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ABSTRACT

Cement is the extensively used material in the world after water. Adding new
functional materials to like Activated Carbon (AC), Carboxymethylcellulose (CMC)
sodium salt, fly ash (FA), PCE (Poly Carboxylic Ether) based plasticizer can improve

the quality and add novel characteristics. Also, reducing the usage of cement.

This study focused on the investigation of compressive strength and modulus of
elasticity after introduction of CMC, AC, FA on different grade of concrete. 41
batches of concrete were prepared and tested for M 30 and M 25 grade concrete. The
AC being a highly hydrophobic material, agglomeration occurs. CMC sodium salt
aqueous solution is chosen surfactant to form the gel structure to disperse the AC.
Standard mix design of 132 concrete cubes were carried out varying CMC, AC, FA

and its effects were analyzed.

Keywords: Concrete, Mix Design, Carboxymethylcellulose sodium salt, Activated
Carbon, Fly Ash
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CHAPTER 1: INTRODUCTION

1.1 Background

During the manufacture of 1 ton cement is estimated at 0.85 -1.1 ton CO2 is
produced(Deja et al., 2010; Fayomi et al., 2019). CO; is predominant greenhouse gas
contributing to the human caused climate change (IPCC 2013). The carbon intensity
of global cement production needs to be reduced. Forty of the world’s leading cement
and concrete manufacturers today join forces to accelerate the shift to greener
concrete by pledging to cut CO2 emissions by a further 25% by 2030, marking a
decisive step in the race to ‘Net Zero’ concrete by 2050(CAT, 2022; United Nations,
2022).

Global Cement and Concrete Association(GCCA, 2021) has set seven-point action
plan to net zero future. Some of them are: savings in clinker production and binders,
investment in technology and innovation, add novel chemistry alternative to Portland
cement clinker, increase natural uptake of CO> in concrete and efficiency in concrete

production.

CO; are entrapped by carbonation in concrete but is not significant compared to
quantities released during concrete production. So to entrap large COz, AC is has
many upside among adsorbents like zeolites, carbon molecular sieves, silicas and

metal oxides(Dantas et al., 2011; Plaza et al., 2012; Shafeeyan et al., 2011).

AC is integrated in cement paste to minimize air pollution and VOCs(Krou et al.,
2015). In cement mortars, fine aggregate was replaced by AC to improve its physical
and mechanical strengths(Justo-Reinoso et al., 2018). Also, concrete can become
conducting due to the continuous percolating network of conductive AC and modulus

of elasticity was also increased(Pellenq, 2019).

AC are difficult to dissolve or disperse in water(Adeleke et al., 2019). CMC disperses
AC, making little hydrophilic(Qiu et al., 2007). CMC in OPC has improved the
Compressive Strength, water resistance, porosity reduction and acid resistance.

Despite this, setting time of cement has increased(Farooque et al., 1970; Mishra et al.,

2003).



The XRD and SEM observation indicate that organic polymer CMC influences the
hydration of OPC and micro structure(Farooque et al., 2010).

FA decrease the waste materials and their associated environmental impacts through
reusing capability. Also reduces the OPC consumption amount and its associated CO:
releases from cement manufacturing(Gonzalez-Kunz et al., 2017). Replacement level
of FA with cement of 15- 25% for high strength concrete is seen fruitful(Malhotra et
al., 2000).

It has been found that by use of FA, min. cement content is reduced which helps in

consuming FA and saving cement(Mishra et al., 2015).

Conductive fillers are frequently used in cement-based composites for greater
electrical conductivity and electrical resistance. Self-heating cement-based composites
are created by including conductive fillers like carbon fibers, steel fibers, graphite,
and nickel particles. In a cold environment, infrastructures such as urban highways,
bridges, and airport runways are prone to freezing or being buried with snow,
jeopardizing their safety and the daily lives of users. Self-heating cement-based
composites are being proposed as a means of heating infrastructure and melting snow

and ice(D. Wang et al., 2020).

Concrete is a porous material and its pore network is connected closely. AC is an inert
filler which reduces the presence of pores enhancing the performance of concrete and
increases workability. It can entrap harmful gases and it can act as conducting

material on addition of porous conducting material.

On the contrary, AC is hydrophobic so it does not disperse in water evenly. For even

distribution of AC in the concrete mix CMC is used which is good surfactant.

Use of FA in concrete to reduce the percentage of cement content and to use industrial
waste FA to make green environment for sustainable life. Also, increase in

workability is observed.

Use of PCE based plasticizer on cement improves consistency and has higher

hydration heat and IST.

Such functional concrete is to be developed with AC, CMC and FA.



1.2 Problem statement

Forecast of 24,000 premature death per year by 2030 in Nepal will be responsible due
to poor quality of air(Fiore et al., 2012). Making sustainable functional concrete by
mixing AC, CMC and FA at once could be way out to solution to less carbon
emission. As we know AC cannot be directly mixed with water as it is a hydrophobic
material with high density. Therefore, it must be mixed with one of the chemical
surfactants such as alginate or ethylcellulose, or carboxymethyl cellulose to distribute
it evenly in the concrete. Carboxymethyl Cellulose is chosen. CMC aqueous solution
with AC mix in concrete mix performance of concrete is assessed and interaction of
CMC, AC, PCE plasticizer and FA is never studied to my knowledge. So now, the

major question is how does the novel mix affect the mechanical property of concrete.
1.3 Research Questions

Some of the research questions encountered at the very beginning of the thesis are:

i.  What is the process for making the AC, CMC water suspension?

ii. How does the addition of AC and CMC effect the mechanical property of

concrete?

iii. How does the addition of AC, CMC, FA and plasticizer affect the mechanical

properties of concrete?
1.4 Objectives

The main objective of thesis is to investigate the effect of the AC, CMC, FA on M 30

and M 25 grade concrete.
The other general objectives are:

1. To evaluate the performance of concrete varying CMC, AC and FA content.

ii. To compare the effect of additives on different grade of concrete.
1.5  Limitation
i. It only considers 28th day compressive strength.

ii. It only considers for M 30 and M 25 grade of concrete.



For M 30 grade concrete:

1. Interaction between CMC-AC-FA is studied for 3 FA ratio for 2 CMC-AC ratio.
ii. No interaction between only AC addition to concrete is not studied.

For M 25 grade concrete:

1.  No interaction between CMC-AC-FA is studied.



CHAPTER 2: LITERATURE REVIEW

Comprehensive analysis of literature related to a similar study was conducted to
identify, locate, analyze and organize the document related to research problem. This
involved a review of various books, proceedings, presentation, patent, articles,
journals, online sources, and relevant documents to gain an understanding of how the
similar situation was analyzed and solutions were suggested. Literature review was
done with usage of AC, CMC, FA and plasticizers are separately enlisted below. Also

different prospect benefits of using it are mentioned.

2.1. AC on concrete

On addition of AC on concrete showed 20-25% NO, adsorption and with creation of

smaller amount Nitrate ions in concrete(Horgnies et al., 2014).

(Tommaso & Bordonzotti, 2016) used AC in concrete in optimal dose to high
performance concrete of 65 MPa showed no effect on its performance in both
hardened and fresh state. Also, reduction of NOx group and showed excellent fire
resisting property. Use of 1 % AC will lower the carbon footprint of concrete. The

study has showed compressive strength as below:

Table 1 Compressive Strength for different mix by Tommaso

Mixture Percentage of Compressive Compressive
AC Strength (7 days) | Strength (28 days)
0 0 50 65.3
Mix 1 0.48 52.3 71.8
Mix 2 1.06 51.3 65.8
Mix 3 1.43 53 61.8

(Zhang et al., 2017)experimentally showed the addition of AC to concrete is an
effective method of decreasing the rate of radon exhalation. Different types of AC,
such as those derived from nut shell, coconut shell, coal, and wood, have varying rates
of decreasing radon exhalation, with nut shell and coconut shell-based AC showing
the highest reduction rates of 44.3% and 47.1%, respectively, while coal and wood-
based AC have lower reduction rates of 29.0% and 19.2%, respectively. Although AC



with a larger specific area tends to have a more significant impact on reducing radon
exhalation rates, it is important to note that the specific area of the AC is only one of
several factors that contribute to the reduction effect, and it is not the sole determining

factor. The study has showed compressive strength as below:

Table 2 Compressive Strength for different mix by Zhang

Mixture Percentage of Compressive Compressive
AC Strength (28 days) | Strength (28 days)
0 0 45.8 45.8
Mix 1 1 49.7 45.6
Mix 2 3 48.1 43.7
Mix 3 5 49 50.3
Mix 4 10 49 .4 45.7
Mix 5 12 46.7 46.2
Cocunut Shell
Based AC Coal Based AC

2.2. CMC on concrete

The impact of the sodium salt of CMC on the characteristics of OPC has been
analyzed. The study examined the changes in properties such as setting time, heat of
hydration, compressive strength, and fracture toughness. Study concluded the mix
Cement/CMC mix of 1% has been found to have improved strength and fracture
toughness as compared with OPC. The material has shown better corrosion resistance
in HCI, H2SO4 and sea-water. At different ages of 7, 28, and 91 days, the cement
mixed CMC achieved its highest compressive strength when the additive content was
0.25%, 0.50%, and 0.50%, respectively. Specifically, the max. compressive strength
observed for these mixtures was 32.53 MPa at 7 days, 45.87 MPa at 28 days, and
64.37 MPa at 91 days. The compressive strength of the cement-only control group
was measured at 7, 28, and 91 days and recorded as 31.3, 43.7, and 53.5 MPa,
respectively(Mishra et al., 2003). Delay in setting time and decrease in heat of

hydration was observed when increasing CMC content in mix as table below:

Table 3 Setting time for different mix by Mishra

6



Percentage of | Initial Setting | Final Setting
CMC Time (min) Time (min)
0 130 230
0.05 169 328
0.1 195 345
0.25 235 370
0.5 325 495
1 415 555
2 510 630
3 605 705
4 706 783

CMC has both hydrophobic and hydrophilic sides that improves dispersion. 0.4%,
0.8%, 1.2% and 1.6% CMC was used for dispersion of carbon fiber. Upto 0.8%
showed shows good dispersion and research concluded that increase of pH increases
dispersion(Akbar et al., 2014). The inclusion of CMC and silica fume increased
Carbon Nano Fiber dispersion(H. Wang et al., 2017).

Carboxylmethyl Cellulose Sulfate (CMC-S) has a high potential for usage as a cement
and concrete additive as a water reducer, set retarder, and water reducer and set

retarder (Huang et al., 2014).
2.3. Fly Ash on concrete
Review study by (Ahmaruzzaman, 2010) on FA summarized below:

i.  One potential use of FA is as an inexpensive adsorbent in construction to

eliminate pollutants like organic compounds, flue gas, and metals.

ii. FA has demonstrated positive outcomes in removing pollutants such as NOx, SOy,

organic compounds, mercury, and dyes from air and water.

iii. The adsorption capacity of FA can be enhanced through chemical and physical

activation processes.



iv. Researchers worldwide have undertaken significant studies to find ways to utilize

FA and minimize its environmental impact.

v. FA is a by-product of coal combustion and known to cause environmental

pollution.

vi. FA can also be utilized as a light wt. aggregate, mine backfill, road sub-base, and

for zeolite synthesis.

vii. Continuous research and development in this field can aid in finding more
efficient and sustainable ways to utilize FA while minimizing its environmental

impact.

viii. Nevertheless, environmental concerns must be considered while utilizing FA to

avoid causing further damage to the ecosystem.

ix. FA holds immense potential for use in the construction industry due to its

properties as an effective adsorbent and light wt. aggregate.

In (Naik, 1987)study, the impact of high FA content, specifically FA, on concrete's
setting and hardening was investigated. The results revealed that as the proportion of
FA replacement increased, the setting time also increased, ranging from a few minutes
to several hours. The effect was most prominent in high-replacement concretes with a

greater amount of FA replacement.

The delay in setting time was attributed to the pozzolanic nature of FA, which reacts
slowly with calcium hydroxide produced during cement hydration, resulting in
additional calcium silicate hydrate (C-S-H) gel formation. As the amount of FA
increased, the available calcium hydroxide for reaction decreased, resulting in a

longer setting time.

2.4. Plasticizer on concrete

Plasticizer in concrete improve the strength of hardened concrete without increasing
the amount of cement by reducing admixtures are used to reduce the mixing water,
compared to concrete without admixtures, while maintaining the same slump.
Concrete containing a water-reducing admixture is more workable and can improve

the pumpability of the concrete, remains more cohesive and is less prone to



segregation during placement. High strength concrete has lower w/c ratio and high
content of fines to fill intergranular space to achieve denser packing instead of

water(Etsuo, 2003; Plank et al., 2009).

2.5. Prospects benefits

The study by (Mahoutian et al., 2015) investigated the air void characteristics of AC-
FA concrete and found that AC decreased the air void content surface area. Also, the
study concluded that ink-prepared specimens provided more accurate and reliable air
void characteristics compared to epoxy impregnated specimens in any future image

analysis for studying air void character.

