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ABSTRACT

"Development of masonry Blocks Using Bituminous Emulsions" is basically

stressing about research on new material to be applied in construction technology.

As widely known, concrete is brittle in nature and are prone to fragmentation. Same

problem applied to glass walls. Fragmentation will cause the material to break into

chips and predominantly lose its strength. Apart from that, development of this new

material is also initiated due to the increase in terrorist attacks to high rise building

causing majorcasualties as well as injuries to the occupants as well as pedestrians.

In order to fit the requirement of this research, wax emulsionis experimented

to understand its behavior in terms of strength, flexural and durability. The material

used is Burke Wax Emulsion White (Type II), For comparison purposes,

conventional bitumen mix is also tested. The mix proportion of the bituminous

material is done following the concrete proportion. Same testing method in

designing bituminous mix for flexible pavement applies to this research. The

specimens will be tested using Marshall Stability testing equipment which will give

the optimum binder content value, Beam Fatigue equipment which will give its

flexural stiffness and deflection and durability test which will give its resistance

against temperature effects.

Wax emulsions produced materials with high compressive strength and

durability characteristic but at low deformation rate. However, it fails instinctively

underdynamics loading due to its stiffness and inflexibility to absorb loadings. Due

to this factor, fiber addition is necessary to increase its flexibleness and tensile

strength.

Thismaterial canbe used for construction of non-load bearing partition wall,

slabs or floors which experience static loadings alone. Findings from this research

will open a new era for building construction technology. A more cost effective

material to concrete and brick wall structures is found. Coatings of surfaces from the

wax coupled with its hydrophobic nature, will sufficiently act as a moisture barrier

to prevent conduction and unwanted penetration and interaction of various liqiuds in

masonry blocks.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

In today's era, development and advancement in technology, give extensive benefit to

the rise of skyscrapers. Criterions of most skyscrapers are concrete, brick wall or the

glass curtain wall which have found growing favor in modern architectures.

Aesthetically glass curtain walls will provide a better finishes compare to steel or

concrete. However, in structural point of view, both glass walls and concrete are brittle

material. Brittle materials fail instinctively under tension. Due to its brittleness, it is

subject to fragmentation.

Fragmentation is termed as break up of the material upon detonation [Yaakov

Yerushalmi, Uzi More, Amit Seizes] \ This phenomenon will cause the materials to break into

small chips. In the long run, it will cause thematerial to lose its strength predominantly.

Thismight lessen the fatigue life as well as the service life of the building. Due to shock

load or high lateral load, thebuilding might not be able to withstand the applied loading

and causes failure.

Significance of these behaviors of material gives advantages to terrorist attacks.

Nowadays, terrorist attacks are common in high rise buildings. Terrorists attacks has

been populating in this world way back since 1990's. Skyscrapers or importantbuilding

in a nation is always their target. This will cause major casualties for the occupants,

pedestrians as well as the economic conditionof the country. For instance, WTC attack

causes thousands of death, injuries, and 100 nearby buildings experience severe

cracking due to the massive collapse of the tower. The table below list down some cases

of terrorist attacks on buildingfrom 1990up to 2005 as well as the casualties involved.



Table 1.1 : Building's bombed down subject to terrorism from 1990 - 2005.

YEAR DATE BUILDING CASUALTIES

1990 April 10 Baltic Exchange,
London

- 3 killed

91 injured

1995 April 19
Alfred P. Murrah

Federal building,
Oklahoma

- 166 killed

Hundreds more

injured

1996

June 25

Khobar Towers, Saudi
Arabia

December 24 Worchester Mall, Cape
Town

- 4 killed

Dozens injured

1998 August 7
US Embassy in Nairobi,

Kenya, Dar-es-Salem
- 247 killed

- 4000 injured

1999

April 27
Intercontinental Hotel,

Athens, Greece.
- 1 death

November 3

US Embassy, Us
Cultural Center, UN
Islamabad Pakistan

No injuries

2000

October 1

Church in Dushanbe,
Tajikistan

- 7 death

70 injuries

October 13

British embassy in
Sanna, Yemen

minor damage

December 25

US Embassy, Manila,
Philippines

2001

January 3
El Air Airlines Office,

Zurich

minor damage

September 11

World Trade Center,
New York

Pentagon, Washington
D.C

Airplane crashes in
Pennsylvania

- 3000 death

- 189 death

86 injuries

- 44 killed

2003 April 2 Dawao Airport,
Philippines

- 16 killed

2005 January 19 Australia Embassy, Iraq - 25 death

Dozens of

injuries



As mention earlier, concrete and glass walls are brittle materials which are

subject to fragmentation. Fragmentation will cause the material to predominantly lose

its strength in time. If it is impacted by shock load such as heavy explosions or blast, it

will fail instinctively. Failures usually occur due to the impact of air-blast shock wave

which is the primary damage mechanism in explosions [Yaakov Yemshalmi, Uzi More, Amit

Seizes]'.

In the case of buildings with glass wall facade, the glass itself is often the

weakest part ofa building, breaking at low pressure compared to other components such

as floors, walls or columns. Glass breakage may extend for miles in large external

explosions. The high velocity glass fragments are the major contributor to injuries of

occupants in a building. Falling glasses on the other hand, poses a major hazard to

passerby, pedestrians, and prolongs post-incident rescue and cleanup efforts by leaving

tons of glass debris on the Street [Yaakov Yerushalmi, UziMore, Amit Seizes] \

In concrete case, the air-blast shock wave will act at the exterior envelope of a

building which is in the closest vicinity to the explosions. This will cause wall failure

and window breakage. As the shock wave expanding, it enters the structures and will

pushupward and downward on the floors. Floor structures have typically large surface

areas for pressure to act and small thickness. Due to this, as the wave is propagating it

will cause failures.

Apart from that, blast can also cause other significant damage to occupants.

Severity and type of injury patterns incurred in explosive events maybe related to the

level of structural damage. The high pressure air-blast that enters through broken

windows can cause eardrum damage and lung collapse. Airborne glass fragments will

cause penetration or laceration-type injuries where else the larger fragments will cause

non-penetrating injuries. Finally, the air-blast pressures can cause occupants to be

bodily thrown against object or to fall [Yaakov Yemshalmi, Uzi More, Amit Seizes] '. Pictures

below show some of themajor casualties experienced by building subject to shock load.



Figure 1.1: World Trade Center Blast.

Figure 1.2: Damages experience by Alfred P. Murrah Federal Building, Oklahoma.

Due to the scenario above, the need to find new materials that will diminished or

at least lessen the effect of fragmentation and terrorism is crucial. Research of new

flexible materialwill come in handy in overcoming this problem.



1.2 Problem Statement

As mention above, fragmentation problem in brittlematerials suchas concrete andglass

walls have many significant damages to a building. It will cause the materials to break

into chips which cause the structure to lose its strength. Predominantly in the long run,

it will lessen its fatigue life and shorten its design service life. The effect will be more

dominant when subjected to shock loading such as heavy explosions or air-blast shock

wave impact [Yaakov Yemshalmi, Uzi More, Amit Seizes]l.

The act of terrorism made the situation worse. In today's world, news about

terrorist attacks to buildings is of normal occurrence. As the materials experiencing

fragmentation, it is understood that it has lost some of its design capacity. As mention

earlier, it will fail instinctively under shock loading. For instance, in glass walls, once it

is impacted with heavy explosions and blast, it will cause the glass traveling at a very

high velocity and hitting anyone or anything along its pathway. Looking at table 1.1

above, for some cases the damage is not significant but most of the time it will cause

major casualties to the occupants as well as the passerby and will effect the country's

economic condition.

Looking at the major problem noted that is fragmentation faced by brittle

materials as well as terrorist attacks on the structures itself, the need for a findings of

new technologies or materials to counterthese problem are important. Basicallythe idea

ofdeveloping masonry blocks using bituminous emulsions is initiated to overcome or at

least lessen the impact caused by terrorism act. The idea is that for us to find new

material which is flexible in nature that will sufficiently absorb the energy and dissipate

the pressure from the shock loading imposed to a structure. This material will act as a

non - load bearing partition walls in building specially designed to counter shock

loading.



Out of the ordinary uses of bituminous materials in highways construction and

maintenance, here this material will be researched to be used as masonry block for

building constructions. Bituminous materials are adapted in this research based on

understanding on how flexible pavement withstands enormous traffic loading

throughout its entire life. Credits are given to its flexible behavior apart from other

benefits which is considered significant in this research project. The emulsion chosen is

BURKE WHITE TYPE II (WAXEMULSIONS) which will be explained later in the next

section.

1.3 Objective

This research project focused on the behavior and strength achieved of the emulsions

from experimental data and observation. For comparison purposes, conventional

bitumen is also tested.

