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In structures where equilibrium torsion occurs, in addition to shear and flexure, torsion 
should be calculated and designed. Torsional strength of sections made with 
homogeneous materials can be estimated quite accurately using theory of elasticity. But it 
is very difficult to assess the torsional strength of heterogeneous reinforced concrete 
sections. The problem becomes more acute because such members are seldom under pure 
torsion; rather they are subjected to bending shear and torsion. Many theories have been 
proposed to explain the phenomenon of torsion in reinforced concrete, such as skew 
bending theory and space truss analogy. A large amount of experimental research has 
also been devoted to the subject. It has been observed that a plain concrete member when 
subjected to cracking torque fails along a spiral inclined at 45° to the axis of the member. 
It is obvious that reinforcement in the form of 45° rectangular spirals will be most 
effective in resisting torque in case of a member of rectangular section. Provision of only 
transverse stirrups but no longitudinal bars without stirrups increases torsional strength to 
the extent of 15% the most appropriate system of torsional reinforcement consists of 
longitudinal bars together with closed transverse stirrups. In view of above observations, 
an attempt is made to study the following aspects:  
a) Behaviour of reinforced concrete beam under pure torsion, combined bending and 
torsion  

(i) Without glass fibres 
(ii) With glass fibres 

b) The effect of increase of fibre percentage on torsional resistance of beam.   
c) To develop torque. Vs. twist relation of the beams. 
d) To study the cracking pattern in each case.  
The experimental program consists of casting 8 reinforced concrete beams (4 for pure 
bending and 4 for combined bending and torsion) of size 150mm X150 mm and length 
2m. Two of them were casted without fibres to make a comparative study with the 
remaining 6 beams; two beams are casted with 0.5% fibre by volume of concrete, two 
beams 1.0% fibre by volume in the rest two beams 1.5% fibre by volume added. The 
longitudinal reinforcement, spacing of shear stirrups is kept constant. 

KEYWORD -Aspect ratio,Glass Fibres, Reinforced concrete, Beam, Torsional strength. 
I.Introduction 

When a beam is transversely loaded in such a manner that the resultant force passes 
through the longitudinal shear Centre axis, the beam only bends and no torsion will 

Abstract 
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occur. When the resultant acts away from the shear Centre axis, then the beam will not 
only bend but also twist. 

In practical reinforced-concrete construction, torsion usually occurs as a secondary effect 
of bending.  Members subject to combined bending and torsion should normally be 
designed in the same way as sections subject to combined bending and shear, which is a 
similar problem. The section should be proportioned to resist the bending moment, 
andadditional torsional shear reinforcement should then be introduced if the torsional 
resistance of the section is inadequate.  

When the twisting moment was dominant the initial crack occurred at the middle of the 
north face where the shear stresses due to torsion and flexure shear where additive. 

The inclination of these initial cracks was nearly 45o to the axis of the beam. The cracks 
propagated towards the top with increasing angle of inclination and bottom faces. The 
beam at the ultimate stage formed a hinge along the four face, which is the compression 
face. This face is free from cracks.  

The hinge connected to ends of only one of the several cracks transferring the three 
faces.With further loading the concrete began to crush along the compression hinge and 
failure occurred. 

A. Strengthening of beams 

For torsional strengthening, there are many methods such as: section enlargement, 
stirrup spacing decreasing, external post tensioning method, addition of fibres to concrete 
etc. While many methods of strengthening, structures are available, strengthening 
structures by adding fibre is one of the advanced techniques. During the past decade, their 
application in this field has been rising due to the well-known advantages of FRP 
composites over other materials. Consequently, a great quantity of research, both 
experimental and theoretical, has been conducted on the behavior of FRP-strengthened 
reinforced concrete (RC) structures. In this regard, the evolving technology of using 
carbon-bonded fibre-reinforced polymers (CFRP) for strengthening of RC beams has 
attracted much attention in recent years. 

B. Fibre reinforced concrete 
In the plain concrete and similar brittle materials, structural cracks develop even before 
loading, particularly due to drying shrinkage or other causes of volume change. The 
width of these cracks seldom exceeds a few microns, but their other two dimensions 
maybe of higher magnitude. 

When loaded, the micro cracks propagate and open up, and owing to the effect of stress 
concentration, addition a crack form in places of minor defects. The structural cracks 
proceed slowly or by tiny jumps because various obstacles retard them, changes of 
direction in by passing the more resistant grains in matrix. The development of such 
micro cracks is the main cause of inelastic deformation in concrete.  