FA is a supplementary cementing material that has been successfully used in concrete
to enhance its mechanical properties and durability. Other materials such as slag,
silica fume, construction and demolition wastes, rice husk ash, biomass ash, wood
waste, blast furnace slag, steel slag, ceramic wastes, glass powder, marble powder,
and other mineral powders have also been used as partial replacements for cement in
concrete mixtures to improve their mechanical properties and sustainability(Aprianti

S, 2017).

If Carbon black is dispersing in system, it is beneficial to uplift strength and durability
of concrete due to its fineness. CMC as dispersing agent was used in research(Sama,

2020).

It was found that modified AC has higher CO: sequestration capacity. 1 kg of such
modified AC concrete contain 5 gm of AC and can hold 12 mg CO: adsorbed, while
22 gm carbon would be stored as calcite. Whereas, for traditional concrete 13 gm is

stored as calcite(Hamad, 2019).



CHAPTER 3: MATERIALS AND METHODOLOGY

3.1  Research Design

The research design of the thesis comprises of identifying key parameters,
experimental design and interpreting the test results. Below flowchart shows the basic

idea and work flow of this experimental thesis design.

Figure 1 Flowchart showing research design

Identify key parameters

Research \\ Establish Objective Literature Research
Question of the Study Review methodology

Experimental Design

Selection of : : Solution Cube
. Mix Design : :
Materials = preparation // Casting

:
Findings

Results and Conclusion and Report and
Test . . . .
Discussion // Recommendation // Presentation

)

Suitable material selections in concrete is includes specimen arrangements,

preparations, experimental procedures, measurement techniques. Different types of
test were done to select the materials used in research. Following test were conducted
and calculation are presented in ANNEX. Whereas, mix design is placed in later in
this section. Total of 132 cubes sample were casted and compressive strength test was

carried out.
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Figure 2 Test performed

Cement Test in CMTL:
e

Sand and coarse

regra st performed

. : Water Test Report pagregrate test per . .
S:l{ecngnl of \_ / _p Mix Design

- nput—>»

Matenals ™ (ACT Method)

PCE Plasticizer Commercially Available

DATASHEET attached ~

MO ( attached) 41 Batches of

= 139
[ ac ] / Concrete = 132

cubes

Compressive
Strength Test

Certain target strength of concrete was set to M 30 and M 25 grade from mix design
by ACI method using water reducing admixture for M 30 grade only. PCE based
plasticizer was used. In M 30 and M 25 grade concrete, different addition were

performed.

The procedure for preparation of concrete, concrete with CMC content, concrete with

AC and CMC, and a varying amount of carbon is shown in the flow chart below:

Figure 3 Different Variation of AC, CMC, FA on M30 grade concrete

9 Cubes
(3,7, 28 days)
M30 Concrete
(Control)
CMC Variati AC Variation (1.16%. 2.32%, 3.48%) FA Variation(15%, 20%, 25%)cement
B {0 G5B 5‘;;0{0;10 —_— with CMC Variation(0.17%., 0.35%, substitution With AC (2.32%, 3.48%)
(LT, 50 IS 0.52%) of cement & 0.35%CMC content
9 Cubes 27 Cubes 18 Cubes
(28 days) (28 days) (28 days)

All 63 concrete cubes were tested to compressive strength by compressive testing
machine and for different content variation strain gauge was used for calculation of

modulus of elasticity.

11



M 25 grade concrete was also casted whose mix design is without water reducing
agent to see interaction of CMC, AC, FA on concrete. Total of 69 concrete cubes

were casted and compressive strength of 28 days was calculated.
Figure 4 Different Variation of AC, CMC, FA on M30 grade concrete

6 Cubes
(7, 28 days)

M 25 Concrete

(Control)
CMC Variati AC Variation (1.16%. 2.32%, 3.48%) FA Variation(15%, 20%, 25%) of
(0.17%, 0.3 4‘{,, gu;j?l; £ cement with CMC Variation(0.17%, 0.34%, cement substitution for CMC (0.17%,
B s e A 0.5%) of cement 0.34%, 0.5%) respectively

9 Cubes 27 Cubes 9 Cubes
(28 days) (28 days) (28 days)

FA Variation(15%, 20%, 25%) of
‘= cement substitution for AC (1.16%,
2.32%, 3.48%) respectively

9 Cubes 9 Cubes
(28 days) (28 days)

3.2 Selection of Material

AC Variation
(1.16%, 2.32%, 3.48%) of cement

Following are the materials used:
3.2.1 Ordinary Portland Cement

OPC is a type of cement that is frequently used in construction. It is created by
grinding clinker into a fine powder, and clinker is primarily made up of calcium
silicates. This cement is widely used due to its affordability, flexibility, and capacity
to resist damage. OPC cement is a extensively used material in various construction
projects such as the construction of buildings, bridges, and roads due to its beneficial
properties. OPC cement 1is composed of several chemical compounds,

including(Taylor, 1997):

Table 4 Composition of OPC Cement

S.N. Chemical Chemical Content | Function

Compound Formula
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Provides strength and durability
1 T.r%calcmm CasSiOs 50-70% to concrete by respgndlng Wlth
silicate water to form calcium silicate

hydrate (C-S-H) gel.

Dicalcium Contributes to the strength of
2 CaSi04 10-30% | cement over a longer period of

silicate time than tricalcium silicate.
Imparts early strength to
concrete by reacting with water
Tricalcium o to form calcium aluminate
3 aluminate Ca:AL0Os 3-15% hydrate (C-A-H) gel which is
responsible for the IST time of
cement.
. Contributes to the color of
Tetracalcium

4 : . CasALFexO10 | <10% cement and also contribute to
aluminoferrite
the early strength development.

Regulates the setting time of
5 Gypsum CaS04.2H20 | <5% cement and prevents flash
setting.

Contribute to the properties of
6 (MgQ’ Fex0s, | _ <5% cement such as workability,
alkalies, etc.) o
setting time, and strength.

OPC cement of 53 Grade was used in our research.

Several stages are involved in the production of OPC cement, including raw material
extraction, crushing, grinding, and mixing. The main raw ingredients in OPC cement

production are limestone, clay, and gypsum(PCA, 2023).

It is stated by the Indian Standards Institution (ISI) that the grade of OPC cement is
determined by the compressive strength of the cement after 28 days of curing and that
an increase in the proportion of clinker in the cement results in higher compressive
strength(ISI, 2013). Likewise, the American Concrete Institute (ACI) observes that an
increase in clinker content leads to an increase in both compressive strength and heat

of hydration of OPC cement(ACI, 2014).
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OPC cement of 53 grade was used manufactured by Shivam Cement was tested
according to IS 4031-1988 and compressive strength for 3, 7 and 28 days and used.
Also, Normal Consistency, IST and FST were calculated in CMTL Pulchowk Campus
and report is placed below in ANNEX.

3.2.2 Activated Carbon

Activated carbon is a versatile and highly porous material utilized in several
applications, including purification of water and air, gas separation, and energy
storage. It results from carbonization of organic materials and activation by subjecting
the carbonized matter to a mixture of gases or an oxidizing agent, such as carbon
dioxide and steam. The activation process yields a porous network structure that
boosts the carbon's surface area, thereby facilitating efficient adsorption of impurities.
AC is manufactured by carbonizing organic materials, such as coal, coconut shells,
and wood, followed by activation through exposure to an oxidizing agent or a mixture
of gases, like steam and carbon dioxide. This leads to the creation of a network of
pores and increases the carbon's surface area, allowing it to effectively adsorb
impurities. AC has wide range of application in different field(Marsh, H., & Reinoso,
2006).

Commercially available AC in Kathmandu from Eureka Suppliers, Tripureshowr,
Kathmandu was used in this research with company proclaimed specification is

attached in ANNEX.
3.2.3 Carboxymethyl Cellulose Sodium Salt

Carboxymethylcellulose (CMC) or cellulose gum is a cellulose derivative that
contains carboxymethyl groups (-CH2-COOH) that are attached to some of the
hydroxyl groups of the glucopyranose monomers that comprise the cellulose
backbone. It is frequently used as the sodium salt, sodium CMC. It was sold under the

brand name Tylose, which is a registered trademark of SE Tylose.

The alkali-catalyzed reaction of cellulose with chloroacetic acid produces CMC. The
cellulose is liquid and chemically reactive due to the polar (organic acid) carboxyl

groups.
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Image 1 CMC used

CMC's functional properties are determined by the number of hydroxyl groups
participated in the substitution reaction and as well as the chain length of the cellulose
backbone structure and the degree of clustering of the carboxymethyl substituents
(Hollabaugh, 1945).

Commercially available CMC in Kathmandu from Himedia supplied by Eureka
Suppliers, Tripureshowr, Kathmandu was used in this research with company

proclaimed specification is attached in ANNEX.
3.2.4 Fly Ash

Commercially available processed FA for concrete application by DIRK India Pvt.
Ltd. in Kathmandu supplied by Acme Suppliers, Pulchowk, Lalitpur was used in this

research with company proclaimed specification is attached in ANNEX.
FA FTIR report is presented in ANNEX.
3.2.5 Fine Aggregate and CA

Fine Aggregate from Sankhu and CA from Kavrepalanchowk whose avg. FM was
found 2.78 and dry rodded bulk density as 1575.61 kg/m>.
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1.  Sampling of fine aggregate and CA was done according to ASTM D75
ii. FM of sand was found according to ASTM C128 and ASTM C33

iii. Dry rodded bulk density of CA was found according to ASTM C29
Calculation are presented in ANNEX.

3.2.6 Poly Carboxylic Ether (PCE) Based Superplasticizer

Commercially available PCE based water reducing agent known as flowgel from
Acme Suppliers, Pulchowk, Lalitpur was used in this research with company
proclaimed specification is attached in ANNEX. Flowgel is 4" generation high
performance super-plasticizers based on a modified polycarbolxylic ether. It confirms

to 1S:9103-1999 and ASTM C-494-1981(Type- G).
3.2.7 Water

It is necessary to use the min. amount of mixing water to achieve workability in
concrete while maintaining its strength. There is guideline emphasizes the

significance of controlling water content in the mixture(IS10262, 2009).

Likewise, ACI emphasizes that the water content of the mix plays a crucial role in
determining the final properties, including strength and durability, of the
concrete(ACI 211, 2002).

Tap water was used from the Heavy lab. Water test report from Water Lab is placed

in ANNEX.

3.3 Tools and Test Performed

The equipment, tools and test performed during this thesis is enlisted under:
3.3.1. Compressive Testing Machine

The Compressive Testing Machine (CTM) is a mechanical device used to determine
the compressive strength of construction materials, such as concrete. It applies
pressure on a sample until it fails, enabling the calculation of the max. load it can
handle before collapsing. Typically, the CTM is equipped with a load cell, loading

platen, and control panel to monitor the load and deformation during testing. This
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device is crucial in construction quality control to ensure that materials used in
construction meet the required strength standards for safety and longevity. The CTM

is typically powered by hydraulic or electric sources.

Image 2 Compressive Testing Machine

3.3.2. Strain Gauge

A strain gauge is a device that can detect the deformation or change in length of a
material under an applied force, thus allowing for the precise calculation of the
resulting strain. By measuring the strain and the applied force, the modulus of
elasticity of the material can be determined, which is a crucial factor in analyzing its

structural behavior and durability.

Strain gauges are particularly useful for measuring small changes in deformation due
to their high sensitivity and accuracy. They can be employed to measure strain in a
wide range of materials, including concrete, which enables the calculation of its

modulus of elasticity.

Image 3 Strain Gauge
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3.3.3. Magnetic Stirrer

A magnetic stirrer is an instrument that is utilized in laboratories for producing a
magnetic field that causes a stir bar or flea to rotate quickly when it is immersed in a
liquid. The liquid is stirred by the rotation of the stir bar, ensuring homogeneity of the
sample. The magnetic stirrer is composed of a motorized base that generates a rotating
magnetic field and a container or flask that is capable of withstanding heat, which
contains the liquid to be stirred. The stir bar is placed in the container or flask and is
held in place by the magnetic field. The degree of mixing can be controlled by
adjusting the speed of rotation, and temperature can also be controlled by some
magnetic stirrers, making them suitable for various laboratory applications, including

chemical reactions, titrations, and biological assays.

Image 4 Magnetic Stirrer with CMC solution
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3.3.4. Cube Mould

These moulds are typically made of steel or cast iron and have tight-fitting lids to
prevent any leaks during the casting process. Once the concrete is poured into the
mould, it is left to set and cure for a specific period of time before being tested for its

compressive strength.