The research project objectives to be achieved are as stated below:

• To study the basic behavior of Burke Wax Emulsion White (Type II)

• To determine the optimum binder content that will sufficiently coat

aggregate thus resulting in high strength blocks.

• To determine the maximum strength value that wax emulsions can

achieve through experiments.

• To determine the bending behavior of the bituminous emulsions mix.

• To conclude whether the strength value achieved is adequate to carry its

intended engineering purpose or fiber addition is necessary.



CHAPTER 2

LITERATURE REVIEW AND THEORY

2.1 What is Emulsion?

Bituminous emulsions or widely known as cold bitumen is generally a by product of

petroleumdistillation process. In this distillation process, firstly, separation of materials

occur in the distillation tower where the lighter fraction of the evaporated materials

collect on top tray, and the heavier fractions collect in successive trays, with the

heaviest residue containing asphalt remaining at the bottom of the tower. The product

obtained in this separation process is gasoline, kerosene, diesel fuel, lubricating oil, and

asphalt (see Figure 1.1). Further processing of the heavyresidue will gives many types

of asphalt that is asphalt bitumen, cutbacks and emulsions. [Nicholas J. Garber, Lester A.

Hoes, 2002]2

Gasoline

Kerosene

Lt. Gas Oil

Diesel

Motor Oils

Asphalt/Bitumen

Figure 2.1: Barrel of Crude Oil.



Emulsified asphalt is normally produced by breaking asphalt cement, usually of

100 - 250 penetration range, into minute particles and dispersing them in water with an

emulsifier. These minute particle have like electrical charges and therefore do not

coalesce. Theyremain in suspension in liquid as long as the waterdoes not evaporate or

the emulsifiers do not break. Asphalt emulsions therefore consists of asphalt, which

makes up about 55-70 percent by weigh, water and an emulsifying agent, which in

some cases may contain a stabilizer. [Nicholas J. Garber, Lester A. Hoes, 2002]2

Asphalt emulsions are classified into 3 types that are anionic, cationic and

neutral. Anionic are emulsions containing negative charged particles which are most

effective in treating aggregates of positive charges such as limestone. Cationic on the

other hand are positive charged particles which perform best with electronegative

charged aggregates such as silica gravels. The anionic and cationic emulsions are

generally used in highway maintenance and construction, while the natural/nonionic

emulsions may be used in the future as emulsion technology advances. [Nicholas J,

Garber, Lester A. Hoel, 2002]2,

2.1.1 Wax Emulsions

Wax emulsion is also one of the major discoveries from the technology advances of

crude oil refining process. It is derived from the refining of lubricating oil. Wax

emulsions that are derived from petroleum waxes can be formulated into numerous hot

melt adhesive systems to modify viscosity, flow, set time and moisture resistance

properties. Waxes can also influence adhesive's bond strength and flexibility. In this

case, petroleum waxes are incorporated into asphalt blends and emulsions to modify

flow, increase moisture resistance of the substance and reduce unwanted penetrations

and interactions of various liquids due to their hydrophobic nature. The properties of

wax emulsion mention above are the material analyzed in this research project.

[www. igiwax. corrif.



Wax is an organic, plastic-like substance that is solid at ambient temperature and

becomes liquidwhen melted. Because wax is plastic in nature, it usually deforms under

pressurewithout the application of heat. The following summarizes the general features

ofwax: [www.igiwax.comf

o Solid at ambient temperature

o Thermoplastic in nature

o Combustible

o Liquid at 110 to 200°F

o Insoluble in water

There are three general categories of petroleum wax that is paraffin,

microcrystalline and petrolatum. Paraffin waxes are derived from the light lubricating

oil distillates. It contains predominantly straight-chain hydrocarbons with an average

chain length of 20-30 atoms. Microcrystalline waxes on the other hand are produced

from a combination of heavy lube distillates and residual oils. It contrasts from paraffin

wax in the sense that it has poor crystalline structures, darker colorand higher viscosity

and melting point. The last category of wax is referred as petrolatum or petroleum

waxes which is derived from heavy residual oils and are separated by a dilution and

filtering process. It is microcrystalline in nature and semi-solid at room temperature. In

general it refers to the amount of oil contained in the product. Slack wax refers to wax

containing anywhere from 3-50 % oil content where else scale wax refers to 1-3 % oil.

[www. igiwax. com]3

Knowing the benefits wax emulsions provide for new technologies on

construction purposes, it has been adopted and researched in this project. Here, we are

using BURKE WAX WHITE EMULSION (TYPE II) as the binder for the mix instead

of conventional bitumen.



2.2 Burke Wax Emulsion White (Type II)

Burke waxemulsion white (type II) is basically a highsolid white pigmented wax based

concrete curing compound which is formulated to retain moisture in freshly poured

concrete. The selected white pigments will reflect the heat of the sun, keeping the

concrete surface cooler. Wax Emulsion White us a membrane forming wax based

material that seals the necessary moisture for propercement hydration. It is formulated

to comply with V.O.C content limits as required by Air Pollution Control Regulations

of Kansas. This emulsion is of petrolatum type which contains 10-25% of slack wax

along with some other chemicalcomponents.

It is specially designed for use on interior commercial projects, such as

highways, residential paving, airport runways, concrete lined canals, dams, parking lots,

engineering projects and other as specified aspects. Although it is basically useful for

concrete curing, we are trying to research the use of this emulsion for developing of the

masonry blocks. Since in the mix proportions design for this research also include

cement as fillers, theoretically it will aid in the cement hydration process resulting into a

high strength blocks. The behaviors, strength and adaptability of the mix using

emulsions are the main focus of this research project where it will be discussed in the

next section. Pictures below shows the physical features and structures of the wax

emulsion. Physical and chemical characteristic of the wax is describe in Chapter 3 and

included in the Appendix 1.1.

Figure 2.2: Physical Characteristic ofBurke Wax Emulsion White (Type II)
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2.3 Emulsion Behavior

Almost all asphaltic material obtained from the distillation process exhibit the same

behavior. Since Burke Wax Emulsion White (Type II) that we are using is also

petroleum based, theoretically it exhibits the same characteristics as other asphaltic

materials. Based on the understanding of these behaviors, the idea of using emulsions to

develop masonry blocks came along. Some of the properties that are considered in this

research are; [Nicholas J. Garber, Lester A. Hoes, 2002]2

i. Flexibility

ii. Durability

iii. Impermeability

iv. Adhesive nature

As mention before, we are adopting the concept of how flexible pavement can

carry enormous traffic loading throughout its design life into this design. Although the

magnitude and type of loading a pavement experience is somewhat different from

lateral and gravity loading experience by a building, however its ability to absorb the

load transferred to it and to be able to perform its intended engineering purpose

throughout its service life are taken into consideration in adopting this concept in

developing masonry blocks using emulsions. In a flexible pavement, strength came

from aggregate interlocking as well as the stiffness of thebinder. Looking into this fact

as well, we believe there is a future for usage of masonry blocks using bituminous

emulsions.

11



i. Flexibility

Flexibility is one of the important properties of bituminous material analyze in adopting

this research. In order to overcome brittle nature and fragmentation effect to concrete

structures as well as glass wall, we need an alternative material that will be able to

absorb the load flexibly and willnotdeform or fail in performing its intended purpose.

Wax emulsion exhibit flexible behavior because of its elastic nature where it

will experience elastic deformation when subject to loading. Since it is petroleum based,

the viscosity of the petroleum in the wax allows it to behave flexibly. Looking at the

stress-strain relationship curve in Figure 1.2 below, elastic material does not have a

limit. When subjected to tension (load applied by stretching the material), it will

elongate throughout the time load is applied on it and when the load is removed, it will

return back to its original shape and condition, maintaining same behavior throughout.

This elastic phenomenon is explained through Hooke's law and Young's modulus

where; [William D. Callister, Jr 1997]4

o = Ee

0 = Stress

E = Young's Modulus

e = Strain

This modulus represents the resistance to elastic deformation or stiffness of the

material itself. The greater the modulus, the stiffer the material and the greater

resistance against permanent deformation. In elastic deformation, the stretching of inter

atomic bonds will not cause the bond to break. That is why the material can return back

to its original condition afterload is removed. [William D. Callister, Jr \997f

12



On the otherhand, comparing to plastic material, it will not return to its original

state when the load is removed because the bonds between particles that breaks during

applied loading reformed new bonds with other particles relative to one another.

[William D. Callister, Jr1997]4

Plastic

Stress (o)

Elastic

Strain (e)

Figure 2.3: Typical Stress-strain relationship for plastic and elastic material.

