aggregates should be used. The coarse aggregates were washed
thoroughly and hen dries before mixing. The aggregates used were passing through 10 mm sieve

and 100 percent retaining on 4.75 mm sieve.
Fine Aggregate

River sand was used as fine aggregate and free from moisture and is conforming to IS:
383-1970. The fine aggregate were sieved and any impurities in them are removed before mixing

them in the mixer.
4.2.4 Water

Water used for mixing and curing should be free from injurious and deleterious materials.

Throughout the investigation, portable tap water was used.
4.2.5 Fly Ash

The fly ash used in the experimental program is obtained from a thermal power plant. The fly ash
is clean and free from any debris and waste materials. The main precaution while using fly ash is
to protect it from moisture during the experimental program duration due to ever changing
weather conditions in the region. For this purpose the bag of fly ash was kept in dry places free

from moisture.
4.3 DESIGN OF SFRC/PCC MIX

It has been reported that there is a maximum increase in first crack and ultimate load for an
aspect ratio of 80 and a volume percentage of 1.5 of steel fibres. Therefore, in the present
investigation also, mixes having an aspect ratio 80 and fibre content varying between 0.5 to 1.5
percentage by volume indicated that the mixes could be prepared in the concrete mixer,

compacted and placed conveniently. Therefore, an aspect ratio of 80 was adopted for various
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percentages of fibre content and the mix proportion used in the present investigation. The
maximum size of aggregate was limited to 10 mm. The mix proportion for all the specimen was
1:1.5:3, w/c ratio (.55 and cement content 355 kg/m3 and 1:1:2, w/c ratio 0.6 and with same 1
cement content and also with 15% by weight of fly ash for PCC and the same mix with fiber
content from 0.5 to 1.5 % by volume is used for SFRC. For every mix proportions, 10 blocks of
i

150 x 150 x 150 mm cast iron mould cube were made.

4.3.1 Mixing Procedures

Mixing of designed SFRC mix was done in following two steps i.e. "Dry Mix" and "Wet
Mix". In dry mixing procedure for mixes the aggregates were poured in the mixer. The mixer is
allowed to run for 1-2 minutes and then cement is added to the mix along with fibre or fly ash if
used. Excessive rotation of mixer in dry run process leads to excessive wastage which must be
reduced, therefore, it has been avoided and the mixer is allowed to rotate in different intervals of
time.

Then for making the mix wet and easily workable, the appropriate amount of water was

added as required for the design mix. The mixer is then started for 4-5 minutes and in the due l
’ time the required mix is produced. The mix was then taken out from the mixer. Mixing and

placing of SFRC mixes into the cast iron mould were made and compaction in 3 to 4 layers using “'"m"‘}
both tampering rod and vibrators was achieved conveniently without any stiffening problem and

segregation and bleeding of concrete,

4.3.2 Curing Procedure ‘
The cast specimens were kept under standard moist condition for 24 hours and then ‘

demoulded and cured in water for 7 and 28 days. The blocks were taken a day before it was to be

tested to ensure proper drying of the block. If the blocks were still wet then oven drying of

blocks were made at a temperature of 40 degree C until it gets fully dried.

4.3.3 Mechanical Testing
The test specimens were prepared in the standard 150 x 150 x 150 mm cast iron cube

moulds for compressive strength tests. The SFRC mixes containing fibre contents of 1.0% and

i
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1.5% by weight of concrete were tested for compressive strength in the laboratory using the

compressive strength test machine. Testing was performed on all specimens. Ten specimens of

each type mixes were used for the test and the average compressive strength of each type of mix

were calculated.

4.3.4 Mix Design

The mix design for PCC, PCC with fly ash and SRFC have been determined

mathematically. The mixes were designed for 10 blocks each of 150 x 150 x 150 mm size. The

wastage 1s kept 10% for M20 and M25. The material requirement for M25 and M20 are given in

the table 4.2 and 4.3 respectively.

Table 4.2:- Material requirement for M25 mix

Fine Coarse Tl Fiber Content (‘;/;:) wic ratio
S. No. Mix Ce(tﬂgnt Aggregate | Apgregate : I(ykg)s h -
(kg) (kg) 0.5 Lo LS
L PCC 22.28 22.28 44.55 - - - 1.50
2. | PECwith e 04 2228 44.55 3.38 . i - 0.50
fly ash
3. SFRC 22.28 22.28 44.55 1.35 2.7 J 4.05 0.60
Table 4.3:- Material requirement for M20 mix
S ' Cement Fine Coarse Fly ash Fiber Content (%) w/c ratio
No Mix (kg) Aggregate | Aggregate (kg)
. (ke) (ke) 0.5 1.0 L5
1, PCC 16.20 24.30 48.60 0.50
g, | PCC with 13.78 24.30 48.60 2.43 0.50
fly ash
3. SFRC 22.28 22.28 44.55 1.35 2.7 4.05 0.60
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4.4 TEST RESULTS OF PCC AND SFRC SPECIMENS

The objective in the present study is to evaluate the SFRC mixes for their compressive strength

and workability of concrete. The results of laboratory tests are discussed below.
4.4.1 Workability of PCC/SFRC Mixes

r The result of the slump tests on steel fibre reinforced concrete mixes shows that all the
designed SFRC mixes satisfy the IRC requirements of slump. The mixes were compacted using
both, tampering rod and vibrators. The addition of fibres resulted in the decrease of slump value
from 12 mm plain concrete to 3 mm for steel fiber reinforced concrete. Nearly a zero slump
value for SFRC mix with 1.5% fibre by weight was obtained. No significant balling problems
were encountered. Adding of fly ash increases the workability of the plain concrete mix and
SFRC. No difficulty was found for mixing and placing of SFRC mix up to a fiber content of 1.5

percent and also no segregation and bleeding of concrete was seen.

4.4.2 Strength Tests

" The strength characteristics of plain cement concrete and SFRC mixes containing 0.5-
1.5% fibres by volume are given in table 4.2 and table 4.3. As compared from PCC the SFRC
mixes showed an improvement in compressive strength for fibre contents from 0-1.5 %. Beyond
1.5% the proper compaction of the mix was not achievable hence they were avoided. A
maximum increase of 11.69% and 11.14% in compressive strength was observed for a fibre
volume of 1.5% over that of PCC mix for a mix 1:1:2 and 1:1.5:3 respectively after 28 days for
blocks of size 150 mm. A poor workability was observed at higher fibre volume fraction beyond
1.5 percent. So to improve the workability chemical additives such as super plasticizers are

required to be incorporated in the mix.
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Table 4.4:- Compressive Strength Values For M25 mix
COMPRESSIVE
. % INCREASE
S. No. MIX STRENGTH(N/mm®)
7 days 28 days 7 days 28 days
l. PCC 28.78 32.8 - -—--
2. | PCCwith flyash | 305 33.5 5.64 2.1
SFRC with Fibre ]
3.
content
a. 0.5% 32.26 35.11 10.79 6.58
b. 1.0% 33.10 36 13.05 8.89
c. 1.5% 34.12 37.14 15.65 11.69
M25
40 -
E
E 35
Z 30
25
=
£ 20 -
g 15 - @ 7 days
.%’ 10 28 days
2 5
£
S o

PCC

PCC with fly SFRC with

ash

0.5% fiber

Type of Mix

SFRC with
1.0% fiber

SFRC with
1.5% fiber

Figure 4.1:- Compressive strength of M25 mix after 7 and 28 days
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PCC

PCC with fly
ash

SFRC with
0.5% fiber

Type of Mix

SFRC with
1.0% fiber

SFRC with
1.5% fiber

i Tuble 4.5:- Compressive Strength Values For M20 mix -
COMPRESSIVE
) % INCREASE
S. No. MIX STRENGTH(N/mm®)
7 days 28 days 7 days 28 days
1. | PCC 239 27.1 .
2. PCC with fly ash 24,7 279 3.24 2.9
”3 SFRC with Fibre
. content
a. 26.57 28.4 10.04 4.58
b. 27.32 29.44 12.52 7.95
c. 28.56 30.5 16.32 11.14
| M20
i
E ~
I E 35
tE ;
> 30
£L
B 25 |
g 20 ]
g 15 - # 7 days
ﬁ 10 - 28 days
. P N T D
E
S o

Figure 4.2:- Compressive strength of M20 mix after 7 and 28 days
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4.5 CONCLUSION

It has been experienced throughout the experimental programme that the cement, aggregates and
fibres were properly mixed without any difficulty. Further it is evident by using w/c ratio of 0.6
for SFRC that the workability was just sufficient to enable the concrete to be mixed and
compacted fully without using any admixtures. Use of fly ash up to 15% by weight makes the
experiment economical (as the amount of cement was decreased) without resulting in any

decrease in the strength of hardened concrete and also increases the workability of the plain

cemertt concrete mix.

It is also illustrated that the variation of cement with 15 percent fly ash does not affect the
compressive strength of the concrete mix. Mild steel fibres having aspect ratio 80 were used in
all SFRC mixes for better workability and strength characteristics and no clumping of fibres
were found. Mixing was done by using the ball mixer throughout the work. The compressive
strength of SFRC mix with ratio 1:1.5:3 and 1:1:2 at different fiber content was compared with
the PCC and a maximum increase of 11.69% and 11.14% in compressive strength was observed

for a fibre volume of 1.5% over that of PCC.
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CHAPTER- 5

THEORETICAL ANALYSIS OF RIGID PAVEMENTS

5.1 GENERAL

The design of rigid pavements is a soil-structure interaction problem. While, formulating the
mathematical model, the foundation may be idealized either by an elastic continuum or by
mechanical models. Winkler in 1967 represented the subgrade by means of identical closely
spaced discrete springs which later became known as Winkler's model. However, when a
vertical load acts at a centre of a pavement, it produces deflections at surrounding points, and the
deflected surface takes the shape of basin. For this reason, the subgrade or foundation for the

pavement is treated as an elastic continuum.

The most severe stresses caused by wheel loads in a concrete pavement are flexural
stresses, Changes in temperature and the moisture content in the concrete also generate stresses
in the pavements. The critical locations of the wheel load are the interior, edge and corner
positions. When the pavement is loaded maximum stresses are developed under the loaded area
itself. As the load is increased gradually the stresses also increase till they exceed the flexural
strength of concrete and a crack is developed in the slab. The load causing the first rack at the
bottom is known as the yield load, and the elastic design of pavement is based on this load. As
the load exceeds the yield load, the pavement passes from the elastic to the plastic state and the
central deflection increases rapidly. The stresses in the pavements are compressive and tensile at
the top and bottom of the pavement respectively. A small tensile stress is also developed at the

top of the pavement at a certain distance from the loaded area.

In the present study, the Westergaard equations are used for stress analysis of concrete
pavements considered three conditions of loading i.e. Interior, Edge and Corner. Westergaard (3)
considered the rigid pavement slab as a thin elastic plate resting on soil subgrade, which is

assumed as a dense liquid.




5.2 ANALYSIS FOR WHEEL LOAD

5.2.1 Westergaard Analysis

Westergaard in 1925 gave the equation for computing stresses in concrete pavements which form

the basis of the elastic analysis of concrete slabs. It was Westergaard (24), who first developed

the complete analysis of stresses of concrete road slabs in 1926. Since then Westergaard analysis

has been regarded as a fundamental method. The following assumptions were made in analysis:

i.  The concrete slab is truly elastic, uniform thick and acts as a homogenous elastic solid in
equilibrium.

it.  The subgrade is ¢lastic in one dircction and behaves like a liquid or a group of vertical

springs.
iii.  The reaction of subgrade is solely vertical and proportional to the deflection of slab. | |
iv.  The wheel load is uniformly distributed over a circular contact area. For the corner
loading, circumference of the loaded area is tangential to the edges of the siab. 1'
v.  The slab is fully supported by the subgrade at all points, |
vi.  The load at the center of the slab is distributed uniformly over a semi-circular contact l

"l[

I|

i l\,

’ area, the diameter of semicircle being along the edge of the slab. ||| i

Westergaard's Modulus of Subgrade Reaction

The modulus of subgrade reaction, K is proportional to the displacement. The
displacement level A is taken as 0.125 cm in calculating K. If p is the pressure sustained in
reaction is given by (3):

p
0.125

o
Il
o> |3

kg/em®

where,
\ p = pressure, kg/cm®

A = deflection, 0.125 cm

42000,

kg/em® by the rigid plate of diameter 75 cm deflection A = 0.125 cm, the modulus of subgrade
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Radius of Relative Stiffness

A certain degree of resistance to slab deflection is offered by the subgrade. This is
dependent upon the stiffness or pressure deformation properties of the subgrade material. The

tendency of the slab to deflect is dependent upon its properties of flexural strength.

The resultant of the slab which is also the deformation of the subgrade is a direct measure
of magnitude of subgrade pressure. The pressure deformation characteristic of rigid pavement is
thus a function of relative stiffness of slab to that of subgrade. Radius of relative stiffness is

given by (3):

En® e
=1 12K(1-p?) I

E = modulus of ¢lasticity of cement concrete, kg/cm®
1 = Poisson’s ratio for concrete = 0.15
h = slab thickness, cm

K = subgrade modulus, kg/cm®

Equivalent Radius of Resisting Section

Considering the case of interior loading, the maximum bending moment occurs at the
loaded area and acts radially in all directions. With the load concentrated on a small area of the
pavement is effective in resisting the bending moment. According to Westergaard, the equivalent
radius of resisting section is approximated, in terms of radius of load distribution and slab

thickness (3),

b=1.6a% + h? - 0.675h (ifa> 1.724h)

b=a (ifa< 1.724h)
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where.

b = equivalent radius of resisting section. cm

a = radius of wheel load distribution. cm
h = slab thickness, cm

Goldbeck (3) in 1919 indicated that many concrete slabs failed at corners. He derived a

corner load formula for stresses due to a point load at the corner of the slab and given by:

3P
B = %]
This corner formula gives very high stresses. Westergaard in his theory of stress analysis
of concrete pavements considered three conditions of loading i.e. Interior, Edge and Corner. The

corners are formed by intersection of transverse joints or cracks with the slab edges or

longitudinal joints. The critical stresses Si. Se and Sc at the typical locations i.e. interior, edge

and corner are given by (3, 26):

Interior Loading:

0.316 P [
Si= PE [4 loglo(g) +1.069 ]
Edge Loading:
0.572 P
Se= — 5[4 10g10(‘) +0.359 ]

Corner Loading:

w3 li- (D)

where, S, Se and S¢ are the maximum stress at interior, edge and corner loading respectively,

kg/em?