C. Types of Fibres 

Depending upon the parent material used for manufacturing fibres can be broadly 
classified as;  

1. Metallic fibres (e.g. low carbon steel, stainless steel, galvanized iron, aluminum)  
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2. Mineral fibres (carbon, glass, asbestos etc.) 
3. Synthetic fibres (polypropylene, polyethylene, polyester, nylon etc.) 
4. Natural fibres (bamboo, coir, jute, sisal, wood, sugarcane bagasse etc.) 
D. Glass Fibres 

Glass fibre (or glass 
fine fibres of glass. Glassmakers throughout history have experimented with glass 
but mass manufacture of glass 
machine tooling. In 1893,
Columbian Exposition
of silk fibres. This was first worn by the popular stage actress of the time
Cayvan. Glass fibres can also occur naturally, as
thin strands of silica-based or other formulation glass are
small diameters suitable for
glass into fine fibres has been known for millennia; however, th
textile applications is more recent. Until this time, all glass 
as staple (that is, clusters of short lengths of 

TABLE I.Specification of Glass 

II. Experimental Program

The experimental program consist
150mmx150mmx2000mm.
remaining two are without glass fibres. Within these
glass (FR 0) fibres of 0.5% by 
two with 1.5% by weigh
Torsion and ii) Combined bending and

A. Proportioning of Beam Specimen

The flexural reinforcement consisted of two 8 mm diameter bars at the bottom and two 8 
mm diameter bars at the top of the beam used as anchor bars. Shear reinforcement was 
provided in the form of two
were made of 6 mm diameter bars. The stirrups were 100 mm wide and
The center to center spacing of the stirrups was 180 mm.

Length Shape 

12mm Round 
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(carbon, glass, asbestos etc.)  
(polypropylene, polyethylene, polyester, nylon etc.) 

(bamboo, coir, jute, sisal, wood, sugarcane bagasse etc.) 

glass fibre) is a material consisting of numerous extremely 
. Glassmakers throughout history have experimented with glass 

but mass manufacture of glass fibre was only made possible with the invention of finer 
machine tooling. In 1893, Edward Drummond Libbey exhibited a
Columbian Exposition incorporating glass fibres with the 

. This was first worn by the popular stage actress of the time
can also occur naturally, as Pele's hair. Glass 
based or other formulation glass are extruded

small diameters suitable for textile processing. The technique of heating and drawing 
has been known for millennia; however, the use of these 

textile applications is more recent. Until this time, all glass fibre had been manufactured 
(that is, clusters of short lengths of fibre). 

Specification of Glass Fibre 

Fig -1: Glass

II. Experimental Program 

The experimental program consists of casting and testing of eight
150mmx2000mm. Out of which six of them are glass fibre 

without glass fibres. Within these six beams, two beam are
FR 0) fibres of 0.5% by weight (FR 0.5), two beam of 1.0% by 

weight (FR 1.5). All the beams were tested to study the effects
ombined bending and torsion. 

Proportioning of Beam Specimen 

The flexural reinforcement consisted of two 8 mm diameter bars at the bottom and two 8 
the top of the beam used as anchor bars. Shear reinforcement was 

provided in the form of two-legged rectangular stirrups with standard hooks. Stirrups 
were made of 6 mm diameter bars. The stirrups were 100 mm wide and

spacing of the stirrups was 180 mm. 

Diameter Aspect 
Ratio 

0.01386 
mm 

865.27 
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(polypropylene, polyethylene, polyester, nylon etc.)  
(bamboo, coir, jute, sisal, wood, sugarcane bagasse etc.)  

) is a material consisting of numerous extremely 
. Glassmakers throughout history have experimented with glass fibres, 

was only made possible with the invention of finer 
exhibited a dress at the World's 

 diameter and texture 
. This was first worn by the popular stage actress of the time Georgia 

. Glass fibre is formed when 
extruded into many fibres with 

processing. The technique of heating and drawing 
e use of these fibres for 
had been manufactured 

 

GlassFibres 

s of casting and testing of eight RCC beams of size 
of them are glass fibre reinforced and the 

six beams, two beam are cast with 
beam of 1.0% by weight (FR 1) and 

FR 1.5). All the beams were tested to study the effectsofi) Pure 

The flexural reinforcement consisted of two 8 mm diameter bars at the bottom and two 8 
the top of the beam used as anchor bars. Shear reinforcement was 

legged rectangular stirrups with standard hooks. Stirrups 
were made of 6 mm diameter bars. The stirrups were 100 mm wide and 100 mm in depth. 
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B. Materials 