Based on this elastic behavior, theoretically, it will eliminate problem of

brittle failure in concrete structures and fragmentation. If this masonry block is used as

a non-load bearing partition wall in a building with glass wall facade, it will lessen the

injuries and death to occupants in case of shock loading such as heavy explosions or air-

blast shock wave. As we know, airborne glass fragments causes by the shock loading

are the major contribution of injuries of occupants in a building while air-blastpressure

on the other hand will cause occupants to be thrown away or fall. In the worst cases,

these can let to serious injuries as well as death of occupants or pedestrians.

By adopting this wall, which exhibit flexible behavior, theoretically, the

elastic bond of the material binding the wall will absorb the external pressure imposed

on it, dissipate the energy the explosion carries and at the same time will act as a barrier

in protecting the occupants from the broken glasses. Even if the explosion causes the

wall to break or crumble, its elastic behavior will prevent the material from hitting the

occupants and lessen the injuries and other casualties.

13



ii Durability

Durability is termed as the ability of an asphaltic material to resist weathering. When

asphaltic material is exposed to environmental elements, natural graduation takes place

and causing the material to lose their adhesiveness and become brittle. However, in

order for an asphaltic material to act successfully as a binder, it must possessed high

resistance against weathering. [Nicholas J. Garber, Lester A. Hoes, 2002]2

Some of the factors that influence weathering are oxidation, volatilization,

temperature, surface area and age hardening. In pavement, too much voids can cause

oxidationof the aggregates, resulting in binder hardening ithat will cause the material to

be brittle. Temperature has significant effects on rate of oxidation and volatilization.

The higher the temperature, the greater the rate of oxidation and volatilization which in

return will increasethe binder hardening rate. [Nicholas J. Garber, Lester A. Hoes, 2002]2

That is why in pavement design, we only allow for sufficient amount of voids

and optimum binder content to prevent bleeding in hot season and brittleness. This

concept is also applied in this research. We will minimize the amount of voids and

optimize the binder content to make sure that the block will be as durable as the

pavement itself.

iii. Impermeability

In many structures, water will always be the main cause triggering the failures of the

structures itself. Even in concrete blocks, the amount of voids should be low enough to

prevent water from penetrating through and corroding the steel reinforcement. Same

goes to the pavement design; the pavement must be waterproof to prevent water from

penetrating through the entire pavement layer and weaken the pavement [Nicholas J

Garber, Lester A. Hoes, 2002]2. In this research, the blocks we are developing also must be

14



impermeability to water action because we do not want the block to lose its strength.

This emulsion which basically contains wax will sufficiently act as a waterproof lining

protecting the blocks from water action, thus eliminating the loss of strength and

failures.

iv. Adhesive

In a bituminous mix of a well graded aggregate, the strengthof the material comes from

aggregate interlocking. The adhesive property of the emulsions will make coat the

coarse aggregates, fine aggregates and filler together which determines the interlocking

behaviorof the mix. This interlocking behaviorgives excellentstrengthcharacteristic to

the pavement in absorbing the loading applied to it. For gap graded aggregates, the

Strength comes from the Stiffness of the binder itself [Nicholas J. Garber, Lester A. Hoes,

2002]1.

Effectiveness of the adhesive nature of bitumen in coating aggregates depends

on nature of the surface and state of the bitumen. Better interlocking is achieved

between rougher aggregates compared to round aggregates. In order for it to coat

aggregate, it has to be in fluid state and resulting in good adhesion. However, presence

of water will prevent adhesion. Thus this property relates closely to the waterproof

nature of emulsions [Nicholas J. Garber, Lester A. Hoes, 2002]2. This adhesive nature of

bituminous emulsions in interlocking aggregates is one of the important properties that

are taken into consideration in this research.

15



2.4 Advantages ofWax Emulsion

Since the objective of this research project is to identify new materials available to be

used for future construction technology, experiments were proceeded with wax

emulsion. As mentionearlier, BURKE WAXEMULSION WHITE (TYPE II) is chosenin

thisresearch. Some of thebenefits of this material are explained in theparagraph below.

All of the benefits listed are more or less dependent ofone another.

Wax emulsion will reduce shrinkage in materials. Since it resembles candle like

substance once mix and harden, it will retain moisture in the mix and to successfully

reduce plastic shrinkage cracks. Its hydrophobic nature will prevent excessive moisture

loss due to heat generated from sun or surrounding environment.

It also accelerates strength gain for materials because strengthwill continuously

increase as long as sufficient moisture is available for cement hydration. Basically the

purpose of curing done in material such as concrete or highways mix are to make sure

that sufficient amount of moisture is available for maturity. Since evaporation from

surrounding environment will reduce the available moisturefor the hydrationof cement.

By applying wax emulsions, it will sufficiently coat the material prevent evaporation of

moisture from direct heat or surrounding environment thus allowing for complete

maturing of cement hydration process.

Apart from that, it also enhances performance in term of durability and

compressive strength. As mention above, since wax displays hydrophobic behavior, it

will provide sufficient moisture for hydration of cement which resulting in higher

strength material achieved. Moisture resistance of the material also increases thus

providing better resistant against weathering due to environmental factors. This in

return will increase the material durability. It also increases wear resistance and add a

quality appearance since it will resulted in candle like material once the mix hardens.
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2.5 Design Concept

In development of masonry blocks using bituminous emulsions, the weight of the

design mix proportion is done following Marshall Mix requirement that is 1200g. In

normal mix, 46% of coarse aggregates, 44% of fine aggregates and 9% of filler is used

giving the total weight of the mix proportion 1200g. However in this research project,

the percentage of coarse aggregates, fines and fillers used is changed to suit its

requirement. In proportion, 2 : 1 :1 is applied where 50% of coarse aggregate, 25% of

fines and25%of filler is usedwhich also gives the totalweight of 1200g.

Here, we are trying to develop masonry blocks using emulsions. In developing

the blocks, the same proportion like concrete mix are adopted where at 2 : 1 : 1, it gives

the highest 7 and 28 days compressive strength compared to the other concrete

proportion. The same concept and proportion is adopted in this emulsion blocks. The

percent of bitumen and emulsion used in each mix is also varying from 5.0%, 5.5%,

6.0%, 6.5%, 7.0% and 7.5% by weight.

Two types of material are involved that is wax emulsion and conventional

bitumen in this research. We are interested to understand the behavior of wax emulsions

wherelse conventional bitumen mix is done for comparison purposes. We do trial and

error to get the optimum binder content that will sufficiently coat the aggregate and

provide excellent strength characteristic
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CHAPTER 3

METHODOLOGY

3.1 Objective

Mainly, the objective of this experiment is to determine the optimum binder content

which will be sufficient to develop masonry blocks that exhibit high strength. Apart

from that, we will also determine the bending behavior of the blocks. In performing the

experiment, we will also study and understand the behavior of the emulsions block.

After that, we will conclude whether the strength value obtained is adequate enough to

carry its intended purpose.

3.2 Experimental Procedure

In this research project, following the requirement of objective, two experiments are

performed that is Marshall Stability and Porosity to determine strength and Beam

Fatigue test to determine flexural stiffness and deflection of the material (refer figure

3.1 and 3.2). Apart from that, durability test against temperature effects are also

performed. By right, Permeability test should also be done. However, the equipment to

test for permeability is not available. All the experimental analysis will be done in

Highway Lab.
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Figure 3.1: Marshall Stability Testing Equipment

Figure 3.2; BeamFatigue TestingEquipment

Two material are to be tested that is wax emulsion mix and conventional

bitumen mix. The bitumen grade used in this research is 80 - 100 penetration. The

proportion of the sample is 2 : 1 : 1 where it consist of 50% coarse aggregates (600g),

25% fines (300g) and 25% filler (300g) giving a total weight of 1200g. The bitumen

percentage use is varied from 5.0%, 5.5%, 6.0%, 6.5%, 7.0% and 7.5%. From there,

optimum binder content will be determined. This optimum binder content will then be

used to cast a beam shape bitumen sample to test for its flexural strength (bending

behavior). The result obtained will thenbe analyzed whether the strength value obtained

is adequate or fiber addition is appropriate to alter some of the parameters of the

masonry blocks.
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3.2.1 Marshall Stability

3.2.1.1 Equipment used

• Gyratory Testing Machine

• Mechanical Mixer

• Thermometer

• Water Bath

• Electronic Balance

• Buoyancy Balance

• Oven

• Marshall Testing Machine

3.2.1.2 Procedures

A: Preparation of Asphalt Specimens

1 All the material are batched and kept in an oven at 150 C. The mixer is also

heated up to the same level of temperature. This is because when using hot

bitumen, all mixing has to be done in a hot environment.

2 The batched granularmaterial (plus filter) shouldbe placed in the mixer and

mixed dry for about 1 minute, then the appropriate amountof bitumenshouldbe

added to the aggregate. Mixing should continue until all particles are coated

with bitumen.