Further these equations have been modified by various investigations (25) based on their
research work on cement concrete pavement slabs. The Indian Road C ongress recomimends the
following two formulas for analysis of load stresses at the edge and corner regions and for design

of rigid pavements;

i.  Westergaard's edge load stress formula. modified by Teller and Sutherland for finding

the load stress Se in the critical edge region,

0529 P

{
e~z [1+054u1 [410gyo(;) + logyo b —0.4048)

ii.  Westergaard’s corner load stress formula, modified by Kelley for finding the load stress

S¢ in the critical corner region,

where,

Se = load stress at the edge region, kg/cm?

S. = load stress at the edge region, kg/em?

P = design wheel load, kg

h = thickness of CC pavement slab, cm

i = Poisson’s ratio of the CC slab

E = modulus of elasticity of the CC. kg/em?

K= reaction modulus of pavement foundation, kg/cm?
[ = radius of relative stiffness, cm

b = radius of equivalent distribution of pressure, cm

a = radius of load contact, cm (assumed circular in shape)
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used for rigid pavements (27) while in case of SFRC pavements; the value of load factor safety

varies from 1.3 to 2. (7) i

5.3 ANALYSIS USING WESTERGAARD’S METHOD

Example: - Calculate the stresses at interiotr, edge and corner regions of a Steel fiber reinforced

\ 4
5.2.2 Factor of Safety
| The design of Westergaard analysis takes into account the flexural fatigue endurance of ;
the PCC and Steel Fibre Reinforced Concrete. A Load Safety Factor of slightly greater than 1 is | ‘
|
i
!
\
|
concrete pavement. l
Wheel load, P = 5100 kg ‘
Modulus of Elasticity of cement concrete, E = 3.0 x 10° kg/em?2 I
Pavement thickness, h = 10.0 cm i i
Poisson’s ratio of concrete, p = 0.15 '".

Modulus of subgrade reaction, K = 6.0 kg/cm?2

Radius of contact area, a = 10.0 cm

SFRC flexural strength, F, = 60 kg/cm’

Solution: -
Radius of Relative Stiffness , i

ER® l
[::[12K(1—u2)]4

300000+10% .1
l - =45.44 cm

B [12*6(1—=152)]4
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Equivalent Radius of Resisting Section

ah = 10/10=1.0<1.74

So,b =v1.6a? +h?-0.675h

= /1.6 x(10)2 + 102 - 0.675 x 10
= 937 cm

Stress at the Interior, (S;)

0.316 P !
1= 7 141ogio(}) +1.069]

0.316%5100 15.44
B 102 [410810(W)+1.069] = 61.43 kg/cm?

Stress at the Edg.e (S,)

~ 0572P !
Se - h,z [4 loglo(g) + (.359 ]

0572+ 5100

45.44
102 [ 4 loglO(E) +0.359 ] = 90.485 kg/cm?

Stress at the Corner, (S;)

- ()]

_ 3x5100 [1 _ (10\/5

0.6
= 2
102 45_44) } 77.048 kg/cm

Residual Concrete strength for supporting load is given by (27):

4710 e
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F|. = F — temperature stresses.
Since no temperature stresses are taken in the problem, therefore, residual strength of concrete,
Fi = F, = 60 kg/em’
Factor of Safety:
Since the maximum stress is at edge. therefore,
E.O.8 =F / 8,= 60 /90485
=0.663 < 1.3

Since for the given example the value of F.O.S is less than 1.3, therefore the pavement fails and

need to be redesigned by taking higher pavement thickness.
Now taking h = 16 cm and considering the other values same:
Radius of Relative Stiffness

Eh3 1
j=[ ——— 4
[ 12K (1—u?) ]
300000%163 %

= = 64.64
[ 12%6(1—.15%) =

Equivalent Radius of Resisting Section

a’h=10/16=0.625<1.74

So,b =+v1.6a?+ h?-0.675h

- J16x (10)2 + 167 - 0.675 x /6 i
= 9.60 cm
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Stress af the Interior, (S;)

0.316 P {
Si= 2 [410g10(g)+1.069]
0.316+5100 61.64
R £ 10( )4 1.069] = 27.586 kg/cm?

Stress at the Edge, (S,)

- 0.572P
e T T3 [410g10(-) +0.359]
0.572% 5100 6464
- 162 [4 10(—“) 0.359]= 41.843 kg/cm?

Stress af the Corner, (Sy)

3+5100 10v2 0.6
= 1—- (—— = 35.752 kg/cm?
64.64 ‘

Since no temperature stresses are taken in the problem. therefore. residual strength of concrete,
F, = F, = 60 kg/cm?
Factor of Safety:
Since the maximum stress is at edge, therefore,
FOS=F_/S.= 60/41.843
=143>13

Since F.O.S is greater than 1.3, therefore the designed pavement using Westergaard analysis is

safe,
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5.4 CONCLUSION

In conclusion it is summarized that before designing any pavement, all the stresses due to wheel
loads should be calculated using the Westergaard theory. The stresses can also be calculated
using the IRC charts for different load stresses. In the present study. the stress analysis for
interior, edge and corner loading using Westergaard method, was determined for pavement
thickness 10 em and 16 cm for comparing it with the MATLAR analysis results which are

discussed in the chapter 6.
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CHAPTER-6
FINITE ELEMENT ANALYSIS

6.1 GENERAL

The finite element analysis is a numerical technique. In this method all the complexities of the
problems, like varying shape, boundary conditions and load are maintained as they are but the
solution obtained are approximate. Because of its diversity and flexibility as an analysis tool, it is
receiving much attention in engineering. The fast improvement in computer hardware technology
and slashing of cost of computers has boosted this method, since the computer is the basic need
for the application of this method. Some of the popular packages are STAAD-PRO, GT-
STRUDEL, NASTRAN, NISA and ANSYS. Using these packages one can analyze complex

structures. In the present study MATLAB has been used to analysis a highway pavement.

The basic unknowns which are encountered in the engineering problems are displacement
in solid mechanics. In a continuum these unknown are infinite. The finite element procedure
reduces such unknowns to a finite number by dividing the solution regions into small parts called
elements and by expressing these unknowns in terms of approximating functions (shape
functions) within the element. The approximate functions are defined in terms of field variables
of specific points called nodes or nodal points. Thus in the finite element analysis unknowns are

the field variables of the nodal points.

After all this the next step in a finite element program is to assemble element properties
of each element. These element properties are used to assemble global stiffness properties to get
system equations. Then the boundary conditions are imposed. The solution of these simultaneous
equations gives the nodal unknowns. Using the nodal values additional calculations are made to
get the required values e.g. stresses, strains, moments etc. in solid mechanic problems. A number

of FEM models for the analysis of concrete pavements have been developed like Winkler's
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Model, Elastic Continuum Model, Axi- Symmetric Model. etc. In this study an elastic continuum

model ts used (32).

6.2 FOUNDATION MODELS

A number of FEM models for the analysis of concrete pavements have been developed and are

summarized below:
6.2.1 Winkler’s Model

Rigid plate slab is generally designed as an elastic plate lying on an elastic subgrade
whose reaction at any point are assumed to be purely vertical and proportional to the magnitude
of deflection at that point. This assumption was introduced by Winkler in 1867. The simplest
representation of the behavior of subgrade material is done by closely spaced linear springs. The
physical representation of Winkler model is shown in fig. 6.1. The pressure deflection

relationship at any point is given by

P=k. A

where,

P = pressure
k = spring constant, also called as the modulus of subgrade reaction

A = deflection.

I S A N A B
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Figure 6.1:- Winkler’s Foundation (7)
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Westergaard, in 1926, analyzed the structural action of slab on ground by considering the
subgrade to be acting like a series of parallel, vertical independent springs supporting the
concrete slab. The elastic properties of the subgrade are expressed in terms of spring constant
obtained from the plate bearing test. The solution is given in the form of equations which enables
the tensile stresses at three locations in the upper plate to be calculated. The equations were

further modified to bring the calculated stress into better agreement with measured stresses.

For the case of edge and corner loads, the extent of significant deflections produced at the
surrounding points by vertical load acting at or near the edge or corner is rather limited in which

case a Winkler’s type model is assumed for the foundation.
6.2.2 Elastic Continuum Model

Vesic and Saxena (30) on the basis of investigation carried out in 1961 indicated that the
contact pressure between the beams or slabs and subgrade may be quite different from that
obtained by conventional analysis based on Winkier's model, It is an elastic solid which is
mathematically described by Boussinesq equations. Sal‘giOLlS and Wang (31) have indicated that
when a vertical load acts at a centre of a pavement, it produces deflections at the surrounding
points, and the deflected surface takes the shape of basin. For this reason, pavement or
foundation is considered as elastic continuum for the case of central load. The stiffness of each
subgrade element is represented by a stiffness matrix pavement model incorporating thickness

variation and other boundary condition.

S

r Figure 6,2:- Elastic Continuum (32)
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6.2.3 Axi-symmetric Model

In this model, a pavement system is idealized as a multiple layered cylindrical system
loaded symmetrically at the centre line. The axi-symmetric problem (32) of a semi-infinite half
space loaded by circular area i.¢. a circular footing of soil mass is shown in fig. 6.3. If cylindrical

structures are subjected to axisymmetric loadings like uniform internal or external pressures,

uniform self weight or live load uniform over the surface, there exists symmetry about any axis
and this may made the analysis simple. It is convenient to express problem in terms of
cylindrical coordinates. Because of symmetry the stress components are independent of the

angular (6) coordinate; hence all the derivatives w.r.t @ vanishes.

Figure 6.3: - Axisymmetric Problem of a Semi-Infinite half space loaded by a

circular area (7)
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6.3 STEPS IN FINITE ELEMENT ANALYSIS

6.3.1 Discretization of the continuum

In any continuum, the actual number of degrees of freedom is infinite and, unless a
closed form solution is available, an exact analysis is impossible. An approximate solution is
thercfore, attempted by assuming that the behavior of the continuum can be represented by a
finite number of unknowns. The continuum is therefore divided into a series of element which
are connected at a finite number of points known as nodal points. This process is known as
discretization (32). The shape of the element is decided depending upon the geometry of the
body or the structure or the number of independent space coordinates (i.e. x, y or z) necessary to
describe the problem. In present analysis, a two dimensional 8 noded 1soparametric element has

been used,

In idealization using finite element method, the mesh size is successively reduced so that
the compatibility requirements are completely satisfied and the finite element solution converges

to an exact solution.

The foundation is considered as consisting of series of rectangular pressure areas whose
centers coincide with and remain in contact with the nodal points of the slab. The pressure is
assumed to be constant within each rectangle. All the external forces applied (o the system are
replaced by equivalent nodal forces which may be done either by allocating a specific area to

each node or on the basis of energy considerations.
6.3.2 Isoparametric Element

Isoparametric elements are elements for which the geometry and displacement
formulations are of the same order. Stated more precisely, the interpolation of the element
coordinates and element displacements use the same interpolation functions, which are defined
in a natural coordinate system (Bathe 1982). A natural coordinate system is a local coordinate
system which specifies the location of any point within the element by a set of dimensionless

numbers whose magnitudes never exceed unity (Desai and Able 1972). An interpolation function
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N, must be formulated such that its value in the natural coordinate system is unity at node / and

zero at all other nodes.

[soparametric elements satisfy the following necessary and sufficient conditions for
completeness and compatibility (33):
a. The displacement models must be continuous within the elements. and the displacements
must be compatible between adjacent nodes.
b. The displacement models must include the rigid body displacements of the elements.

c. The displacement models must include the constant strain states of the element.

The isoparametric concept is a powertul generalized technique for constructing complete
and conforming elements of any order (33). In the first-order or linear element, the interpolation
functions of the elements are linear with respect to the natural coordinates. Similarly, for a
quadratic or second-order element, the interpolation functions are quadratic with respect to the

natural coordinates.

Simple Isoparametric linear and quadratic element in natural coordinates is shown in

figure below.

(-0 . (L, 1

e
1l
—_—

*?‘i l§=|

¢L, 1) {0,
M= .1

Figure 6.4: - Linear Isoparametric Element (32)

The shape functions for linear element can be written as:
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For Corner nodes:

1
Ni=2 (1+E&) (14 )

For example, for top right corner node, the shape function can be written in the form:
1
Ni=2 (149w

As&=n; =1

Similarly for quadratic element, the shape functions at various nodes can be written as:

. o
e & »
4 7 3
N
HALS
= TE Lﬁ k3 b # £ =1
1 5 3
[ & -
(-1,-D {1, -

I]:_l

Figure 6.5: - Quadratic Isoparametric Element (32)
For Corner nodes: (i=1,2,3,4)

1
N;= Z (I+EE&H (1 + m) (€& + m;-1)
For mid side nodes.

1
If& = 0, then Ni=2 (1-8) (1 +m) (i.e. for 5, 7)

1
If; =0, then N, = " (- (1 +EED (i.e. for 6, 8)




6.3.3 Displacement Function

In the finite element displacement method, displacement is assumed to have unknown
value only at the nodal points. The displacement function is such that the displacement variation
within any element is described in terms of nodal values by means of interpolation function. The

displacement { t; } at any point I within the element boundaries is given by

(6= (o)

where u; and v; are the nodal displacements at node i

and the element displacement {f*} is given as:

h
f2
ey = {5
fa
where, N denotes the number of nodes per element. The displacement within the element is
given by:
u = Z?::[Nlul +N2U2 + "'+Nnun = ?:1 Nlul
vioo= Nina Npvy o Npvp + e+ Npy = BT Ny
where, the functions N, Ny, ......... N, are the shape functions to define the nodal variables. The

shape functions for finite elements used in present study are discussed in clause 5.3.2

Displacement function can be therefore expressed as:

=)= o ey
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where,

{F} = Displacement of any point within the element boundaries

{1} = Vector of nodal displacement
[N] = Displacement Function

Indeed, it is quite easy to generate serendipity shape functions for elements with different

number of nodes along each side by a symmetric algorithm. With this mode of generating shape

functions, a fewer degrees of freedom are necessary for a given polynomial expansion as

compared to Lagrangian family.

6.3.4 Strain Displacement Relationship

The stress components in the vertical, radial, eircumferential and component of shear

stresses in case of axisymmetric problem under consideration are given by o, o oy and 1,

respectively. The corresponding strain components are given by &,, &, & and 7., respectively. If

{g} is the component of strain at a point which contributes to internal work, then

o du N
ar
& dv |
£, 5 :
g = £g = < " > |
. |
Vrz .(llf v
dz ar |
|
. |
ar 0 El
d 5
= 0 5 u b
1 0 v |
r
0o o
~dz  dr-
= [LJ{F}
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Therefore,
{e} = [L][N]{f%} (6.1)
= [BI{f*} (6.2)

The matrix [B] of equation 6.2 will be of form

dN; }
(ar 0
o N
[B]I = N; 9z
— 0
g0
ON; ON;
- 0z or -

where, i denote the quantities related to node i of the element.

6.3.5 Transformation between Global and Local Coordinate System

In case of Isoparametric elements shape functions defining geometry will be similar to

the shape functions defining displacement functions.