Image 5 150 mm cube molds
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3.3.5. Vibrating Table

A flat vibrating device is employed in the concrete industry to consolidate the
material and eliminate any entrapped air bubbles. Usually made of steel or concrete,
the equipment shakes at a high frequency to facilitate uniform distribution and
removal of air pockets. This is critical in concrete casting processes where air bubbles
may compromise the integrity and robustness of the material. Poor consolidation can

result in weak sections of concrete, leading to cracks or other imperfections.

Image 6 Vibrating Table

3.4  Preparation of Solution

The amount of cement is found from mix design required for the preparation of the
concrete was first calculated. Then from percentage of CMC and AC addition is

concrete quantity of CMC and AC is worked out for different 41 batches of concrete.

3.5  Mix Design

Mix design was performed for M 30 and M 25 grade concrete by ACI Method.
3.4.1. M 30 mix design
i.  Slump Determination

From table 22,
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Adopt Placing Condition for Concreting of lightly reinforced sections with vibration

Degree of workability: Medium

Values of workability: 25mm-75mm slump for 20mm max. nominal aggregate
ii. max. Size of CA

Adopt max. size of CA as 20mm

iii. Water Cement Ratio determination

For 30MPa= 305.81kgf/cm? From table 31, Interpolating;We get w/c ratio by wt. as
0.541

iv. Approximate mixing water for the desired workability and max. size of CA
From table 32,

For slump:  3cm to Scm

max. Size of aggregate 20mm

For non air entrained concrete Adopt approximate mixing water 185 kg/m?
V. Cement Content Determination and check

Cement Content = Water content / w/c ratio = 185/0.541 = 341.98 kg/m?
Check based on exposure condition, from table 5 max. Size of CA 20mm
Type of Concrete Reinforced concrete

Exposure Severe

max. free w/c ratio  0.45

min. Cement Content 320 kg/m?

Adopt w/c ratio 0.45

Cement Content to be used 185/0.45 = 411 kg/m3

Use of high range water reducing admixture ASTM C-494-1981(Type G)
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(0.2%-1.5%0f cement wt.(w/w)) decreases the water content 12% to 30 %. So,

reducing water content by 20 % i.e.

Use mixing water 185%0.8= 148 kg/m?

Actual w/c ratio 0.36

Use high range water reducing admixture 0.7% of cement content i.e 2.88 kg/m3
vi. Determination of amount of CA

FM of Sand 2.78 (Sankhu Sample)

max. Size of CA 20mm

Volume of dry rodded CA per unit volume of concrete by table 33. Interpolating we
get, for 20mm CA and 2.78 FM,

Volume of dry rodded CA per unit volume of concrete 0.622

Dry rodded bulk density of the aggregate 1575.61 kg/m?(Sankhu Sample)
Dry wt. of CA 0.622x1575.61=980.03 kg/m?

vii.  Determination of amount of fine aggregate
Nominal max. size of CA  20mm

For non air entrained concrete

First estimate of wt. of fresh concrete 2345 kg/m?

wt. of fine aggregate wt. of fresh concrete- wt. of all other ingredients= 2345-411-

148-980-2.88 =803.12 kg/m?

viii.  Water content adjustment

Water content in Fine Aggregate 9%

Water content in CA  0.00%

Total free surface moisture in Fine Aggregate =9%x803.12 =72.28 kg/m?

wt. of Fine Aggregate in field condition =~ =803.12+72.28 =875.40 kg/m?
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CA absorbs 4% water =4%x980.03=39.20 kg/m?

wt. of CA in field condition =980.03-39.20 =940.83kg/m?

Water in Fine Aggregate that acts as mixing water =72.28-39.20 =33.08kg/m?
Actual Water to be used as mixing water ~ =148-33.08 =114.92kg/m?

3.4.2. M 25 mix design

i.  Slump Determination

From table 22, Adopt Placing Condition for Concreting of lightly reinforced sections

with vibration Degree of workability: Medium
Values of workability: 25mm-75mm slump for 20mm max. nominal aggregate
ii. max. Size of CA
Adopt max. size of CA as 20mm
iii. Water Cement Ratio determination
For 25 MPa= 254.85 kgf/cm?
From table 31, Interpolating; We get w/c ratio by wt. as 0.61
iv. Approximate mixing water for the desired workability and max. size of CA
From table 32, For slump:  3cm to Scm

max. Size of aggregate 20mm

For non air entrained concrete Adopt approximate mixing water 185 kg/m?3
v. Cement Content Determination and check
Cement Content Water content / w/c ratio 185/0.61=303.28 kg/m?
Check based on exposure condition, from table 5 max. Size of CA 20mm
Type of Concrete Reinforced concrete

Exposure Severe
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max. free w/c ratio 0.5

min. Cement Content 300 kg/m?

Adopt w/c ratio 0.5

Cement Content to be used 185/0.5 = 370 kg/m3
vi. Determination of amount of CA

FM of Sand 2.78 (Sankhu Sample)

max. Size of CA 20mm

Volume of dry rodded CA per unit volume of concrete by table 33. Interpolating we
get, for 20mm CA and 2.78 FM,

Volume of dry rodded CA per unit volume of concrete 0.622

Dry rodded bulk density of the aggregate 1575.61 kg/m?(Sankhu Sample)
Dry wt. of CA  0.622x1575.61=980.03 kg/m?

vii. Determination of amount of fine aggregate
Nominal max. size of CA  20mm
For non air entrained concrete, First estimate of wt. of fresh concrete 2345 kg/m?

wt. of fine aggregate wt. of fresh concrete- wt. of all other ingredients= 2345-370-
185-980.03 =809.97 kg/m?

viii. Water content adjustment

Water content in Fine Aggregate 6.55%

Water content in CA  0.00%

Total free surface moisture in Fine Aggregate =6.55%%%809.97 =53.05 kg/m?
wt. of Fine Aggregate in field condition ~ =809.97+53.05 =863.02 kg/m3

CA absorbs 4% water =4%x980.03=39.20 kg/m?

wt. of CA in field condition =980.03-39.20 =940.83kg/m?
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Water in Fine Aggregate that acts as mixing water =53.05-39.20 =13.85 kg/m?
Actual Water to be used as mixing water ~ =185-13.85 =167.29 kg/m?
Volume calculation

The volume of each ingredient of concrete was calculated by taking the volume of
concrete 1 m* for M 30 and M 25 grade. Summary of mix design is presented in below

figures and volume calculation are presented in ANNEX.

Figure 5 Mix Design Composition for 1 m* M 30

Water, 114.92

kg \

/—' Cement, 411 kg

Sand, 875.4 kg —_ &

= Coarse
Aggregate,

Plasticizer,2.88 1 940.83 kg

Figure 6 Mix Design Composition for 1 m* M 25

Water, 167.29 kg —\ /n Cement, 370 kg

Sand, 863.02 kg —\ :

4 ' Coarse

Aggregate,
940.83 kg
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Preparation of concrete cubes

The number of molds accounted for the experiment, added to a total of twenty-seven.
Special attention was given while casting the cube. The mold was greased up so that

the cube could easily be removed from the mold after a day.
Casting, Drying and Curing of Cubes

The cubes were casted in cube mould of 150mm X 150mm * 150mm size. After the
preparation of concrete cubes, the cubes were set for the next 24 hrs except for mix
containing CMC which was set for 48 hrs. The specimen was demolded after set and

cured with tap water for 28 days. After letting them dry for a given time.
Testing of concrete cubes

After end of curing period, concrete cubes were saturated surface dried and

compressive strength test was carried on accordance to ASTM C192 as:

i. Three test specimens of standard size (150mm X% 150mm X% 150mm) using the

same mix design and curing conditions.

ii. Place test specimens on the CTM with the smooth surfaces facing each other and

centered under the loading platen.

iii. Applying a load gradually at a constant rate of 35 MPa/min until the specimen
fails suddenly and without significant deformation or cracking. The max. load

applied just before the specimen fails was recorded.

iv. Calculation the compressive strength of each specimen using the formula:

Compressive strength = max. load / Cross-sectional area of the cube.

v. ACI method specifies the use of a min. of three specimens, and the avg.
compressive strength of the three specimens should be used to represent the

compressive strength of the concrete in the structure.

vi. Report the compressive strength of each specimen. Convert the units to MPa as
per your requirement. and the avg. strength of the three specimens along with
relevant information such as the date of testing, wt. of cube, curing conditions,

mix design, and any deviations from the standard testing procedure.
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CHAPTER 4: RESULTS AND DISCUSSION

4.1 Compressive Strength for M 30 grade

The summary of results for M 30 grade is presented in below table. Its interpretation

and discussion is explained in this section.

Table 5 Compressive Strength and avg. Modulus of Elasticity for M 30 concrete

S.N. | Description CMC3 AC 3 FA 3 Ave. . Ave. Mp@ulus
kg/m?® | kg/m?® | kg/m3 | Compressive | of Elasticity
Strength(MPa) | (GPa)

1 | Control 31.96
Concrete with CMC

5 CMC 1 0.69 | - - 26.50
CMC 2 1.38 | - - 24.03
CMC 3 2.07 | - - 23.20
Concrete with CMC-AC
1AC-1 0.69 | 4.60 - 20.00 23156
1AC-2 1.38 4.60 | - 18.96 20755
1AC-3 207 | 4.60 |- 17.19 20605

3 2AC-1 0.69 9.19 | - 19.11 21441
2AC-2 1.38 9.19 | - 20.74 22820
2AC-3 2.07 9.19 | - 19.70 21324
3AC-1 0.69 | 13.79 | - 19.41 21900
3AC-2 1.38 | 13.79 | - 18.52 22527
3AC-3 207 | 13.79 | - 17.19 20045
Concrete with CMC-AC-FA
FA-1 1.38 9.19 | 61.65 16.74 19603
FA-2 1.38 9.19 82.2 16.22 20848

4 | FA-3 1.38 9.19 | 102.75 15.63 19334
FA-4 1.38 | 13.79 | 61.65 18.30 20346
FA-5 1.38 | 13.79 82.2 18.59 19818
FA-6 1.38 | 13.79 | 102.75 15.85 20551
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The control contains mix design for M 30. Concrete with CMC include the same
composition as control with additional CMC, concrete with CMC-AC include same
composition as control with additional CMC and AC content, and concrete with
CMC-AC-FA include same composition as control with addition of CMC, AC content

and replacement of cement content with FA.

Compressive strength of control concrete was found to be 15.26 MPa, 20.59 MPa and
31.96 MPa for 3 days, 7 days and 28 days respectively.

Figure 7 Plot of compressive Strength of M 30 control vs days of curing
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The 28-day compressive strength of CMC addition of 0.17%, 0.34%, 0.5% of cement
mass on concrete was 24.87 MPa, 21.87 MPa, 21.27 MPa respectively.

Figure 8 Compressive strength plot for CMC concrete
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The 28 day compressive strength of AC addition of 1.12%, 2.24%, 3.36% of cement

mass on concrete for different ratio of CMC is plotted in below figure.

Figure 9 Compressive Strength plot for CMC-AC concrete CMC variation
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On increasing the CMC content, compressive strength shows declination for every
AC content except for AC 2.24% whose strength goes on increasing till 0.34%
addition of CMC and slight drop in strength is seen.

The 28 day compressive strength of CMC addition of 0.17%, 0.34%, 0.5% of cement

mass on concrete for different ratio of AC is plotted in below figure.

Figure 10 Compressive Strength plot for CMC-AC concrete AC variation

AC VARIATION

=—®— CMC 0.17% ==lll=— CMC 0.34% ==s=— CMC 0.5%

25
I
'_
U]
= 20.74
= 20,00 g
e ' 19141
> 20
(%]
A 18.96
P 18.52
a.
>
o)
= 17.19 17.19

15

0 1,12 2.24 3.36

PERCENTAGE OF AC

29



On increasing the AC content, compressive strength shows increment for 0.17% CMC
content. Also, for other two CMC ratio compressive strength shows increment till

2.24% addition of AC and slight drop in strength is seen.

The 28 day compressive strength of CMC addition of 0.34% & AC addition of 2.24%,
3.36% of cement mass on concrete for different ratio of replacement of FA is plotted

in below figure.

Figure 11 Compressive Strength plot for CMC-AC-FA concrete FA variation
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For fix 0.34% CMC ratio, on increasing the FA replacement content, compressive
strength shows decreasing trend for 2.24% AC & 0.34% CMC. Whereas, for 3.36%
AC & 0.34% CMC compressive strength goes on increasing till 20% increment and

decreased at 25% replacement.

The 28 day compressive strength of CMC addition of 0.34% & AC addition of 2.24%,
3.36% of cement mass on concrete for different ratio of replacement of FA is plotted

in below figure.

Figure 12 Compressive Strength plot for CMC-AC-FA concrete AC variation

30



AC VARIATION ON FIX CMC
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For fix 0.34% CMC ratio, on increasing the AC content, compressive strength shows
decreasing trend for 0% FA. Whereas, for 15%, 20%, 25% replacement compressive
strength goes on increasing. Among all this replacement 15% FA replacement seems

to be good replacement. Also 20% FA replacement has similar compressive strength.