3 The material should be compacted in 100 mmsteel moulds (which are also kept

at 150°C - 160°C). Make sure that thesample filling the mould tobe evenly

distributed. This is doneby tampingthe material (using steel rod) 15 times

around the edge and 5 times in the centre. At this stage, the sample is readyto be

compacted using the GyratoryTestingMachinesets following the standard

conditions:

Axial load = 0.7 MPa

Rate of Gyration = 60 gyration/min

No. of revolutions = 150

20



4 When the specimens havecooled down to roomtemperature, they are then

extruded from the mould. The weight of specimen in air and water are recorded.

5 Three specimens are to be prepared for each bitumen content.

B: Testing Asphalt Specimens

1 Heat the specimens in a waterbath to a temperature of 60°C for 30 minutes.

2 Placethe specimens in the Marshall Testing rig. Thebreaking head of Marshall

Testing apparatus is also conditioned at 60°C.

3 Load the specimens radially at a constant rate of strain of 50.8mm/min.

4 Determine the stability of each specimen as the maximum load that the

specimen could withstand.

5 Correct the stability value obtained above by the appropriate coefficient

6 Read also deformation at failure.

7 From the data, 4 graphs to be plotted;

Density vs Bitumen Content

Stability vs Bitumen Content

Flow vs Bitumen Content

Porosity vs. bitumen content

8 The value of optimum binder content in mixes will be obtained form the graphs

mentioned above.
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3.2.2 Beam Fatigue

3.2.2.1 Equipment Used

• UTM Machine

• Beam Fatigue Test mould

• Asphalt concrete mixer

• Oven

• Grease

• Brush

3.2.2.2 Procedures

1. The beam will be constructed using the optimum binder content value of

conventional and emulsion mix obtained from the Marshall Testing. The

required beam sample size to be prepared is 63.5mm x 50mm x 400mm. The

mass of mix materials to be prepared will be calculated based on the size of the

beam which requires two mixes to be done concurrently to fix themould.

2. Upon placement the mix material into the mix, tamping using steel rod is

necessary to provide even distribution.

3. The mix materials were then compacted in the mould by using the special

mould's lid designed for compaction purposes. To ensure better compaction is

achieved, themould lid is thencompacted using a hand compactor.

4. Beams were then cured in room temperature before tested with the beam fatigue

test equipment in UTM machine.

5. The test will be conducted in control sinusoidal strain mode of loading.

6. The controlling parameter of the test is either sinusoidal strain or sinusoidal

stress. Here it will be tested by controlling strain where the strain level is

between 200 to 450 micro strains.

7. Graph of maximum tensile stress (kPa) and Flexural stiffness (MPa) is plotted

against cycles of failures by the software.
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3.2.3 Durability of Conventional and Emulsion Mix

3.2.3.1 Equipment Used

• Oven

• Marshall Stability Machine

3.2.3.2 Procedures

1 Tests were done for both conventional and emulsion mix using the optimum

bindercontent value obtained from the Marshall Testing.

2 Mix was done using the exact same procedure as the requirement of the

Marshall test. Circular mould it use in this case.

3 Upon completion of the mix, it was placed in cold water for half an hour before

beingput into ovenfor 24 hours (1 cycle). The temperature of the ovenhas been

set to 40 C.

4 The material will be tested for 3, 6, 12 and 24 cycles. After completion of the

required cycles, Marshall Test will be conducted to determine the strength and

deformation value with respect to adverse conditionplaced.

5 Results obtained analyzed and graph of stability and flows versus number of

cycles are to be plotted.
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RESULTS AND DISCUSSION

4.1 Determining the Optimum Binder Content

In order for us to determine the optimum binder contained, all the values obtained are

compiled in table form so it will be easier for us to see the differences clearly. The

bitumen used in this experiment is 80-100 penetration grades (specific gravity 1.03)

while wax emulsion has the specific gravity of 1.00. From the experiments done, the

only values obtained are height of specimens, mass of specimen in air and water, flow

and stability. Some calculation has to be done to determine the bulk and theoretical

specific gravity, voids percent and corrected stability values. Calculation of bulk

specific gravity, theoretical specific gravity and voids for both the samples are shown

below in section 4.2.1. Stability values obtained directly from Marshall Testing

equipment must be corrected using the coefficient factor. The coefficient factor is also

included in the appendix in Figure 4.4. Withall the values calculated, graphthenwill be

constructed to determine the optimum binder content.

Three graphs have to be constructed in order for us to determine its optimum

binder content and one graph is required to determine its deformation rate. The

parameters that are crucial in constructing the graphs arebulk specific gravity, porosity

and stability. These parameters will be the y-axis where binder percentage content will

be the x-axis. The maximum point in the graph for both bulk specific gravity and

stabilitywill be noted as well as the minimum value obtained for porosity. The average

of all these bitumen content will then give the optimum binder content for this mix

proportion.
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4.2.1.1 Sample Calculation for Values Obtained

For 5% bitumen content,

Amount ofbitumen used

Weight of total mix

Volume of specimens

Bulk Specific Gravity

% Bitumen x 1200g

(100-% Bitumen)

5 x 1200g

95

63g

Coarse + Fines + Filler + Bitumen

(600 + 300 + 300 + 63)g

1263g

Mass in Air - Mass in Water

1246.9 - 676.7

670.2 cm3

Mass in Air

Volume

1246.9

570.2

2.19
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SG Mix Aggregates = 100
%CA

SGCA

+ %FA +

SGFA

100

%C

SGC

50 +

2.71

25+25

2.68 3.1

2.79

Theoretical SG = 100

%B

SGBit.

+

100

aoo-B)

SGMix.Agg

5

1.00

+ 95

2.79

2.56

Void = (1 - SGBulk/SG Theory) x 100

(1 - 2.19/2.56) x 100

14.45%
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4.2.2.1 Sample Calculation for Values Obtained

For 5% bitumen content,

Amount ofbitumen used

Weight of total mix

Volume of specimens

Bulk Specific Gravity

% Bitumen x 1200g

(100-% Bitumen)

5 x 1200g

95

63g

Coarse + Fines + Filler + Bitumen

(600 + 300 + 300 + 63)g

1263g

Mass in Air - Mass in Water

1251.8-701.9

549.9 cnr

Mass in Air

Volume

1251.8

549.9

2.28
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SG Mix Aggregates = 100
%CA

SGCA

+ %FA

SGFA

100

+ %C

SGC

50 +

2.71

25 +

2.68

25

3.1

2.79

Theoretical SG = 100

%B

SGBit

+

100

(T00-B)

SGMix.Agg

5

1.03

+ 95

2.79

2.57

Void - (1 - SGBulk/SG Theory) x 100

(1 - 2.28/2.57) x 100

11.28%
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4.3 Graphs Constructed

4.3.1 Stability versus Bitumen Content

Stability versus Bitumen Content

Figure 4.1: Graph of Stabilityversus BitumenContent
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4.3.2 Bulk Density versus Bitumen Content

Density versus Bitumen Content

Bitumen Content (%

Figure 4.2: Graph of BulkDensity versus Bitumen Content

32



4.3.3 Porosity versus Bitumen Content

Porositvversus Bitumen Content

Figure 4.3: Graph of Porosityversus BitumenContent

♦ Bitumen

• Emulsion

—Linear (Bitumen)

—Linear (Emulsion)
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4.3.4 Flow versus Bitumen Content

Flow versus Bitumen Content

Bitumen Content (%)

Figure 4.4: Graph of Flow versus Bitumen Content

- Bitumen

- Emulsion
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4.4 Optimum Binder Content

As mention previously, the highest point in the curve for both density and stability

graph willbe noted. The lowest point in theporosity graph value will also be noted. All

the bitumen content values obtained from these 3 graphs will determine its optimum

binder content for the mix proportion of2 : 1 :1. Looking at the graphs above, we can

see that the highest point in stability and density curve as well as the lowest point for

both emulsion and conventional value are the same. Thus the optimum binder content

for both materials are;

Highestpoint in the stabilitycurve =

Highest point in the density curve =

Lowestpoint in the porosity graph =

Optimum Binder Content

6.0%

6.0%

6.0%

(6.0+ 6.0+ 6.0)/3

6.0%

4.5 Discussion

In this experiment, for every bitumen and wax emulsion content percentage, 3 samples

are done. Testing were done for sample using 5.0%, 5.5%, 6.0%, 6.5%, 7.0% and 7.5%

which resulting in 30 samples done that is 15 for emulsion and another 15 for

conventional mix. This is to make sure the values obtained are more accurate and

reliable. Gyratory compaction machine is used in this experiment instead of Marshall

Compactor. This is because it compact the specimens byrolling, which symbolize how

the traffic loading is distributed on a pavement during its service life.
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Initially, the percentage of bitumen suggested for this experiment is 5%, 6%,

7.5%, 9% and 10%. However, at 9%, bleeding occurs where the sample is too watery

and become too soft even after compaction and does not give desired strength value.