Therefore for geometry,

= Xt Ny (€, m)m; (6.3)
z= Yl Ni(§ )z

Now,
__ar or

dr = a_rf d{ + an d?’]
0z 0z

dz = % df + an d?]

)
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Jr Or

Cfdry_ 9§ an| (0¢
dé  dn
(8¢
= [
L] {an} (6:5)
where [J] is known as Jacobian matrix from equation (6.3) we get,

ar _ dN;
¢ ag
0z _ o,
o ag

Substituting these values in equation 6.4, we get,

on 0w
ary_ |25 T 25T o
las) = |5 o 5N lor ©0
or ft Ly B

From equation 6.5 and 6.6, we get,

IN; aN;

aN;

aNL' (67)
2 5 i D oy Zi

' =
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6.3.6 Transformation for gradient of function

Irom the principle of partial differentiation,

dN; ON; 5T+8Ni dz
& or ~3& 9z T8¢

and

ONi _ 0N dr  ON; 0z
an ar "dn 0z " on

Writing in the matrix form,

ON; or  9z] (an;
& | |98 agf ) ar
aNi - ar dz aNi
an an Jn 0z
any
_ : or
= Wi (6.8)
dz
To find out, the global derivative equation (6.8) can be inverted as:
ar {1 ) 98
IN; N [” dN; (6.9)
dz an

From the equation 6.6, [J] in terms of shape function can be written as

AN, aN,
LG Lot

oN,

[J] = ,
L5 7 Z%%Zi
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6.3.7 Stress-Strain Matrix [D]

Figure 6.3 shows a semi-infinite half space loaded by a circular area. It is convenient to
express such problem of axially symmetric loading in terms of the cylindrical coordinates. The
stress components are independent of the angular (0) coordinate, hence all derivatives w.r.t 0
vanish. The nonzero stress components are 6,, 6,, 6 and 1,,. The strain displacement relation for

the non-zero strain becomes

_du
Er ar
s _u
9 T
_ov
Z 3z
_du av
Tz a7 ar

So the constitutive stress-strain relationship is

o, 1—-v v v 0 £,
a; E 0 1—-v 1% 0 E;
gg ( (1+v)(1-2v) 0 0 I=v 0 g
=2
Tyy 0 0 0 5 Vrz
The stress-strain relationship can be therefore be written as:
{o} =[D][g] (6.10)
So from equation 6.2 and 6.10
{o} = [DIBKL] (6.11)

where, [D] is the elasticity matrix containing the appropriate material properties i.e. Modulus of

Elasticity (E) of the material and Poisson’s ratio v . The matrix resulting from the product of
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[D][B] 1s known as stress matrix. Thus the stresses are completely defined in terms of strains
through the [D] matrix. Once the nodal displacements are known, the displacements, strains and

stresses at any point ¢can be determined.
6.3.8 Stiffness Matrix

Considering a single element which is acted upon by nodal loads and body forces
resulting in an equilibrium stress field 6 . The element, when subjected to an arbitrary virtual
displacement pattern {f°} results in compatible internal displacements and strain distributions.
The stiffness matrix [K]e of the element w.r.t nodal displacement {f} is evaluated from principle
of virtual work by equalizing the internal virtual work done to the external work associated with
the virtual displacements. The sum of the product of the displacement and corresponding load
component represents truly the external work done, while that of the strain and corresponding

stress components results in the total internal work (7, 32, 33).
Now internal work done,
dW; = {£}7 {o} dv (6.12)

In which {£}" is the transpose of the column vector of virtual strains and thus represents

the row vector of the virtual strains {£€} and {c} represents the column vector of the actual {o}.

from equation 6.4. {e} = [B] {f}

Where { f }°is the virtual nodal displacement of the element. Therefore,
&=yl

Equation 6.12 can be therefore written as
dw; = {f}T[B]" {0} dv

Substituting the value of {c} from equation 6.11,

dw; = {f¢}" [B]" [D] [B] {f'}dv (5.13)
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Integrating the equation 6.13 over the total volume of the element, the total internal virtual work

done Wiis given as
={f7 [ [ [BIT[DIIBldv ] {f}

where { f}°and {f°}, being an independent of the coordinates of nodal points of elements, have
been kept out of the integral. The external work W, associated with the virtual displacements {f°}
is obtained by the product of virtual forces {S} associated with the generalized displacements {f}

and is given by:
We={fe}" S}
Therefore, from the principle of virtual work,
(PN BT IDNBYdv ) (1) = (Te}T (s}
Therefore,
(S} =11, [BI"(DIBldv ] {f} (6.14)
which can be further written as
{8} = [K]* {f}

So the stiffness matrix can be represented as [K] and equation 6.14 represents the force

displacement equation. Therefore,
[KI*= [ [BI[D]IB]dv (6.15)
For an axisymmetric case,

dv=2nardrdz

By substituting the value of dv in equation 6.135, the general formula of the stiffiess matrix (K]

becomes

K] = fvoi[B]T[D][B] 27r dr dz
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So the stiffness matrix [K]® is evaluated by numerical integration with the help of Gaussian

Quadrature formula.
6.3.9 Numerical Integration

It may be seen that exact integration of complex expression for element stiffness matrix
[K]® as given in equation 6.15 could be troublesome and numerical integration is essential for
such functions. In case of Gauss-Legendre quadrature, the positions of sampling points are
allowed to be located at points to be determined. So as to achieve best accuracy consider the

given integral.

1 1
I=J2, J2, f(§m) dé dn
where f'is given function of & and 1y .

For obtaining the integral, first inner integral is keeping n as constant i.e.

[LFEmds = Y0, W £ (&)

The outer integral is then, evaluated as
1
o= [ YW f(&un)dn
= ?;1 W, }1:1Wj f(fj’rh')

= ?;1 j.-l=1 Wi VVJ f({jinl)

Where Wi and Wj are the weight coefficients corresponding to & and n; respectively, m
and n are the number of sampling points in & and n directions respectively. In the above
integration, the number of integration points in each direction have been assumed to be same (m
=n). It may be noted that double summation can be readily interpreted as a single one over n x n
points for rectangle. In the present study 3 x 3 Gaussian integrals have been applied over the
finite elements. Sometime it may be advantageous to use different number of points in each

direction of integration (32).
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Figure 6.6:- 2-D Parabolic Isoparametric Quadratic Element (Showing orientation

of local axes £, 1 and order of Gauss Point numbering.) (7, 32)
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6.3.10 Stiffness Matrix of Total Assemblage

The stiffness matrix [K] of the whole assembly is obtained by superimposing the
individual element stiffness contributing to each nodal point of the assemblage. This is done by
simple computer process by calling the element stiffness one after another and adding to

previously called stiffess values of the corresponding nodal points.
6.3.11 Solution of Equilibrium Equation

From the stiffness matrix of the whole structure assembly, the equations giving
relationship between nodal points force and the corresponding nodal displacement is expressed

as:
{S} = [K] {f}
6.3.12 Determination of Stresses

From the nodal displacements so obtained by solving simultaneous equilibrium
equations, the stresses in the elements are evaluated from the matrix resulting from the product
of {D][B] which relates element stresses to the nodal displacements. The stresses and the

deflection can be calculated using the computer program also.

6.4 MATLAB PROGRAM

The program used for finite element analysis of highway pavement is a line coding which also
include material requirement calculation, strength analysis and economic analysis of PCC, PCC

with fly ash and SFRC. This section illustrates the executon of this program.

STEP I:-

The MATLAB program developed in the present study executes with the display of a
GUI window.

GUI stands gor graphical user display and is used just to enhance the asthetics of the
program execution. The GUI window has several push buttons like Material Requirement,
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Strength Analysis, Economic Analysis, Finite Element Analysis and an Exit button. It also
contains a graph sheet to display the charts and figures.

vikazfinal

STEP 2: -

This step shows the execution of the program on pressing the material requirement
button. On pushing Material requirement button the program executes in the following way:
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Y

D Enter the size of the block that is to be prepared in the laboratory.

g

MENU L2 | U ]

(I) ~ Once you click on the size of the block the program ask you about the number of blocks
to be prepared.

) "';\ ¥ ; gl
MEAIL? e
EMTER THE NUMBER OF BLOCKS TO BE PREPARED

(IIT)  After you decide the number of blocks user ask you to enter the ratio of mix that is to be
prepared and the following menu is displayed.

i

MENU
CHOOSE THE RATIO OF MIX YOU WANT TG PREPARE
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(IV)  Once the ratio is entered the user is required to tell the amount of wastage to be
considered while preparing the mix.

ﬂ!hﬁgf e o T

ENTER THE PERCENTAGE OF WASTE L 'wWaANT TO KEEP

10

e i

20 il

30

(V) By this time the program has calculated the amount of cement, aggregate and sand ::h
required for PCC. Now user has to enter the amount of fly ash that is to be varied with \'1 |
cement, ik

'#{4 |
n"d ‘

P

MENU

EWTER THE PERCENTAGE OF FLY&SH IN THE KX

(VI)  After this the amount of material required in PCC with fly ash is calculated. Now ?
program will calculate the material requirement for SFRC for this user has to enter the
amount of fibres that is to be mixed. !

TH[ P




*ﬁewt

ENTER THE AMOUNT OF FIBRES OLNWANT I Y OUR MIC

40

G0

ao

o120
| 160
i

(VII) As fibres are very small in size and light weight, therefore a certain percentage of waste
is added to calculate the total amount of fibres required.

o ke
MENU =il
ENTER THE PERCENTAGE OF WASTE LIWANT TO KEEP WITH FIBRES

10

20

30

40
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(VIII)  The amount of cement, sand, aggregate, fly ash and fibres are displayed in the
command window of MATLAB as shown in figure below.

File Edt (ebug De
N & s - Bord B

Shortguls 2] How 1o AE LZ] WTs New

op Windew  Help

¥

Curiert Dnoctory §0 Poopem Fles¥ AL TLAE wvork ARy

*3 wvikasiinal
THE DENSITY OF COHCRETE 15 2300¥a/n3

nun_blocks =

10

HATERTAL FEQUIRENENT FOF PLAIN CEMERT CONCPETE [35:
THE ARGUMT OF CERENT RESUIRPED IN KILLG

ENS IS
cement reqal =
1. 3ER6e+004

THE AMOUNT OF SAND REQUIFED IH KILLOGRAHT 13

sand_reqdl +
2.77712+004

THE AKOUNT OF AGGREGATE REQUIFED IN KILLOSRAMS Ig

apgregate_ceqdl =

5.5%43e400G4

HATERIAL PEQUIREMENT FOF FLAIN SEMENT CONCPTEE VITH FLYASK
THE AROURT ¢F CEMENT PEQUIKED IW RTLL I

canent_veqal =
1. 1803240069

THE AHOUNT OF CEHENT REGUIRED IN HILLOGRANE IS

flyash reqd =
o stan§

File Edt Debug Debtop Window Help
D& »

Shortcds (el How lo agd ] What's New
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2.08298+00)
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sand_ceqiz =
z.77718 4004
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agaregate_cead2 -
SE43e4004

HATERTAL REQUTREMENT FOR STESL FIBRE REINFORCED CONCFETE [8:
THE AMCUNT OF CEHENT REQUIFED  IN KILLOGFAMS I3

cewent_reqd) =
1.3886e4009

TKE AHOUNT oF FIBFES PEGUIRED IN KILLOGRAN: I8

fibce_reqd =

1485

THE AMGUNT OF SAND REQUIRED 1N KILLCSPAMS 1S

sand_reqdd =

2.77718 4004
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STEP 3; -

When user clicks on the strength analysis push button than the program opens an excel
sheet, in which the values of lab test are to be entered. The sheet comprises of a table in which
the load carrying capacity data as obtained from the compressive strength machine of PCC, PCC
with fly ash and SFRC are to be entered for 7 days, 14 days and 28 days. Also the size of block
has to be entered with its unit in mm. Once the user has entered all the values the compressive
strength for all corresponding load values are calculated. The average compressive strength
values are calculated in the lower part of the sheet. The inputs for the program in this case are the
experimental breaking load values obtained from the compressive strength test. The output
generated in this step is the average compressive strength values of the three mixes after 7, 14
and 28 days.

VB9 - Wi e

fvset Pagelajout  Fowsulss  Datx

Caiibri T v N AT oo e

A EEE EE

General

CEe w0 g oo

e =B20%BIC

& B €
b Ll e G i ol ts i
7 LGAD AT FAILURE AFTER 14 DAYS{RN] ENGTHAFTER 13 DAYSINSmmZ}
& PCC: BLCMWITHELYASH SERC PCC PCC WiTH FLYASH SFRC
9 300 339 350 i3.33333383 17.25838383
H 350 34 400 15.55355550 13.0LLE1
13 243 35¢ 4350 1532333333 15,55555536
2 i i g i R AR sHini SRR A i e R Y A b A e
13 LOADAT FARURE AFTER 28 DAYS{XN) PRESSIVE STRENGTH AFTER 28 DAYS{N/mm2} |
i4 pCCe PCCWITH FLYASH SFRC PLLCWITH FLYASH SFRC {
13 426 16.38253589 1555555555 13f.31§
16 426 17.33333333 gl 1£.933
17 450 i s 20 L7
13 540 15.55855555 ‘
15 S G A S A B R e
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21
22
23 PCC BCC WITH FLYASH SFRC
24 AVERAGE COMPRESSIVE STRENGTH AFTER 7 DAYS{N/mm2} 5.666666667 ILINILLGY 12.1037637
I8 AVERAGE COMPRESSIVE STRENGTH AFTER 14 DAYS{N/mm2) 1&,74074074 15.98518519 17.48148148
25 AVERAGE COMPRESSIVE STRENGTH AFTER 28 DAYS{N/mm1) 17.55355558 18.55555556 2095855555
7
it
25
a0
33
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The user is required to select all these average compressive strength values and then press ok in
the given menu.

i -

| g
Selection Dhaogue LR 1 et

Select data reqion in Excel worksheet,
Click DK to contirue in MATLSE

E Ok

Once the user has pressed ok a graph showing relative compressive strength of PCC, PCC with
fly ash and SFRC is displayed on the GUI chart menu.
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STEP 4: -

This part of the program takes in the values displayed in the material requirement as input
in the economic analysis of the mixes. On clicking this push button all the material requirements
for PCC, PCC with fly ash and SFRC are written on a new excel sheet. This sheet has a column
which requires the user to input the current market value of cement, sand, coarse aggregate, fly
ash and fibres in the unit specified. Once these values are mputted the excel program calculates
the cost of preparing the three mixes separately. The user is required to select these values from
the sheet. The inputs in this step are the compressive strength values of the mixes after 7. 14 and
28 days. The material requirement for designing the mix are also incorporated in this excel sheet.
The user is required to input the market rates of all the materials used in the mix. The output of
this step is the comparative cost and strength analysis of the three mixes.

