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ABSTRACT 
Concrete is a predominant material used in 
construction and it competes directly with all other 
major construction materials like timber, steel, 
asphalt, and stone, because of its versatility in 
applications. However concrete is a composite 
material and its properties can vary significantly 
depending on the choice of materials and 
proportions for a particular application. However, 
concrete does have weaknesses that limit its use in 
certain applications. In inspections of buildings, it is 
common to find structures that, well before reaching 
its useful life longer require repairs and 
reinforcements. This study examined the bond 
strength between concrete of different ages and 
between steel and concrete, focusing on the recovery 
of reinforced concrete structures. The main theme of 
this thesis is to study the bond strength between the 
concrete interfaces of Conventional concrete and 
steel fiber reinforced concrete. Concrete of different 
grades M20, M30 and M40 is designed and cast in 
to a mould of prism of dimensions 
20cm*10cm*10cm up to the interface making an 
angle of interface 300 and 450 respectively. From the 
work we can draw the following output For M20 and 
M30 grades of substrates there is an increase in the 
bond strength values as the percentage of steel fiber 
content is increasing for both angle interfaces of 450 
and 300. For M40 grade of substrates there is an 
increase in the bond strength values as the 
percentage of steel fiber content is increasing from 
0 to 0.4% in both 450 and 300 angle of interfaces, but 
as steel fiber dosage is increasing from 0.4 to 1.2 
percentages there is a decrease in the bond strength 
values. It is noticed that as percentage of steel fiber 
content is increasing from the 0 to 1.2 of volume 
fraction in the over laid concrete, the load bearing 
capacity of specimen is improved at same slip just 
before the failure. This may be due to the reason that 
frictional interlocking between the steel fibers and 
concrete caused by micro movements of tension in 
fibers results in resistance to slippage. 

I INTRODUCTION 
Concrete is a predominant material used in 

construction and it competes directly with all other 
major construction materials like timber, steel, 
asphalt, and stone, because of its versatility in 

applications. However concrete is a composite 
material and its properties can vary significantly 
depending on the choice of materials and 
proportions for a particular application. However, 
concrete does have weaknesses that limit its use in 
certain applications. 
 

Now-a-days a large number of existing 
concrete structures worldwide are in urgent need of 
effective and durable repair. It has been estimated 
that almost half of all concrete repairs fail due to the 
lack of reliable and perfect bond. Good bonding 
between repair materials and existing concrete 
repair substrate is of vital importance in the concrete 
repairs. 
 

The strength and integrity of the bond 
depends not only upon the substrate concrete 
properties and the interface factors (such as surface 
roughness and soundness, bond adhesive, humidity 
conditions, etc.,), but also physical and chemical 
characteristics of repair materials. 
 

In order to make these structures functional 
during the remaining years of service life, suitable 
repairs are made possible with the help of various 
repair techniques which utilizes the new generation 
concrete repair materials. Commercially available 
materials for concrete repair can be conveniently 
categorized as follows 
 

 Resinous materials: epoxy mortar, 
polyester mortar, Acrylic mortar mixtures, 
polyurethane grouts.  

 
 Polymer-modified cementitious materials: 

SBR (styrene butadiene rubber) modified, 
Magnesium phosphate modified ethyl 
vinyl acetate cementitious materials.  

 
 Cementitious materials: OPC-Sand mortar, 

High Alumina Cement (HAC) mortar, 
HAC and OPC mixed mortar, expansion 
producing grout, flowing grouts.  
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BOND STRENGTH  
 
The bond strength is the adhesion between overlay 
and substrate which can be the weakest link of the 
system. Good bond strength is a key factor to have a 
monolithic system. Bond can be expressed by shear 
resistance or tensile resistance. It is important to 
select the one which can better state the stresses 
subjected to the structure in the field. While in many 
cases the stress in the field is of shear type it is more 
practical to use the tensile strength for bonding in 
structural work. 
 

