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ABSTRACT Aim of this thesis is to reduce the CO2 emission by reducing the cement consumption in construction 
industry there by creating an environmental friendly sustainable green concrete for modern construction 

world. Supplementary Cementitious Material (SCM) can partially replace cement in concrete and thereby reduces the 
consumption cement. Already material like fly ash, groundnut shell ash, rice husk ash, leaf ash, periwinkle shell ash are 
used as SCM’s to reduce the cement content with increase in strength parameters. But, when SCM’s are used in ash 
form, loss of energy and emission of CO2 creates negative impact. An alternate method of using waste materials as 
SCM in powder form increases the strength parameters of concrete. Combination of waste Banana Leaf Powder (BLP) 
and Cattle Bone Powder (CBP), when used as SCM increases the strength of concrete. Banana leaf Powder serves as 
an alternate binding material where as Cattle Bone Powder, rich in calcium content improves the binding property of 
cementitious substances with aggregates thereby improves the bond strength between cement phase and aggregate 
phase. Compressive strength test on hardened concrete of M20 grade of concrete is conducted and the strength in-
crease by about 20-30% at 28 days. Also cracking in BLP and CBP used concrete is lesser than that of the control 
specimen.

INTRODUCTION 
Concrete is by far the most widely used construction ma-
terial worldwide. CO2 emissions from 1 ton of concrete 
produced vary between 0.05 to 0.13 tons. 95% of all CO2 
emissions from a cubic yard of concrete is from cement 
manufacturing. Globally, the cement industry accounts for 
approximately 5 percent of current anthropogenic carbon 
dioxide (CO2) emissions. World cement demand and pro-
duction are increasing significantly, leading to an increase 
in this industry’s absolute energy use and CO2 emissions. 
Although studies from around the world identify a variety 
of sector-specific and cross-cutting energy-efficiency tech-
nologies for the cement industry that have already been 
commercialized, information is scarce and/or scattered re-
garding emerging or advanced energy-efficiency and low-
carbon technologies that are not yet commercialized. [1]

Sustainable Green Concrete
Green Concrete as the name suggests is eco friendly and 
saves the environment by using waste products generated 
by society. Focusing solely on CO2 emissions from cement 
and concrete production increases the perception that 
concrete is not sustainable which is inaccurate since opera-
tionally concrete has substantial sustainability benefits. Re-
moval of prescriptive specification restrictions and focusing 
on performance and the use of incentives is an effective 
way to encourage sustainable concrete with low CO2 emis-
sions. CO2 is the main threat in causing global warming of 
the environment. Though attempts have been made to re-
duce CO2 emissions in environment by all possible means, 
but have not found a suitable replacement for it till date. It 
is important to reduce CO2 emissions through the greater 
use of SCM. [2]

One of major issues associated with green concrete is how 
the waste cementitious materials affect concrete properties 
compared with the conventional Portland cement concrete. 
Another important issue is whether all the benefits and 
barriers of producing green concrete have been adequate-

ly understood or addressed. In addition, it is unknown 
whether a consistent understanding of the current status of 
green concrete exists between academia and industry. De-
spite the potential benefits from using “green” raw materi-
als in concrete production, there are barriers to the wide 
application of potential SCMs. Using waste streams as con-
crete ingredients could improve certain types of concrete 
properties while undermining some others.  Lack of quan-
titative data on properties of concrete using waste materi-
als is one of the major barriers. Cost effectiveness would 
be the driving force for the industry to implement “green” 
concrete. The construction and building product industry is 
conservative in nature due to the fear of product failure, 
which becomes a barrier to the utilization of waste materi-
als. [3]

Supplementary Cementitious Materials (SCM’s)
The use of SCM‟s was done from the ancient Greeks who 
incorporated volcanic ash with hydraulic lime to create a 
cementitious mortar. The major benefits of SCM is its abil-
ity to replace certain amount of Portland cement and still 
able to display cementitious property, thus reducing the 
cost of using Portland cement. The SCMs can be divided 
into two categories based on their type of reaction: hy-
draulic or pozzolanic. Hydraulic materials react directly with 
water to form cementitious compounds, while pozzolanic 
materials which by themselves do not have any cementi-
tious property but when used with Portland cement, react 
to form cementitious combination. It chemically reacts with 
calcium hydroxide (CH), a soluble reaction product, in the 
presence of moisture to form compounds possessing ce-
menting properties. The most commonly used supplemen-
tary cementitious material at present stage in India is fly 
ash. Other supplementary cementitious materials used are 
Rice Husk Ash (RHA), Saw dust ash (SDA), Pozzocrete (P), 
Quartz Sand (QS) and Egg Shell (ES). [6]

Alternate Binding Material
Cement is used today because of the widespread abun-
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dance and affordability of the limestone that is its major 
component. A suitable alternative cement binder would 
need to maintain the availability and quantities necessary 
for the industry to continue production at rates and costs 
that are comparable to the cement production. [7]

The high cost of cement, used as binder, in the production 
of mortar, sandcrete blocks, lancrete bricks and concrete 
has led to a search for alternative. In addition to cost, high 
energy demand and emission of CO2, which is responsible 
for global warming, the depletion of lime stone deposits 
are disadvantages associated with cement production. [8]. 
The continuous increase in the price of Portland cement is 
attributed to the insufficient production rate of the raw ma-
terials when compared with the demand rate in the con-
struction industries.[9]. The cementing quality is enhanced 
if a pozzolan is blended in suitable quantity with Portland 
cement. Hence, Agricultural by-product pozzolans have 
been used in the manufacture and application of blended 
cements. [10]