7 '~ Ncrisoft Excel

Pagelagat Feinndas

, b Lasbir 1" Ax. Eaa ™ Feneral
el s gy . .
acte T A = i B T
T Jrowurene B M B BEEFEE 1w &
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© §7.5559555855555

o A 1 ¢

i

M PLAIN CEMENT CONCRETE PLAIN CERMENT CONCRETE ‘WITH FLYASH SFRT COSTPER NG
3 CEMENT REQUIRED 2262.857143 WIBFTIT 7252857 3
& SANDREQUIRED 4525724256 4525.714236 4525 714 )
S AGGREGATE REQUIRED Snsxd2sETy I0SLA2ESTL 90SHA2Y 3
& FLYaSH REGUIRED o 226,2857143 o 4
® FGRT REQUIRED : 264 3
5

G COST OF CEMENT tn Rt 026571426 2150 837

0 CDST OF SAND N Rs. 7105149

11 COST OF AGGREGATE - Rs. [REIETEY

11 COSTOF fivasHin i, ¢ 7 g

1} COST OF FIBRES 14 Re. i o fazd

j

15 ANMOUNT i Rs. L FE85.57L3 19147.42857 3973557

16 AVERAGE 28 DAYS STRENGTHiAIMM2 17.38885556 1B.55553555 20,9353

i
il
g
2%
22
3
24
%
il
27
H 4 b M material reguireinents

After selecting the entire values user is required to click ok on the following dialogue box.

( Data Sefection Dialogus EELM‘

Select data region in Excel wark zheet.
Click OF to continue in MaTLAR

|
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Once user has selected these values the GUI menu prepares a bar chart showing the relative cost
of the three mixes.

vikasfingl

4 10*"COST COMPARISO

B4

N' OF PCC,PCC WITH FLYASH AND SFRC
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As cost alone is of no use in determining the advantages of using a mix, hence to show the
relative strength that can be generated by this mix the program opens an another excel sheet and
this sheet takes in as input the average compressive strength of three mixes after 28 days.
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After selecting all the values user is required to click ok on the given dialogue box that also
opens with the excel sheet,

Dats Selection Disiogue {&ﬂ_wj ]

Select data region in Excel workshaet,
Click OK to continus in MATLAR
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The user has to select these values and the graphical user interface draws an another bar chart gt
showing the relative strength of these mixes.
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STEP 5: - ,

In this step the main part of the program is executed by pressing of the FEM Analysis push :
buttons. On clicking this button user is asked to input the thickness of the pavement in mm.

|
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PENTER THE UIDTH ©F THE FPRVENENT IN v 600

Once all the loads are entered the graphical user interface chart displays a mesh. This mesh can
be used to see the discretization of the subgrade. There are all together 48 elements and each
containing 8 nodes making a total of 173 nodes.The total length of mesh in horizontal direction
is 5 times of the half of the pavement thickness and in vertical direction is 11 times the half of
the pavement thickness (32).
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As soon as the value for pavement thickness is entered a dialogue box appears on the screen. lis
ask the user to verify whether there is any surface load on the pavement or not.

I THERE &NY SURFACE LOAD OM THE F'e‘l.\.-‘EMEr\JTW
YES
NO
L e P,

If the user press yes than he is asked for value of this load in N/mm?.

D@ > 8w o H ol 0 % curenUredtory [ Propom FirstanTL a8 ek B I
Shortculs 22 How to Add ] Wihat's Hew

gn wvikasfinal
EENTER THE WIBTH OF THE PAVEHENT IN rm 600
;THI VALUE OF UDhL ON THE PAVEHENT IM H/mem2 paun}

If the user enter no than a new dialogue box appears asking the user if there is any point load on
the pavement or not.

FAENU | e e

I3 THERE AY POIMNT LOAD OM THE ELEMENT
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If there is any point load then user has to press yes. On pressing yes the user is asked how many
point loads are there and the node number and value of each load in kN has to be entered by the
USer.

File Edit Debug D elp

0@ B E ¥ Cuentuscy F Wio s fis MaTLAE ik i
Shartcuts 2 How to ddg & vaer's Hew ‘
V¥R vikKazfinai .

ENTER THE WIDPTH OF THE FAVEMENT TW mn 600

THE VALUE OF UDL OM THE PAVEKENT LN N/l
ENTER THE VALUE OF LOXDS ONE BY ONE

USE FIGURE TQO DEFINE THE NODE AT WHICH LOAD 1S ARFLIED

NODES ARE NUMBERED IN HORIZONTAL DIRECTIGH STARTING FROH TOF OF THE HESH
POINT LOADS CAN BE ADDED TO L 2 3 4 S & 7 WODES ONLY

HOW NANY POINT LOADS ARE THEREZ

100

ENTER
ENTEK
ENTER
INTER

THE
THE
THE
THE
THE

NODE ON MHICH FOINT LOAD IS5 APPLIED]
VALUE OF LAGD(N) 10000
NODE ON BHICR POINT LOAD 15 AFFLIEDS
VALUE OF LAQD(M) 12345
HODE ON WHICH POIMT Lakk IS APFLIED?

ENTER
ENTER

THE VALUE OF LAGD (N) 12345

The output of the Stresss due to corner, edge and interior laoding as obtained from the program
for thickness of pavement, h = 10cm is shown below.

Fle Edit Debug Desklop Window Help
D& > W - BeE

Shortculs (8] How to Add 8 What's Hew

P Cument Drectny: | Wrogam Flas AT AB Mwark T i

>> vikastinal

Inter the valus of moduluz of elascicity of 3FRC L cral )
ENTER PAVEXENT THICKNESS IM (o) > 10

EKTER RADIVS OF CONTACT MREX  (cm) 10

ENTER NODULUS OF SUBGRADE REACTION (ka/em3) &
ENTER VALUE OF WHEEL LOAD (k) 5100

ENTER THE VALVUE QF POISSON RATIO FOR CONCRETE
THE VALUE OF STRESS AT INTERIOR, (31) (kg/cwz)

300000

.15

F1 o=

61.416%
THE VALUE OF STRESS AT EDGE, (8=) [§.<- B )
Ba =

90,4583

THE VALUE OF STPESS AT TORNER, (S} (kg/cmiy

So o=

T7.0442
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The displacement in the compacted subgrade is very small and so to get the deflected shape all
the values of displacement were multiplied with 50 to get the deflected shape. The deflected
shape of the finite element mesh is as shown here.

g

. W 2 W 0
T

The flow chart for the above MATLAB Program is given below:
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6.5 ANALYSIS OF RESULTS USING MATLAB

The results of MATLAB program using Westergaard theory of pavement analysis are verified
using the results of theoretical analysis as per clause 5.3. The data for the program and the
Westergaard theory was taken as follows and the difference between the two results are shown in

the table below,
Given:-

Modulus of Elasticity of concrete. E (kg/cm?) = 300000
Enter pavement thickness, h (¢m.) =10
Enter Radius of Contact Area, a (¢cm.) =10
Enter Value of Subgrade Reaction, K (kg/em®) =6

Enter Value of Wheel Load, P (kg) =5100

Enter Value of Poisson’s Ratio for Concrete, p = 0.15

Table 6.1:- Comparison of theoretical value and value obtained from the program; h = 10em
] Westergaard MATLAB Analysis Difference in the result
5. No, Stress Theory (A) (B) (A-B)
Interior, S;
L. (kg/em?) 61.43 61.416 ) 0.014
Edge, S.
2. (kg/om?) 90.485 90.458 0.027
Corner, S,
3. (kg/cm’) 77.048 77.046 0.002

So from the above table it is observed that the difference in results is very minute and

approximately equals to zero.
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The factor of safety for the above pavement thickness is 0.633which is less than 1.3 as
determined in the chapter 5 (clause 5.3). Therefore the above pavement has to be redesigned for

a higher pavement thickness.
Taking h = 16 cm,

The output of the MATLAB Program is shown in the figure below and compared with the

theoretical value in table 6.2

File Edit Debug Desktop Window Help
O i o o W B ¥ Coent Trectary FC rogsm Feet A TUART Psort T iy

Shotcuts B How lo Add F] What's New

»¥ vikasfinal

Enter rhe value of wodulus of elazclcity of SFRC [ ] FaE0an
ENTER FAVERENT THICKNESS IN (om) 16

ENTER RADIUS GF CONTACT AREA  (cm) 10

ENTER HOLULUS OF SUBGRADE REACTION (kgsciwd) 6

ENTER VALUE OF WHEEL LOAD (ka} 5100

ENTER THE VALUE OF POISSON PATIO FOR CONCRETE L1158

THE VALUE OF 3ITRESS AT INTERIQR, (S1) (kg/ci2)

31

27.5902
THE WALUE OF STRESS LT EDGE, (S5a) (tglemz )
5a =

41.83%11

THE VALUE {F STRESS AT CORNER, (5c) (kg/cm2)

Table 6.2:- Comparison of theoretical value and value obtained from the progrant; h = 16cm
Westergaard MATLAB Analysis Difference in the result

S.No. | Stress Theory (A) (B) (A-B)

Interior, §;
I (kefem?) 27.586 27.590 -0.004

Edge, 8.
2. (kefem?) 41.843 41.851 -0.008

Corner, S,
3. (kefem?) 37.752 35.752 0

86|00




The factor of safety for the pavement thickness, h = 16 cm .43 which is greater than 1.3, So the
pavement is safe for maximum wheel load of 5100 kg. These results are expected to be design

the pavement for flexural strength in the range of 60 kg/cm’ to $0 kg/em?.

6.6 CONCLUSION

In the present study, the finite element method has been used to evaluate the stresses and
deflections in PCC and SFRC pavements resting over subgrade under central loading conditions
using MATLAB Program with the use of an isoparametric quadratic serendipity element. The
results have been compared with Westergaard theory for a pavement of thickness 100 mm and

160 mm.

The values for central loading condition were used as input in the MATLARB program and
the values of stress, strain and deflection along a finite depth of subgrade have been calculated.
The theoretical values of stresses using Westergaard method are compared with the values given
by program and the difference between the values obtained from both is found to be zero. This
concludes that the program made for the analysis of pavements design is validated. The
pavement was found to be safe for a pavement thickness of 160 mm and results are expected to

design the pavement for flexural strength in the range of 40 to B0 kg/cm®.
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CHAPTER - 7
CONCLUSIONS

7.1 GENERAL

Steel fibres are the most commonly used out of a wide range of fibre in use. As a result of
numerous experimental investigations, SFRC has been recognized as a promising composite
material possessing greatly improved strength characteristics and its potential use for highway
and airfield pavements. When the fibre reinforcement is in the form of short discrete fibres, they
act effectively as rigid inclusions in the concrete matrix. Physically, they have thus the same
order of magnitude as aggregate inclusions; steel fibre reinforcement cannot therefore be
regarded as a direct replacement of longitudinal reinforcement in reinforced and prestressed
structural members. However, because of the inherent material properties of fibre concrete. the
presence of fibres in the body of the concrete or the provision of a tensile skin of fibre concrete
can be expected to improve the resistance of conventionally reinforced structural members to
cracking, deflection and other serviceability conditions. The results obtained from the present
study are discussed earlier and the precaution taken during the experimental program life time

and the coding is discussed in the present chapter.
7.2 PCC AND SFRC MIXES AND THEIR PERFORMANCE

The steel fiber reinforced concrete mixes with fiber volume percentage of 0.5%, 1.0% and 1.5%
showed higher compressive strength after 28 days as compared to plain cement concrete mixes.
Beyond 1.5% the proper compaction of mix was not achievable, hence they were avoided. A
maximum increase of 11.69% and 11.14% in compressive strength was observed for a fiber
volume of 1.5% over that of PCC mix for a mix 1:1:2 and 1:1.5:3 respectively after 28 days for a
block of size 150 x 150 x 150 mm. The wr/c ratio was taken as 0.6 for SFRC mixes and it was

found that the workability was just sufficient to enable the concrete to be mixed and compacted
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fully without using any admixtures. The comparative compressive strength values for PCC and

SFRC mixed after 7 days and 28 days are given in table 4.4 and 4.5.

7.3 MIXES USING FLY ASH

The cement content was varied with 15% of fly ash for the mixes. This was basically done to I

prove that addition of fly ash not only reduces the cost but also the strength of the mix is I It

i unaffected by this variation in cement content. The fly ash mixes shows a very slight increase in ‘ai
compressive strength of 2.1% over that of plain cement concrete mixes after 28 days. 1 t was !
found that the use of fly ash in the mix was found to increase the workability of the mix and it

also reduces the w/c ratio. No problem was faced in mixing the concrete mixes using fly ash. |
7.4 ANALYSIS USING WESTERGAARD

The Westergaard method was used to determine the stresses on a pavement due to maximum

wheel load application. The stresses were calculated at interior, corner and edge. The pavement

thickness of 10 cm. was used for the Westergaard analysis under maximum wheel load of 5100 )

. . . i
kg and for flexural strength of 60 kg/cm®. It was inferred from the analysis that the pavement ir
thickness was not appropriate for carrying residual concrete strength and hence was unsafe for af‘ |

designing the pavement. The analysis was again done for higher pavement thickness of 16 cm,

and it was found that it was safe for carrying maximum wheel load. } _
7.5 ANALYSIS USING MATLAB

|
A MATLABRB source code has been prepared for finite element analysis of rigid pavements and ]
subgrade beneath. The program calculates the stresses for edge, corner and interior loading of a

pavement and also distributes the stresses to the subgrade beneath. The deflection, stress and

strain caused due to these stresses on the pavement on each node of the isoparametric quadratic

serendipity element is calculated in the pavement. The result for deflection, stress and strain on

the subgrade has been shown in Appendix I1.

The MATLAB code is also verified with the stresses obtained from the Westergaard analysis for

pavement thickness of 10 and 16 em. The results of verification have been tabulated in table 6.1
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and 6.2. It was found that the differences in results were very less and approximately equals to

ZET0.
7.6 PRECAUTIONS

The present study deals with analysis of steel fibre reinforced concrete and its economic analysis.
The pavement was analyzed theoretically. with experiments carried out on blocks of size 150mm
and not on pavement stabs. The major precautions to be kept during the experimental program
were regarding the weather conditions. The ever changing climatic condition makes it difficult to
prevent moisture ingress in the materials and hence a lot of care was required to handle the
moisture from entering the materials components. The other necessity was that the components
of the mix were free from dust and other impurities. To make sure that the mix components
cement, sand and fly ash were cleaned and sieved properly, whereas the coarse aggregate were
washed thoroughly and dried before mixing. The amount of waste to be counted with each mix
preparation was also difficult to calculate. The waste percentage should be appropriate to prevent
the wastage of maierial. To obtain the compressive strength the mix should be properly
compacted. To obtain proper compaction the mix was rammed with a steel rod and then kept on

the motor of the mixer for 10-20 seconds. This allows the proper compaction of the mix.