Compressive strength calculation are shown in ANNEX.

4.2  Modulus of Elasticity for M 30 grade

Strain gauge was used to find deflection in different load and from which strain is
calculated and corresponding stress was plotted. From that, linear part in the diagram

is noted in separate chart and linear line is drawn to find out modulus of elasticity.

For different addition to concrete, Stress Vs Strain plot for M 30 grade is only drawn
and averaged to find out modulus of elasticity placed at Table and figure are placed in

ANNEX.

From that Stress Vs Strain plot linear part is considered and st line is plotted and
equation of straight line y = mxx + ¢ is found out where m is slope of the equation
known as modulus of elasticity and c is intercept length. This plot are placed in
ANNEX. Also R? value is found out which refers to strength of the relationship

between linear model and the dependent variable on a convenient 0 — 100% scale.

4.3  Compressive Strength for M 25 grade

The summary of results and discussion for M 25 grade is presented in below section.
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Table 6 avg. compressive strength for M 25 concrete

S.N. | Description FA CMC 1 AC FA Ave. .
replacement % | kg/m3 | kg/m3 | kg/m3 | Compressive
Strength(MPa)

1 Control 26.98
Concrete with CMC

5 CCl1 - 0.62 |- - 23.85
CC2 - 1.24 |- - 23.26
CC3 - 1.86 |- - 21.33
Concrete with AC

3 Cl - - 4.14 | - 20.00
C2 - - 828 |- 26.67
C3 - - 1241 | - 21.19
Concrete with CMC-AC
Ci1C1 - 0.62 4.14 | - 20.00
C2C1 - 1.24 4.14 | - 19.85
C3C1 - 1.86 4.14 | - 20.59

3 ci1c2 - 0.62 8.28 |- 24.59
c2C2 - 1.24 8.28 |- 17.93
C3C2 - 1.86 8.28 |- 18.37
CI1C3 - 0.62 12.41 | - 21.63
C2C3 - 1.24 12.41 | - 20.30
C3C3 - 1.86 12.41 | - 17.93
Concrete with AC-FA

4 CF1 15 - 4.14 | 555 |2593
CF2 20 - 828 |74 25.63
CF3 25 - 12.41 | 92.5 |26.96
Concrete with CMC-FA

5 CCF1 15 0.62 |- 55.5 |2341
CCF2 20 1.24 |- 74 20.59
CCF3 25 1.86 |- 92.5 18.07
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The control concrete contains mix design for M 25 including cement, fine aggregate,
CA and water. Concrete with CMC include the same composition as control with
addition of CMC. Concrete with AC contain same composition as control including
addition of AC to concrete. Concrete with CMC-AC include same composition as
control with additional CMC and AC content. Concrete with AC-FA contain same
composition as control with additional AC and replacement to cement with FA
content to mix. Concrete with CMC-FA contain same composition as control with
additional CMC and replacement to cement with FA content to mix. The detail

variation table is placed on ANNEX.

Compressive strength of control concrete was found to be 17.27 MPa and 26.98 MPa
for 7 days and 28 days respectively.

Figure 13 Plot of compressive Strength of M 25 control vs days of curing
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The 28-day compressive strength of CMC addition of 0.17%, 0.34%, 0.5% of cement
mass on concrete was 23.85 MPa, 23.26 MPa, 21.33 MPa respectively.

Figure 14 Compressive strength plot for CMC concrete
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On increasing 0.17% of cement CMC content on concrete, decrease in compressive

strength is seen.

The 28-day compressive strength of AC addition of 1.12%, 2.24%, 3.36% of cement
mass on concrete was 20 MPa, 26.67 MPa, 21.19 MPa respectively.

Figure 15 Compressive strength plot for AC concrete
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The 28 day compressive strength of AC addition of 1.12%, 2.24%, 3.36% of cement
mass on CMC-AC concrete for different ratio of CMC is plotted in below figure.

Figure 16 Compressive Strength plot for CMC-AC concrete CMC variation
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On increasing the CMC content, compressive strength shows declination for every
AC content. Except for AC 1.12% and AC 3.36% whose strength increases till 0.17%

addition of CMC and eventually declination is seen.

The 28 day compressive strength of CMC addition of 0.17%, 0.34%, 0.5% of cement
mass on CMC-AC concrete for different ratio of AC is plotted in below figure.

Figure 17 Compressive Strength plot for CMC-AC concrete AC variation
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On increasing the AC content, compressive strength shows increment for CMC 0.17%
till 2.24% AC addition. For other CMC ratio decrease is seen compressive strength in

the case of CMC-AC concrete.
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The 28 day compressive strength of AC-FA concrete for different substitution and
addition of AC is presented below.

Figure 18 Compressive Strength plot for AC-FA concrete
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AC-FA concrete shows no declination in compressive strength below 25 MPa upto

3.36% addition of AC.

The 28 day compressive strength of CMC-FA concrete for different substitution and
addition of AC is presented below.

Figure 19 Compressive Strength plot for CMC-FA concrete
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CMC-FA concrete shows declination in compressive strength below 25 MPa upto
0.5% addition of CMC. Compressive strength calculation are shown in ANNEX.
4.4 Comparison between M 30 and M 25 grade of concrete

In CMC concrete, For M 30 grade concrete on increasing CMC content shows 12%,
20% and 23% decrease in compressive strength, whereas, M 25 shows 5%, 7% and

15% reduction as respective below shown addition.

Figure 20 Comparison chart for CMC concrete
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In CMC-AC concrete, comparison between every M 30 and M 25 is shown in below
bar diagram. Maximum reduction in strength is seen up to 29% for M 25 and up to
43% for M 30 grade concrete. Among 9 CMC-AC concrete, 7 CMC-AC concrete for
M 30 mix has less strength than of M 25 concrete.

Figure 21 Comparison chart for CMC-AC concrete
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Summary table showing different CMC percentage for different mix of concrete.

Right four joined bar chart is for M 30 concrete and other four for M 25.

Figure 22 Comparison chart AC
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Summary table showing different AC percentage for different mix of concrete.

Figure 23 Comparison chart CMC
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CHAPTER 5: CONCLUSION AND RECOMENDATIONS

5.1 Conclusion

Novel addition of AC, CMC, FA and plasticizer in attempt of creating sustainable
concrete was done in this work. ACI method of mix design was adopted to cast M 30
and M 25 grade concrete. 19 batches of concrete were casted for M 30 grade of
concrete and 22 batches of concrete were casted for M 25 grade concrete. Sand,
aggregate, cement, water was tested in lab. Laboratory grade AC, CMC was used.
Commercially, available FA and plasticizer was used. FTIR of fly ash has been done.
Compressive Strength test and modulus of elasticity was found out for M 30 grade

concrete. Compressive strength test of M 25 grade of concrete was calculated.
For M 30 grade concrete:

i. For CMC concrete, Increase in CMC content up to 0.5% addition in concrete

shows decrease in 28-day compressive strength.

ii. For CMC-AC concrete, increasing the CMC content, compressive strength shows
declination for every AC content except for AC 2.24% whose strength goes on

slight increase till 0.34% addition of CMC and very slight drop in strength is seen.
iii. Drop of strength is distinctly seen for CMC-AC concrete.

iv. On increasing the AC content, compressive strength shows increment for 0.17%
CMC content. Also, for other two CMC ratio compressive strength shows
increment till 2.24% addition of AC and slight drop in strength is seen. This

shows that AC is increasing strength in concrete.
v. For CMC-AC-FA concrete, compressive strength reduced 50 % upto 15.63 MPa.
For M 25 grade concrete,

i. For CMC concrete, increase in CMC content up to 0.5% addition in concrete

shows decrease in 28-day compressive strength.

ii. For AC concrete, compressive strength was found to be declining for AC 1.12%
whereas for AC 2.24% satisfactory result seen and again for AC 3.36% descent is

seen.
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1il.

1v.

5.2

For CMC-AC concrete, On increasing the AC content, compressive strength
shows increment for CMC 0.17% till 2.24% AC addition. For other CMC ratio

decrease in compressive strength is seen.

For AC-FA concrete, compressive strength do not decrease for any (FA 15% to
FA 25%) and (AC 1.12% to 3.36%). So, we can conclude that on introduction of

AC and FA on concrete has no negative impact on compressive strength.

For CMC-FA concrete, compressive strength of such concrete is inversely

proportional to addition of CMC.

Recommendation

In the present work, laboratory grade AC and CMC were used. Modified AC and

CMC could be used. Only 28-day compressive strength is calculated, for further

research 7 days, 56 days & 90 days would be useful. Also, fresh concrete property,

flexural strength, electrical resistivity would make great value.

Also, some useful recommendation for further study to make AC-CMC solution and

mix design step is suggested below:

1.

ii.

iil.

1v.

While mixing aqueous solution beaker was used. Instead, wide spread bucket

could be used.

Mixing CMC in surrounding temperature takes 6-10 hours in magnetic stirrer.

while warm water will make it faster.

At first mix CMC to little amount of water. And, place 1 liter warm water in wide

spread bucket in magnetic stirrer for 30-45 min and solution is ready.
Only after even aqueous solution AC should be added or agglomeration is seen.

Dry mix of aggregate is thoroughly mix for 5 min. After even texture, cement is
added for 3-5 min. Then novel-character solution is placed. After even mix,

plasticizer is placed and again mixed for 5 min and concrete is placed.
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ANNEX-A: Choice of Materials

I. OPC Cement Test Report

Image 7 OPC test report

Project : NA S '.? . Report No: 7911CMTLO32
Adarsha Chauhan/Gaurav Raj Neupane (Material '
Client : Science and Engineering) o Date : 102/2079
Contractor : NA: ' Standard: 1S 4031-1988
<o - ~Contract Ne: "s§:‘ A : e B - o N o
Brand/Type:: Shivam Ol T
Sand: Standard Sand
Water: Tap Water v
Physical Properties: .
Room Temperature = NA °C Prefered : (27 + 2 °C)
Relative Humidity = NA Prefered : (65 + 5 %)
Normal Consistency = 305 %
Initial Setting Time = 91 Min, IS (30 Minutes)
Final Setting Time = 216 Min. IS (600 Minuets)
| 3 Days Result 7 Days Resuit 28 Days Result
Sample No. 1 [ 2 T 3 1 1 2 1 3 1 1 2 | 3
Date of Casting 9/4/2079 _
Qate of Testing 9/7/2079 9/11/2079 10/2/2079
Days — 3 7 FE
m_ 70.0x70.0x700__ 70.0 x70.0 X 70.0 700X 70.0 X 70.0
i 4900 4900 49@ 4900 4900 | 4900 4900 | 4900 | 4900 i
cm’ 343 | 343 | 343 | 343 | 343 | 343 | 343 | 343 | 343
kN 181.59 [ 157.17 [ 176.28 | 221.00 | 202,52 | 213.41 [ 274.52 | 276.75 | 284.17
~ |Comp. Strength __|N/mm?| 37.068 | 32.076 | 35.976 | 45.102 | 41.331 [ 43552 | 66.025 | 66479 | 57.985
Avg. Comp. Strength N/mm” 35.04 43.33 56.83
W m 845 848 | 854 | 835 | 846 | 845 | B854 | 847 _
|Density _ Tim 246 | 245 | 247 | 249 | 243 | 247 | 246 | 249 | 247 |
EE
Note: Material supplied by Adarsha Chauhan/Gaurav Raj Neupane (Material Science and Engineering)
Tested By Checked By : Approved By s

(Jr Er. Lilambatl(r aah) (Mr. Rajendra Raj Panta) S (Sfr Er. Arun Paudel) =
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II. Sand/CA Test

1. Determination of FM of aggregate was done according to ASTM C128 and

ASTM C33 Sampling of fine aggregate and CA was done according to ASTM

D75

ii. Determination of dry rodded bulk density of CA was done according to ASTM
C29 Seive analysis of CA was done according to ASTM C136-01

iii. Specific Gravity of CA was done according to ASTM C 127-88 Specific Gravity
of FA was done according to ASTM C 128-97

iv. Water Content of FA and CA was done according to ASTM D2216 — 19

avg. FM of Sand = 2.78

Dry rodded bulk density was found to be 1575.61 kg/m?.

