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ABSTRACT 

In the present examinations, tests led on BFRC to 

assess the bamboo fibers length to diameter ratio. 

Various ages of bamboo are gathered and mechanical 

method is used to separate the fibers. After the 

extraction of fibers, SEM test is conducted to estimate 

the diameter, bamboo fibers microstructure to study 

the failure analysis. The two unique diameters of 700 

μ (microns), 1.156 mm were selected and are treated 

with the anti-termite solution. Which was added at 

the fixed rate of 0.5% to 1.5 %( 0.5, 0.75, 1, 1.25, 1.5) 

with an increment of 0.25% of the powder weight. 

Then cubes, cylinders, and beams are casted from the 

concrete mix of M30 Grade and fibers where the 

workability tests are conducted for arriving the fresh 

properties of the BFRC and curing was done for 7, 

14, 28 days. Research facility tests are directed to 

assess the hardened properties of the concrete and 

aspect ratio (l/d ratio) based on strength increment 

and furthermore the viability of utilization of bamboo 

fiber in concrete. 

 

KEYWORDS: River sand, manufactured sand, 

Basalt fibre, Compressive strength, Split tensile 

strength, Flexural strength, Water absorption test, 

Water penetration test, Energy absorption, 

Stiffness, Ductility. 
 

1.INTRODUCTION 

A Shelter is an essential basic need for the humans. 

Concrete is the most preferred materials for building, 

which has a high compressive strength and high 

flexibility. Concrete has a history of over a thousand 

years. Earthquake is the immense problem which 

causes excessive damage to the buildings and structures 

which results in loss of human lives, loss of economic 

and environmental issues. An attention has to be paid 

towards the design of longitudinal and transverse 

reinforcement to avoid brittle failure due to shear in 

joints. In order to reduce this effect  and  to  ensure  

adequate  ductility  to  the  members,  a  large  amount  

of  lateral reinforcement is required. It is also possible 

to reduce the amount of transverse reinforcement steel 

and improve the performance of the structural elements 

against lateral loading by using fibers in those critical 

regions. By considering the global warming issues, to 

produce the sustainable concrete waste materials like 

GGBS is used to replace the cement which produces an 

excess of carbon while manufacturing. Recently 

Introducing micro and macro or combination of both 

fibers in the beam-column joints.The main motivation 

of using the natural fibers is to produce the sustainable 

fiber reinforced concrete which provides the strength, 

better crack resistance capacity to structures in order to 

attain the better performance by building the structures 

rigid.  

 

1.2. Bamboo Fiber Reinforced Self Compacting 

Concrete : 

Second richest country in bamboo inherited resources is 

India next to the china. Universally, these two countries 

together have more than fifty percent of the entire 

bamboo resources. Abundant resources and species 

diversity of bamboo are available in India. Around 25% 

of bamboo types of the world are discovered more or 

less in all states of India distributed widely. BFRSCC is 

a composite material, where natural fibers are used in 

SCC. The concrete involves bamboo fibers of different 

lengths and different diameters.For that the Bamboo is 

best alternative, it isn't grass neither wood, it ensures 

two of their features and it is too strength because of 

alignment tough fiber bundles in its longitudinal 

direction.ifferent fractions. ributed widely.  
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 1.3  Selection of bamboo: 
Color and Age  - Should be brown in color and age of 

minimum 3  years. 

Dimensions  – Usage of lengthy huge culms. 

Harvesting  – Avoiding the cutting of bamboos either         

during spring or summer seasons. 

Species – The best one should be checked, tested 

among 1500 species of bamboo, in order to satisfy 

requirements a reinforcing material. 

Select the diameter of longest culms available. 

Avoid usage of 8whole culms of green, fresh and 

unseasoned bamboo. 

 
1.4 Preparation of bamboo: 
Sizing: usually Splints are more preferred than 

complete culms as reinforcement. Longer culms must 

part into roughly 3/4” range. The culms of diameter 

smaller than 3/4” can be utilized without splitting 

 

 

 

 

 

 

 

Splitting: The bamboo can be cut from the base then 

cleaved through the stem. The blade allows the stem 

to split open such that continuous fibers will be 

resulted 

 

 

 

 

 

Bending: Bending of Bamboos can be done while they 

are freshly cut by heating them above the temperature 

of 150ºC. Even after cooling and drying off also the 

bamboo will retain this shape 

 

Seasoning: The cutted bamboo is allowed to dry and 

season for two to four weeks prior to the usage. In order 

to reduce the warping between culms it must held at 

regular spacing. 

Waterproof coating: When seasoned bamboo is used 

as reinforcement by giving the waterproof coating in 

order to decrease the enlargement when it is in contact 

with concrete. If the coating has not done then bamboo 

swells before concrete developing the sufficient 

strength. 