The M 20 grade of concrete was used for the casting of RC and RFRC beams. An 
Ordinary Portland Cement (OPC) of 53 MPa strength, 
aggregate, crushed stone aggregate with a maximum particle 
aggregate, Glass fibres and potable
proportion obtained from these materials is given in 

 

 

C. Set up and Testing Procedure

All the beams were tested for torsion under UTM of 400 kN i
lab.The test is conducted on UTM using locally fabricated load transfer equipm
setup is shown in fig.IV for pure torsion and fig.V for combined bending and torsion
beam was placed on two cubes, which were placed on UTM platform. The beams are 
simply supported on concrete cubes. Arms were fixed at either end of the beam. A 
crossbeam is placed such that it rests on two ends of the arms without touching the beam. 
The torque was applied through this cross beam applying load from UTM at the center of 
this cross beam. And while combined bending and torsion the same setup was used along 
with a point load of1kN
Dial gauges were fixed at the selected points.
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Fig-2 : Details of beam 

The M 20 grade of concrete was used for the casting of RC and RFRC beams. An 
ement (OPC) of 53 MPa strength, locally available river sand as fine 

aggregate, crushed stone aggregate with a maximum particle size of 20 mm as coarse 
aggregate, Glass fibres and potable water were used in this investigation. The mix 
proportion obtained from these materials is given in table below; 

Table II. Mix Proportions for M 20 

Water Cement 
Fine 

Aggregate 
Coarse 

Aggregate 
186 kg 454 kg 681 kg 1362 kg 
0.45 1 1.5 3 

Table IIIDesignation of the Beams 

Beam Type Designation 
Fibre 

Fraction 
(%) 

Reinforced 
Concrete 

Fibre 
Reinforced 

FR 0 
0 

Glass FRC FR 0.5 0.5 
Glass FRC FR 1 1 
Glass FRC FR 1.5 1.5 

. Set up and Testing Procedure 

All the beams were tested for torsion under UTM of 400 kN in the strength of materials 
test is conducted on UTM using locally fabricated load transfer equipm

setup is shown in fig.IV for pure torsion and fig.V for combined bending and torsion
beam was placed on two cubes, which were placed on UTM platform. The beams are 

supported on concrete cubes. Arms were fixed at either end of the beam. A 
crossbeam is placed such that it rests on two ends of the arms without touching the beam. 
The torque was applied through this cross beam applying load from UTM at the center of 

. And while combined bending and torsion the same setup was used along 
1kN  wasapplied from the Centre of the beam using hydraulic jack. 

Dial gauges were fixed at the selected points. 
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The M 20 grade of concrete was used for the casting of RC and RFRC beams. An 
locally available river sand as fine 

size of 20 mm as coarse 
water were used in this investigation. The mix 

 

n the strength of materials 
test is conducted on UTM using locally fabricated load transfer equipment. The 

setup is shown in fig.IV for pure torsion and fig.V for combined bending and torsion. The 
beam was placed on two cubes, which were placed on UTM platform. The beams are 

supported on concrete cubes. Arms were fixed at either end of the beam. A 
crossbeam is placed such that it rests on two ends of the arms without touching the beam. 
The torque was applied through this cross beam applying load from UTM at the center of 

. And while combined bending and torsion the same setup was used along 
applied from the Centre of the beam using hydraulic jack. 
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D. Sequence of loading

First crossbeam was made just in touch with the loading frame of UTM. This point load 
(1kN) is applied at the center of the beam using hydraulic jack. Finally putting the point 
load constant and then the torque load is increased  at every 0.1 kN for calcul
torsional moment and the deformation observed in the dial gauge with the least count of 
0.01mm for the calculat

These increments in readings were taken throughout the test. The load was applied till the 
ultimate failure of beam. The deflections were taken at one end of the beam, and the 
torsional moment by angle of twist graph was plotted from the obtained results.

 

Fig -
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Sequence of loading 

First crossbeam was made just in touch with the loading frame of UTM. This point load 
(1kN) is applied at the center of the beam using hydraulic jack. Finally putting the point 
load constant and then the torque load is increased  at every 0.1 kN for calcul
torsional moment and the deformation observed in the dial gauge with the least count of 
0.01mm for the calculation of angle of twist of beam.  

These increments in readings were taken throughout the test. The load was applied till the 
ure of beam. The deflections were taken at one end of the beam, and the 

torsional moment by angle of twist graph was plotted from the obtained results.