The second most important feature of this experiment study was the MATLAB program.
The program was efficient for material requirement, economic and strength analysis but the main
problem is to analyze the pavement using MATLAB. This is due to the fact that probably
MATLARB is not the proper software for this analysis and has many limitations. Other software’s
that can be used for this analysis are ANSYS 5.0, ANSYS 10.0, ete. The deflection of the
subgrade could not be shown in the form of a graph and this was basically due to the fact that the
element taken is a 2-d element and there were no provisions (in the best of my knowledge) of
plotting a 2-D element displacement in form of a surface plot. The results were verified for

central loading condition of Westergaard’s theory.
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APPENDIX-I

The MATLAB source code for FEM Analysis of Rigid pavements and subgrade beneath: i

CHPROGRANM STARTS

function varargout = analysis(varargin) i
' . “fl
gui_Singleton = 1; ;
gui_State = struct(pul Name',  miitename, ... J
‘aui Ningleron's gui_Singleton, .., i
aui Openinglien’, fanalysis OpeningFen. .. i

e Outpben’, e@analysis_OutputFen. ...
rui Laseuth o', ).
vl Callback’s [k
il nargin && ischar(varargin{1}} :
gui_State.pui_Callback = ste2funcf varargin{ [ } ). ;
end
!

if nargout l
{varargout{ I margout}] = pui_mainfen(gui_State. varargin{;}):
else
gui_mainfen{gui_State. varargin{:}):
end 0
function analysis_OpeningFen(hObject. eventdata, handles. varargin)
handles.output = hObject.

%% Updaie handles strucwure
guidata(hObject, handles);

B . " PR . . . b
A4 - Ouiputy from this Rawtion are retrmed o the commuand Hine. i
lunction varargoul = analysis_QuiputFen(hObject. eventdata. handles)
varargout{ | } = handles.output:

B - Lnecutes on bution pross i pushhationt Garer tuaint

function pushbutton6_Callback(hObject. eventdata. handles)
glabal output:

global num;

num = xfsread( P NCT 2 00 - 1)

=107 1428

tor i=1:3
tor j=1:3
str( 1, j)=0:c=i+1:
str(c,j)=num(i,j}:
end
end

r=str(:. 1 Y:plot (s.r/-0b') [

c=str{ 2.1 yd=str(3.2):e=str(4.3);

text{7.c....
“leflarrow PEAIN CEMENT CONCRET L
FoniSiedl8)

text(i4.d....
Seftarrow PLAIN CEMENT CONCRL T wih iy ash'
'!'x‘ﬂl\;i/.t'.g)

text(28.c....
“lettarow SERCY
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Tantsiact8)

xlim(]-1 35])

vlim(]-1 50))

xlabell DAY S Topsiar. 1 4)

ylabel(UOMPRESSIVE SIRENGH BN mm2 v RHINSVURE|
title¢ it fCOMPRESSIVE STRESS VALLTS onislae’ 1)

haold o
rl=str( . 2)r2=str{:.3):
plot{s,r1.’- ey

plot(s.r2'. -0k}

% == Bxecutes on Bufton press in pushbuidony i finte sloment analvsivg

function pushbutton9_Callback(hObject. eventdata. handles)

global output:

clear
num_elcments:48;nunLn0des_c]emenls=8:1mm_doi'_node=2:tolal_lwdcs=l 73:
lotal_syst_dof=num_dol_node*total_nodes:
single_clem_dof=num_nodes_clements*num_dot node:

% Westergaard Analysis

E=input('fater the vithie of modidos of clasticiie o 5] R ehpiom2y ')
B=input("FNEER PAVENMENT HHORNESS I iomy )

a=input('t N HR RAHUS OF CONTACT ARLA oy )
K=inputCENTER MODULLS OF SERGRADE REACTION fheiomiy )
P=input(ENTEFR VALUE OF WHIELL LOAD ikey )

U=input('ENTER THE VALUE OF POISSON RATIO FOR CONCR I):

123=E*h*h*h:;u [=U*Uu2=1-ul:denl=12*K*u2:rat 1I=123/deni:I=(ratl JRUISR

val=h*h.vaZ=1.6*a*a:vai=va2+val vad=sqri(vad):va5=675%h:c32=a/h:
ire32<1.724
b=vad-va3:
end
if ¢32>=1.724
b=a:
el

call=.316*P:cal2=I/b:cat3=tog10{cal2):cal4=d*cal3:
calS=cald+1.069:cal6=cal I /val:Si=cal6*cal5:

disp THL VALET OF STRESS AL INTRIGR. (Sh theium?y )
Si

cal7=cald+.359:cal8=.372*P:cal9=cal8/val :Sc=cal9*cal 7:

disp(' # 1 VALLT OF STRISN AT FDGE 51 (he o
Se

cal 10=3*P;call 1=cal10/val;call 2=a*sqrt(2):cal | 3=(cal 1 2/):cal | 4=cal 1 3* .6:cal 1 5=] -cal 14;
Sc=calll*call5:

disp(" 1 VALUE OF STRESS AT CORNER. (Ser kg em?y w

Sc

width=inputCFN IR THE WIYTH OF THE PAVEAENT N e )
a=width/2;

SCOLIMNS

¢1=0:c2=a/6;c3=2*%c2:cd=3*%c2;c5=4*c2:c6=5%c2:cT=a:c8=3 *a/2:cO=2*a:c | 0=5*1/2:
cll=3*a:c12=4*a:cl3=5*a:

SalOWS




r1=0:12=-30:r3=-100:r4=-150:r5=-200:16=-((a/2)+200):r 7=-(a+200):
r8=-((3*a/2)+200):r9=-(2*a+200):r 1 0=-({5*a/2)+200):r | [=-(3*a+200):
r12=-(4*a+200)r13=-(5*a+200):r [4=-(6%a+200):r 1 5=-( 7*a+200):
r16=-(8.5%a+200):r1 7=-(10*a+200):

Yol NPUTFTING DA TA FOR NODAL COOR

Mol OBAL CORDINAT AL wher

global_coordinate=[cl rl:c2 rl:c3 rlicd rlieS rlicorlie7 rlie8 rl:c9 rliclOrlicl l rlel2 rlicl3 rl:

cl 12:¢3 r2:e5 r2:c7 r2:¢9 1r2:cl 1 r2:c13 12:

el r3:¢2 r3:¢3 r3; cd r3:e5 13:¢6 13:¢7 13:¢8 r3:¢9 r3:c10 r3:cl 1 r3:c12 13:¢13 13-

cl rd:c3 rd:eSrdic7 rd:c9 rdicl | rd:cl3 rd:

¢l rdie2 r3:e3 rdied r3:e5 r5:c6 r5:e7 r3:e8 r5:¢9 r3:c 10 r3:el 1 rS:el2 15:¢13 r5:

¢l r6:¢3 r6:¢5 16:¢7 r6:c9 r6:c1 1 r6:c13 16:

cl r7:c2 r7:e3 r7:cd v7:e5 v75c6 v7:¢7 17:c8 17:¢9 r7:cl0 v 7:cl 1 r7:¢12 r7:¢13 17:

cl r8:¢3 r8:¢5 r8:¢7 r8:¢9 r8:cl 1 r8:c13 18:

cl r9:c2 r9:¢3 19:¢4 19:¢5 r9:c6 19:¢7 19:¢8 r9:¢9 r9:¢10 r9:c1 1 19:¢12 9:¢13 19:

cl r10:c3 r10:e5 r10:c7 v10:c9 rl0:el 1 r10:c13 r10;

clrilicZrlilic3ellicd rlilicS el licortlie7 ellie8 el 1:e9 el liclOrl il el licl2 1113 ¢l

el r12:e3 rl2:c5r12:¢7 r12:¢9 r12:¢11 r12:c13 r12;

el r13:¢2 r13:c3 r13:cd r13:¢5 r13:c6 r13:¢7 r13:¢8 r13:¢9 r13:¢10 r13:cl1 r13:c12 r13:c13 r13:

clrldc3 rldies rldie7 rld:c9 rld:cl 1 rld:cl13 rl4;

clrise2r1sed rlsicd4 ris:e5r15:c6 r15:.c7r15:e8 r15:¢9rl5:c10 15l r15:c12 r15:c13 rl5:

clrle:xe3 rl6es rl6:e7? rl6:c9 r16:ct 1 rl6:c13 rl6:;

el rl7:e2 rl7:e3 v17ied v17eS vl 7:c6 r17:c7 r17:e8 v17:¢9 117210 11 7e 1 el 7:¢12 11 7:¢13 117);
BOINPU DATA FORNODAL CONNECTIVITY OF FACH PLENMENI
SoNODEGL WHRE teeamesi PHE BEEMEN T NUMBER AND jeee-=CONNECTED NODE
node_connectivity=[21 233 122 152 14:23255324 164 15:2527 7526176 16:27299728 188 17:2931 1193019 10
18:3133131132201219;

4143232142352234:4345252344362435:4547272546372636:47492927 48 382837:4951 312950
3930 38:51 53333152403239;

61 634341625542 54:63 6545 43 64 56 44 55:65 67 47 45 66 57 46 56:67 69 49 47 68 58 48 57:69 71 51 49 70
5950 58:71 73 53 51 72 60 52 59;

81 836361827562 74:83 8565063847604 75:8587676586776676:87 89696788 78 68 77:89 91 71 69 90
7970 78:91 93 73 71 92 80 72 79:

101 103 83 81 102 95 82 94:103 105 85 83 104 96 84 95:105 107 87 85 106 97 86 96:107 109 89 87 108 98 88
97109 1119189 1109990 98;111 1139391 112 100 92 99;

120123 103 101 122 115102 114:;123 125105 103 124 116 104 115:125 127 107 105 126 117 106 116:127 129 109
107 128 118 108 117:129 131 111 109 130 119 110 118131 133 113 111 132120112 119;

141 143 123 121 142 135 122 134:143 145 125 123 144 136 124 135:145 147 127 125 146 137 126 136:147 149 129
127 148 138 128 137:149 151 131 129 150 139 130 138:151 153 133 131 152 140 132 139:

161 163 143 141 162 155 142 154:163 165 145 143 164 156 144 155:165 167 147 145 166 157 146 156:167 169 149
147 168 158 148 157:169 171 151 149 170 159 150 158:171 173 153 151 172 160 152 159]:

COPLOTING THE FINFTE EEEMENT MESTH
node_connectivity_plooting=[212223 15321 14:23242516543 15252627 1776516:27282918987 17:293031 19
11109 18:3132332013121119;

41424335232221 34:43 444536252423 35:4546473727262536:47 4849382928 2737:495051 3931
302938:51 525340333231 39,

61 626355434241 54:63 64 65 564544 43 55:65 66 67 57 47 46 45 56:67 68 69 58 49 48 47 57:69 70 71 59 51
5049 58:71 72 73 60 53 52 51 39

81 8283756306261 74:83 84 85 76 65 64 63 75:85 86 87 77 67 66 65 76:87 88 89 78 69 68 67 77:89 90 91 79 71
7069 78:91 92938073 7271 79;

101 102 103 95 83 82 81 94:103 104 105 96 85 84 83 95:105 106 107 97 87 86 85 96:107 108 109 98 89 88 87
97:109 110 111999190 89 98: 111 112113 100 93 92 9] 99:

121122123 115103 102 101 114:123 124 125 116 105 104 103 115:125 126 127 117 107 106 105 116:127 128 129
LIS 109 108 107 117:129 130 131 119 111 110 109 118:131 132 133 120 113 112111 119;

141 142 143 135 123 122 121 134:143 144 145 136 125 124 123 135:145 146 147 137 127 126 125 136:147 148 149
138 129 128 127 137:149 150 151 139 131 130 129 138;151 152 153 140 133 132 131 139:

161 162 163 155 143 142 141 154;163 164 165 156 145 144 143 155:165 166 167 157 147 146 145 156:167 168 169
158 149 148 147 157:169 170 171 159 151 150 149 158:171 172 173 160 153 152 151 159]:




for i=1:48
row=node_connectivity_plooting(i.:):first_element=row(1);
x(9)=global_coordinate(first_element,1):y(9)=global_coordinate(first_clement.2):

lor j=1:8
a=row(j):x(j)=global_coordinate(a.1):y(j)=global coordinate(a,2);
end

plot(x.y.-ob )xlim([-1 1500])
vlim([-3200 0])
hold o
N=Zer0s( ):y=7er0s():
end
hold oif

SANPUTTING THE PAVEMENT THICKNESS

self_weight_concrete=2.4*10"-6:self_weight_soil=1.5%107-6; point_load=zcros(7.1)

ERASKING USER TO ENTER FHE SURFACE LOAD VALULS

23=menu('TS THERE ANY SURFACE LOAD ON THE PAVIMENTUYESUNOY):
it'z3==

udl=input("FHE VALTE OF UDL ON THE PAVENMENT IN Nmm2 ')
end

iff z3==2
disp('emmsanmammnmne FHERE ARE NO SURFACE LOADS ON TS ELEMEN T )
end

UpASKING USER TGO ENTER FHE POINT LOAD VALLES
zd=menu('iS THERE ANY POINT LOAD ON THE FLEMENIUYESUNOY:

il zd==2

disp(’ -=emememee THPREARE NO POINT L OADS e )
end
il zd==1

dispCENTER THE VALUEF OF LOADS ONL BY ONE);
disp('USE FIGURLE TO DEFINE THE NODE AT WHICH LOAD IS APPLIED ')
disp(NODES ARE NUMBERED IN HORIZONTAL DIRFCTION STARTING FROM TOP OF THE MESTE
disp(POINT LOADS CAN BEADDED TO 1 234 56 7NODES ONLY ')
num=input(‘*HOW MANY POINT LOADS ARE THERE )
for j=1:num
number=input(ENTER THE NODE ON WHICH POINT LOAD IS APPLILD )
LI=input(CENTER THE VALUL OF LAOD(NY )
point_load(number,1)=L1:
end
end

S INTTIALIZING MATRICES AND VECTORS
element_force_vector=zeros(single_elem_dof.1):

system_force vector=zeros(total syst dofil):
global_stiffness=zeros(total_syst_dof.total_syst_dof):
displacement=zeros(total_syst_dof.1):index=zcros(single_clem_dof.1):
transf_mat=zeros(single_elem_dof.single_elem_dof):

force vectorl=zeros(single elem_dof.l):force vector2=zeros(single elem dof.1):
force_vector3=zeros(single_elem_dof, 1 ):force_vectord=zeros(single_elem_dof.1):
force vectord=zeros(single elem dof.1):

SoNHAPE FUNCTION FOR EACHTNODE OF BACH BLEMENT

fori=1:48
h=0:

):
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hl=0:

CONTHALIZING MATRINES

force_vectorl=zeros(single_elem_dol. I ):force_veclor2=zeros(single_clem_dof.1):
force_vector3=zeros(single_clem_dof. 1 :force_vectord=zeros(single_elem _dof.1):
force_vectord=zeros(single_clem_dol.1):
element_force_vector=zeros(single_elem_dol 1}
element_displacemet=zeros(single_elem_dof 1)

constitutive_mat=zeros(4.4): dof=zeros(total_nodes.2):

SYms g i

PasHAPE FUNCTHON of SENGEL G EEMEN]
element=nade_connectivity(i.:):
shape_function(i. )=(1/4)*(F-g)*( 1-n)*(-g-n-1 ):
shape_function(1.2)=( 1/4)*( 1+gy*(1-n)*(g-n-1):
shape_function(L.3¥=(1/4)*{ 1+ }*( L+n)*{g+n-1 )
shape_function(i.4)=(1/4)*(1-g)*( l+n)¥(-g+n-1);
shape_function(i,5)=(1/2}*(1-g)*(1+g)*{1-n).
shape_function(i,7)=(1/2y*{1-g)*(1+g)*{ 1+n);
shape_function(i,6)=(1/2Y*(1-n)*( 1+n)*(1+g):
shape_function(i,8)=(1/2)*( 1-n)*{ 1+n)*(1-g):

nodes3=node_connectivity(i,:):fourth=nodes3(4};
third=nodes3(3):point] =global_coordinate(lourth.:):
point2=global_coordinate(third,:);diff1=point2( 1)-point1(1);
diff2=point2{2)-point1 (2 psum ={(diffT*dil¥1 yH(dif12%dif12));
lengthl=sqrt{sum]); areal=length1*1;
first=nodes3(1):point3=global_coordinate(first,:);
sum2=-(point3(2)-point1(2)):length_element=sqri(sum2);

Yol FORDUHTIN HORIZONTAT DHRECTION AND %2 FOR DO IN VERTICAT RO HION

v]1=0:

EaDO O THE BN N
for j=1:8

xe=nodes3(jrvi=vi+ldolixe. )=vi:vI=vI+:dofixe.2)=v];
cnd

Sl OR CALCULATING LENGTH AND AREA OF FACH FLEMENT
B PFORCTE VECTOR
S Bl ORCES DUE 1O SURFACE LOADY APV ICATTION

il z3==
iri<=3
node_num=node_connectivity(i,:);
for =18
it j==3|==4|i==
syms g n
fourth=nodes3{j):pointd=global_coordinate(lourth.: )
diff3=pointd{ 1)-point 1{ 1); diftd=point(2)-point1{2):
sum2=((ditt3*diff3)+(difta*dif14)): length2=sqri(sum?2):
nodes23=shape_function(i,j): x 1=node_numgj):
Sofor edge 3-4 for cach cloment e}
n=1: h=subs{nodes23}: integration_value=int(h.-1.1):
v=areal *length2* integratton_vatuc*udl/2:
VALI=do{{x1.2): force_vectorl (VAL 1)=v:
end
end
cndl
end
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SO ORCES T HO POINT LOAD APPLICATHON

il zd==|
for j=1:8
nodal=nodes3(j): :
i
nodal==1|lnodal==2||nodal==3|Inodal==4|nodal==5|[nodal==6|[nodal==
VAL2=def{nodal.2);
force_vector2(VAL2.1)=point_load(nodal.1):
el
end i

crul
S ili<=30

SYMs & i

n=-1: z8=shape_function{1): h=subs{z8): il
nedes3=node_connectivity(i.:):fourth=nodes3(4): ‘
third=nodes3(3): point1=global_coordinate{fourth.:); ‘ '
poini2=global_ceordinate(third.:); diff1=point2(1)-point1{1): !
diff2=point2(2)-point H{2): swm I=((dif 1 *difF 1)+ difR2*dit12)): 3 |
lengthI=sqrt{suml ). areai=length 1 *1; il
first=nodes3(1); ;

tirst i}
paini3=global_coordinate(first.:): il
point3 ' ' 1
sum2=-(point3(2)-point1(2));

sum?2 l

length_element7=sum?2: i
tength_clement? I
integration_value=int(h.-1.1}:

length_clementl=length_element7: b
lorce_addl=areal*length_clement I *integration_value®sell weight_conerete: .‘
{orce_add2=arcal *length_clement | *integration_value*self weight_soil: }'

end I|
i 30<i<=36 "
SYIMS & 4 i
n=-1; :
z8=shape_function{1}: nodes3=node_conncetivity(i.:}: ]
fourth=nodes3(4); third=nodes3(3): !

pointl=global_coordinate(fourth.:); point2=global_coordinate(third.:):
difft=point2(1)-point 1{1): dilf2=point2(2}-point1{2):
sum I =({diff1*diff1 ) H{(diff2*dif2)); length t=sqrt(suml); _
areal=lengthl *1; first=nodes3(1}: point3=global_coordinate(first.:); i
sum2=-(point3{2)-paint1(2)): length_clement8=sum2; h=subs(z8): .
length_clemeni3=length_element8: integration_value=int{h.-1.1)
tength_element2=length_elementl
force_addl=areal*length_eclement| *integration_value*self weight concrete: !
force_add2=areal *length_element | *integration_value*sell weight_soil: !
end
il 36<i<=42
SYms v iv;
n=-1: z8=shape_function(1): h=subs(z8): nodes3=node_connectivity(i,:):
fourth=nodes3(4): thitd=nodes3(3):pointI=global_coordinate(fourth.:):
point2=global_coordinateithird.:):
diffl=point2{ 1)-point 1{ 1): diff2=point2(2}-point 1 {2):
sum=((duTH*diff1 )+ (ditf2*diff2}): tength I =sqri(sumi):
areal=lengthl*1: tirst=nodes3(1):
point3=global_coordinate(first.:): sum2=-(point3(2)-point 1{2)):
length_element9=sum2; length_elementd=lengih_element9:
length_element1=length_element3d; integration_value=int(h.-1.1):
tength_element2=length_elementl;
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I force_add]=areal*length_clement | *integration_valug*seli” weight_concrete:
} force_addZ=arcal *length_element ] *integration_valuc*self weight_soil:

Ef end

| if 42<i<=48

SYms o n;

n=-1: z8=shape_function{ 1 ):h=subs(z8): length_elementt=length_elementd:

integration_value=int(h.-1.1): length_element2=lengih_eclement|;

force_addl=areal *length_element] *integration_value*self_weight_concrete:
force_add2=arcal*length_¢lement1*integration_value*self weight soil:

<iud
SHORCES BUR TG BOLY WiGH T
‘\ PRDUE TOIWO CONURETE LAYERS
: il i<=6
for j=1:8

SYms ¢ n
z5=nodes3(j). z8=shape_funetion(i.j):
i j==1j==8
third=nodes3(j): point3=global coordinate(third.:):
ditt3=point3(1)-point1(1): diftd=point3(2)-point1(2);
sum2=((dift3*diff3 yH{diffd*dif14)). length2=sqrt(sum?);
end
if j==
third=nodes3(j): second=nodes3(7):pointd=global_coordinate(second.:);
point3=global coordinate(third,:):
dift3=point3(1)-pointd(1); diffd=point3(2)-pointd(2);
sum2=((diff3*difT3)+H{diff4*diff4)): length2=sqri{sum2};
end
it j==2{|j==
third=nodes3(j): peint3=global_coordinate(third.:):
diff3=point3(1)-point2(1 }; diffd=point3{2)-peint2(2);
sum2=((dift3*dift3 \(ditd *diff4)): length2=sqri(sum?):
end
if j==3|j==4{{j==
length2=0,
end
irj==1]lj==2]|j==5
n=-|:
end
i j==3|f==4{|j==
n=1:
end
i j==bj==
n=0:
cnd

h=subs(z8); integration_value=int(h.-1,1);
force=areal *length2*integration_value*self weight_concrete;
VAL3=dof(25.2):force_vector3(VAL3,1)=force:
end
h=0;
78=0:
3 end
| i 6<i<=12
] for =18
I SYmMs & 7
z5=nodes3(j):
z8=shapc_function(i.j):
if j==1{j==8
third=rodes3(jy:pointi=global_coordinate(third.:):
diff3=point3(1)-point1(1); diffd=point3(2}-point 1(2):
sum2=((diff3*dif 3 )+(dilMA*dif14)): length2=sqri{sum2);
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end
it j==
third=nodes3(j):second= nodes3(7):pointd=global Lomdmau(su.ond )
point3=globat_coordinate(third.:);
dilf3=point3(1)-paint4(1): diftd= =point3(2)-pointd{2:
Sum2=({dilf3*dif13)+(diff4 *difi1)): length2=sqri(sum2};
el
if j==2|lj==
third=nodes3(j):point3=global _coordinate(third,:):
dift3=point3(1)-point2( 1Y, diff4= =point3(2)-point2(2):
SUM2Z=((dIf{3*dift3 p(difta *difT4)): length2=sqri(sum?2);
enil
irj==3llj==4|j==7
length2=0;

end

if j==1|li==2l{j==5
n=-1:

end

fj==3fj==4|j==
n=1:

end

if j==6|j==
n=():

end

h=subs(z8);

integration_value=int(h.-1,1);
forcel= =areal *length2*integration_value*scl{ _weight_concrete;
force=forcel+force_addl: VAL3= =dof{z5.2):force_vector3{VAL3, D=florce:
end
h=0:
z8={};
end

CODULE PO SONL LAYERS
il 12<i<=18

for k=18

irk==I||k==
third=nodes3(k): point3=global _coordinate(third.:);
diff3=point3(1)-point1( 1) diffd=paint3(2)- -paint1(2):
sum2=((diff3+dil3 y+(difid 5dilray); length2=sqrt{sum2):

end

ilk==
third=nodes3(k):second=nodes3(7):
pointd=global_coordinate(second.:):
point3=global_coordinate(ihird.:):
diff3=point3(1)-pointd(1): diffd=point3(2)-point4(2):
sum2={(dift3*if3)+(diffd *difr4)); lenpth2=sqrt(sum?2);

end

it k==2] k=
third=nodes3(k); pointd=global_coordinate{third,:);
dift3=point3(1)-point2(1): diffd=point3(2)-point2(2);
sum2=((dHt3*dif13 (il *difT): length2=sqrt(sum2):

end

il k==3|[k==4||k==
length2=0;,

end

z9=shape_function{i.k}:

i k==1]|k==2||k==3
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n=-1:
end
i k==3|lk==4|k==
n=I:
end
it k==6|k==8
n=0:
end

h1=subs(z9):

integration_value=int(h1.- 1.1}
forcel=areal *length2*integration_valuc*sell weight_soil;
force=force | +(2*torce_add1): z5=nodes3(k).
VALA=dof(z5.1): force_vectord(VAL4, 1 )=force:
el
h1=0:
Z29=0:
eind
if 18<i<=24

lor k=1:8

if k== k==
third=nodes3(k): paint3=global_coordinate(third.:):
dif3=point3( 1)-point1( 1} dilfd=poim3(2)-point1(2):
sum2=((dilI3*diff3y+(diff4*dil4)): length2=sqri(sum2):

end

irk==>5
third=nodes3(k}; second=nodes3(7);
pointd=global_coordinate(second.:);
point3=global_coordinate(third.:);
difT3=poirnt3( 1 }-pointd( 1): diffd=peoint3(2)-pointd(2);
sum2=((dift3 *dift3)+(diffd*dit4): length2=sqri(sum?2);

end

if k==2{k==0

third=nodes3{k): point3=global_coordinate(third.:),
diff3=point3(1)-point2( 1} diffd=point3(2)-point2(2);
sum2=((diff3*difI3)y+(diffa*diff4)): length2=sqrt{sum2):

ead
if k==3|k==4||k==7
length2=0:
end

29=shape_function(i.k}
il k==1||k==2|]k==5
n=-1;
endd
il k==3||k==4||k==
n=1.
end
il k==06|k==8
n=0:
end

h1=subs(79):

integration_value=int(hl.-1,1});
forcel=areal *length2*integration_value*sclf weight soil:
force=force | +(2*force_add 1)+force_add2:
z3=nodes3(k): VAL4=dol{z5.1); force_veclor(V ALY D=lorce:
end
h1=0; z9=0;
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end
if 24<i<=30
lor k=1:8
ilk==I||k==8
third=nodes3(k): paint3=global ceordinate(third.:):
dift3=point3( [-paintl( 1): dilTd=point3(2)-point {2}
sum2=((difB3*dift3)+(dittd*dift)): length2=sqrt(sum2}:
end

if k==5
third=nodes3(k): second=nodes3(7):
pointd=global coordinate(second.:):
point3=global coordinate(third.:).
diff3=point3(1)-pointd{1): diftd=poin13(2)-pointd(2):
sum2=({dift3 *dilf3)+{diff4*diff4)): length2=sqre{sum?2):
end

if k==2||k==0
third=nodes3(k): point3=global_coordinate{third.:):
diff3=point3(1)-point2( I }; difld=point3(2)-poini2(2}:
sum2=((ditf3*dif3 )+ diffd*diffd)): length2=sqr{sum2);
end
i k==3|lk==a}jk==7
length2=0:
end
29=shape_lunction(i.k);

i k== [k==2[[k=—5

n=-1:
end
il k==3||k==4|[k==7
n=l:
end
it k==6ljk==
n=(0;
end

h[=subs(z9).integration_value=int(hl.-1.1):
forcel=arcal*lenpth2*integration_valuc*self weight_soil:
force=force | +(2*force_add 1)+ 2*force_add2).

z5=nodes3(k). VALA=dof(z53.1); force_vectord(VAL4, E)=force:

end
h1=0;
z9=0:
end
11 30<i<=36
for k=18
irk==}k==8

third=nodes3(k). point3=global_coordinate(third.:):
ditt3=point3(1)-point]{ 1): diffd=point3(2)-point1{2):
sum2=((diff3*dift3)+(diffd*diftd) ) length2=sqrt(sum2}.
end
i k==5
i third=nodes3(k);second=nodes3(7):
* pointd=global _coordinate(second.:):
J’ pointd=gtaobal_coordinate(third.:);
diff3=point3(1)-pointd( ! y:difl4=point3{2)-pointd(2).
sum2=((diff3*diff3 )y (diffa*diftd))length2=sqrt(sum2 )
end
il k==2|lk==6
third=nodes3(k);point3=global _coordinate(third.:):
diff3=point3(1)-point2( :ditt4=point3{2)-paint2(2):
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sum2=((dift3* diff3)+(ditfd*difl4)): length2=sqri{sum2);
end
it k==3|lk==4|k==7

lenpth2=0;

e
Z9=shape_function(i.k):
it k==I(lk==2||k==

n=-1: i
end f
i k==3|k==4||k==7

n=1;

end
il k==0]|k==8

n=0;
end

h1=subs(z9}.integration_value=int{h1,-1.1):

forcel=areal *length2*integration_value*sell weight_soil:

force=force [+{2*force_add 1 y+(3*force_add2): :
z5=nodes3 (k. VALA=dofiz5.1 ;:force_vectord(VAL4. D=force; !