TABLE: BOND STRENGTH 

 
1.3 OBJECTIVES OF THE PRESENT WORK:  
 
The main theme of this thesis is to study the bond 
strength between the concrete interfaces of 
Conventional concrete and steel fiber reinforced 
concrete. 
 

 Concrete of different grades M20, M30 and 
M40  is designed and cast in to a mould of 
prism  

 
of dimensions 20cm*10cm*10cm up to the 
interface making an angle of interface 300 
and 450 respectively.  

 
 Then remaining portion is cast with fibre 

reinforced concrete of M20, M30, M40 
grades respectively.  

 
II REVIEW OF LITERATURE 
 
Hugo costa, Pedro santos, and Eduardo julio  – 
studied the bond strength behavior of the light 
weight aggregate concrete (LWAC) to the normal 
weight concrete (NWC) interfaces. An experimental 
study is conducted to characterize the shear strength 
and tensile strength of NWC-to-NWC, LWAC-to-
NWC and LWAC-to-LWAC interfaces and stated as 
follows 
 

1. Two failure modes were observed, 
cohesive (at the weakest concrete) and 
adhesive (debonding of the interface).  

 
2. For slant shear tests, the failure mode was 

mainly monolithic, for very rough surfaces 
(HS and CD), and mainly adhesive, for 
very smooth and smooth surfaces (SS and 
WB).  

 
3. For rough surfaces, SF and SB, both 

failure modes were observed.  
 

4. For splitting tests, the failure mode was 
mainly adhesive, excepting for the 
specimens  

 
with a very rough substrate and with 
significant differences in both density and 
Young’s 

 
modulus between the substrate and the 
added concrete layers. 

 
5. The interface strength, both in shear and in 

tension, increases with the roughness of 
the substrate surface.  

 
6. Roughness parameters revealed a good 

correlation with shear and tensile 
strengths, adopting power functions.  

 
7. However, it seems that an increase of the 

substrate roughness above certain values, 
does not contribute to significantly 
increase the interface strength.  

 
8. An added LWAC layer with high strength 

of the binding matrix leads to higher 
interface strength.  

Rita moura fortes, Joao virgilio merighi, and 
Alex alves bandeira  – study the behavior of 

 
bond strength at the interface of porous concrete 
and Portland cement concrete and stated as 
 

1. For same compressive strength values 
sweeping surfaces were giving high values 
then surfaces without sweeping in both 
cases (a) cores from slabs and (b) 
cylindrical specimens.  

 
2. In case of increase of compressive strength 

there is a decrease in bond strength in 
sweeping treatment but increase in case of 
non-sweeping surface for cores from slabs.  

 
Masih mohammadi, Reza mir moghtadaei, and 
Nasibe ashraf samani- studied the factors affecting 
the bond strength through slant shear tests made on 
168 samples in two phases. Effects of silica fume 
(SF) and two types of metakaolin (MA, MB) 
replacement with a portion of cement in concrete 
repair are studied as the first phase. The second 
phase consists of plain cement slurry (PCS) and 
bonding slurry (BS) as the interfacial adhesives and 
stated following conclusions as 
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1. An increase in the amount of cement 
replacement with pozzolans at all levels in 
comparison with the control specimen 
causes an increase in the compressive 
strength.  

2. Reviewing the results of the bond strength 
of samples containing silica fume and 
metakaolin type A in the presence of 
cement slurry as a covering agent on the 
substrate, a physical justification should be 
provided.  

 
3. With the involvement of cement slurry as 

an interfacial adhesive, the chemical 
components of these two pozzolans have 
not improved the bond strength as they 
should.  

 
4. The presence of the two pozzolans 

enhances the compressive strength of the 
overlay and due to the increase in the 
rigidity of the overlay (in comparison with 
the substrate) shear stresses on the contact 
surface rise leads to have low bond 
strength, compared to the control samples.  