1.5  Self Compacting Concrete 

SCC is one of the latest development in the concrete 

industry. It’s first introduced during 1980 by Okamura 

from Japan. From that point forward it is the topic of 

various examinations to accomplish the preferred 

characteristics of new concrete structures. It was 

emerged as an advanced technology which has an ability 

to achieve the best concept in the field of concrete field. 

It has the main benefit that it flows under its self-weight 

which attains full compaction and completely fills 

formwork, even in the presence of crowded 

reinforcement. It is the best solution for both normal and 

precast concrete construction because of advanced 

construction practice, performance, and safety and health 

benefits. The latest application of SCC focusses on great 

performance and uniform quality. 

 

1.6  SCC  
Is one of the latest development in the concrete 

industry. It’s first introduced during 1980 by 

Okamura from Japan. From that point forward it is the 

topic of various examinations to accomplish the 

preferred characteristics of new concrete structures. 

It was emerged as an advanced technology which has 

an ability to achieve the best concept in the field of 

concrete field. It has the main benefit that it flows 

under its self-weight which attains full compaction 

and completely fills formwork, even in the presence 

of crowded reinforcement. It is the best solution for 

both normal and precast concrete construction 

because of advanced construction practice, 

performance, and safety and health benefits. The 

latest application of SCC focusses on great 

performance and uniform quality. 

 

1.7   Alccofine 
Alccofine 1203 is a slag based Supplementary 

Cementitious Materials having ultra-fineness, low 

calcium silicate product with optimized particle size 
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distribution. Alccofine 1203 provides reduced water 

demand for a given workability, even up to 70% 

replacement level as per requirement of concrete 

performance. It has distinct characteristics to enhance 

'performance of concrete' in fresh and hardened stages. 

 

1.7  Exterior Beam - Column Joint 
Designing beam–column joints is a challenging task for 

structural engineers and proper care to be taken while 

designing. Buildings exposed to seismic forces may 

undergo several reversals of stresses in the course of an 

earthquake. Beam-column joints are the critical region 

in moment resisting frames. The failure of reinforced 

concrete structures in recent earthquakes caused 

concern about the performance of beam-column joints. 

One of the basic assumptions of frame analysis is that 

the joints are strong enough to withstand the forces 

(moments, axial and shear forces) produced by the 

loading, and to transfer the forces from one structural 

element to another (beam to column in most of the 

cases) (Subramanian and Rao 2003). Consequently 

exterior beam column joint is considered to investigate 

the real performance of joints, the proposed concrete 

both experimentall and numerically. exterior 

beamcolumn connections are studied through a finite 

element model (FEM). ANSYS was used for finite 

element analysis and a model based on data from the 

experimental test. The FEM results were validated by 

comparing with the experimental test result. 
 

 

 

2.OBJECTIVE & SCOPE: 

To investigate whether innovative bamboo fiber of 

different ages can be used in the concrete since it is a 

naural fiberous plant having high tensile strength which 

imparts good strength as well as carbon sequestrant will 

be considering as eco friendly fiber 

To evaluate the fiber length to the fiber diameter ratio 

(l/d) of bamboo fibers in concrete based on mechanical 

properties,since the mechanical properties mainly 

depends on the aspect ratio ,fiber type, volume loading 

percentage, orientation, dispersion of fiber and fiber-

matrix adhesion 

To evaluate the optimum percentage of alccofine that 

replaced the cement in SCC mix with GGBS to produce 

sustainable and highly durable SCC 

To study the effectiveness of the natural bamboo fibers 

in the SCC with GGBS and alccofine based on strength 

characteristics,since SCC was emerged as an advanced 

technology combining with fibers, GGBS and alccofine 

can produce a high srength and durable concrete(i.e 

BFRSCC with GGBS and alccofine ) 

To study the durability characteristics of BFRSCC with 

GGBS and alccofine like fire resistance, acid attack, 

alkaline attack 

To assess the real performance of the BFRSCC with 

GGBS and alccofine peripheral beam - column joint by 

expermentally and analytically 

3. METHODOLOGY 

• Tested the material properties as per IS code 

procedures. 

• Mix design for concrete proportion was arrived at 

as per IS- 10262- 1982. 

• The properties of fresh concrete were determined 

as per IS- 1199- 1959. 

• The concrete specimens were casted and cured as 

per IS procedures. 

• Tests were conducted on hardened concrete to 

determine various strength parameters. 

• Various durability tests were conducted as per 

standard codes. 

• Finally results were compared with conventional 

concrete and partial replacement concrete mixed 

with coconut shell and other materials and 

conclusions were arrived at. 