 
Fig -III.Plan of testing setup 

 

-IV .Schematic Test Setup at the End of Specimen
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First crossbeam was made just in touch with the loading frame of UTM. This point load 
(1kN) is applied at the center of the beam using hydraulic jack. Finally putting the point 
load constant and then the torque load is increased  at every 0.1 kN for calculation of 
torsional moment and the deformation observed in the dial gauge with the least count of 

These increments in readings were taken throughout the test. The load was applied till the 
ure of beam. The deflections were taken at one end of the beam, and the 

torsional moment by angle of twist graph was plotted from the obtained results. 

Schematic Test Setup at the End of Specimen 
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Fig -V.  Experimental Setup of the Beam in pure torsion

Fig -VI. Experimental Setup of the Beam

III. Results And Discussion

A. In Pure Torsion 

The final results at cracking point and ultimate load point obtained after calculations 
all the test readings. 
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Experimental Setup of the Beam in pure torsion 

 
Experimental Setup of the Beam in combined bending and torsion

Results And Discussion 

The final results at cracking point and ultimate load point obtained after calculations 

Table IV. Test Results of cracking torque 

BEAM 
Load 
kN 

Cracking 
torque 

(kN-M) 
FR 0 6 4.11 

FR 0.5 7 4.716 
FR 1 9 5.916 

FR 1.5 11 7.116 

Table V. Test Results of ultimate torque 

BEAM Load 
kN 

Ultimate 
torque 
(kN-M) 

FR 0 9 5.916 
FR 0.5 10 6.516 
FR 1 11 7.116 

FR 1.5 13 8.316 
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in combined bending and torsion 

The final results at cracking point and ultimate load point obtained after calculations of 
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Chart -1: Torque Twist response of FR 0

The FR 0 (control beam) failed completely in torsion at a load of 9 kN and ultimate 
torque is 5.916 kNm. It was observed that cracks were appeared making an angle
with the main beam. The cracks were developed in a spiral pattern all over the main beam 
which later leads to the failure of the beam in torsional shear.

Chart -2: Torque Twist response of FR 0 and FR 0.5

Chart 2: The beam FR 0.5 failed complete
is 6.516 kNm. The increase in the strength of beam in ultimate torque was 10.14% as 
compared to control beam.

 

Chart -3: Torque Twist response of  FR 0 and FR 1

Chart -3: The beam FR 1 failed completely in torsion at a load 11 kN and ultimate torque 
is 7.116 kNm. The increase in the strength of beam in ultimate torque was 20.28% as 
compared to control beam.

Chart -4: Torque Twist response of FR 0 and FR 1.5
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1: Torque Twist response of FR 0 

The FR 0 (control beam) failed completely in torsion at a load of 9 kN and ultimate 
torque is 5.916 kNm. It was observed that cracks were appeared making an angle
with the main beam. The cracks were developed in a spiral pattern all over the main beam 
which later leads to the failure of the beam in torsional shear. 

 

2: Torque Twist response of FR 0 and FR 0.5 

Chart 2: The beam FR 0.5 failed completely in torsion at a load10 kN and ultimate torque 
is 6.516 kNm. The increase in the strength of beam in ultimate torque was 10.14% as 
compared to control beam. 

 

3: Torque Twist response of  FR 0 and FR 1 

3: The beam FR 1 failed completely in torsion at a load 11 kN and ultimate torque 
is 7.116 kNm. The increase in the strength of beam in ultimate torque was 20.28% as 
compared to control beam. 

 

4: Torque Twist response of FR 0 and FR 1.5 
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The FR 0 (control beam) failed completely in torsion at a load of 9 kN and ultimate 
torque is 5.916 kNm. It was observed that cracks were appeared making an angle 400-500 
with the main beam. The cracks were developed in a spiral pattern all over the main beam 

 

ly in torsion at a load10 kN and ultimate torque 
is 6.516 kNm. The increase in the strength of beam in ultimate torque was 10.14% as 

 

3: The beam FR 1 failed completely in torsion at a load 11 kN and ultimate torque 
is 7.116 kNm. The increase in the strength of beam in ultimate torque was 20.28% as 
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Chart 4: The beam FR 1.5 failed completely in torsion at a load 13 kN and ultimate torque 
is 8.316 kNm. The increase in the strength of beam in ultimate torque was 40.56% as 
compared to control beam.

Chart -5: Torque Twist response of FR 0, FR 0.5, FR 1 and 

Chart 5: It is clear that FR 1.5 beam which strengthen with 1.5% glass 
experienced largest value of torsional moment(torque) and angle of twist up to the failure 
of beam. 