Due to that, the percentage of bitumen used is changed to 5.0%, 5.5%, 6.0%, 6.5%,

7.0% and 7.5%.

From the results obtained above (Table 4.1 and 4.2), wax emulsion mix give

significantly higher height values compare to conventional bitumen. The height value

plays a very important role for the stability calculation ofthe samples. The height ofthe

specimen obtained from the experiment is not uniform throughout each sample. This is

because, when placing the mix sample into the mould before compaction, tamping with

steel rod is necessary to make it evenly distributed thus resulting in uniform thickness of

the sample height. However, some due to some human errors occurring while

performing the experiment, notall samples are being tamped.

Volume also increases as the bitumen percent increases. It might due to the

amount of bitumen added in each mix increase the total weight of the samples. Since

volume is mass in air - mass in water, the increases in mass resulting in increases in

volume as well. However, for emulsion mix, at 6.0 and 6.5% of bitumen content, the

volume is reduced. This is because some technical errors occurring while performing

the experiment which will be explained later. Wax emulsion is highly sensitive to

temperature, since it is solid at room temperature appropriate heat are to be applied for

it to melt. Mixing is done in temperature about 150°C. If time for mixing is too short,

the mix will break upon simple touch after the compaction. On the other hand, if the

mixing time is too long, it will case the mix to bleed. During compaction, many of the

wax will be lost due to the bleed and the temperature ofthe mould itselfwhich resulting
in reducing of the volume.
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Looking at Figure 4.2 in section 4.3.2, the graph shows that density increases as

both the bitumen and wax content increases. This is because additional mass of the

sample due to increase in bitumen content, making the sample heavier and more

compacted. The maximum density is attained at 6.0% bitumen content. This means that

at 6.0% bitumen content, it will give the optimum density due to binder effectively coat

aggregates, lessen the voids and resulting in good compaction [Nicholas J. Garber, Lester A.

Hoes, 2002]2. However, density attained by emulsion is lesser compared to conventional

although optimum binder content for wax is noted at 6.0% as well. This shows that at

2:1:1 mix percentage, conventional bitumen will give higher density compared to wax
emulsion.

Looking at Figure 4.3 in section 4.3.3, the porosity decreases as bitumen content

increases. Same condition applied to both conventional and wax mixes. This is because

as the amount of bitumen added increases, it will effectively coat the aggregates and

hold them together. Bitumen will then filled up the voids spaces in the sample and

giving better aggregates packing that allows good compaction thus resulting in higher

strength characteristic. From the graph, we can see that the lowest porosity value is

attained at 6.0% bitumen content. This means that, 6% bitumen content that provides

good aggregates coating which in return lessen the amount of voids in the sample.

Although both porosity is attained at 6.0%, however overall performance result of

conventional bitumen gives lesser porosity value compared to wax emulsions. This

shows that conventional bitumen produce better aggregate interlocking characteristic.

By right, the porosity value should be taken at 4% (extend line from 4% in y-

axis to the graph line) because inpavement design we allow for 4% porosity to permit a

small amount of compaction when traffic load is applied onto it [Nicholas J Garber, Lester

A. Hoes, 2002]2. However, inthis experiment, since we are symbolizing the concrete block

and using the same mix proportion as the concrete itself, that 4% value isneglected.
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In brick wall, the amount of porosity is 15 - 20% where else in concrete it is 10

- 15%. At 6.0% bitumen content, the amount of porosity obtained for wax is 12.30%

where for conventional is 9.49%. This value is considered good enough in masonry

blocks construction. In building construction, low porosity is encouraged since it can

lower the conduction rate. It will sufficiently act as a moisture barrier and will not

permit the hot temperature outside the building to enter through conduction. Though
wax emulsion gives higher porosity values, it will also sufficiently act as a moisture

barrier since its wax surfaces reduce unwanted penetrations and interactions of various

liquids due to their hydrophobic nature.

Stability test is done using the Marshall Stability Equipment, and loaded at a rate

of deformation of 2 in. (5mm)per minute until failure occurs. The total load that causes

failure is noted as the Marshall Stability value ofthe specimen. In other words, stability
gives the strength value of the sample to resist failure [Nicholas J Garber, Lester A. Hoes,

2002]\ Looking at Figure 4.1 in section 4.3.1, the curve shows that the maximum

stability value is obtained at 6.0% bitumen content for both wax and conventional mix.

This is because of the optimum binder content that binds the aggregates together and

lessens the voids volume which resulting in good aggregate packing and compaction
thus increasing its strength value. All of the three properties; density, porosity and
stability are inter-related to each other.

The stability values obtained from the testing equipment have to be corrected by

acoefficient value. The coefficient table is included in the Appendix 1.2. In order to get

the coefficient factor for each stability value, height of specimen is needed. The

coefficient factor (CF) is then multiplied by the original stability value. The new

stability value will be the adjusted stability value. Some of the height values are not

available in the table, this interpolation method is used. As mention earlier, height of
wax mix attained is higher compare to conventional mix. In the coefficient factor table,

as the height increases the CF value decreases. Thus, although performance ofwax in

term of stability value is higher to conventional, after correction with CF, it results in

lower strength to conventional.
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From visible observation, wax mix either does not display any cracks or

experience minor cracking compared to conventional mix. The stability values obtained

are close to the load limit of the Marshall equipment which is 25 kN. This implies that

wax emulsion mixes can produce higher strength value than the stated limit of the

testing equipment. However due to the capacity of equipment, the strength capacity of
the emulsion is limited.

After compaction using Gyratory machine, the wax emulsion are susceptible to

breakage if imposed to heavy loading, insufficient or over mixing time which causes

too stiffmix or bleeding. Too stiffmix will not sufficiently coat the aggregate and will

not hold them progressively against loading action where else bleeding will cause the

mix to be too watery and loss of wax and bonding capacity if the mix. Due to that,

adequate care has to be practiced for removing ofmix sample after compaction. Itmight

be sensitive during its early state (after compaction), however after being exposed to

room temperature for quite some time, it will be sufficiently hard and stiff. This agrees

with the benefits ofwax emulsion as explained in section 2.4. wax material will prevent

any moisture losses due to temperature effect, and provide sufficient moisture needed

for hydration ofcement which inreturn resulting inhigher strength material (increase in

compressive strength).

Flow is termed as the amount of deformation faced by material before failure

[Nicholas J. Garber, Lester A. Hoes, 2002]\ According to JKR Standards, optimum binder

content value should have flow more than 2.0 mm [Nicholas J. Garber, Lester A. Hoes, 2002]\

overall values obtained form both conventional and wax mix produce flow greater than

2.0 mm. Looking at figure 4.4 in section 4.3.4, conventional mix experiences bigger

deformation before failure compare to wax. Since wax mixes is stiffer, it lose it

flexibleness. Thus, although it will result in higher compressive strength it fails al low

deformation rate. In other words, it provides high strength but only for small scale of

deformation. Comparing to conventional, it is more flexible thus less stiff allowing it to
experience larger deformation before failure.
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In performing these experiments, there are some technical and human errors

occurring resulting in some discrepancies in the results obtained. Before doing the hot

mix, the mix proportion has to beheated up fist because in for hot mixing to take place

it requires a hot environment to achieve good workability. The total weight of the mix

proportion before being heated up is 1200g. However, after heating, the weight

decreases by 0.01-0.03g. This is because some of the moisture of themix proportion has

been evaporated.

As mention earlier, tamping of mix material in the mould using steel rod is

necessary to produce evenly distributed mix and thus giving lesser height values.

However, due to some human errors nit all samples are being tamped. Apart from that,

over mixing of the wax samples will cause bleeding which resulting in loss ofmoisture

and bonding capacity of material. Experiments are basically trial and error to get the

best result for each case. Due to some mistakes in over mixing of materials, the

appropriate structures andfeatures of theright time formixing is understood.

Porosity values obtained for both the cases are acceptable for masonry blocks

constructions. However, lesser amount of porosity by both samples is probably

achievable if the amount of pressure exerted by the Gyratory compaction machine is

higher. By right, the suitable pressure for compaction is 600 kPa however only 400 kPa

is obtained in the lab. This is because of lower central pressure send from the GDC.
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4.6 Beam Fatigue

Results from Beam Fatigue test are articulated in its software. Thus the overall result of

the experiments done is included in theAppendix 1.3-1.6. Since theparameters that

are crucial to determine beam behavior for both conventional and wax emulsions are

flexural stiffness, tensile stress, deflection, loading time and number of cycles count

before failure, thus thatvalues are extracted from theresult and displayed in thetable

below.