 

4.  LITERATURE REVIEW 

In recent decades there is a trust in finding how the 

concrete can be improved not only strength wise but in 

every aspect. Many researchers have been done in this 

area and many have proved the positive effects of using 

fly ash and glass fiber in concrete. Given below is an 

over view of studies done in this area and how it has 

affected various parameters of concrete. 

 

Pickering et al. (2016) Pickering et al. (2016) have 
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done the assessment of the mechanical performance of 

different NFCs and detail achievements made with them 

stated that improvement has occurred due to improved 

fiber choice, extraction, treatment, and interfacial 

building in addition composite handling. Additionally 

centered on enhancing strength, stiffness and effect 

quality, including the impact of dampness and 

weathering, long and here and now performance. The 

Natural Fiber Composites (NFCs) contrasted with Glass 

Fiber Reinforced Polymers (GFRPs) as far as stiffness 

and cost, estimations of tensile properties and impact 

strength are drawing nearer those for GFRFs. They 

presumed that lower densities for NFC prompt better 

correlation for specific properties. Uses of NFC have 

expanded drastically, including load bearing and open air 

applications, for example, car outside underfloor 

framing, sports hardware, and marine structures. hence 

NFCs can improve the good load resisance capacity. 
 

Saandeepani and Krishna Murthy (2013) has led 

examinations utilizing distinctive natural strands to the 

field of concrete in the mandate to estimate the strength 

characteristics and furthermore for watch the lessening 

in the propagation of shrinkage crack issues. He 

presumed that Slump was diminishing with the 

expansion of strands. Increasingly the fiber- powder 

proportion, additional is the reduction in slump on 

account of receptiveness of water by filaments. The 

adding of filaments improved the compression strength 

with 0.5% fiber- powder proportion and slight 

increment for 1% of the fiber- powder proportion 

contrasted with normal concrete. In any case, at the 

fiber cement proportion of 1.5%, however SP is 

included, the compression strength is diminished 

contrasted with normal concrete. The major observation 

from this research is the usage of fibers increases the 

strength and decreases the workability,it can mitigate 

by adding super plasicizers. 

 

Majid Ali (2012) has investigated distinctive natural 

fibers utilized as a part of the most recent couple of 

decades, and accordingly, it can be utilized as a source 

of perspective for the prospective research of a specific 

fiber. The consumption of natural filaments, as 

reinforcing content for composite is economical for 

increment of their specific properties like strength, 

durability and additionally blends of these. On account 

of varieties exist in properties of natural fibers, 

deviations ought to be appropriately tended to as we 

need to sort the gradation of aggregates. The major 

observation from this research is the usage of natural 

fiber increases the strength and for improving durability 

properties we need to add some materials and protective 

coatings. 

Arpithasethia and Vijaybaradiya (2014) 
conducted research on bamboo, which is quickly 

developing and biologically benevolent material for 

structural applications. Since the strength in tension of 

bamboo is extraordinary they made an endeavor to 

create structural elements of bamboo for use in minimal 

-cost construction. They performed bending test on 

normal steel and bamboo reinforced members. The 

outcomes load deformation curves showed critical 

nonlinearity, ability to absorb energy and increasing the 

load carrying capacity of the beam. hence we can 

observe that bamboo can replace the steel in terms of 

energy absorption and load carrying capacity. 

  

Ngvyen Tien phong et al. (2012) concentrated on 

fibers of bamboo are engaged because of having 

numerous focal points for example, less cost, less 

density, environmentally friendly, sustainable and 

biodegradable. Examinations clarified distinctive 

extraction strategies such as mechanical, steam- 

explosion and alkaline- treatment procedures and 

mechanical properties. The Microstructure of fiber of 

bamboo was dictated by utilizing SEM. The research 

work gave different methods of extraction of bamboo 

fibers and importance of micro structure in analysis of 

fibers. 

 

Ganesan et al. (2007) presented the performance of 

exterior beam-column joints of ten specimens of 

SFRHPC under cyclic loading. An M60 grade of 

concrete was proportioned utilizing American concrete 

institute method. The Volume fraction of the fibers was 

varied from 0 to 1% with an augmentation of 0.25%. 

Specimens were tested under positive cyclic loading 

and the outcomes were assessed according to the 

mechanical and ductile properties degradation. From the 

test outcomes, it was concluded that usage of SFRHPC 

in beam- column joints enhance the above properties 

which are one of the feasible substitute solutions for 

reduction of congested transverse steel in beam-column 

joints. 