end i
hl=0;
z9=0; li
endd il
it 36<i<=42 !
for k=18
i k==1|{k==8

third=nodes3(k):point3=global_courdinate(third.:}:
dift3=point3(1)-point1{ 1):dilt4=point3(2)-point1(2):
sum2=((ift3*dif13)+(dif4*dift4)):lenpth2=sqri(sum?2):
end
if k==5 .
third=nodes3{k):second=nodes3( 7
peintd=global_coordinate(second.:);
point3=global _coordinate(third.:);
diff3=poeint3(1)-pointd(1);diftd=poini3(2)-pointd(2):
sum2=((di13*dil 3+ (dittd *diff4)):length2=sqri{sum?2):
end
i k==2[|k==6
third=nodes3(k);point3=global_coordinate(third,:);
dift3=point3(1}-point2(1):diffd=point3(2)-point2(2}:
sum2=((diff3*dift3)+(ditfa*difid) plength2=sqri{sum2);
end
il k==3[k==d|k==7
length2=0:

end
z9=shape_function(i.k): i
il k==1{lk==2|tk== ’E
n=-1: i
el !‘
H k==3|jk==»A|k==7 :
n=1; !
end '
il k==0]|k==8
n=0:

hi=subs(z9);integration_value=int{hl.-1,1):

forcei=areal* length2 *integration_value*self_weight_soil;
force=forcel+(2*force_add 1 }+(4*force_add2); :
z5=nodes3(k):VAL4=dof(z5.1):force_vectord(VAL4, D=lorce, l

i
i
i
end i
i
i
I
!
T
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end

hi1=(0:
29=01
cnd
i 42<i<=4§
for k=1:8
i k==1]k==8
third=nodes3(k):point3=global_coordinate(third.:):
dift3=paint3(1)-point1{ 1):diffd=point3(2)-point 1{2):
sum2=((dift3*dif3 1 H(dift4*diftd) y:length2=sqri{sum?);
end
i k==3
third=nodes3{k):second=nodes3(7):
pointd=global_coordinate(second.:);
point3=global_coordinate(third.:);
diff3=paint3(1}-paintd{ 1);diftd=point3(2)-pointd(2):
sum2=((dift3*diff3 HH(diffd*dift4) ylength2=sqri{sum2);
end
i k==2[k==6
third=nodes3{k):point3=global_coordinate(third.:);
diff3=point3(1)-point2( 1 yidiff4=point3{2)-paint2(2);
sum2=((diff3*dif3 )+ (diffd*dilt4)):length2=sqrt{sum2);
enel
ir k==3||k==4{]k=="7
length2=0;
enrd
z9=shape_function(i.k):
if k==1]|k==2|k==5
n=-1:
end
iFk==3|lk==4||k=="7
n=l:
end
il k==0|k==8§
n=0:
end
h1=subs{z9);integration_value=int(hl.-1.1);
forcel=areal ¥length2*integration_valuc*self_weight soil:
force=torce |-+{2*force_add 1 )+(5*force_add2);
z5=nodes3(k);:VAL4=doflz5,1):force_vectord(VAL4. 1 )=force;
end
h1=0:
Z29=0;
end
Sy ADDING ALL TTHE FORCES IN A SINGLE MATRIEY
lor j=1:16

element_force_vector(j,1)=force_vector1{j.1)+force_vector2(y. 1)+force_vector3{j. ! 3+ force_vectord(j. | F+element_force vector].

Iy
end

SHTACOHEAN MATIIN OF TTH P ENENT
sum [=0:sum3=0:sum2=0;sumd=0:nodes3=node_connectivity(i,:):
first=nodes3(4);third=nodes3( 1 ):point1=global_coordinate(first.:):
point3=glabal_coordinate(third.:):diffI1=point3( 1)-pointI(1);
ditf2=point3(2)-point 1(2):sum | =((diff1 *difT1)+{diff2*dif12));
length=sqrt{sum|l }:syms g o :
for j=1:8

Nl=shape_function(i,j)):d7=dift{N .g):first=nodes3(j )
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pointt=global_coordinate(iirst.:):x_coordinate=point1{1):
y_coordinate=point [{2);sum I=suml+d7*x_coordinate;
sum2=sum2+d7*y_coordinate:
end
jacobian(1.l)y=sumljacobian{1.2)=sum2,
o j=1:8
Nl=shape_function{ij).d7=dilliN1.n);
nodesI=node_connectivity(i.oxtirst=nodes3(j)
pointl=global _coordinate(first.:):x_coordinate=pointi(1 )
y_coordinate=point1{2):
sum3=sum3+d7*x_coordinate;sumd=sumd+d7*y_coordinate;
end
SYmSs i 1 |
jacabian(2. 1)=sum3:jacobian(2.2)=sum:
a=sum ! :b=sum2:c=sumd:d=sumd:
jac_inv=[ -d/(-a*d+b*c) bi(-a*d+b*c):
c/l-a*d+b*c) -af(-a*d+b*c)]:

transi=[jac_inv(1.1) jac_inv(1.2} 0 0
0 0 Jac_inv{(2,1) jac_inv(2.2);
0 0 0 0

Jac_inv(2. 1) jac_inv(2.2) jac_inv(L,1) jac_inv{1.2)];

%o sirain displavement matvin
for j=1:8
Ni=shape_{unction(i,j).d1=dif{N1.g):
strain_displacement(1.j)=d | :strain_displacement( 1.8+))=0:
end
lor =18
Nl=shape_function(i,j);d2=diff(NL.n);
strain_displacement(2.j)=0:strain_displacement(2,j+8)=d2:
end

for j=1:8
Nl=shape_lunction(ij):lirst=nodes3(j):
pointI=global_coordinate{first..):x_coordinate=point I{1);
it x_coordinate==
d3=0;
cnd
it x_coordinate~=0
d3=1/x_coordinate;
end
strain_displacement(3,j)=d3:strain_displacement{3.8+j)=0:
end

for j=1:8
NI=shape_function(i,j).dd4=ditliN1.n):d |=diff(Nl.g):
strain_displacement{4,j)=d4;strain_displaccment(4 j+8)=d1;

end

Uostramdisplicemont=roundndsiram_displacomoent-2y
Sy CONSTTHUTTIVE MATRIX
it'i<=6
poissons ratio=.13: modutus_clasticity=30210:
end
iro<i&&i<=12
poissons_ratio=.20:modulus_elasticity=27310:

end
iti12

poissons_ratio=.305:modulus_elasticity=106.816:
end
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vall=(1+poissons_ratio}*(1-2*poissons_ratio):
valZ=modulus_elasticity/vall;

D=|I-poissons_ratic  peissons_ratio  poissons_ratio 0;
poissons_ratio  l-poissons_ratic  poissons_ralio 0:
peissons_talio  poissons_ralio  1-poissons_ratio 0:

0 0 0 {(1-(2*poissons_ratio))/2]:

constitulive_mat=(val2*D):

CoS THANESS MATREX
MAT I=strain_displacement™*constitutive_mat*strain_displacement;
SYms ¢ b
for j=1:1
lor k=1:1
e=MATI{j.k)
points=[-.8: -3 . 3.8]:weiphts={.35:.6:.6:.33]:
summation=0;vald=0:get | =0ge12=0):
for I=1:1
g=points(l)ire=subsicl:vald=re*weights(l);
sumimation=val4+summation;get I=summation:g=0.

emd
for 1=1:1
n=points{}:h=subs{get [ yvald=h*weights(l):pet2=vald+gel2:
end
stiffness matrix(j.k)=get2:
end

cnd
element_displacement=inv(stiffness_matrix)*element_force_vector,
Yo strainesiraln_displacement* displacement
Sl PNDING B EMENTSTRAIN AND ELEMENT STESSES
bounty=1:

for j=1:8
x3=nodes3(j):
lor k=1:4
for I=1:16
s2=strain_displacement{k.l}:.
g=global_coordinate{x3,1):q=subs(s2):
n=global_coordinate(x3.1):q2=subs(ql )
strain | 1{(k_1}=q2:
cad
end

¢lement_strain [=strainl 1 *element_displacement:
element_stress | =constitutive_mat*clement_strainl:
tor k=1:4
element_stress(bounty, | )=element_stressl(k,1}.
element_strain(bounty,1)=¢lement_strainl{k.l});
bounty=bounty+1;
el
element_stressl=zeros{4.1):
end

L GLOBAL TORCE VECTOR
for j=2:2:16
xO=clement_force_vector(j):19=j/2:node_num=nodes3{19):x1=2*node_num:
system_force_vector(x1)=system_force_vector(x|}+x9:
end

vy GFOBRAL DISPEACUENENT ViCTOR
ce=1inodesd=node_connectivity(i.:):
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for j=1:16

if f==2[li==4|[i=6ll==8{li==10[j==12|[i== 1 4|j==16
x3=element_displacement(j):110=}/2:
node_numl=nodesd(110):a2=2*node_numl:displacement(a2 )=x3:

end

i == Hi==3[==51I==7lli==91==1 tllj==13|i=15
node_num2=nodesd(ce):ce=ce+lial=(2*node_num?2}-1:
displacement{at)=¢clement_displacement(j):

end

end

SOl OBAL STRESS AND STRAIN MATRIN
strain=zeros(4*1otal _nodes. [ yistress=zeros(4*total_nodes. 1);
for j=1:32

x12=element_stress(j. | );x L 3=clement_strain{j.1):

il j==l1]j==2|j==3[j==4
nod_num2=nedes3(1):global_node_num=4*nod_num2:
strain{global_node_num)=strain(global node_num)+x13;
stress{global_node_numj=stress{global node num)+x12:
global_node_num=global_node_nrum+1;

emd

it j==5]j==6lj==7]}==8
nod_num2=nodes3(2):global_node_numl=4*nod_num2;
strain(global_nede_num)=strain{global_node numi}+x13;
stress{global_node_num)=stress(global_node_num)+x12;
global_nade_numi=global_node numl+1:

end

i p==9lli==10[[==t 1|i==12
nod num2=nodes3{3):global_node_num=4*nod_num2:
strain{global_node_nurm)=strain{global_node_num)+x13:
stress(global_node_num)=stress(global_node_num)+x12:
global_node_num=global_node_num+1:

end

it F=13lF=14{l==15]==16
nod_num2=nodes3(4):global_node_num=4*nod_num?2;
strain{global_node_num)=strain{global_node numpx13:
stress{global_node_num)=stress(global_node_num)+x12;
global_node_num=global_nodc_num+1;

e

il j==201==19i==18|li==17
nod_num2=ngdes3(3):global_node_num=4*nod_num?2;
strain{global_node_num)=strain{global_node numix13:
stress{global_node_num)=stress(global_node num)+x12;
global_node_num=global_node num+I:

el

if j==21[j==22|—23|—24
nod_num2=ncdes3(6}.global_node_num=4*nod_num?2:
strain{global_node_num)=strain(global_rode_num)+x13:
stress(global_node_num)=stress(global node_num)+x12:
global_node_nurn=global _node_num+1:

end

it j==25{j==26|lj==27|j==28
nod_num2=nodes3(7):global_node num=4*nod_num?2:
strain(glebat_node_num)=strain(global_node num)+x13;
stress(global_node _num)=stress(global_node_numy+x12;
global_node_num=global_node_num+1;

end

if j==20][}==30{jj==3 | [j==32
nod_num2=nodes3(&).global_node_num=4*nod_num2;
strain({global_node_num)=strain{glebal_node_num)+x13:
stress(globat_node_num)=stress(global_node num)+x12;
global_node_num=global_node_num+I:
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end
end
end

CPLOT HNG O FHE DEFLLCTED SHADPE OF THE MESH
for i=1:48
row=node_connectivity _plooting(i.:::firstel=row(1):
x2=global_coordinate(tirstel. | y.y2=global_coordinate([irstel.2):
set]=2*firstel;y I =displacement(setl. 1 ):se12=set 1 -1;
x1=displacement(set2. D:first_clement=row(1 }x(N=x2-x [ :¥(9)=y2-y1;
for j=1:8 '
a=row{j):x2=global_courdinate(a, 1 ):y2=glohal_coordinate(a.2):
bi=2%a:yl=displacement(bl.1):b2=b1-1:xt=displacement{bh2.1);
x()=x2-xLiy(j)=y2-y 1
end
plot{x.y.~K)xlim{[-1 1500])
ylim({{-3200 0))
hold on
x=zeros():y=zeros():

end
hold on

e
s

Yo displacemunt

%6 slress

%0 strain

Tsvatcin (oree vecter

6 e xevuies on Bitton press o pushbation 13 (osit),

function pushbution13_Callback(hObject. eventdala, handlcs)

if'isfigld(handles, Tigure 1) & ishandle(handles.figurc).
close(handles.tigurel):

cnd

Fo e noCiies on hution press i pushbuatlon® fmaterin reguisenmeni)
function varargout=pushbuttond_Caliback(hQbject. eventdata. handles)
globat output:
disp( il DENSEY OF CONCRIT IS 2000kem )
si=menu{’ BN FER THE SE/E OF B OCK o 3oy
il gj==
size=100;
end
if si==2
size=130:
end
num=menu(’EN FER FHE NUMBER OF BEOCKS (0 BE PREDPARIIY VA TUE 0 0y,
i num==
num_blocks=6;
end
i num==2
num_blocks=7:
end
it num==3
num_blocks=8:
cad
if pum==4
num_blocks=%
end
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il num==
num_blocks=10:
end
amt_conc=( 24 *size*size*size/10000):
num_blocks
ch=menu( ¢ HOONE FHE RATIO OF NHX YOU WANT T0 PREPARI 2001500y
il'ch==
cement=1; sand=2:aggregate=4.
end
il ch==
cement=1: sand=1.5:aggregate=3;
end
if ch==3
cement=1: sand=1:aggregate=2;
end

choice=menu( N TR PTH PERCENTAGE OF WASTE L WANT 10 KEEP L0200 36407300,

it choice==1
waste=10:

od

il choice==
waste=20:

end

if choice==3
waste=30;

end

it choice==4
waste=4();

end

il'choice==3
waste=30;

end

PHMATERIALREGUIREMENT FOR POC

sum=cement+sand-+aggregate;cement_nowaste=(aimt_conc/sumy,
a=(cement_nowaste*(1+(waste/ 1 00))y;,cement_reqd =a*num_blocks:
sand_reqd I=cement_reqd 1 ¥*sand:aggregate_reqd 1=cement_reqd| *agprepate;