CA water content = 0%; Sand water content= 8%

Mean bulk specific gravity (SSD) was found to be 1636

i. FM of Sand
Sankhu Sample A wt. of sample 600gm
Percentage | Cumulative
wt. of | wt. of sand | wt. percentage
wt. of | seive and | retained retained wt. retained
Seive Size seive(gm) | sand(gm) | (gm) (%) (%)
4.75mm 420 502.5 82.5 13.8 13.8
2.36mm 323 345 24.5 4.1 17.8
1.18mm 308.5 416.5 108 18.0 35.8
600um 344.5 440.5 96 16.0 51.8
300pum 3255 455 129.5 21.6 73.4

48




150pum 298.5 402 103.5 17.3 90.7
Pan 400.5 456.5 56 9.3
600 283.3

FM 2.83
Sankhu Sample B wt. of sample 600gm

Percentage | Cumulative

wt. of | wt. of sand | wt. percentage
wt. of | seive and | retained retained wt. retained
Seive Size seive(gm) | sand(gm) | (gm) (%) (%)
4.75mm 420 495 75 12.5 12.5
2.36mm 323 344 21 3.5 16.0
1.18mm 308.5 409.5 101 16.8 32.8
600um 344.5 442 97.5 16.3 49.1
300pum 3255 460.5 135 22.5 71.6
150pum 298.5 411 112.5 18.8 90.3
Pan 400.5 458.5 58 9.7
600 272.3

FM 2.72
Sankhu Sample C
wt. of sample 600gm
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wt. of Percentage | Cumulative
wt. of | seive and | wt. of sand | wt. retained | percentage wt.
Seive Size seive(gm) | sand(gm) | retained (gm) | (%) retained (%)
4.75mm 420 501 81 13.5 13.5
2.36mm 323 347 24 4.0 17.5
1.18mm 308.5 410 101.5 16.9 344
600um 344.5 440.5 96 16.0 50.4
300um 325.5 458 132.5 22.1 72.5
150pm 298.5 410.5 112 18.7 91.2
Pan 400.5 453.5 53 8.8
600 279.5
FM 2.80
Avg. FM=2.78
ii. Dry rodded bulk density
wt. of container 97 ¢
wt. of water and container 2830 ¢
Temperature of water 250C
Density of
Temperature of water(°C) water(kg/m?)
21.1 997.97
26.7 996.59
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25

Interpolating for 25°C we get density of water 997.01 kg/m?3
wt. of water 1863 ¢
Volume of water 0.0019 m?
wt. of
aggregate and wt. of Volume of Dry rodded Bulk
Sample | container(kg) | container(kg) water(m?) Density(kg/m?)
A 3.904 0.967 0.0019 1545.79
B 3.984 0.967 0.0019 1587.89
C 3.994 0.967 0.0019 1593.16
Mean 1575.61
Dry rodded bulk density = 1575.61 kg/m?
iii. CA sieve analysis
Sample A Sankhu
Sieve wt. of wt. of sieve wt. of CA % wt. Percentage
Size sieve(g) and CA(g) retained (g) retained Passing (%)
19 mm 907.5 1017.5 110 4.4 95.6
12.5 mm 772 2560.5 1788.5 71.54 24.06
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9.5 mm 809 1172.5 363.5 14.54 9.52
4.75 mm 812 1023 211 8.44 1.08
Pan 887.5 914.5 27 1.08 0
2500
Sample B Sankhu
Sieve wt. of wt. of sieve wt. of CA % wt. Percentage
Size sieve(g) and CA(g) retained (g) retained Passing (%)
19 mm 907.5 1040.5 133 5.32 94.68
12.5 mm 772 2635 1863 74.52 20.16
9.5 mm 809 1112 303 12.12 8.04
4.75 mm 812 996 184 7.36 0.68
Pan 887.5 904.5 17 0.68 0
2500

iv. Water content of CA and sand

For M 30 mix

Determination of water content

52




wt. of

Dry water /
wt. of Wet sample + | sample+ wt of
container | container wt. | container | water dry

S.N. | Description | (wl) (w2) wt. (w3) | Content | sample
1|CAA 700 11200
2 | CAB-1010 853 1103 1102.5 0.002
3| CAC-1051 838.5 1088.5 1087.5 0.004 | 0.3%
4 | CA D-1004 837.5 1087.5 1087 0.002
5| FiA 1051 10.51 30.51 29.16 0.072
6 | FiA 1004 10.08 30.08 28.54 0.083 8%
7 | FiA 1010 9.18 29.18 27.66 0.082
8| FiF 874 3874
For M 25 mix, Determination of moisture content ASTM D2216
wt. of
Wet Dry water /
sample+ | sample+ wt of
wt. of container | container | Moisture | dry
S.N. | Description container(wl) | wt. (w2) | wt. (w3) | Content | sample
1 | CA-1(Main) 240 710 710 0.00 | 0
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2 | CA-2(Black) 335 885 885 0.00

3 | CA-3(Bronge) 480 925 925 0.00

4 | FiA-1(3) 9.452 37.399 35.661 6.63

5 | FiA-2(10) 9.511 35.242 33.717 6.30

6 | FiA-3(1002) 11.516 41.293 39.415 6.73 6.55

v. Specific Gravity of CA

Mass of container A and field condition of CA 11200
Mass of container A and oven dry CA 10487.5
Mass of oven dry CA 9787.5

Dividing above sample into three equal parts i.e. 3262g for CA-A

The divided sample is immersed in water for 24 hours and weighed.

Mass of Bulk
Mass of Saturated Specific
SSD CA CAin Gravity
Sample in air(g) water(g) (SSD)
Container P 3272 3270 1636
Container Q 3272 3270 1636
Container R 3272 3270 1636

Mean bulk specific gravity(SSD) was found to be 1636
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III. AC Specification

Table 8 AC Specification

Headings Index
CAS 7440-44-0
Molecular Formula C
Molecular wt. (g/mol) 12.01
MDL Number MFCDO00133992
InChl Key OKTJSMMVPCPJKN-UHFFFAOYSA-N
Synonym acticarbone
PubChem CID 5462310
ChEBI CHEBI:27594
IUPAC Name carbon
SMILES [C]
Formula wt. 12.01
Chloride 0.2% Max
Packaging Composite Container
Sulfate 0.2% Max
Loss on Drying 10% Max (at 120°C)
Heavy Metals 0.005% Max (as Pb)
Density 1.8g/mL
Residue after Ignition 5% Max
Melting Point 3652°C
Quantity 500g
Appearance Black fine powder
pH 2.0-3.5
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https://pubchem.ncbi.nlm.nih.gov/compound/5462310
http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:27594

IV. CMC Specification

Table 9 CMC Specification

Headings Index
Appearance White to yellow to light tan powder
Solubility 10 mg soluble in 1 mL of water

pH (1% in water at 25 deg Celsius)

6.50- 8.00

FTIR Matches with the standard pattern

Loss on drying (at 110°C, 2 hrs.) <=15.00%

Viscosity (2% in water at 25°C) 400 - 800 cps

WGK 1

Storage Temperature(°C) Store below 30°C

Product Name Carboxymethylcellulose sodium salt,
Medium viscosity (CMC)

Synonym Sodium carboxymethylcellulose

Shelf Life 4 years
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V. FA Specification and FTIR

Commercially available class F fly ash from Dirk India Pvt. Ltd. supplied by Acme

Engineering Associates, Pulchowk, Lalitpur has below proclaimed specification.

Image 8 FA Specification

5l

Dirk India Pvt. Limited

Regd Oftice: 10, India House, Geetan|all Catorny, indiranagan, Nagk - 422000
Phone:(0253) ZI22816, 2322815, Fax:{0253) 2326678
ww.pozzocrele.codn  wwwdirkgroup.com

.w —
Pozzocrele 60 Unwm ho.: F'UL‘-.'WT A
SPECIMEM TEST CERTIFICATE
Pozzocrete 60
Test Test | Uunit EN 450- Typical Test
Mo, Specification Results
'S Category
1 !LFFnanau- Specific Surface by |
Blaine's Permeability ‘ |
Method{Min.) ! kg 3o 40
2 |ROS#3s0@sSMIC)Max. % | 34 | 1720
1 |Lime Reactivity(Minimum) | Nimm' 4.5 5.4
4 | Moisture Content(Max) % 2 0.27
|5 | Autoclave Expansion(Max) | % 68 | 0028
6 |Compressive Strength At 28 |
days - | Nimm® 0% of strength of
Pozzocrete + Cement Mortar plain cement | 32.11 | 86.14%
mortar cubes (min}
Plain Cement Mortar 4 33.40
7 | Chemical Analysis | B
Test % [IS- Specification| )
Loss on Ignition (Max.) I % 5 1.60
SO+ +Fe0, | % [70 mnbymass | o249
si0, o 1 = 35 min. by mass 57.90
Mg0 % 5 max. by mass 213
1s0, ? % 3,00 max. by mass 1.06
Na,0 . | % |[1Smabymass| 07
Total Chiorides % (.05 max. by mass 0.029 L
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In FTIR analysis, there are typically six band ranges. The band area and indicator

details for fly ash are presented in the table below(Garcia Lodeiro

Puligilla & Mondal, 2015):

Table 10 Indication for different peaks in band range

et al., 2009;

Band Range(cm™) | Indication Peak Number
4000-3500 Loss of Ca(OH)2 0
3500-1600 Stretching (-OH), bending (H-O-H) 0
1600-1000 Gains Si-O-Si bands typical of quartz 1
1000-800 Loss of gel CaCO; 0
800-500 Symmetric stretching of Si-O-Si and AI-O-Si 2
<500 Bending vibrations of Si-O-Si and O-Si-O bonds | 1
Total Band Points 4

58




This fly ash has a total of four band points. More peak number suggests increased
production of (C-S-H) & (C-A-H) and structural bond(Si-O-Al) & (-Si-O-Si-) in the
band range 800-500 cm™!(Fauzi et al., 2016).

VI. Plasticizer Specification

Image 10 PCE Specification

l AsA

'Additives & Alleq

Industries

ADMIXTURES
TECHNICAL DATASHEET

PROPERTIES

Main Ingredient
Appearance

PH

Specific Gravity
Setting & Hardening

Chloride Content

Compatibility

Consistency

Handling

Toxicity
Shelf Life

: Polycarboxyiic ether
: Light Brown liquid
VAR

: 110 + 002

: Even at high dosage

it dose not have
retarding effect on
the setting time.

*Nil. as per BS - 5075

(Part-l)

. Can be used with

all types of OPC,
Pozzolona Cement
including Sulphate
Resisting Cement.
FLOWGEL is
formulated from
carefully selected
raw material ond
manufactured
under controlled
conditions to give a
consistent product.
FLOWGEL is
formulated from
chemicals which
present no fire or
health hazards.
Non-toxic

- If stored in

unopened
containers at normat
ambient temp.. a
shelf-life of appiox.
12 months could be
expected.

METHOD OF USE

FLOYVGEL is supplied ready for use. For
maxtmum dispersion throughout *he mix.
measured quantity of FLOWGEL should be
directly added into the mixer at the same
time as the mixing water. On no account
should it be added to the dry cement. o
achieve the best results, the mixer along with
material should be rotated for at least 2-3
minutes.

RATE OF ADDITION

The optimum dosage should be determined
by site trials with the particular concrete mix.
As a guide the rate of addition is generally in
the range ot 0.2-1.5% on cement wt.(w/w;

PACKING

FLOWGEL is available ir 15, 20, 40. 100 & 200
Kgs. Carbuoys.

AsA

Additives & Allied
Industries
Kathmandu, Nepal.
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VII. Water Test

Water quality test report is presented from Water Lab, Department of Civil

Engineering, Pulchowk Campus.