 
5. In the case of obtained bond strength of 

samples containing metakaolin type B, 
because of low H2O/Na2O molar ratio, 
higher percentages of silicate and 
aluminate can be effective on reduction of 
calcium hydroxide.  

 
III MATERIALS 

MATERIAL PROPERTIES  
CEMENT 
Cement is a material, generally in powered form, 
which can be made into a paste usually by the 
addition of water and, when moulded or poured, will 
set into a solid mass. Numerous organic compounds 
used for an adhering, or fastening materials, are 
called cements, but these are classified as adhesives, 
and the term cement alone means a construction 
material. The most widely used of the construction 
cements is Portland cement. 

Table: Properties of cement 

 
FINE AGGREGATE  

Fine aggregate is an accumulation of grains 
of mineral matter derived from disintegration of 
rocks. It is distinguished from gravel only by the size 
of the grains or particles but is distinct from clays 
which contain organic material. Sand is used for 
making mortar and concrete and for polishing and 
sandblasting. Sands containing a little clay are used 

for making moulds in foundries. Clear sands are 
employed for filtering water.  

Table: Properties of fine aggregate 

 
COARSE AGGREGATE  
Coarse aggregates are the crushed stone is used for 
making concrete. The commercial stone is quarried, 
crushed, and graded. Much of the crushed stone used 
is granite, limestone, and trap rock. The coarse 
aggregates of two grades are used one retained on 10 
mm size sieve and another grade contained 
aggregates retained on 20 mm size sieve. The 
maximum size of coarse aggregate was 20 mm and 
is having specific gravity of 2.88 grading confirming 
to IS: 383-1970.  

Table: Properties of Coarse  aggregate 

 
 
WATER 
Water is an important ingredient of concrete as it 
actually participates in the chemical reaction with 
cement. Since it helps to from the strength giving 
cement gel, the quantity and quality of water is 
required to be looked into very carefully. 
FIBRE 
The typical diameter lies in the range of 0.25-0.75 
mm hook end steel fibers are being used in this 
project. Length of these fibers is 30 mm and the 
aspect ratio of 60. Density of steel fibre is 7800 
kg/cum. 
SUPER PLASTICIZER  
BASF SKY 8233 is required to improve the 
workability. 
MOULDS 
Standard prism size of 400mm X 100mm X 100mm 
mould is used for casting the prisms. 
MIXER 
A standard mixer of rotating drum type of half bag 
capacity is used for mixing the concrete. To begin 
with all the dry materials (coarse aggregate, fine 
aggregate, cement) are mixed about two minutes 
then super plasticizer is thoroughly mixed with the 
water and this liquid component was added to the 
dry material mixture. This wet composition is 
allowed to mix for another four minutes. During this 
process fibers are sprinkled uniformly to the wet 
mixture. The care has been taken in allowing all 
materials to get mixed up uniformly and avoiding 
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the material to get stuck up to walls of the mixer. 
 
VIBRATOR  
A plate vibrator was used for compacting the prisms.  
 
IV EXPERIMENTAL STUDY 
PROGRAM OF EXPERIMENTAL WORK 
 
The experimental program was designed to study the 
bond strength between old concrete and new 
concrete interface. For this purpose following 
interfaces are created. They are: 
 
M20-M20, M20-SFRC0.4%, M20-SFRC0.8%, 
M20-SFRC1.2%  
 
M30-M30, M30-SFRC0.4%, M30-SFRC0.8%, 
M30-SFRC1.2%  
 
M40-M40, M40-SFRC0.4%, M40-SFRC0.8%, 
M40-SFRC1.2%  
 
Here “M” represents normal grade of concrete (old 
substrate) and “SFRC’ represents steel fiber 
reinforced concrete (new substrate) and 20,30,40 
representing the various grades of concrete and 0.4, 
0.8, 1.2 representing the percentage of various 
proportions of steel fibers added. 
 