 

Ganesan et al. (2013) conducted the research on the 

performance of hybrid fibers on strength and behavior of 

HPC beam-column joints under reverse cycling loads. 12 

numbers of HPC beam-column joints was casted and 

tested. Modified ACI method was utilized to design the 

ISSN NO: 2394-2886

Page No: 209

Suraj Punj Journal For Multidisciplinary Research

Volume 11, Issue 8, 2021



5 

 

HPC of M60 grade. Polypropylene fibers (0.1%, 0.15% 

and 0.2%) and steel fibers of crimped (0.5 % and 1.0%) 

were utilized. The building properties, for example, the 

first crack load, ultimate load and factor of ductility for 

the composite were improved by the addition of fibers in 

hybrid form. 0.15% volume of polypropylene fibers and 

1% volume of steel fibers combination gave better 

performance concerning to energy dissipation capacity 

and stiffness degradation than different mixes. 

 

Romanbabu et al. (2013) has conducted the research 

on beam column joints that are critical joints in the 

structures which should have sufficient strength to 

resist loads. Hence an experiment was carried out to 

value he strength of joints by using fibers. Three 

specimens were constructed to the scale of one third. The 

first specimen was reinforced concrete, second specimen 

with 1% of poly propylene fibers and third with steel 

fiber. All three specimen were tested by servo hydraulic 

actuator by applying axial load on column, which was 

placed horizontally and beam vertically. The results 

showed that addition of fibers increases strength, 

stiffness and ductility of the specimens. Hence this can 

be consider as the evidence for fibers usage increases the 

strength 

 

Bindhu et al. (2009) has compared the behavior of 

exterior beam-column joint sub assemblages with 

transverse reinforcements detailed as per IS 456 and IS 

13920. A six- storied RC building in the zone III is 

analyzed, and one of the exterior beam-column joints at 

an intermediate storey is designed. The earthquake 

analysis and design are carried out by incorporating all 

the modifications as per the latest revisions of IS 1893 

and IS 13920. Four one-third scaled specimens, two 

detailed as per IS 456 and SP 34 and the other two as 

per IS 13920, were tested under a reverse cyclic 

loading. The specimens were tested under two different 

axial loads to evaluate the effect of axial load on the 

behavior of joints. The test results indicate that the 

latest revisions for joint design assure the beam failure 

to take place before the joint failure. Enhancements in 

the performance of beam-column joints detailed as per 

IS 13920 in the reversal of loading were also observed. 

The specimens having special confining reinforcement 

as per IS 13920 (BIS, 1993) had an improved energy 

absorption capacity than the specimens with lateral 

reinforcement detailing as per IS 456 (BIS 2000) and 

SP 34 (BIS, 1987b). 

 

5.MATERIALS USED & MIX PROPOTIONING: 

 

Materials 

• Cement 

• Fine aggregates 

• Coarse aggregates 

• Alccofine 

• Ground Blast furnace slag 

• Bamboo fiber 

Cement: 
OPC grade of 53 tested according to IS: 4031-1988 and 

confirmed to IS: 12269-2004 was used in the 

investigations. Table 3.1 indicates Physical 

characteristics of cement. 

 

Characteristics 
Test Outcomes 

Normal 

Consistency in (%) 

32% 

Specific Gravity 3.11 

Initial Setting Time 41 Min 

Final Setting time 221 Min 

Fineness of cement 4.90% 

Alccofine: 

Alccofine is slag with high reactivity and high glass 

content product specifically processed attained by the 

process of controlled granulation. The raw materials 

chiefly constitutes small quantity of calcium silicates. 

The controlled particle size distribution is attained by 

processing with other select ingredients. Alccofine 

1203 provides good workability and utilized as a high 

range water reducers to increase compression strength. 

Due to the accurate procedure of this distribution of 

particle size, this alccofine gives the greater results and 

reduces the content of water.  

 

 

 

 

 

 

GGBS: 

ISSN NO: 2394-2886

Page No: 210

Suraj Punj Journal For Multidisciplinary Research

Volume 11, Issue 8, 2021



6 

 

GGBS is using because of its overall economy in 

making and as worthy as their enriched performance in 

aggressive environments. It’s obtained by quenching 

melted iron slag from a blast furnace in water to provide 

a granular glassy product. After that it is dried and 

grinded into the powder. 

Fine aggregate: 

Sand available locally passing through 4.75mm sieve 

were according to IS: 383-1970 and conforming to zone 

ІІ was utilized for all of the mixes of concrete 

Physical 

Characteristics 

Test Outcomes 

Specific gravity 2.49 

Finess modulus 2.79 

Bulking 10% 

Bulk density 1432(loose)1600(r

odded) 

Coarse aggregate: 

The aggregate of size more than 4.75mm is considered 

as the CA. Round shaped aggregate increase the fluidity 

because of lesser interior friction and crumpled tend to 

develop the strength due to the interlock property 

between the angular particles. Crushed granite stone 

passed through 20 mm and 12 mm retained on 4.75mm 

which is available locally was utilized for entire mixes 

of concrete. 