Image 11 Water Test Report
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ANNEX-B: MIX DESIGN

I. Table Volume Calculation for casting of M 30 concrete
. . . . . Quantity of .
Description No. of | Wet volume Dry volume Quantity of Quar}tl'ty of Quantity of Quantity of coarse | Quantity of CMC (in Quantity of | Fly
cubes of cube (m3) | of cube (m3) Cement (kg) plasticizer(ml) Sand(Kg) aggregate(kg) water(kg) gm) AC(gm) Ash(Kg)
Control 9 0.03 0.045 18.48 221.72 39.35 42.30 5.17
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 10.34
with CMC 3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 20.69
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 31.03
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 10.34 68.95
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 20.69 68.95
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 31.03 68.95
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 10.34 137.90
CMC-AC 3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 20.69 137.90
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 31.03 137.90
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 10.34 206.86
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 20.69 206.86
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 31.03 206.86
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 20.69 137.90 0.92
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 20.69 137.90 1.23
CMC-AC-FA 3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 20.69 137.90 1.54
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 20.69 137.90 0.92
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 20.69 137.90 1.23
3 0.01 0.015 6.17 73.98 13.13 14.11 1.72 20.69 137.90 1.54
63 021 m? 0.31m? 129.45 kg 1553.36 ml 275.71 kg 296.32 kg 36.19kg | 37234 gm 2068.56 13 7.40 kg
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II. Table Volume Calculation for casting of M 25 concrete

Description No. of z\f,ito?l/::;??n ]o)gz o\;(::lrli:ltr:eein Quantity of Concentration of | Concentratio | Concentration of Quantity of Quantity of | Quantity of 8;??1(% of
cubes (m3) (m3) Cement (kg) CMC (%) n of AC(%) Fly Ash(%) Sand(Kg) CA(kg) water(kg) gm)
Control 6 0.02 0.030 11.09 25.86 28.20 5.13
3 0.01 0.015 5.54 0.17 12.93 14.10 2.56 9.30
with CMC 3 0.01 0.015 5.54 0.34 12.93 14.10 2.56 18.60
3 0.01 0.015 5.54 0.50 12.93 14.10 2.56 2791
3 0.01 0.015 5.54 1.12 12.93 14.10 2.56
AC only 3 0.01 0.015 5.54 2.24 12.93 14.10 2.56
3 0.01 0.015 5.54 3.36 12.93 14.10 2.56
3 0.01 0.015 5.54 0.17 1.12 12.93 14.10 2.56 9.30
CMC+ AC 3 0.01 0.015 5.54 0.17 2.24 12.93 14.10 2.56 9.30
3 0.01 0.015 5.54 0.17 3.36 12.93 14.10 2.56 9.30
3 0.01 0.015 5.54 0.34 1.12 12.93 14.10 2.56 18.60
CMC+ AC 3 0.01 0.015 5.54 0.34 2.24 12.93 14.10 2.56 18.60
3 0.01 0.015 5.54 0.34 3.36 12.93 14.10 2.56 18.60
3 0.01 0.015 5.54 0.50 1.12 12.93 14.10 2.56 2791
CMC+ AC 3 0.01 0.015 5.54 0.50 2.24 12.93 14.10 2.56 2791
3 0.01 0.015 5.54 0.50 3.36 12.93 14.10 2.56 2791
3 0.01 0.015 5.54 0.17 15 12.93 14.10 2.56 9.30
CMCHFA 3 0.01 0.015 5.54 0.34 20 12.93 14.10 2.56 18.60
3 0.01 0.015 5.54 0.50 25 12.93 14.10 2.56 2791
3 0.01 0.015 5.54 1.12 15 12.93 14.10 2.56
ACHFA 3 0.01 0.015 5.54 2.24 20 12.93 14.10 2.56
3 0.01 0.015 5.54 3.36 25 12.93 14.10 2.56
69 023 0.34 12752 kg 297.44kg | 32426kg | 5899kg | 279.05gm
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III. Mix Design Reference

TABLE 2 SUGGESTED RANGES OF YALUES OF WORKABILITY OF CONCRETE FOR DIFFERENT

PLACING CONDITIONS
(Clause 3.1.2.2)
PLACING CONDITIONS DEGREE OF VALUES OF WORKABILITY
WORKABILITY
a Q) @
Concreting of shallow sections Very low 20-10 seconds, Vee-Bee lime
with vibration or
0.75-0.80, compacting factor
Concreting of lightly reinforced Low 10-5 seconds, Vee-Bee lime
sections with vibration or
0.80-0.89, compacting factor
Concreting of Lightly reinforced Medium -2 seconds, Viee-Bee lime
sections  without vibration, or
of heavily reinforced sections 0.85-0.92, compacting factor
with vibration or
2575 mm, slump for 20 mm* aggregate
Concreting of heavily reinforced High Above 0,92, compacting factor

sections without vibration or
75-125 mm, slump for 20 mm* aggregate

*For smaller aggregate the values will be lower,

SP : 23-1982

TARLE 31 RFLATIONSHIP BETWEEN WATER-CEMENT RATIO AND COMPRESSIVE
STRENGTH OF CONCRETE

(Clause 6.1)
COMPRESSIVE STRENGTH 'WATER-CEMENT RATIO, BY WEIGHT
AT 28 Davs, kgf/cm? PR e Toaw
Concrete
M @ [&)]
450 0.38 —
400 0.43 -
350 0.48 0.40
300 0.55 0.46
250 0.62 0.53
200 0.70 0.61
150 0.80 0.71

NoTE — Table 31 is from ‘Recommended Practice for Selecting Proportions for Norm-' Weight Concrete” Reported
by ACI Committee 211 (ACI Manual of Conerete Practice, Part I, 1979). American Concrete Institute, USA.

TABIE 33 YVOLUME OF DRY-RODDED
COARSE AGGREGATE PER UNIT
YOLUME OF CONCRETE
(Clause 6.1)

MDA TN FinE~NEss MODULE OF Saso

Si1zE OF Y
AGGREGATE 2.40 2.60 2.80 3.00
Ty
[E3 2) (3 (<) 5»
10 a.50 .48 .46 O.44
12.5 a.59 0.57 O.55 0.53
20 .66 0.64 0.62 0. 60
25 a.71 .69 Q.67 Q.65
a0 0. 76 0.7 .72 0.70
S50 .78 o.76 .74 0.72
Elel .81 Q.79 0. 77 Q.75
150 0.87 .85 0.83 0.81

MNoTeE — Table 33 is from “*Recommended Practice for
Selecting Proportions for Normal Weight Concrete”
Reported by ACI Committee 211 {(ACI Manual of
Concrete Practice, Part [, 1979). American Concrete
Iinstitute, LiSAa.

Table 5 Minimum Cement Content, Maximum Water-Cement Ratio and Minimum Grade of Concrete
for Different Exposures with Normal Weight Aggregates of 20 mm Nominal Maximum Size

(Clauses 6.1.2, 8.2.4.1 and9.1.2)

St Expasure Plain Concrete Reinforced Concrete
No.
Mininum ~ Maximam Minimum Minimum Maximum Minimum
Cement Free Water- Grade of Cement Free Water- Grade of
Content  Cement Ratio Concrete Content  Cemet Ratio Concrete
kg/m" keg/m’
] @ &) 0] ©) ® @ ®)
i Mild 20 060 - 300 055 M20
i) Moderate 240 0.60 MIs 300 0.50 M25
i) Severe 250 0.50 M20 320 045 M30
iv) Very severe 260 045 M20 340 045! M3s
v) Extreme 280 040 M25 360 040 M40
NOTES
1 Cement content prescribed in this table is irrespective of the grades of cement and it is inclusive of additions mentioned in 5.2. The
dditions such as fly ash or blast ‘may in the iion with respect to

the cement content and water-cement ratio if the suitability is established and as long as the maximum amounts taken into account do
not exceed the limit of pozzolona and slag specified in IS 1489 (Part 1) and IS 455 respectively.
2 Minimum grade for plain concrete under mild exposure condition is not specified.

TABLE32 APPROXIMATE MIXING WATER (kg/m* OF CONCRETE) REQUIREMENTS FOR
DIFFERENT SLUMPS AND MAXIMUM SIZES OF AGGREGATES

(Clause 6.1)
SLump, cm MAXIMUM SIZES OF AGGREGATES IN mm
A
T zs w3 w0 s W 150
Non-Air-Entrained Concrete

Jtos 205 200 185 180 160 155 145 125

81010 25 25 200 195 175 170 160 140

15t0 18 240 20 210 205 185 180 170 —
Approximate amount of entrained air in non- 3.0 25 20 15 1.0 0.5 0.3 0.2

air-entrained concrete, percent
Air-Entrained Concrete

Jwos 180 175 165 160 145 140 135 120
8t 10 200 190 180 175 160 155 150 135
154018 215 205 190 185 170 165 160 -

Recommended average total air content, 8.0 7.0 6.0 50 4.5 4.0 35 30
percent

NoTE — Table 32 is from ‘Recommended Practice for Sclecting Proportions for Normal Weight Concretc® Reported

by ACI Committee 211 (ACI Manual of Concrete Practice, Part I, 1979). American Concrete Institute, USA.

Table8 estimate of unit weight of fresh concrete

Nominal max. Non air
size of CA (mm) | entrained

Air — entrained

9.5 2280

2200

12.5 2310

2230

20 2345

2275

25 2380

2290

37.5 2410

2350

50 2445

2345

75 2490

2405

150 2530

2435
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ANNEX-C: COMPRESSIVE STRENGTH

Compressive Strength calculation for M 30 concrete

Table Compressive Strength of Control for 3, 7 and 28 days

cubes Nos 1 | 2 | 3 1 | 2 | 3 1 2 3
Control Control Control
dates of casting Monday,September 12,2022 Monday,September 12,2022 Monday,September 12,2022
date of testing Thursday,September 15,2022 Monday,September 19,2022 Tuesday,October 11,2022
ages Days 3 3 3 7 7 7 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 8.175 8.270 8.125 8.440 8.120 8.225 8.225 8.460 8.440
density kg/m3 2422.22 2450.37 2407.41 2500.74 2405.93 2437.04 2437.04 2506.67 2500.74
breaking load KN 374 314 342 530 407 453 680 771 706
brealing strength N/mm?2 16.62 13.96 15.20 23.56 18.09 20.13 30.22 34.27 31.38
average breaking strength N/mm?2 15.26 20.59 31.96
Table Compressive Strength of CMC concrete for 28 days
cubes Nos 1 | 2 | 3 1 | 2 | 3 1 2 3
CMC 1 CMC 2 CMC 3
dates of casting Monday,September 12,2022 Monday,September 12,2022 Monday,September 12,2022
date of testing Tuesday,October 11,2022 Tuesday,October 11,2022 Tuesday,October 11,2022
ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
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volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 8.340 8.080 7.950 7.880 8.020 8.040 7.970 7.920 7.880
density kg/m3 2471.11 2394.07 2355.56 2334.81 2376.30 2382.22 2361.48 2346.67 2334.81
breaking load KN 592 612 585 525 593 504 500 514 552
brealing strength N/mm?2 26.31 27.20 26.00 23.33 26.36 22.40 2222 22.84 24.53
average breaking strength N/mm?2 26.50 24.03 23.20
Table Compressive Strength of CMC-AC 1.12% concrete for 28 days
cubes Nos 1 | 2 | 3 1 | 2 | 3 1 2 3
1AC-1 1AC-2 1AC-3
dates of casting Thursday,September 15,2022 Thursday,September 15,2022 Thursday,September 15,2022
date of testing Wednesday,October 12,2022 Wednesday,October 12,2022 Wednesday,October 12,2022
ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 7.813 7.930 7.795 8.066 7.978 8.120 7.394 7.411 7.468
density kg/m3 2314.96 2349.63 2309.63 2389.93 2363.85 2405.93 2190.81 2195.85 2212.74
breaking load KN 480 460 410 440 430 410 390 400 370
brealing strength N/mm?2 21.33 20.44 18.22 19.56 19.11 18.22 17.33 17.78 16.44
average breaking strength N/mm?2 20.00 18.96 17.19
Table Compressive Strength of CMC-AC 2.24% concrete for 28 days
cubes Nos 1 | 2 | 3 1 | 2 | 3 1 2 3
2AC-1 2AC-2 2AC-3

dates of casting

Sunday,September 18,2022

Sunday,September 18,2022

Sunday,September 18,2022

date of testing

Monday,October 17,2022

Monday,October 17,2022

Monday,October 17,2022
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ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 7.769 8.275 8.163 8.043 8.034 7.829 7.703 7.851 7.694
density kg/m3 2301.93 2451.85 2418.67 2383.11 2380.44 2319.70 2282.37 2326.22 2279.70
breaking load KN 450 430 410 460 490 450 430 470 430
brealing strength N/mm?2 20.00 19.11 18.22 20.44 21.78 20.00 19.11 20.89 19.11
average breaking strength N/mm?2 19.11 20.74 19.70
Table Compressive Strength of CMC-AC 3.36% concrete for 28 days
cubes Nos 1 | 2 | 3 1 | 2 | 3 1 2 3
3AC-1 3AC-2 3AC-3
dates of casting Wednesday,September 21,2022 Wednesday,September 21,2022 Wednesday,September 21,2022
date of testing Wednesday,October 19,2022 Wednesday,October 19,2022 Wednesday,October 19,2022
ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 8.033 8.311 8.062 7.847 8.123 7912 7.563 8.106 7.685
density kg/m3 2380.15 2462.52 2388.74 2325.04 2406.81 2344.30 2240.89 2401.78 2277.04
breaking load KN 460 440 410 440 400 410 360 390 410
brealing strength N/mm?2 20.44 19.56 18.22 19.56 17.78 18.22 16.00 17.33 18.22
average breaking strength N/mm?2 19.41 18.52 17.19
Table 28 day Compressive Strength of CMC=0.34%, AC= 2.24% concrete for different FA
cubes | Nos | 1 | 2 | 3 | 1 | 2 | 3 | 1 2 3
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FA-1 FA-2 FA-3
dates of casting Friday,September 23,2022 Friday,September 23,2022 Friday,September 23,2022
date of testing Thursday,October 20,2022 Thursday,October 20,2022 Thursday,October 20,2022
ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 7.799 7.874 7.968 7.900 8.088 7.830 7.741 7.964 7.934
density kg/m3 2310.81 2333.04 2360.89 2340.74 2396.44 2320.00 2293.63 2359.70 2350.81
breaking load KN 410 370 350 350 400 345 350 340 365
brealing strength N/mm?2 18.22 16.44 15.56 15.56 17.78 15.33 15.56 15.11 16.22
average breaking strength N/mm?2 16.74 16.22 15.63
Table 28 day Compressive Strength of CMC=0.34%, AC= 3.36% concrete for different FA
cubes Nos 1 2 3 1 | 2 3 1 2 3
FA-4 FA-5 FA-6
dates of casting Monday,December 26,2022 Thursday,December 29,2022 Thursday,December 29,2022
date of testing Monday,January 23,2023 Thursday,January 26,2023 Thursday,January 26,2023
ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 7.665 7.890 7.900 7.840 7.555 7.375 7.945 7.866 8.010
density kg/m3 2271.11 2337.78 2340.74 2322.96 2238.52 2185.19 2354.07 2330.67 2373.33
breaking load KN 415 400 420 425 380 450 340 380 350
brealing strength N/mm?2 18.44 17.78 18.67 18.89 16.89 20.00 15.11 16.89 15.56
average breaking strength N/mm?2 18.30 18.59 15.85
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II. Compressive Strength calculation for M 25 concrete