The use of alternative materials derived from waste materi-
als result in two folds advantages – conservation of natu-
ral resources and disposal/reduction in the size of waste 
heaps. [11]. Hence Banana Leaf wastes and Cattle Bone 
wastes are selected as alternate binding material. Ba-
nana Leaf is a waste material and is available in plenty of 
quantity. Though banana leaf is an organic decomposable 
material, due to its time of decomposition and volume 
of waste from day to day activities, its disposal is critical. 
Similarly, Cattle bones are also dumped in large quantities 
in disposal yards and creates bad odor thereby creates air 
pollution and diseases. Hence it is necessary to dispose 
the above said waste in short span of time through an ef-
ficient way. Banana leaf wastes are collected and dried. Af-
ter drying, banana leaves are crushed through commonly 
available milling machine to powder form. This BLP is rich 
in micro and macro scale fibers. When BLP is used to par-
tially replace cement in concrete, it exhibits binding prop-
erty. Also the fibres in BLP improve the bond strength of 
cement and aggregate phases. Dried banana leaves are 
shown in fig.1 and BLP is shown in fig.2

Fig.1 Dried Banana Leaves                                       

   Fig.2 Banana Leaf Powder                                 

METHODOLOGY
Selection of Materials for Concrete
Ordinary Portland cement, 53 Grade, with specific gravity 
3.15 is used for concrete. Fine Aggregate is selected from 
locally available river sand of grading zone II and specific 
gravity 2.6. Coarse aggregate is selected from locally avail-
able crushed blue granite stones of nominal size 20mm 
and specific gravity is 2.75. Dried and powdered banana 
leaf powder is used as supplementary cementitious mate-
rial for partial replacement of cement.

Mix Proportion
M20 grade of concrete is proposed for this work. Mix ra-
tio of 1:1.5:3 is adopted for cement, fine aggregate and 
coarse aggregate. Water cement ratio of 0.5 is adopted 
at medium level of exposure. Potable water with pH value 
7.4 is used for concreting works. Cement quantity is taken 
with reference to weigh batching and 20% of weight of ce-
ment is replaced with BLP. 

Fig.3 Concrete Mix in Fresh State
 
Casting of Concrete Specimens
Cement and BLP are mixed in a dry pan and the mixture 
is then added with measured sand quantity in dry state. 
Coarse aggregates are wetted with water and they dry 
mixture (Cement+BLP+Sand) is added with coarse aggre-
gate. Water is slowly added and the concrete is mixed un-
til it reaches the casting consistency. Medium level degree 
of supervision is required for this mixing work. The con-
crete mixture is tough to workable. Suitable admixture is 
required to improve the workability of BLP used concrete.

Fig.4 Fibrous texture finishing                                
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SEM micrograph observation
Banana Leaf powder is fibrous in nature and the fiber par-
ticles are distributed in uniform cluster fashion. Texture 
of particles is flaky and elongated. Surface area of indi-
vidual particles is more than that of individual particles of 
cement. Dried and powdered plasma in the BLP acts as 
distribution medium for the fibers, which is expected to 
improve bond strength of aggregate and cement phase 
when used in concrete. SEM image of banana leaf powder 
is shown in Fig.5. 

Fig.5 SEM Image of Banana Leaf Powder 

RESULTS AND DISCUSSION
Test Results of Concrete
Compressive Strength
Hardened concrete specimens are tested at 3 days, 7 
days, 14 days and 28 days of water curing period. Com-
pressive strength values are recorded and the results are 
given in Table.1

Table.1 Compressive Strength Results of BLP used 
concrete cubes

Specimen Ageing
Control Speci-
men  
(in MPa)

20% BLP

Used Specimen  
(in MPa)

Cube – 1 3 days 12.70 5.60

Cube – 2 7 days 17.50 15.30

Cube – 3 14 days 18.90 20.45

Cube – 4 28 days 21.40 24.90

Failure at Cracking and Collapse State
Failure of the cube specimens under compression loading 
is analyzed at cracking state and collapse state. The results 
are compared with that of the control specimen. It is ob-
served that control specimen develops thick vertical cracks 
at the time of failure and also spalling of concrete occurs 
at cracking state itself. Some detachment of coarse ag-
gregate from the cement matrix is also noted. But in BLP 
used concrete, there is no spalling of concrete at crack-
ing state. Only inclined thin cracks are developed and no 
signs of vertical cracks in the failed specimen. Spalling of 
concrete occurs in the collapse state only. Also there is no 
detachment of bond between coarse aggregate and ce-
ment matrix even at collapse state. Test specimen at crack-
ing state and collapse state are shown in Fig.6 and Fig.7 
respectively.

Fig.6 Test Specimen at Cracking 

                          
Fig.7 Test Specimen at Collapse                                

CONCLUSION
20% replacement of cement by supplementary cementi-
tious material made with waste banana leaf powder in-
creases the compressive strength of concrete by about 
20-30% at 28 days. BLP used concrete takes 14 days to 
develop the target mean strength and after 14 days the 
strength development is more than that of the control 
specimen. BLP exhibits pozzolonic property and it is also 
taking part in hydration process. Cracking in BLP used con-
crete is lesser than control specimen.

Furthur, concrete specimens are to be tested for organic 
growth at an age of 90 days, 180 days and 360 days. Also 
the chemical properties of BLP are to be investigated to 
identify the reactive components which are responsible for 
its pozzolonic behavior of BLP. Tensile strength testing of 
BLP used concrete is under investigation.

Furthur, Ternary blended cement concrete incorporating 
combined mass of BLP and CBP is casted for various per-
centage combinations and are to be casted and tested for 
both compressive and tensile strength. Based on literature 
survey, composite SCM material made with BLP and CBP 
at ratio of 2:1 is expected to maximize the strength param-
eters and therefore this percentage inclusion of BLP and 
CBP may be used for medium cadre concrete where high-
er strength development is required than the use of 100 
percent portland cement as the only binder.
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