Table 4.3: Crucial Parameters forDetermining Beam Behavior towards Fatigue

Conditioning
parameter

Conventional Bitumen Wax Emulsions

450 lie 200 lie 200 jue 100 ne
Initial Flexural

Stiffness (MPa)
507 871 1060 -

Flexural

Stiffness (MPa)
246 670 1060 -

Termination

Stiffness (MPa)
253 436 436 9709

Maximum

Tensile Stress

(kPa)

111 134 3767 28

Deflection

(mm)
0.227 0.100 2.003 -

Loading Time 00:06:31 02:52:16 00:00:01 00:00:01

Cycle to
Failure (out of

1 000 000)

3910 103360 10 10
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4.6.1 Discussion

Since we are trying to adopt this wax emulsion into a non-load bearing partition wall to

counter heavy explosions orair-blast shock wave, it has to betested for fatigue. Fatigue

is one ofthe essential structural properties apart from strength, deformation, hardness,

uniformity, creep, shrinkage and temperature effects. Fatigue is termed asthenumber of

cycles the material canundergo during its service lifebefore failure. It is not desirable

for the structure to loss its strength intime, experiences fracture orshape changes with

time [AnilK. Chopra, 2001]5.

From the results shown above, it is clearly defined that conventional bitumen

beam are more flexible inwithstanding fatigue loading comparing towax emulsion

(refer Appendix 1.3 and 1.4). This is because wax beam once it's harden it becomes

very stiff and hard, just like anormal wax orcandle that we can see it gift shops. With

small amount of loading, it willbreak instinctively. It symbolizes concrete behavior

which ishigh compressive but low intensile and brittle innature. The controlling

parameter chosen for this test, as mention earlier in Chapter 3, is sinusoidal strain.

Conditioning cycle chosen for this test is 50cycles. The initial flexural stiffness

obtained is the amount ofcontinuous 50 cycles ofpeak-to-peak micro strain at the

initial stages of the experiment. However, for wax emulsion beam, it fails after 10

cycles count, not even made it to the conditioning cycles (refer Appendix 1.5 and 1.6).

Apart from that, at 10 cycles count, it deflects for amount of2.0 mm (refer Appendix

1.5and 1.6). Figure below shows wax emulsion beam before and after testing.
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Figure 4.5: Wax Emulsion beam; Before and After Testing

By right, sufficient testing should be done by varying the value of sinusoidal

strain inorder that more values are available for graph plotting. Graph tobeconstructed

is strain against number ofcycles. With these graph, then prediction ofmaterial

behavior under different amount ofstrain ispossible. The graph that has been plotted by

the software ismaximum tensile stress and flexural stiffness against number ofcycles

(refer Appendix 1.3 and 1.4). Practically, thegraph follows thepattern below [AnilK.

Chopra, 2001]5.

Strain (e)

Cycle of failures

Figure 4.6: Typical Curve obtained From Beam Fatigue Test byControlling Strain

By using controlling strain mode test, the flexural stiffness of the material

obtained will behalfof the initial flexural determined bythe conditioning cycles.

Typical figure of the flexural stiffness graph withrespect to strainbehavior is shown

below [AnilK. Chopra, 2001]5.

43



Flexural Stiffness

(MPa)

100%

50% terminate

Cycle

Figure 4.7: Typical Curve obtained for Flexural Stiffiiess from Controlling Strain

Asmention earlier, wax emulsion fails instinctively under cyclic loading. It thus

implies thatit does notdisplay flexibility characteristics theoretically like other

petroleum distillation process product is, or in this cases the conventional bitumen. This

material displays high stiffness and is very brittle. Wax emulsion thus is not suitable to

counter dynamic loading caused by heavy explosions or air-blast shock wave, for that

matter. Thus, fiber addition isnecessary to increase its flexibleness incountering cyclic

loading.

In performing this experiment, there are also some technical and human errors

occurring which results in some discrepancies in thevalues obtained. Initially, 3

samples ofwax and conventional beam are prepared. However, due to some defects in

the beam fatigue testing machine, 2 of them break which is 1 conventional and 1 wax

beam. Due to time constraints, constructing another beam is impossible. Thus, the

results obtained are onlyby 2 beamswhich havebeen successfully tested.

Apart from that, the beam and the testingequipment shouldbe conditionin the

chamber until the skin and core temperature are the same with the desired temperature.
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However, one ofthebeams was tested when the chamber's temperature has notyet

reached its desired value that is 27°C. As temperature increases, the material become

softer thusmore susceptible to fatigue. However, as temperature decreases, beam

becomes harder and stiffer; resulting inhigher amount of fatigue loading required to

cause failures. That is why for the case ofbeam tested with controlling parameter of

200 micro strain, flexural stiffness increases once the core and skin temperature are the

almost the same with the desired temperature (refer Figure 1.2 in appendix).

4.7. Durability

As mention in Chapter 3,durability test is done bysoaking the samples in cold water

for halfanhour and left in the oven preset to 40°C for 24 hours. The soaking and

putting inoven for 24hours isconsidered one cycle. Testing ofthe samples byMarshall

Equipment is to be done for 3, 6,12 and24 cycles. Results obtained are tabulated

below. Graph of stability and flow versus cycle are constructed.

Table 4.4: Durability test for both Wax and Conventional Mix

Parameters Conventiona Emulsion

0

cycle
7 cycles 14 cycles 0 cycle 7 cycles 14 cycles

Height
(mm)

66.51 66.51 66.50 68.02 68.02 68.02

Measured

Stability
(kN)

24.97 20.21 17.91 24.94 24.03 22.90

CF 0.93 0.93 0.93 0.90 0.90 0.90
Stability

(kN)
23.22 18.80 16.66 22.45 21.63 20.61

Flow (mm) 4.65 3.78 4.06 4.20 2.72 3.69
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Stability versus Cycles

Figure 4.8: Graph of Stability versus Cycles

Flowversus Cycles

Figure 4.9: Graph of Flowversus Cycles
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4.7.1 Discussion

From figure 4.8, stability versus cycle graph, wax emulsion produce better strength

value compared to conventional. However, looking at figure 4.9, conventional allow

bigger deformation before failure compare towax. This implies that, wax emulsion mix

shows higher strength and durability characteristic against temperature effect better than

conventional but at a lower deformation rate.

For wax samples, onlyminor cracking experience during placement in ovenfor

7 and 14 cycles as well as during Marshall Test compared to conventional. Figure

below shows the deformation experience bysample using conventional (left) and wax

(right). It isclearly noted that, conventional sample deforms and experience a great

amount ofcracks compared to wax.

Figure 4.10: Deformation Experience by Sample using Conventional (left) and wax

(right)

Byright, the samples should betested for 3, 6,12 and 24cycles. However, due

to time constraints, only 7 and 14 cycles sample testing are made. Foraccuracies

purposes, 3 samples are required for each cycle. Again, due to time constraint only data
of one sampleof each cycle is available.
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There are some human errors encountered while performing this experiment.

Following therequirement of the experiment, each sample hasto be soaked in cold

water for 30minutes and then placed inoven for 24hours at temperature of 40°C. This

is considered one cycle. Meaning that, the samples should be soaked in cold water

everyday until the desired cycle is obtained. However, due topublic holiday, some of

the samples are left in the oven without being soaked incold water. This may cause the

result to differ from the actual value.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The optimum binder content obtained for both conventional and wax emulsion mix is

6.0%. Although in overall performance, it is noted that conventional produce better

result, however, emulsion do provide quite a challenge to conventional. Wax emulsion

displays high strength and durability characteristic but at low deformation rate

compared to conventional mix. These prove of the advantages of wax emulsion, where

it provides sufficient moisture for cement hydration, which causes the compressive

strength continue to increase. Apart from that, it also reduces plastic shrinkage of

material due to its hydrophobic nature which in turn helps in gaining its strength

characteristic. The advantages ofwax emulsion are dependent onone another.

In contrast for beam test, wax emulsion displays a very low resistance against

fatigue. This is because the material is hard and stiff, which renders it not flexible in

countering dynamic loading. This contradicts the basic behavior of asphaltic materials

obtained from crude oil distillation process. Conventional bitumen shows a great
flexibility in fatigue. Thus, fiber addition isneeded to improve its flexibleness.

Wax emulsion mix is suitable to be used as non-load bearing partition wall,

slabs or platform which experience static loading. This is because it has high

compressive strength and low tensile strength, representing the character of concrete

block. It thus is not suitable for this research project that is to be used to counter heavy
explosions orair-blast shock wave since it fails instinctively under dynamic loading.