MIX PROPORTIONS 
In this experimental study all the mix design were 
done according to IS456:2000 and IS 383:1970 and 
IS 10262:2009.The following were the mix ratios 
used for casting: 

Table: Mix Proportions 

 
CASTING 
For old substrate a steel plate is kept between the two 
fresh concrete surfaces to create required angles of 
45 and 30 degrees. 
 

 
Fig.: Figure shows casting 

 
 
CURING 
The specimens left in mould which possessing the 
ambient conditions viz. temperature of 27+ 2 C and 
90% relative humidity for 24 hours. These 

specimens are removed from the mould and 
submerged in clean fresh water 28 days after new 
substrate was added. After curing, they are removed 
from the water and cleaned with a cotton waste. 
Finally 56 days (after 28 days new substrate was 
added to the old substrate).  

 
Fig.: Figure shows curing 

EXPERIMENTAL SETUP 
 
The prism specimens of the concrete were tested on 
Compression testing machine (CTM) capacity of 
40Tonnes. The bearing surface of the machine is 
wiped off clean and any loose sand or any other 
materials removed from the surface of the specimen 
the specimen was placed in the machine in such a 
manner that the load was applied to opposite vertical 
faces of the prism. The axis of the specimen was 
carefully aligned at the centre of the loading frame 
and the load applied was increased continuously at a 
constant rate until the resistance of the specimen to 
increasing load breaks down and could not no longer 
sustained. The maximum load applied on the 
specimen was recorded. Further to these two dial 
gauges were attached such that one of them was 
attached to new substrate to know the value of slip 
in the lateral direction and the another dial gauge 
was attached to the lower loading frame (bearing 
plate) to the vertical deflection. 
 

 
 

Fig.: Dial Gauge kept to measure lateral slip 
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Fig.: Experimental Setup on CTM 

 
V LABORATORY TEST RESULTS 
 
Table:  Variation of bond strength with steel 
fiber dosage (%) for M20 grade of concrete 

 

 
Fig.: Variation of bond strength with steel fiber 

dosage (%) for M20 at 450 interfaces 
 

 
Fig.: Variation of bond strength with steel fiber 

dosage (%) for M20 at 300 interfaces 
 

 
Fig.: Variation of bond strength for M20 with 

different angles of interface. 
 

Table: Variation of bond strength with steel 
fiber dosage (%) for M30 grade of concrete 

 

Fig.: Variation of bond strength with steel fiber 
dosage (%) for M30 at 450 interfaces 

 
Fig.: Variation of bond strength with steel fiber 

dosage (%) for M30 at 300 interfaces 
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Fig.: Variation of bond strength for M30 with 

different angles of interface. 
 

Table: Variation of bond strength with steel 
fiber dosage (%) for M40 grade of concrete 

 

Fig.: Variation of bond strength with steel fiber 
dosage (%) for M40 at 450 interfaces 

 

 
Fig.: Variation of bond strength with steel fiber 

dosage (%) for M40 at 300 interfaces 

 
Fig.: Variation of bond strength with steel fiber 

dosage (%) for M40 with different angles of 
interfaces 

Table: Comparison between the compressive 
strength and the bond strength of the concrete 

 

 
Fig.: Variation of bond strength with 

compressive strength at different angles of 
interface 

 
CONCLUSIONS 
 
The following conclusions are drawn from this 
experimental investigation. 
 
 
1. For M20 and M30 grades of substrates there is 

an increase in the bond strength values as the 
percentage of steel fiber content is increasing 
for both angle interfaces of 450 and 300.  

2. For M40 grade of substrates there is an increase 
in the bond strength values as the  

 
percentage of steel fiber content is increasing 
from 0 to 0.4% in both 450 and 300 angle of 
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interfaces, but as steel fiber dosage is increasing 
from 0.4 to 1.2 percentages there is a  

 
decrease in the bond strength values.  