Table: Compressive Strength of Control for 7 and 28 days

cubes Nos 1 | 2 | 3 1 | 2 3
Control Control
dates of casting Monday,March 20,2023 Monday,March 20,2023
date of testing Monday,April 17,2023 Monday,April 17,2023

ages Days 7 7 7 28 28 28

dimension mm 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500

volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 7.950 8.105 8.000 8.145 8.065 8.210
density kg/m3 2355.56 2401.48 2370.37 2413.33 2389.63 2432.59

breaking load KN 404 371 391 612 625 584

brealing strength N/mm?2 17.96 16.49 17.38 27.20 27.78 25.96
average breaking strength N/mm?2 17.27 26.98
Table: 28 day Compressive Strength of CMC concrete
cubes Nos 1 | 2 | 3 1 | 2 | 3 1 2 3
CC1 CcC2 CC3
dates of casting Tuesday,March 21,2023 Tuesday,March 21,2023 Tuesday,March 21,2023
date of testing Tuesday,April 18,2023 Tuesday,April 18,2023 Tuesday,April 18,2023
ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 8.054 8.088 8.117 8.076 7.939 8.105 8.059 7.705 7.779
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density kg/m3 2386.37 2396.44 2405.04 2392.89 2352.30 2401.48 2387.85 2282.96 2304.89
breaking load KN 510 540 560 510 560 500 460 500 480
brealing strength N/mm?2 22.67 24.00 24.89 22.67 24.89 22.22 20.44 22.22 21.33
average breaking strength N/mm?2 23.85 23.26 21.33
Table: 28 day Compressive Strength of AC concrete
cubes Nos 1 | 2 3 1 | 2 3 1 2 3
Cl C2 C3
dates of casting Wednesday,March 22,2023 Wednesday,March 22,2023 Wednesday,March 22,2023
date of testing Wednesday,April 19,2023 Wednesday,April 19,2023 Wednesday,April 19,2023
ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 7.865 8.086 7.894 8.231 8.433 8.242 8.083 8.066 7.998
density kg/m3 2330.37 2395.85 2338.96 2438.81 2498.67 2442.07 2394.96 2389.93 2369.78
breaking load KN 430 450 470 580 590 630 520 430 480
brealing strength N/mm2 19.11 20.00 20.89 25.78 26.22 28.00 23.11 19.11 21.33
average breaking strength N/mm?2 20.00 26.67 21.19
Table: 28 day Compressive Strength of CMC-AC concrete for CMC 0.179
cubes Nos 1 | 2 3 1 | 2 3 1 2 3
CIC1 c1cz2 C1C3
dates of casting Sunday,March 26,2023 Sunday,March 26,2023 Sunday,March 26,2023
date of testing Sunday,April 23,2023 Sunday,April 23,2023 Sunday,April 23,2023
ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
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surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 7.838 7.997 7.855 8.096 7.948 7.886 7.532 7.802 8.091
density kg/m3 2322.37 2369.48 2327.41 2398.81 2354.96 2336.59 2231.70 2311.70 2397.33

breaking load KN 530 550 560 560 540 560 500 480 480
brealing strength N/mm?2 23.56 24.44 24.89 24.89 24.00 24.89 2222 21.33 21.33
average breaking strength N/mm?2 24.30 24.59 21.63
Table: 28 day Compressive Strength of CMC-AC concrete for CMC 0.34%
cubes Nos 1 | 2 | 3 1 | 2 | 3 1 2 3
C2C1 ca2C2 C2C3
dates of casting Monday,March 27,2023 Monday,March 27,2023 Monday,March 27,2023
date of testing Monday,April 24,2023 Monday,April 24,2023 Monday,April 24,2023
ages Days 28 28 28 28 28 28 28 28 28

dimension mm 150 150 150 150 150 150 150 150 150

surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 7.600 7.688 7.596 7.421 7.585 7.480 7.861 7.816 7.926
density kg/m3 2251.85 2277.93 2250.67 2198.81 2247.41 2216.30 2329.19 2315.85 2348.44

breaking load KN 450 430 460 390 400 420 420 470 480
brealing strength N/mm2 20.00 19.11 20.44 17.33 17.78 18.67 18.67 20.89 21.33
average breaking strength N/mm?2 19.85 17.93 20.30
Table: 28 day Compressive Strength of CMC-AC concrete for CMC 0.5%
cubes Nos 1 | 2 | 3 1 | 2 | 3 1 2 3
C3C1 c3C2 C3C3
dates of casting Tuesday,March 28,2023 Tuesday,March 28,2023 Tuesday,March 28,2023
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date of testing

Tuesday,April 25,2023

Tuesday,April 25,2023

Tuesday,April 25,2023

ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 7.486 7.577 7.582 7.345 7.756 7.429 7.475 7.752 7.539
density kg/m3 2218.07 2245.04 2246.52 2176.30 2298.07 2201.19 2214.81 2296.89 2233.78
breaking load KN 470 480 440 420 420 400 390 400 420
brealing strength N/mm?2 20.89 21.33 19.56 18.67 18.67 17.78 17.33 17.78 18.67
average breaking strength N/mm?2 20.59 18.37 17.93
Table: 28 day Compressive Strength of AC-FA concrete
cubes Nos 1 | 2 | 3 1 | 2 | 3 1 2 3
CF1 CF2 CF3
dates of casting Thursday,March 23,2023 Thursday,March 23,2023 Thursday,March 23,2023
date of testing Thursday,April 20,2023 Thursday,April 20,2023 Thursday,April 20,2023
ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 8.038 8.068 7.946 8.140 8.110 7.921 8.191 7.920 8.243
density kg/m3 2381.63 2390.52 2354.37 2411.85 2402.96 2346.96 2426.96 2346.67 2442.37
breaking load KN 580 580 590 610 550 570 640 580 600
brealing strength N/mm?2 25.78 25.78 26.22 27.11 24.44 25.33 28.44 25.78 26.67
average breaking strength N/mm?2 25.93 25.63 26.96
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Table: 28 day Compressive Strength of CMC-FA concrete

cubes Nos 1 | 2 | 3 1 | 2 | 3 1 2 3
CCF1 CCF2 CCF3
dates of casting Friday,March 24,2023 Friday,March 24,2023 Friday,March 24,2023
date of testing Friday,April 21,2023 Friday,April 21,2023 Friday,April 21,2023
ages Days 28 28 28 28 28 28 28 28 28
dimension mm 150 150 150 150 150 150 150 150 150
surface area sq. mm. 22500 22500 22500 22500 22500 22500 22500 22500 22500
volume cum 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375
weight kg 7.830 7.610 7.948 7.975 7.970 7.793 7.669 7.411 7.363
density kg/m3 2320.00 2254.81 2354.96 2362.96 2361.48 2309.04 2272.30 2195.85 2181.63
breaking load KN 530 500 550 460 450 480 400 400 420
brealing strength N/mm?2 23.56 22.22 24.44 20.44 20.00 21.33 17.78 17.78 18.67
average breaking strength N/mm?2 23.41 20.59 18.07
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ANNEX-D: Modulus of Elasticity

Modulus of elasticity for M 30 grade was calculated for CMC-AC concrete and CMC-AC-FA concrete. And, presented below.

VIII. Deflection- Compressive Load Table

Table: Deflection- Compressive load for AC=1.12%
1AC-1 1AC-2 1AC-3
Sample Nos 1 2 3 1 2 3 1 2 3
weight(kgs) 7.813 7.930 7.795 8.066 7.978 8.120 7.394 7411 7.468
defl | del U1 | defl | del Ul | defl | del Ul | defl | del Ul | defl | del i/l | defl | del /1 | defl | del Ul | defl | delyi | deft | dely1 | o
50 40 | 0.000267 | 70 | 0.000467 | 40 | 0.000267 | 60 | 0.000400 | 30 | 0.000200 | 30 | 0.000200 | 60 | 0.000400 | 50 | 0.000333 | 40 | 0.000267 | 2.22
100 70 | 0.000467 | 80 | 0.000533 | 70 | 0.000467 | 80 | 0.000533 | 50 | 0.000333 | 50 | 0.000333 | 80 | 0.000533 | 60 | 0.000400 | 65 | 0.000433 | 4.44
150 80 | 0.000533 | 90 | 0.000600 | 90 | 0.000600 | 90 | 0.000600 | 70 | 0.000467 | 70 | 0.000467 | 90 | 0.000600 | 70 | 0.000467 | 105 | 0.000700 | 6.67
200 90 | 0.000600 | 100 | 0.000667 | 105 | 0.000700 | 100 | 0.000667 | 90 | 0.000600 | 80 | 0.000533 | 120 | 0.000800 | 80 | 0.000533 | 120 | 0.000800 | 8.89
250 105 | 0.000700 | 120 | 0.000800 | 120 | 0.000800 | 130 | 0.000867 | 100 | 0.000667 | 100 | 0.000667 | 150 | 0.001000 | 120 | 0.000800 | 140 | 0.000933 | 11.11
300 120 | 0.000800 | 130 | 0.000867 | 145 | 0.000967 | 160 | 0.001067 | 150 | 0.001000 | 120 | 0.000800 | 195 | 0.001300 | 180 | 0.001200 | 160 | 0.001067 | 13.33
350 170 | 0.001133 | 150 | 0.001000 | 160 | 0.001067 | 180 | 0.001200 | 220 | 0.001467 | 190 | 0.001267 | 220 | 0.001467 | 230 | 0.001533 | 190 | 0.001267 | 15.56
400 230 | 0.001533 | 180 | 0.001200 | 180 | 0.001200 | 250 | 0.001667 | 230 | 0.001533 | 250 | 0.001667 | 280 | 0.001867 | 300 | 0.002000 | 240 | 0.001600 | 17.78
450 260 | 0.001733 | 240 | 0.001600 | 250 | 0.001667 | 350 | 0.002333 | 270 | 0.001800 | 260 | 0.001733 20.00
500 280 | 0.001867 | 290 | 0.001933 2222
550 24.44
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Table: Deflection- Compressive load for AC=2.24%

2AC-1 2AC-2 2AC-3
Sample Nos 1 2 3 1 2 3 1 2 3

weight(kgs) 7.769 8.275 8.163 8.043 8.034 7.829 7.703 7.851 7.694
defl | del U1 | defl | delUl | defl | del Ul | defl| del Ul | defl| deLUl | defl | deli/1 | defl | del.Ul | defl | dely1 | defl | delvi | "
50 50 | 0.000333 | 30 | 0.000200 | 20 | 0.000133 | 20 | 0.000133 | 40 | 0.000267 | 30 | 0.000200 | 30 | 0.000200 | 60 | 0.000400 | 30 | 0.000200 | 2.22
100 70 | 0.000467 | 40 | 0.000267 | 30 | 0.000200 | 30 | 0.000200 | 60 | 0.000400 | 45 | 0.000300 | 40 | 0.000267 | 70 | 0.000467 | 50 | 0.000333 | 4.44
150 80 | 0.000533 | 50 | 0.000333 | 40 | 0.000267 | 50 | 0.000333 | 70 | 0.000467 | 60 | 0.000400 | 65 | 0.000433 | 90 | 0.000600 | 60 | 0.000400 | 6.67
200 100 | 0.000667 | 80 | 0.000533 | 60 | 0.000400 | 70 | 0.000467 | 80 | 0.000533 | 70 | 0.000467 | 75 | 0.000500 | 100 | 0.000667 | 80 | 0.000533 | 8.89
250 120 | 0.000800 | 120 | 0.000800 | 85 | 0.000567 | 100 | 0.000667 | 90 | 0.000600 | 100 | 0.000667 | 125 | 0.000833 | 120 | 0.000800 | 120 | 0.000800 | 11.11
300 140 | 0.000933 | 145 | 0.000967 | 120 | 0.000800 | 125 | 0.000833 | 110 | 0.000733 | 120 | 0.000800 | 160 | 0.001067 | 140 | 0.000933 | 190 | 0.001267 | 13.33
350 160 | 0.001067 | 170 | 0.001133 | 155 | 0.001033 | 140 | 0.000933 | 130 | 0.000867 | 140 | 0.000933 | 190 | 0.001267 | 170 | 0.001133 | 210 | 0.001400 | 15.56
400 235 | 0.001567 | 290 | 0.001933 | 190 | 0.001267 | 160 | 0.001067 | 150 | 0.001000 | 250 | 0.001667 | 220 | 0.001467 | 200 | 0.001333 | 250 | 0.001667 | 17.78
450 270 | 0.001800 | 360 | 0.002400 | 240 | 0.001600 | 180 | 0.001200 | 190 | 0.001267 | 310 | 0.002067 | 300 | 0.002000 | 220 | 0.001467 | 340 | 0.002267 | 20.00
500 280 | 0.001867 | 300 | 0.002000 280 | 0.001867 2222
550 24.44