Findings from this research will lead to a new are in building construction

technology. The masonry block using emulsion will be a cost effective alternative to
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concrete and brick wall. Coatings of surfaces from the wax coupled with its

hydrophobic nature, will sufficiently act as a moisture barrier to prevent conduction in

masonry blocks.
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5.1 Recommendation

In developing masonry blocks using bituminous emulsion, a lot factors has to be given

great consideration. Although it is aimed to be a non-load bearing partition wall,

properties such as porosity, permeability and strength are important. As we know,

water is always the fault of failure for many structures. Concrete for example, water

penetration will cause the steel reinforcement to corrode thus reducing strength and
might cause failure.

That is why permeability test is needed in this research in order for us to

determine itbehavior inthat sense. We do not want the block to have excellent strength

and porosity but fails inwater action. However, in the Highway lab, the equipment for

permeability test is not yet available. With the aid ofthe result from permeability test,

more accurate and reliable result will be obtained. From there,we can see whetherthis

research is a fantasy or reality in the construction world.

There are also some limitations in the testing equipment available in the lab.

Marshall Stability Testing equipment is very critical in determining the strength, flow

and porosity of the materials tested. However, in the lab, the load limit for Marshall

Test is 25 kN. Since wax emulsion either experience small cracks or none, and majority

of the value obtained are so close to 25 kN, higher load limit for Marshall Testing
equipment is desirable to obtained better results.

Apart from that, the porosity values obtained for both conventional and wax mix

although is acceptable, obtaining lower porosity values is not impossible. This is

because Gyratory Compaction Machine compact the material with 400 kPa where by

right, 600 kPa is required for compaction purposes. This is due to the lower central

pressure distributed by GDC. Thus, external air pressure is required to obtain more
reliable results.
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Since wax emulsion display low flexibility in countering dynamic loading, fiber

addition is necessary to improve its behavior. Appropriate fiber will be needed to

perform in equilibrium with wax emulsion thus increases its flexibleness.

Since this wax emulsion block behaves quite similarly to concrete; high

compressive strength, low in tensile and brittle in nature, further comparison of this

material with concrete proportion is recommended. From the result obtained, the wax

samples does produces high compressive strength at low deformation rate and suitable

for static loading application. After all, this entire research project is about development

of masonry blocks using bituminous emulsions. By comparing its properties to

concrete, further understanding of itsbehaviors and limitations are possible.

Apart from that, cost evaluation of wax blocks to concrete blocks is also

necessary. As we know, cost is one of the important factors in construction, therefore,

using material that is cost effective yet performed excellent structurally are more

favorable compared to material high cost material which also exhibit structurally
desirable properties. As mention earlier, wax emulsion samples produced high

compressive strength blocks and will fit for static loading structures. This in a way can

replaced concrete to counter static loading alone. Thus, cost evaluation will finally set

the limit whether this material will make it into construction industry ornot.
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• Industrial Coating & emulsions; PermaSeal™ Pavement Maintenance Product

• www.yahoo.com

• www.google.com

• www.sciencedirect.com
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AKL I AND ABOkAlCRII S !MIU: \)

WAX EMULSION

IDENTIFICATION OF PRODUCT AND COMPANY

Product Code

Trade Name

Manufacturer/Supplier

Address

Phone Number

Fax Number

Emergency Phone Number

LAKEWAX 52

Lakewax 52

Lakeland Laboratories Limited

Peel Lane, Astley Green,
Tyidesley. Manchester M29 7FE,
England
+44 (0) 1942 873555

+ 44(0) 1942 884409

+44(0) 1942 873 555

COMPOSITION / INFORMATION ON INGREDIENTS

Hazardous ingredients in product

Components- Min. % Max. % Cas Number

Slack wax (petroleum)
Distilled Tall Oil Fatty Acid

10 25

<25%

9010-77-9

61790-12-3

HAZARDS IDENTIFICATION

Health effects-Skin

Health effects - Eyes

Health effects - Inhalation

Health effects - Ingestion

FIRST AID MEASURES

Skin contact

Eyes contact

Inhalation

Ingestion

FIRE FIGHTING MEASURES

Extinguishing media

Unsuitable extinguishing media

Special hazards of product

Protective equipment for fire-fighting

ACCIDENTAL RELEASE MEASURES

Personal precautions

Environmental precautions

Spillage

HANDLING AND STORAGE

Handling

Minor irritation

Minor irritation

Irritation to nose, throat, respiratory tract.

No adverse effects.

Immediately flush the affected area with plenty of water.
Remove contaminated clothing.
Immediately flush the eyes with plenty of water for at least 15
minutes, holding the eyelids open. Seek medical attention if
necessary.

Remove to fresh air area.

Wash out mouth with plenty of water. Seek medical attention.

Not combustible. Use water spray, foam, dry chemical or
carbon dioxide.

None known.

This product may give rise to hazardous fumes in a fire

Wear full protective clothing and self-contained breathing
apparatus

Wear appropriate protective clothing. Wear respiratory
protection.
Try to prevent the material from entering drains or
watercourses.

Contain and clean with absorbent material Transfer into

suitable containers for recovery or disposal.

Use in well ventilated area Avoid inhaling vapour. Avoid
contact with eyes, skin and clothing

Lakeland Laboratories Ltd

Peel Lane. AstleyGreen. Tyidesley.
Amnchester M29 7FE. England

Tel: +44(0) 1942 873555 Fax; +44 (0) 1942 884409
I'iliif I of-



10.

11.

12.

AKI I AND AB0RA10NIK IMI"

WAX EMULSION

Storage Storage area should be dry, well ventilated, away from
incompatible materials. Store in original containers. Do not
store in metal drums.

EXPOSURE CONTROLS/PERSONAL PROTECTION

Respiratory protection

Eyes protection

Hand protection

Body protection

Protection during application

Respiratory protection is not normally required. Respiratory
protection if there is a risk of exposure to high vapour
concentrations.

Chemical goggles must be worn during all handling
operations.
PVC or rubber gloves.

Normal work clothing

Mix in a well-ventilated area. If ventilation is poor, wear
respiratory protection.

PHYSICAL AND CHEMICAL PROPERTIES

Form

Cofour

Odour

pH value

Melting temperature (°C)

Boiling temperature (°F)

Specific gravity (H20=1)

Ignition temperature (°C)

Flash point (°C)

Explosion limits lower

upper

Vapour pressure (Air=1)

Density (at 20°C)

Solubility in water (at 20°C)

Evaporation Rate (butyl acetate=1)

STABILITY AND REACTIVITY

Stability

Conditions to avoid

Material to avoid

Hazardous decomposition products

TOXICOLOGICAL INFORMATION

Acute toxicity

Eyes contact

Skin contact

ECOLOGICAL INFORMATION

Persistence/degradability

Ecotoxtcity

Crystal

Clear

Characteristic

11 0- 12.0

N/A

212-220° F

1.00

N.A

>212°F

N.A

N.A

> 1

8

100%

<1

Stable under normal conditions.

No information available.

Acid and oxidising agents.

Carbon dioxide, nitrogen oxide.

Cause irritations.

Irritation to the eye.

Irritation to the skin.

N.A

Minor marine pollutant Do not release into the environment.

Lakeland Laboratories Ltd

Peel Lane. AstleyGreen, Tyidesley.
Amnchester M29 7FE, England

Tel: +44(0) 1942 873555 Fax: +44 (0) 1942 884409
Fane 2 of 3



13.

AKLIAND ABORAfnkll. S iMITF.l)

WAX EMULSION
if- « sUrM ir-\

DISPOSAL CONSIDERATIONS

Product

Container

Neutralise with dilute sulphuric actd. Dispose of in accordance
with all applicable local and national regulations.
Labels should not be removed from containers until they have
been cleaned. Empty containers may contain hazardous
residues.

14. TRANSPORT INFORMATION

UN Number

UN Proper Shipping Name

UN Class

UN Packaging Group

IATA - Proper Shipping Name

IATA - Packaging Group

IATA - Class

IATA - Subsidiary Risks

CAS Number

Shelf Life 24 months

15. REGULATORY INFORMATION

16.

Labelling information

R-phrases

S-phrases

May cause sensitisation by skin contact.

In case of contact with eyes, rinse immediately with plenty of
water and seek medical advice. Wear suitable protective
clothing and apparatus.

OTHER INFORMATION

Date of issue

Revised

5 January 1995

6 July 1999

Lakeland Laboratories Ltd

Peel Lane, AstleyGreen, Tyidesley,
Amnchester M29 7FE, England

Tel: +44(0) 1942 873555 Fax: +44 (0) 1942 884409
Vuav .1 nO



APPENDIX 1.2 : Coefficient Factor (CF) for

Correcting Stability Values



Coefficient Factor (CF) for adjusting Stability Values.