GspCMATEREAL REQUIREMENT FOR PLAIN CEMENT CONCRETE IS7)
disp(" THE AMOUNT OF CLMENT REQUERED IN KB OGRAMS IS )
cement_reqdl
disp{" I AMOVNT OF SAND REQUIRFD N R LOGRAMS IS '),
sand_reqd|
disp(' THE AMOUNTOF AGGREGATE REOQUIRED IN KILLOGRAMS N )
aggregate _reqd]
disp("):

disp("):

disp("):

disp("):

SeMATERIALRBEQUIRFIMENT FOR PCC WHITFLY ASH
cho=menu('UNTER THE PERCENTAGE OF PLYASIHVEN TTH MIX U180 300 128

i choice==1
flyash=10;

end

i choice==
flyash=15:

end

it choice==3
flyash=20:
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end

it choice==
flyash=23;

cod
cement_noflyash=num_blocks*a:flyash_reqd=(flyash*cement_notlyash/E00):
sand_reqd2=cement_nollyash*sand:
agpregate reqd2=cement_noflvash*aggregate:
cement_regd2=cement_noflyash-fivash_reqd:

dispCMATERIAL REQUIRLAVIEN T FOR BLAD CEMEN T LONC R WEH T FLY AN IS )
dispCTHE AMOENT OF CEMENT REQUIRPD N RITLOGRAMS IS )
cement_reqd2
disp(' THE AMOUNT OF CEMENT REQUIRED IN KILLOGRAMS IS )
Ryash_reqd
disp"ITH AMOUNT OF SAND REGUIRED IN KITTOGRAMS IS )
sand reqd2
disp{’ 1TH AMOUNT OF AGGREGATE REQUIRED IN KELOGRAMS IS )
aggregate_reqd2
disp("):

disp{"):

disp("):

disp("):

PeNEATERIATREOQUIRP AN FOR SR
fibre=menu(™ FE T ANCGES T OF PIRRPS YOI W AN T I YO AN IR AR I I A I O T M O T TR T
it fibre==1
fibre_content=40:
end
if {ibre==2
fibre_content=60:
end
il fibre==3
fibre_content=80:
end
if fibre==4
fibre_content=100:

end

if fibre==3
fibre_content=120:

end

it fibre==6
fibre_content=14¢;

end

if fibre==7
fibre_conteri=100:
end
il fibre==
tibre_content=180:
end
il fibre==
libre_content=200;
end

fib=(fibre_content*size*size*size/ 1000000):
choice=menu(' LN PHR T PERCENTAGE OF WASTE 8 WANTTO KEFEF WTTH PIRRES U107, X300 30 7300,
it choice==
fibre_waste=10;
end
if choice==
fibre_waste=20:
endd

110 ] 50




if choice==
fibre_waste=30:

end

i choice==4
fibre_waste=40:

cnd

it choice==3
fibre_waste=50:

chd
fib_wihwaste=(fib*( 1 +(fibre_waste/100))):
fibre_reqd=fib_wthwaste*num_blocks:

centenl_reqd3=cement_reqd]1:

sand_reqd3=sand_reqdl:

aggregale_reqd3=agegregate_reqdl,

dispCMATEIEAL RKEGUIREMENT FOR STLED FIBRE REINFORCLD CONCRLTF 1S,

disp{’ PHE AMOUNT OF CEMENT REFQUIRLD IN KHLOGRAMS IS )

cement_regd3

disp("THE AMOUNT OF FIBRES REGQGUIRED IN KHLOGRAMS I )

fibre_reqd

disp(’THE AMOUNT OF SAND REGUIRED IN KILLOGRAMS 1S ")

sand_reqd3

disp(’ THE AMOUNT OF AGGRIGATE REQUIRFD IN KILFDGRANMS IS )

apgrepate_reqd3

disp("):

disp("):

output={cement_reqd | cement_reqd2 cement_reqd3:sand_reqd 1 sand_reqd2 sand_reqd3:aggrepate_reqd | aggregate_reqd2
aggregate_reqd3:0 flyash_reqd 0:0 0 fibre_reqd}:

B - Bnatites on Botion press inopashbution? teconomic anndvaisi

function varargout=pushbution?_Callback(hObject. eventdata. handles.varargin}
glabal output;

giobal num;

nwm

s=xlswrite( nes s outpul, material requiremenes’. B3

fori=1:3
v(iy=num(3.i);
end
s=xlswrile(new s s v inaterind reguiremenz U e’y
n = xlsread(msw ndsy, 1)
hold ofl’
bar(n..5)
ylabel(« OST (710660 Ra " FomSine10)
title( "COST COMPARISONT OF PCCPUC WEHH LY AST AND SFROCFONTSIZE0):
ylim{[ 10000 60000]);

g =xlsread(‘new sy’ -1)

hold off
bar(g..3)

HtleU"STRENCGTH COMPARISONT OF PUCPOC WHTTT FLYASH AND ST ROVVONESEZ 1 0):
viabel{ COMPRESSIVE S TRENG PHE S e ADTER 28 DAYN TanmSizng 1)

ylim([10 100}):
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APPENDIX II

The results of the FEM analysis are shown below:

Node no. Displacement Stresses Strains
(m,E) (N/mm?) [.0e+005 *
1.0e+010 *
0 i
| 0.0000 0 0
0.7926 0 i
) —_0.0000 0.0000
1,000 7 o0 ]
, 0 0
B 25002 0 0
0.0442 0.1484
0.0000 0 0
3 0 0
: 0.7944 0 0
0.3232 1.0579
0.0000 0 a
X 0 0
2.5960 0 0
03319 10532
0.0000 0 0
s 0 0
0.0000 0 0
1.3978 4 6884 N
0.0000 0 0 ]
o 0
6 1593 ¢ 0
1.2628 4.4022
0,0000 0 o
; ¢ [}
0.7932 & 0
- 2.0651 7ams_ |
G.0000 0 ¢
" [ [
0.0000 D ¢
05571 24057
[ ¢
, 0.0600 0 e
0.0000 0 ¢
0.9906 47786
0.0000 0 [0
0 0
o ©.0000 0 0
0.000¢ 0.0001
0.0000 0 0
1 0 0
0.0000 0 0
0.0001 0.0005
0.0000 0 0 —
12 [ 0
* 0.0000 0 0
0.0001 01,0004
0.0000 L 0 0
3 0 [}
: 0.0000 0 0
0.0001 0.0004
0.0000 0 0
77777 0 0
4 0.6000 0 0 )
o 0.0000 0.0000
0.0000 0 0
(s 0 0
0.0000 0 0
0.3232 16579
0.0000 0 0
16 0 0
0.0000 0 0
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D 4(1(&)384 ]

0.0000 o
0 0
7 0.0006 0 0
| 20651 7.4048
0.0000 0 I 0 B
0 0
18 0.0000 0 0 T
69906 47786
00000 0 0
0 0
19 0.0000 0 | 0
0.0001 0.0004
0.0000 0 0
20 - p— 0 +—0 ]
< -0000 0 0
_ —_— B} _ booo2 R
0 0
N 0.0000 “—T—— ‘—-—-T——-f
¢.0000 0 0 ]
- - 0.0000 0.0000
0.0000 0 i
37 0 0
4 00000 0 0
0.0442 0.1484
0.0000 0 0
- 0 0
- 0.0000 0 0
0.3232 1.057%
0.0000 0 0
2 0 0
“ 0.000G 0 0
03319 1.0532
0.0000 0 0
0 0
» 0.0000 0 0
1.3978 4.6884
0.0000 0 0
% | 0 0 i
° 0.0000 0 0
1.2628 44022
0.0000 0 0 |
0 0
27 40000 o T o
- o 20632 74048
0.0000 0 0
’% s o 0 0
: 0.0000 0 [ B
B 0.3571 23058
0.0000 0 0
2 0 0
: 0.0000 3 ¢
0.9907 4.2787
0.0000 0 0
0 0
10 0.0000 ¢ 0 N
0.0000 0.0007
0.0000 0 0
4 0 0
: 0.0060 [ [
0.0003 0.0011
0.0000 0 0
0 0
2 0.0000 ) o
i 0.0002 0.0009
0.0000 [ i
0 ]
1 0.0000 0 0
o 0.0003 (1.0012
T Gooon 0 0
0 0
A T oon T i i
) 0.0000 0.0000 |
0.0000 0 0
33 o o —
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R By a— I ]
] L 0.0000 0.0000 7
0.0000 0 0
g ]
36 ACY T R 5 I
0.0000 T oooeo |
0.0000 ] T e
e
0 0
1 e S I, S
7 2.0000 0 0
| Y
L B 0.0000 0.0000
0.0000 0 0
S Y Y
0 0
3 NI S ] ]
8 0.0000 T ¢
0.0000 0.0001
0.0000 0 | 0
i 0
39 0.0000 0 T
L o 0.0001 0.0004
0.0000 0 [
‘ L S | Y
10 0,004 0 0
- . 0.0002 00004
0.0009 o T o
4 0 T T
0.0046 0 i o_ ]
] 0.0000 0.0007
0.0069 0 0
I
£ 0 S
0.0016 0 0
0.0060 0.0002
0.6009 0 [
0 0
L i
4 00046 0 0 ]
L - 0.6000 T Gooir
D 0.0009 0 0 ]
I S
44 0.0046 0 ¢
o 0.0000 0.0009
0.0009 0 0
0 [
45 0.0046 0 0
00000 | 0.0030 ]
0.0009 0 T ¢ ~
i 0
16 T omz 0 [ o i
. ] T o 0.0021 )
¢.0027 o o
[ o
7 IR 7 0 0T
- 0.000] 0.0255
0.0027 0 i )
0 0
18 0.0138 0 0
0.0000 00245
0.0027 0 0
" - ) 0
0.0138 0 0
0.0002 ] 0.0797
0.0027 o [ |
0 0
50 0.0277 0 B 0 ]
0.0001 0.0559
0.0054 0 0
0 0
! 3 o 1 9 B ]
] ] . 0.0008 0.358]
0.0054 0T 0o T
52 —_—— ] 0 S A—
- 0.0277 0 o
I o [ 0.0004 03112 _
- 0 0
“ 0.0054 ——ﬁ- 0 —'—_——' 0 :;‘—
: 0.0055 _® o
L - ] S omeds_ T 0.3008
- N Leeerr o T o
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0
0 i
0.0055 Q0000 | 0.0000
0.0023 — 21 0
55 o L 0 —
: 8.0055 0 )
2.0600 G000
0.0073 0 a
0 0
36 50164 0 0
0.0000 0.0028
0.0068 0 0
o 0 0
00164 0 0
0.0000 00166
0.0063 0 0
« o B
- 0.0327 u] ]
0.0001 03760
00135 0 B 0
A I S —
39
0.6327 4 0
032 0.0003 $.2720
0.0133 0 0
0 0
60 0.0036 B 0 0
0 0006 04326
0.0096 0 0 ]
o 0 0
0.0009 o 0
0.0000 0.00G1
0.0016 0 0
0 0
9
62 00009 0 0
00000 0.0004
0.0046 0 0
0 0
63 5.0009 0 0
0.0000 0.0013
0.0046 o 0
0 0
64 0.0009 0 0 N
0.0000 00018
00046 o 0
0 0
as 00009 0 0 ]
0.0000 0.0072
00139 0 )
0 0
66 00027 N 0 0
00000 0.0041
00139 | 0 Al —
] 0
o 0.0027 d 0 N
0.0001 0.0454
00138 0 0
] o
o8 0.0027 i 0
0.000] 0.0430
0.0138 0 0
v 0
i 50009 a 0
0.0003 0.1930 ]
0.0027 0 0 ]
0 0
0 0.0277 g 0
0.000] 01099
0.0054 o 0
0 0
7l 00277 9 ]
0003 | o
0.0054 i 0
72 0 0
- 0.0277 o I .
00007 0.6074 J
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)

"' 0.0054 0 0
0 0
“ — e _— -—
5 0.0035 0 0
L 0.0012 08513
00072 i — 0
o v - 0 B
00053 [V 4]
L o 0.0000 0.0000
0.0023 [ o
’s 0 0
’ 0.0055 0 0
00000 0.0010
0.0023 B 0 T 0
0 G
7 0.0164 0 0
0.0000 0.0028
0.0068 o 0
. o o
B 00164 0 0
0.6000 00166 |
0.0068 0 0
0 0
8 0.0327 i G T
0.0001 0.0760 N
00133 0 0
79 0 0
0.0327 ] 0
L 0.0003 01779
00133 0 0
) 0 0
80 0.0046 0 0
4 0005 0.4326
0.0009 0 0
0 0
fl 0.0046 0 0
| 0.0000 0.0031
0.0009 0 0
o 0 ]
‘ 0.000% 0 0
0.0000 0.0004
0.0046 0 G
0 0
3
8 0.0009 0 0
0.0000 0.0023
0.0046 0 [0
8 0.0009 0 0
0.0000 00018
0.0046 0 0
0 0
. 0.0009 0 0
| ) 0.0000 0.0072
0.0046 0 0
0 0
86 . 0.0009 0 0
0.0000 0.0041 |
00139 0 I ]
0 0
87 0.0027 0 0 ]
0.0001 0.0454
0.0139 9 o
88 0 0
00077 0 0
I A Y - R,
0.0138 0 g
89 0 g
0.0027 — 0 0
0.0003 01939
00138 0 0
0 0
% 00027 a 0
l 0.6001 01099
00277 0 0 ]
9l ] 0
0.0054 0 0
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0.0013 0.7466
6.0277 [ 0
92 4 4
- 0.0054 0 0
0.0007 0.6074 o
00277 0 0
0 0
o 0.0054 0 0
o 0.0012 0.8511
00055 0 0 T
¢ o
h 00072 0 0
0.0000 0.0000
0.0053 0 0
0 0
93 0.0033 0 0
0.0006 0.0010
£.0055 ] 0
o o
o6 00023 0 0
0.0600 0.0028
0.G164 0 0
0 0
o7 0.0068 0 i
0.0000 0.0166
00164 0 0
0 0
98 00068 ¢ o
0.0001 0.0760
0.0327 0 0
0 0
g
9 00135 0 0
- 0.0003 0.2729
0.0327 0 0
0 [
1! 00135 0 0
0.0006 043306
0.0092 0 0
0 0
7
o2 0.001% 0 0 ]
0.0000 0.0003 |
0.0092 o o
¢ 0
.
10; 0.0018 0 0
0.0600 0.0006
0.0093 0 0
0 0
104 0.0018 0 0
0.0000 00034
0.0093 0 o |
. & 0
105 0.0018 0 0
0.0600 0.0027 ]
0.0092 0 0 ]
106 0 0
0.0018 0 0
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