Table: Deflection- Compressive load for AC=3.36%
3AC-1 3AC-2 3AC-3
Sample Nos 1 2 3 1 2 3 1 2 3

weight(kgs) 8.033 8311 8.062 7.847 8.123 7.912 7.563 8.106 7.685
defl | del 11 | defl | del U1 | defl | del U1 | defl | del Ul | defl | del i/l | defl | del U1 | defl | del U1 | defl | del Ui | defl | del 1 | oo
50 50 | 0.000333 | 22 | 0.000147 | 90 | 0.000600 | 10 | 0.000067 | 22 | 0.000147 | 35 | 0.000233 | 30 | 0.000200 | 30 | 0.000200 | 45 | 0.000300 | 2.2
100 60 | 0.000400 | 40 | 0.000267 | 110 | 0.000733 | 25 | 0.000167 | 40 | 0.000267 | 50 | 0.000333 | 40 | 0.000267 | 45 | 0.000300 | 60 | 0.000400 | 4.4
150 80 | 0.000533 | 55 | 0.000367 | 120 | 0.000800 | 43 | 0.000287 | 55 | 0.000367 | 60 | 0.000400 | 60 | 0.000400 | 60 | 0.000400 | 70 | 0.000467 | 6.67
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200 100 | 0.000667 | 72 | 0.000480 | 125 | 0.000833 | 60 | 0.000400 | 75 | 0.000500 | 70 | 0.000467 | 85 | 0.000567 | 80 | 0.000533 | 90 | 0.000600 | 8.89
250 120 | 0.000800 | 90 | 0.000600 | 130 | 0.000867 | 80 | 0.000533 | 90 | 0.000600 | 90 | 0.000600 | 120 | 0.000800 | 100 | 0.000667 | 130 | 0.000867 | 11.11
300 145 | 0.000967 | 105 | 0.000700 | 132 | 0.000880 | 110 | 0.000733 | 110 | 0.000733 | 140 | 0.000933 | 140 | 0.000933 | 125 | 0.000833 | 170 | 0.001133 | 13.33
350 150 | 0.001000 | 120 | 0.000800 | 150 | 0.001000 | 150 | 0.001000 | 125 | 0.000833 | 180 | 0.001200 | 170 | 0.001133 | 140 | 0.000933 | 240 | 0.001600 | 15.56
400 160 | 0.001067 | 130 | 0.000867 | 155 | 0.001033 | 180 | 0.001200 | 240 | 0.001600 | 200 | 0.001333 | 200 | 0.001333 | 200 | 0.001333 | 250 | 0.001667 | 17.78
450 190 | 0.001267 | 200 | 0.001333 | 170 | 0.001133 | 240 | 0.001600 280 | 0.001867 290 | 0.001933 | 20.00
500 270 | 0.001800 2222
550 24.44

Table: Deflection- Compressive load for FA(CMC=0.34%, AC=2.24%)
FA-1 FA-2 FA-3
Sample 1 2 3 1 2 3 1 2 3
weight(kgs) 7.799 7.874 7.968 7.900 8.088 7.830 7.741 7.964 7.934 Stges
defl | del. /1 | defl | del. /1 | defl | del.l/I | defl | del./1 | defl | del. /1 | defl | del. /1 | defl | del.U/1 | defl | del. /1 | defl | del. /1

50 10 | 0.000067 | 10 | 0.000067 | 30 | 0.000200 | 30 | 0.000200 | 20 | 0.000133 | 20 | 0.000133 | 35 | 0.6602 | 30 | 0.000200 | 25 | 0.000167 | 2.22
100 20 | 0.000133 | 30 | 0.000200 | 40 | 0.000267 | 50 | 0.000333 | 30 | 0.000200 | 40 | 0.000267 | 40 | 0.¢402 | 60 | 0.000400 | 50 | 0.000333 | 4.44
150 40 | 0.000267 | 45 | 0.000300 | 70 | 0.000467 | 70 | 0.000467 | 50 | 0.000333 | 50 | 0.000333 | 60 | 0.0004 | 70 | 0.000467 | 60 | 0.000400 | 6.67
200 50 | 0.000333 | 60 | 0.000400 | 90 | 0.000600 | 90 | 0.000600 | 70 | 0.000467 | 55 | 0.000367 | 80 | 0.6805 | 80 | 0.000533 | 80 | 0.000533 | 8.89
250 70 | 0.000467 | 110 | 0.000733 | 150 | 0.001000 | 140 | 0.000933 | 100 | 0.000667 | 90 | 0.000600 | 90 | 0.0006 | 130 | 0.000867 | 110 | 0.000733 | 11.11
300 100 | 0.000667 | 140 | 0.000933 | 190 | 0.001267 | 180 | 0.001200 | 155 | 0.001033 | 150 | 0.001000 | 120 | 0.0008 | 180 | 0.001200 | 150 | 0.001000 | 13.33
350 120 | 0.000800 | 200 | 0.001333 | 250 | 0.001667 | 200 | 0.001333 | 210 | 0.001400 | 160 | 0.001067 | 180 | 0.0012 | 200 | 0.001333 | 200 | 0.001333 | 15.56
400 150 | 0.001000 | 250 | 0.001667 350 | 0.002333 220 | 0.001467 | 17.78
450 210 | 0.001400 20.00
500 2222
550 24.44
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Table: Deflection- Compressive load for FA(CMC=0.34%, AC=3.36%)

FA-4 FA-5 FA-6
Sample 1 2 3 1 2 3 1 2 3
weight(kgs) 7.330 7.290 7.555 7.665 7.890 7.900 7.700 7.805 7.934 Stges
defl del. /1 defl del. /1 defl del. I/1 defl del. /1 defl del. /1 defl del. /1 defl del. /1 defl del. /1 defl del. /1

50 20 0.000133 | 30 | 0.000200 | 30 | 0.000200 | 20 | 0.000133 | 20 | 0.000133 | 20 | 0.000133 30 0.000200 | 15 | 0.000100 | 30 0.000200 | 2.22
100 30 0.000200 | 40 | 0.000267 | 50 | 0.000333 | 30 | 0.000200 | 30 | 0.000200 | 30 | 0.000200 40 0.000267 | 30 | 0.000200 | 50 0.000333 | 4.44
150 50 0.000333 | 55 | 0.000367 | 65 | 0.000433 | 40 | 0.000267 | 50 | 0.000333 | 50 | 0.000333 65 0.000433 | 50 | 0.000333 | 60 0.000400 | 6.67
200 70 0.000467 | 75 | 0.000500 | 80 | 0.000533 | 70 | 0.000467 | 70 | 0.000467 | 65 | 0.000433 70 0.000467 | 65 | 0.000433 | 80 0.000533 8.89
250 100 | 0.000667 | 110 | 0.000733 | 100 | 0.000667 | 120 | 0.000800 | 120 | 0.000800 | 100 | 0.000667 90 0.000600 | 100 | 0.000667 | 150 | 0.001000 | 11.11
300 120 | 0.000800 | 160 | 0.001067 | 120 | 0.000800 | 180 | 0.001200 | 140 | 0.000933 | 140 | 0.000933 110 | 0.000733 | 120 | 0.000800 | 250 | 0.001667 | 13.33
350 140 | 0.000933 | 200 | 0.001333 | 180 | 0.001200 | 200 | 0.001333 | 220 | 0.001467 | 190 | 0.001267 200 | 0.001333 | 150 | 0.001000 | 280 | 0.001867 | 15.56
400 155 | 0.001033 | 240 | 0.001600 | 200 | 0.001333 | 230 | 0.001533 | 280 | 0.001867 | 200 | 0.001333 330 | 0.002200 17.78
450 280 | 0.001867 300 | 0.002000 | 260 | 0.001733 280 | 0.001867 20.00
500 22.22
550 24.44
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II. Stress- Strain Plot Plot for 1AC
1AC-1(1) 1AC-1(2) 1AC-1(3)
25.00 25.00 25.00
20.00 20.00 20.00
15.00 15.00 15.00
10.00 10.00 10.00
5.00 5.00 5.00
0.00 0.00 0.00
0.000000 0.000500 0.001000 0.001500 0.002000 0.000000 0.000500 0.001000 0.001500 0.002000 0.002500 0.000000.000200.000400.000600.000800.001000.001200.001400.001600.001800
1AC-2(1) 1AC-2(2) 1AC-2(3)
S 25.00 25.00 25.00
S
=  20.00 20.00 20.00
kY
5
g 15.00 15.00 15.00
90
Q
& 10.00 10.00 10.00
90
Q
S
g 5.00 5.00 5.00
O
@
0.00 0.00 0.00
0.000000 0.000500 0.001000 0.001500 0.002000 0.002500 0.000000 0.000500 0.001000 0.001500 0.002000 0.000000 0.000500 0.001000 0.001500 0.002000
1AC-3(1) 1AC-3(2) 1AC-3(3)
20.00 20.00 20.00
18.00 18.00 18.00
16.00 16.00 16.00
14.00 14.00 14.00
12.00 12.00 12.00
10.00 10.00 10.00
8.00 8.00 8.00
6.00 6.00 6.00
4.00 4.00 4.00
2.00 2.00 2.00
0.00 0.00 0.00
0.000000 0.000500 0.001000 0.001500 0.002000 0.000000 0.000500 0.001000 0.001500 0.002000 0.002500 0.000000.000200.000400.000600.000800.001000.001200.001400.001600.001800

Strain

Plot for 2AC
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2AC-1(1) 2AC-1(2) 2AC-1(3)
25.00 25.00 25.00
20.00 20.00 20.00
15.00 15.00 15.00
10.00 10.00 10.00
5.00 5.00 5.00
0.00 0.00 0.00
0.000000 0.000500 0.001000 0.001500 0.002000 0.000000 0.000500 0.001000 0.001500 0.002000 0.002500 0.003000 0.0000000.0002000.0004000.0006000.0008000.0010000.0012000.0014000.001600
2AC-2(1) 2AC-2(2) 2AC-2(3)
s 25.00 25.00 25.00
S
= 20.00 20.00 20.00
Y
5
H  15.00 15.00 15.00
90
O
E 10.00 10.00 10.00
70
O
—
E 5.00 5.00 5.00
@
@
0.00 0.00 0.00
0.000000 0.000500 0.001000 0.001500 0.002000 0.000000 0.000500 0.001000 0.001500 0.002000 0.002500 0.000000 0.000500 0.001000 0.001500 0.002000 0.002500
2AC-3(1) 2500 2AC-3(2) 2AC-3(3)
25.00 25.00
20.00
20.00 20.00
15.00
15.00 15.00
10.00
10.00 10.00
5.00
5.00 5.00
0.00
0.00 0.000000 0.000500 0.001000 0.001500 0.002000 0.00
0.000000 0.000500 0.001000 0.001500 0.002000 0.002500 0.000000 0.000500 0.001000 0.001500 0.002000 0.002500
Strain




Plot for 3AC

Compressive Strength(MPa)

3AC-1(1) 3AC-1(2) 3AC-1(3)
25.00 25.00 25.00
20.00 20.00 20.00
15.00 15.00 15.00
10.00 10.00 10.00
5.00 5.00 5.00
0.00 0.00 0.00
0.000000 0.000500 0.001000 0.001500 0.002000 0.000000 0.000200 0.000400 0.000600 0.000800 0.001000 0.001200 0.001400 0.000000 0.000200 0.000400 0.000600 0.000800 0.001000 0.001200
3AC-2(1) 3AC-2(2) 3AC-2(3)
25.00 20.00 25.00
18.00
20.00 16.00 20.00
14.00
15.00 12.00 15.00
10.00
10.00 8.00 10.00
6.00
5.00 4.00 5.00
2.00
0.00 0.00 0.00
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Plot for FA and AC=2.24%, CMC=0.34%
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Plot for FA and AC=2.32%, CMC=0.35%
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III. Linear Stress- Strain Plot Linear Plot for 1AC
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Linear Plot for 2AC

Compressive Strength(MPa)
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Linear Plot for 3AC
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Linear Plot for FA and AC=2.32%, CMC=0.35%

Compressive Strength(MPa)
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ANNEX-E: Photographs
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