Volume of Specimen

(cm3)

Approximate Thickness of

Specimen (cm)

Correction Coefficient

200-213 2.54 5.56

214-225 5.70 5.00

226-237 2.86 4.55

238-250 3.02 4.17

251-264 3.18 3.85

265-276 3.34 3.57

277-289 3.49 3.33

290-301 3.65 3.03

302-316 3.81 2.78

317-328 3.947 2.50

329-340 4.13 2.27

341-353 4.29 2.08

354-367 4.45 1.92

368-379 4.60 1.79

380-392 4.76 1.67

393-405 4.92 1.56

406-420 5.08 1.47

421-431 5.24 1.39

432-443 5.40 1.32

444-456 5.56 1.25

457-470 5.72 1.19

471-482 5.88 1.14

483-495 6.03 1.09

496-508 6.19 1.04

509-522 6.35 1.00

523-535 6.51 0.96

536-546 6.67 0.93

547-559 6.83 0.89



560-573 6.99 0.86

574-585 7.14 0.83

586-598 7.30 0.81

599-610 7.46 0.78

611-625 7.62 0.76



APPENDIX 1.3 : Result for Conventional Beam

(1)



st startdateandtime: Friday, April 15,

ding time(hh:mm:ss): 00:06:31
Applied Load (kN): 0.057

Maximum load(kN): 0.097
Minimum toad (kN): 0.040

learn deflection (mm): 0.227
laximum LVDT(mm): 0.062
flinimum LVDT (mm): -0.051

Operator Atikah
Notes/comments:

nen Information
(cation: bfa2

Ftexural Stiffness

ajbo.at 12:00PM ~

Maximum tensile stress (kPa): 111
Maximum tensile micro-strain: 451
Initial flexural stiffness (MPa): 507

Flexural stiffness (MPa): 246
Termination stiffness (MPa): 253
Modulus ofelasticity (MPa): 264

Phase angle(deg): -77.0

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2TO TO 33)0^':^'^'
Cycles

Maximum Tensile Strain

Cycle count: 3910 of 100000 ™

Initial dissipated energy (kPa):0.071
Dissipated energy (kPa):0.023

Cumulative dissipated energy (MPa):0.108
Initial core temperature (deg.C):27.6
Initial skin temperature (deg.C):27.6

Core temperature (deg.C):27.7
Skin temperature (deg.C):27.6

sions

!(mm)
t(mm)
ii(mm)

Point 1 Point 2 Point 3 Point 4 Point 5 Average Std Dev.

Core/Sampfe Number:2

Cross-Sectional Area: 25644
Volume: 1371185

64.11

53.47

400

ents/Properties:

Parameters

Gauge lengths

side clamps(mm): 118.5
side clamps(mm): 355.5

fault Poisson ratio: 0.4

64.11

53.47

400

Loading conditions

Control Mode: Sinusiodal strain
Pulse width (ms): 100

Peak to peak micro-strain: 450

Conditioning cycles: 50

Termination conditions

Termination stiffness (MPa): 253
Stop test after cycle: 100000



APPENDIX 1.4 : Result for Conventional Beam

(2)



lame:C:\UTM4\UTM_21\beamhot2 2.B21

10000 20000 30000 40000 50000 60000

Cycles
70000 80000 90000 100000

Maximum Tensile Stress — Flexural Stiffness

est start date and time:

ading time (hh:mm:ss):
Applied Load (kN):

Maximumload (kN):

Minimum load (kN):
Beam deflection(mm):
Maximum LVDT (mm):
Minimum LVDT (mm):

Operator ct
Notes/comments:

Thursday, May 19,2005, at 1:10 PM

02:52:16 Maximum tensilestress (kPa): 134
0.070 Maximum tensile micro-strain: 200

0.105 Initial flexural stiffness (MPa): 871
0.035 Flexural stiffness (MPa): 670
0.100 Termination stiffness(MPa): 436
0038 Modulus ofelasticity (MPa): 721
-0.011 Phase angle(deg): 47.3

Cycle count: 103360 of 1000000

Initial dissipated energy (kPa):0.023
Dissipated energy (kPa):0.016

Cumulative dissipatedenergy (MPa):1.280
Initial core temperature (deg.C):31.2
initial skintemperature(deg.C):31.4

Core temperature (deg.C):26.9
Skin temperature (deg.C):26.8

mien Information

tmcation: beamhot2

jnsions Point 1

th(mm)
jht(mm)

3th(mm)

64

54

380

Point2 Point 3 Point4 Point 5 Average jStd Dev
64
54

380

Core/Sample Number: 2

Cross-Sectional Area: 24320

Volume: 1313280

ments/Properties:

9 Parameters

Gauge lengths

Inside clamps (mm): 118.5
lutskJe clamps (mm): 355.5

Default Poisson ratio: 0.4

Loading conditions

Control Mode: Sinusiodal strain

Pulse width (ms): 100
Peak to peak micro-strain: 200

Conditioning cycles: 50

Termination conditions

Termination stiffness (MPa): 436
Stop test after cycie: 1000000



APPENDIX 1.5 : Result for Wax Emulsion

Beam (1)



me: C:\UTM4\UTM 21\Data\beamwax-1.B21

st start date and time:

iing time (hh:mm:ss): 00:00:00
Applied Load (kN): 0.000

Maximumtoad (kN): 0.000
Minimumload (kN): 0.000

learndeflection (mm): 0.000
laximum LVDT (mm): 0.000
flinimum LVDT(mm): 0.000

Operator: ct
Notes/comments:

men Information

Ication: beamhot2

isions Point 1

i(mm)
it (mm)

th (mm)

64.86

47.75

380

rents/Properties:

Point 2

Parameters

Gauge lengths

nskte clamps (mm): 118.5
rtside clamps (mm): 355.5

efault Poisson ratio: 0.4

Point 3

0

Cycles

a
c

3

Of
fl>
(0
(A

Nbximum Tensile Stress —- Flexural Stiffness

Maximumtensile stress (kPa): 0
Maximum tensile micro-strain: 0

Initial flexural stiffness (MPa): 0
Flexural stiffness (MPa): 0

Termination stiffness (MPa): 436
Modulus of elasticity (MPa): 0

Phase angle (deg): 0.0

Cycle count: 0 of 1000000

Initial dissipated energy (kPa):0.000
Dissipated energy (kPa):0.000

Cumulativedissipated energy (MPa):0.000
Initial core temperature (deg.C):29.4
Initial skin temperature (deg.C):29.4

Core temperature (deg.C):29.4

Skin temperature (deg.C):29.4

Point 4 Point 5 Average jStd Dev
64.86

47.75

380

Core/Sample Number: 2

Cross-Sectionai Area: 24646.8

Volume: 1176885

Loading conditions

Control Mode: Sinusiodal strain

Pulse width (ms): 100

Peak to peak micro-strain: 200

Conditioning cycles: 50

Termination conditions

Termination stiffness (MPa): 436

Stop test after cycle: 1000000



APPENDIX 1.6 : Result for Wax Emulsion

Beam (2)



ime;C:\UTM4\UTM_21\Data\beamwax2 2.B21

Cycles

MaximumTensile Stress — Flexural Stiffness 3
st start date and time: Thursday,

Jingtime (hh:mm:ss): 00.-00:01
Applied Load (kN): 0.011

Maximum load(kN): 0.042
Minimum toad (kN): 0.031

earn deflection (mm): 0.000
laximum LVDT (mm): -0.500
flrn&num LVDT(mm): -O.500

Operator: ct

Notes/comments:

19,2005, at 4:52 PM "

Maximum tensilestress (kPa): 28
Maximum tensile micro-strain: 0

Initial flexural stiffness (MPa): 0
Flexural stiffness (MPa): 0

Termination stiffiiess (MPa): 9709
Modulus of elasticity (MPa): 0

Phase angle (deg): 89.4

Cycle count: 10 of 1000000

Initial dissipatedenergy(kPa):0.000
Dissipated energy (kPa):0.000

Cumulative dissipatedenergy (MPa):0.000
Initial core temperature(deg.C):27.2
Initial skintemperature(deg.C):27.7

Core temperature (deg.C):27.2
Skin temperature (deg.C):27.7

nen Inform

ication: bean

sions

ation

nwax2

Point 1 Point 2 Point 3 Point 4 Poir
i(mm)
it(mm)
h(mm)

63.99

47.01

380

Average
63.99

47.01

380

Std Dev.

Core/Sample Number: 2

Cross-Sectiona! Area: 24316.2

Volume: 1143105

lents/Properties:

Parameters

Gauge lengths

iskte clamps (mm): 118.5
tside clamps (mm): 355.5

ifault Poisson ratio: 0.4

Loading conditions

Control Mode: Sinusiodal strain

Pulse width (ms): 100
Peak to peak micro-strain: 100

Conditioning cycles: 50

Termination conditions

Termination stiffness(MPa): 9709
Stop test after cycle: 1000000