Physical 

Characteristics 

Test Outcomes 

Specific gravity 2.64 

Water absorption 0.14% 

Bulk density(kg/m3) 1366(loose)1439(r

odded) 

Finess modulus 2.79 

Impact value 9.69% 

Loss angles abrasion 34.98% 

Flakiness index 13.99% 

Elongation index 61.99% 

Bamboo Structure: 

Bamboo culms are hollow and it is separated by 

numerous diaphragms in inner sides which is visible as 

rings from outside. The portion stuck in the middle of 

two rings is called “Internode” wherever branches 

grow. The space between each node differs and it be 

influenced by the species variety. The bamboo culm 

microstructure contains numerous vascular bundles 

which are implanted in parenchyma tissue which are 

circulated through the wall depth. Parenchyma tissue 

retains the vascular bundles in the length direction. The 

number of vascular bundles are extremely focused near to 

the peripheral of the bamboo Culm wall, and reduced on 

the inner side. 

 

 

 

 

 

 

Tests on Bamboo: 

Different test conducted on the bamboo are tensile and 

scanning electron microscopic test 

Tensile test 

The tension assessment is perhaps the most essential 

kind of mechanical test that can conduct on materials. 

These are simple, inexpensive and fully standardized. 

As the material is pulled in its length direction we can 

find the strength based on how much it. To perform the 

test, bamboo samples should prepare. Firstly, the 

suitable size and shape of the samples were cut. The 

distance between the nodes gives the length of the 

specimen. Usually the 9 and 12 inches (229 and 305 

mm) long samples were tested. 

Fig: Strips of bamboo for tension test 

 

 

 

 

 

Scanning electron microscopic test: 
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Optical techniques of measuring fiber dimensions 

and imaging for lots of applications is replaced by 

Scanning Electron Microscopy (SEM). It has higher 

resolution and image contrast for investigating 

features and also to the high depth of field allows for 

statistically significant measurements of fiber 

diameters and orientation.Scanning electron 

microscope (SEM) is becoming the new standard for 

characterizing fibrous materials with a higher depth 

of field and greater image contrast, The Phenom 

desktop SEM uses Fiber Metric, fiber measurement 

software, which measures the diameter, orientation 

and pore sizes of fibers. 

Fig: Test setup for SEM Analysis 

 

Fig - SEM image of bamboo fiber of 

diameter 700μ 

 

 

Fig SEM image of bamboo fiber of 

diameter of 1.156mm 

Mix proportioning: 

 

Mix proportioning for the current investigation 

has done in separately for normal concrete to 

arrive the suitability of the bamboo fiber in 

normal concrete and then bamboo fiber in SCC 

with alccofine and GGBS. 

 

 

 
  The beam column joint specimen of 

NSCC and BFRSCC with alccofine and GGBS 

utilizing the mix proportion shown 

 
 

 

 

 

Grade of 

mix 
w/c ratio Cement 

Fine 

aggregate 

Coarse 

aggregate 

M30 0.55 1 1.9 3.2 

 

Grade of 

mix 

 

w/c 

ratio 
 

Cement 

(kg/m3) 

F.A 

(kg/m3) 

C.A 

(kg/m3) 

 

Bamboo 

fibers 

M30 0.55 1 3.19 4.40 1% 
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6. EXPERIMENTAL INVESTICATION: 
In the present examinations, tests led on BFRC to assess 

the bamboo fibers length to diameter ratio. Various ages 

of bamboo are gathered and mechanical method is used 

to separate the fibers. After the extraction of fibers, SEM 

test is conducted to estimate the diameter, bamboo fibers 

microstructure to study the failure analysis. The two 

unique diameters of 700 μ (microns), 1.156 mm were 

selected and are treated with the anti-termite solution. 

Which was added at the fixed rate of 0.5% to 1.5 %( 

0.5, 0.75, 1, 1.25, 1.5) with an increment of 0.25% of the 

powder weight. Then cubes, cylinders, and beams are 

casted from the concrete mix of M30 Grade and fibers 

where the workability tests are conducted for arriving 

the fresh properties of the BFRC and curing was done 

for 7, 14, 28 days. Research facility tests are directed to 

assess the hardened properties of the concrete and 

aspect ratio (l/d ratio) based on strength increment and 

furthermore the viability of utilization of bamboo fiber in 

concrete. 