 
3. In all grades and proportions of SFRC of the 

present study, the bond strength values at 450 
angle of interface are high as compared to the 
bond strength values at 300 angle of interface.  

 
4. There is an increase of compressive strength 

values as the percent of steel fiber content is 
varying from 0 percent to 1.2 percent of volume 
fraction.  

 
5. The  relation  between  bond  strength  and  

compressive  strength  can  be  drawn  as  
 

y=0.3562x0.6254 where ‘y’ represents the bond 
strength values and ‘x’ represents the 
compressive strength of new concrete.  

 
6. The lateral slip in the substrate is high at 450 

angle of interface as compared to the 300 angle 
of interface.  

 
7. It is observed that there is a cohesive type of 

failure at 300 angle of interface while adhesive 
type of failure was observed at the 450 angle of 
interface.  

 
8. It is observed that there is no adhesion of steel 

fibers at the bonded surface after failure of the 
specimen.  

 
9. The toughness increases as the steel fiber 

content is increasing indicating energy required 
for the failure is increasing.  

 
10. The stiffness is increasing up to 0.8 percentage 

of steel fiber dosage then there is a slight decline 
up to 1.2 percentage of steel fiber dosage.  

 
FURTHER SCOPE OF STUDY 
 
1.) Surface roughness can be changed. 

 
2.) Influence of longitudinal reinforcement can be 
studied. 
 
REFERENCES 
 
1) Hugo costa, Pedro santos and Eduardo júlio, 

“Bond Strength of Normal-to-Lightweight  
 

Concrete Interfaces”, www.google.com, pp. 1-
8.  

 
2) R.Radhakrishnan, syam prakash.V and 

C.K.Prasad Varma Thampan “Performance of  

 
Styrene Butadiene  Rubber  as  a  
Concrete  Repair  Material  in  tropical  
climate” 

 
International Journal of Advancements in 
Research & Technology, Volume 1, Issue6, 
November-2012, pp. 1-5. 

 
3) H-C. Shin & Z. Wan, “Interfacial shear bond 

strength between old and new concrete”, 
www.google.com, pp. 1-6  

 
4) R. Abbasnia, M. Khanzadi and J. Ahmadi, 

“Mortar mix proportions and free shrinkage 
effect on bond strength between substrate and 
repair concrete”, www.google.com, pp. 1-6.  

 
5) Rita Moura Fortes, Joao Virgilio Merighi, and 

Alex Alves Bandeira, “ Study of the bond 
strength in the interface of porous concrete and 
Portland cement concrete”, www.google.com, 
pp.1-6  

 
6) Masih mohammadi, Reza Mir Moghtadaei , and 

Nasibe Ashraf Samani, “Influence of silica 
fume and metakaolin with two different types of 
interfacial adhesives on the bond strength of 
repaired concrete”, Elsevier journal, 
Construction and Building Materials, Vol 51, 
Nov-2013, pp.2-10.  

 
7) Momayez, M.R. Ehsani, A.A. 

Ramezanianpour, and H.Rajaie, “Comparison 
of methods for evaluating bond strength 
between concrete substrate and repair 
materials”, Elsevier journal, Cement and 
Concrete Research 35, May 2005, pp. 2-10.  

 
8) Bassam A. Tayeh, B.H. Abu Bakar, M.A. 

Megat Johari, Yen Lei Voo, “Mechanical and 
permeability properties of the interface between 
normal concrete substrate and ultra- high 
performance fiber concrete overlay”, Elsevier 
journal, Construction and Building Materials 
Vol-36, June – 2012, pp. 1-11.  

 
9) Guangjing Xiong, Jinwei Liu, Gengying Li, and 

Huicai Xie, “A way for improving interfacial 
transition zone between concrete substrate and 
repair materials”, Permagon journal, Cement 
and Concrete Research 32, Apr-2002, pp. 1-5.  

 

International Journal of Scientific Research and Review

Volume 7, Issue 6, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/736