 

fresh state : 
The experiments to evaluate the workability properties 

for the mix with the addition of fiber content 0, 0.5%, 

1.0%, 1.5% and 2.0% of 1.156mm and 700μ. Results 

confirm to recommended values as per IS: 456-2000 

even after the addition of fibers till 1% of adding of 

fibers. As increment in the fiber content, slump flow 

decreases linearly. 

 

 

 

 

 

 

 

 

 

Compressive strength: 
compressive strength of bamboo fiber reinforced 

concrete cubes of size 150mmx150mmx150mm using 

fibers of diameters (D1) 700 μ and (D2) 1.156 mm for 

M30 grade of concrete for 28 days for the aspect ratio 

of 30, 40 and 50. it is shown that the diameters 700μ 

and 1.156 mm fibers at 1% aspect ratio (l/d) of 40 gave 

the maximum compressive strength. The diameter 1.156 

mm fibers at 1% gave the maximum compressive 

strength of 41N/mm2with an aspect ratio (l/d) of 40 

when mixed with concrete. Both the diameters of fibers 

showing the decrement in the strength at the 1.25% 

addition of fibers. 

 

Compression strength test results at 28 days of 

BFRC D1 (Diameter 700 μ) 

 

S.NO 

 

 

Percentage of 

fibers 

Compression strength (N/mm2) 

at 28 days 

(l/d) =30 (l/d) =40 (l/d) =50 

1 0% 30.9 30 30.2 

2 0.5% 31.5 33.9 32.6 

3 0.75 % 31.8 35.7 32.8 

4 1% 32.52 35.44 33.2 

5 1.25% 31.9 32.9 31.6 

 

Compression strength test outcomes at 28 days 

of BFRC D2 (Diameter 1.156mm) 

 

S.NO 

 

 

Percentage of 

fibers 

Compression strength (N/mm2) 

at 28 days 

(l/d) =30 (l/d) =40 (l/d) =50 

1 0% 30.1 32.8 30.6 

2 0.5% 30.8 33.7 31.1 

3 0.75 % 32.3 36.8 34.2 

4 1% 33.6 41 35.1 

5 1.25% 34.9 38.9 38.1 

 

Splitting tensile strength: 

splitting tensile strength of BFRC cylinders of size 

150mmx300mm using two different diameters (D1) 700 

μ and (D2) 1.156 mm for M30 grade of concrete for 28 

days for the aspect ratio of 30, 40 and 50. It is shown 

that the diameter of 1.156 mm fibers at 1% gave the 

maximum split tensile strength of 4.8N/mm2with an 

aspect ratio (l/d) of 40 when mixed with concrete. Both 
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the diameters of fibers showing the lesser decrement in 

the strength at the 1.25% addition of fibers. 

 

 

 

 

 

 

Splitting tensile strength test outcomes at 28 days of 

BFRC of D1 (Diameter 700μ) 

 

S.NO 

 

 

Percentage of 

fibers 

Compression strength (N/mm2) 

at 28 days 

(l/d) =30 (l/d) =40 (l/d) =50 

1 0% 2.67 2.67 2.68 

2 0.5% 2.7 3.0 3.4 

3 0.75 % 3.1 3.3 3.5 

4 1% 3.3 3.9 3.5 

5 1.25% 3.29 3.68 3.79 

 

 

Splitting tensile strength results at 28 days of BFRC 

of D2 (Diameter 1.156mm) 

 

S.NO 

 

 

Percentage of 

fibers 

Compression strength (N/mm2) 

at 28 days 

(l/d) =30 (l/d) =40 (l/d) =50 

1 0% 2.68 2.67 2.67 

2 0.5% 2.98 3.1 3 

3 0.75 % 3.7 4.1 3.9 

4 1% 3.81 4.8 4.2 

5 1.25% 3.92 4.3 3.9 

 

Flexural strength: 

flexural strength of BFRC beam of size 

150mmx150mmx1200mm using two different 

diameters (D1) 700 μ and (D2) 1.156 mm for M30 grade 

of concrete for 28 days for the aspect ratio of 30, 40 and 

50. It is shown that the diameter of 1.156 mm fibers at 

1% gave the maximum split tensile strength of 

8.5N/mm2with an aspect ratio (l/d) of 40 when mixed 

with concrete. Both the diameters of fibers showing the 

very less decrement in the strength, at the 1.25% 

addition of fibers. 

 

 

 

 

 

 

 

 

 

 

 

Flexural strength test results at 28 days of BFRC 

D1=700μ 

 

Flexural strength test results at 28 days of BFRC of 

D2=1.156mm 

 

7.  Experimental and numerical investigation on 

behaviour of BFRSCC exterior beam - column 

joint: 

 

S.NO 

 

 

Percentage of 

fibers 

Compression strength (N/mm2) 

at 28 days 

(l/d) =30 (l/d) =40 (l/d) =50 

1 0% 4.68 4.68 4.68 

2 0.5% 4.8 5.1 5.3 

3 0.75 % 5 5.4 5.8 

4 1% 5.3 5.9 6.1 

5 1.25% 5.2 5.79 5.98 

 

S.NO 

 

 

Percentage of 

fibers 

Compression strength (N/mm2) 

at 28 days 

(l/d) =30 (l/d) =40 (l/d) =50 

1 0% 4.68 4.68 4.68 

2 0.5% 5.1 6.8 7.1 

3 0.75 % 6.23 7.02 7.6 

4 1% 6.9 7.25 7.9 

5 1.25% 7.1 7.5 8.5 
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Designing beam–column joints is a challenging task for 

structural engineers and proper care to be taken while 

designing. Consequently exterior beam column joint is 

considered to investigate the real performance of the 

BFRSCC with GGBS and alccofine. A three-storied RC 

building located in zone v, having medium soil is 

considered for analysis. The BM, SF and axial forces 

around the BFRSCC exterior beam-column joint was 

calculated by using E- TABS software. The joint marked 

“An”  the exterior beam column to be designed. The 

length of the columns are taken as 3 m long with 

230×300 mm and beams are with 300×300 mm. A live 

and floor finish load of respectively 3 kN/m2 and 1 

kN/m2 was considered. The M30 grade concrete and Fe 

415 grade steel were used for the design.The transverse 

reinforcement detailing in the beams, column, and 

exterior joint were done by using the detailing criteria of 

IS: 456-2000. 
 

Fig . Exterior beam column joint 

 

 

 

 

 

 

 

Schematic layout of Exterior beam column joint 

     Fig: Casting of Exterior beam column joint 

 

  

Fig: Beam column joint in the loading frame 

 

 

 

 

 

 

 

 

9.  FEM Model of beam -column joint: 
A 3D model of external beam-column joint were 

analyzed utilizing ANSYS 14.5 a nonlinear FEM 

package. In the present investigation, discrete 

displaying approach utilized to model the behavior of 

Steel reinforced beam-column joints. Solid 65 elements 

is used to model the concrete column and beam. Link8 

elements are utilized to model the reinforcement (steel). 

The nonlinearity is derived from the nonlinear 

relationships in material models and the impact of 

geometric nonlinearity isn't considered. The parameters 

to be considered for Solid 65 element are number of the 

material, volume ratio and orientation angles (in X and 

Y direction). Since there is no rebar information 

(smeared reinforcement), the real constants (volume 

ratio and orientation angle) are fix to zero. The factors 
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to be considered for Link8 element are area of cross 

section and initial strain. 

Load Carrying Capacity: 

The joint were loaded up to failure. The first crack load, 

most extreme load and the relating                             deformation of  the 

tested beam-column joint. The load carrying   capacity of 

BFRSCC joint were found to be increased because of 

the existence of fibers in the joints. The bamboo strands 

absorb energy during loading there by acting as 

secondary reinforcement which enhances load carrying 

capacity of the BFRSCC joint. 

Experimental results for beam column joint 

 

Analytical results for beam column joint 

 

 

 

 

Load- Deflection Behavior: 

The load was applied at the end of column joint 

utilizing hydraulic jack. The load increment for each 

cycle was 5 kN was adopted throughout testing.an 

ultimate load of 25kN was reached in 9th cycle for 

control frame and for 1% BFRSCC frame it is 39 kN 

was reached in 12th cycle of loading. 

Observations: 

• Based on the experimental and analytical 

results, the BFRSCC beam column joint 

(43.6 kN) has good load carrying 

capacity when compared to the NSCC 

beam column joint (34.53kN) the load 

carrying capacity variation is 10% which 

is acceptable up to 20% as per the 

literature survey. 

• The deflection of the BFRSCC beam 

column joint is 24.28 mm using ANSYS 

and 26 mm using experimental 

investigations the variation is 

10%.Overall investigations concludes the 

BFRSCC exterior beam column joint 

performs well when compared to the 

NSCC. 

 

CONCLUSION: 

• Bamboo fiber is an inventive 

ecofriendly fiber and is acquainted to the field of 

concrete to enhance the tensile and flexural 

properties, which is of minimal effort and to 

deliver high strength concrete. Maintaining center 

around substitution for natural plants fiber, as they 

having the favourable circumstances, for example, 

very less cost, density is lower, friendly with 

environment 

 

• The bamboo fibers extracted by mechanical 

method has been selected and SEM test is carried 

out to study the diameters of the fibers, orientation 

of the longitudinal strands, pore sizes of fibers, 

and micro structure to assess the failure. 

 

• Tension test is also carried on the 

specimen to find out the tensile strength of the 

bamboo strips which are used for extracting 

fibers. The maximum value of tensile strength for 

8 mm width strip is 116 N/mm2 

• The FRC with fibers of different 

diameters, 700μ and 1.156mm was extracted 

using mechanical methods with various aspect 

ratios of 30,40,50 with different fiber 

percentages such as 0.5%, 0 .75%, and 1.25% 

and treated with Boric Acid- Borax of 

proportion 2:5 are effectively counter to lyctus 

borers has given tremendous results than 

normal concrete The FRC with various fiber 

ratios has given huge outcomes contrasted with 

normal concrete. More prominent strength has 

been gotten when 1% of fiber mixed with 

• concrete of aspect ratio (l/d) = 40 of diameter 

700μ is 33.2 N/mm2 when compared to 0%, 0.5%, 

and 0 .75%, and 1.25% . 

 

Specimen 

designati

on 

Compressi

ve 

strength 

(N/mm2) 

Yield 

deforma

tion 

(mm) 

Uitim

ate 

load 

(kN) 

Ultimate 

deforma

tion 

(mm) 

NSCC 33.1 14 35 20 

1% 
BFRSCC 

35.6 18 40 25 

Specimen 

designation 

Load at 

first 

crack(mm) 

Ultimate 

load(kN) 

NSCC 20.98 34.53 

1% BFRSCC 28.61 43.6 
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• The FRC with various fiber ratios has given huge 

outcomes contrasted with normal concrete. More 

prominent strength has been gotten when 1% of 

fiber mixed with concrete of aspect ratio (l/d) = 40 

of diameter 1.156mm is 38.1 N/mm2 when 

compared to 0%, 0.5%, and 0 .75%, and 1.25%. 

• The greatest Split tensile strength is acquired 

with 1% of fiber diameter 1.156mm with aspect 

ratio of (l/d) 40 when contrasted with to 0%, 0.5%, 

and 0 .75%, and 1.25%. 

 

• The greatest flexural strength is acquired with 

addition of fibers. From the experimental 

investigations aspect ratio (l/d) 40 has given the 

most extreme outcomes with 1% of fiber content 

 

• By observing the eesed results it is concluded 

that the strength and cracking resisance has 

increased and aspect ratio (l/d) for bamboo fiber is 

calculated. Since it is a naural fiberous plant having 

high tensile strength which imparts good strength as 

well as carbon sequestrant will be considering as 

eco friendly fiber.Hence can be used in concrete of 

diameter 1.156mm with aspect ratio (l/d)=40 of 

1% addition. 

• The combination of SCC, alccofine and GGBS 

with bamboo fibersof 1.156mm at 1.0% of by 

weight L/D ratio=40 causes a significant 

enhancement of strength in compression and 

splitting tensile of concrete. In 28 days it was 

noted as 35.4 N/mm2and 5.2 N/mm2 which has 

increased by 5% and 35% as compared to SCC 

with GGBS and alccofine respectively 

• Utilization of 1% fibers of bamboo in SCC 

along with GGBS and alccofine makes the 

concrete exceptionally resistive in flexure and in 

28 days the most extreme improvement in strength 

was noted as 6.1 N/mm2 and increased by 25 % as 

compared to SCC with GGBS and alccofine. 

• The results are proven that BFRSCC with 

GGBS and alccofine as high srength and durable 

concrete. Subsequently by utilization of bamboo 

fiber with GGBS and alccofine, due to the pore 

refinement by the micro fine mineral which 

ultimately gain higher strength and more durable. 

Finally the eco material BFRSCC with GGBS and 

alccofine produced in the field of concrete industry 

• The exterior beam - column joint two 

specimens of NSCC and BFRSCC with alccofine 

and GGBS utilizing the mix proportion of 

1:3.19:4.40 by weight and the w/c ratio was 

retained as 0.5 and with 1 % of bamboo fibers are 

casted with reinforcement detailed as per IS: 456-

2000 

• The exterior beam - column joint was 

designed according to IS: 456-2000 has analyzed 

experimentally and analytically using ANSYS 

software 

• Based on the experimental and analytical 

results, the BFRSCC beam column joint (43.6 kN) 

has good load carrying capacity when compared to 

the NSCC beam column joint (34.53kN) the load 

carrying capacity variation is 10% which is 

acceptable up to 20% as per the literature survey 

• The deflection of the BFRSCC beam column 

joint is 24.28 mm using ANSYS and 26 mm using 

experimental investigations the variation is 10%. 
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