Chart-6 Variation of Cracking load and ultimate load
 

Above bar diagram shows the cracking and ultimate load taking strength for all glass fibre 
reinforced beams with respect to FR 0 (control beam), and is observed that FR 1.5 gives 
maximum cracking and torsional load compared with FR0, FR 0.5 and FR 1.

Chart-7 Variation of Cracking Torque and ultimate torque
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t 4: The beam FR 1.5 failed completely in torsion at a load 13 kN and ultimate torque 
is 8.316 kNm. The increase in the strength of beam in ultimate torque was 40.56% as 
compared to control beam. 

 

5: Torque Twist response of FR 0, FR 0.5, FR 1 and FR 1.5 

Chart 5: It is clear that FR 1.5 beam which strengthen with 1.5% glass 
experienced largest value of torsional moment(torque) and angle of twist up to the failure 

 
6 Variation of Cracking load and ultimate load 

bar diagram shows the cracking and ultimate load taking strength for all glass fibre 
reinforced beams with respect to FR 0 (control beam), and is observed that FR 1.5 gives 
maximum cracking and torsional load compared with FR0, FR 0.5 and FR 1.

 
 

Variation of Cracking Torque and ultimate torque 
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t 4: The beam FR 1.5 failed completely in torsion at a load 13 kN and ultimate torque 
is 8.316 kNm. The increase in the strength of beam in ultimate torque was 40.56% as 

 

Chart 5: It is clear that FR 1.5 beam which strengthen with 1.5% glass fibre fraction 
experienced largest value of torsional moment(torque) and angle of twist up to the failure 

bar diagram shows the cracking and ultimate load taking strength for all glass fibre 
reinforced beams with respect to FR 0 (control beam), and is observed that FR 1.5 gives 
maximum cracking and torsional load compared with FR0, FR 0.5 and FR 1. 
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Above bar diagram shows the cracking and ultimate torsional strength for all glass fibre 
reinforced beams with respect to FR 0 (control beam), and is observed that FR 1.5 gives 
maximum cracking and torsional strength compared with FR0, FR 0.5 and FR 1. 

B. In Combined Bending and Torsion 

The results at cracking point and ultimate load point keeping point load of 1kN 
constant (for bending) are obtained after calculations of all the test readings. 

 

TableVI.Test Results of cracking torque 

BEAM 
Load 
kN 

Cracking 
torque 
(kN-M) 

FR 0 4 2.916 
FR 0.5 5 3.516 
FR 1 6 4.116 

FR 1.5 7 4.716 
 

Table VII.Test Results of ultimate torque 

BEAM Load 
kN 

Ultimate 
torque 
(kN-M) 

FR 0 6 4.116 
FR 0.5 8 5.316 
FR 1 9 5.916 

FR 1.5 10 6.516 
 

 

Chart -1: Torque Twist response of FR 0 

Chart -1: The FR 0 (control beam) failed completely in torsion at a load of 6 kN and 
ultimate torque is 4.116 kNm. It was observed that cracks were appeared making an angle 
500-580 with the main beam. The cracks were developed in a spiral pattern all over the 
main beam which later leads to the failure of the beam in torsional shear. 
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Chart -2: Torque Twist response of FR 0 and FR 0.5 

Chart 2: The beam FR 0.5 failed completely in torsion at a load 8 kN and ultimate torque 
is 5.316 kNm. The increase in the strength of beam in ultimate torque was 29.1% as 
compared to control beam. 

 

Chart -3: Torque Twist response of FR 0 and FR 1 

Chart -3: The beam FR 1 failed completely in torsion at a load 11 kN and ultimate torque 
is 7.116 kNm. The increase in the strength of beam in ultimate torque was 20.28% as 
compared to control beam. 

 

Chart -4: Torque Twist response of FR 0 and FR 1.5 

Chart 4: The beam FR 1.5 failed completely in torsion at a load 10 kN and ultimate torque 
is 6.516 kNm. The increase in the strength of beam in ultimate torque was 58.3% as 
compared to control beam. 
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Chart -5: Torque Twist response of FR 0, FR 0.5, FR 1 and FR 1.5

Chart 5: It is clear that FR 1.5 beam which strengthen with 1.5% glass 
experienced largest value of torsional 
of beam. 

Chart-6 Variation of Cracking load and ultimate load

Above bar diagram shows the cracking and ultimate load taking strength for all glass fibre 
reinforced beams with respect to FR 0 (control beam), and is observed that FR 1.5 gives 
maximum cracking and torsional load compared with FR0, FR 0.5 and FR 1.
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: Torque Twist response of FR 0, FR 0.5, FR 1 and FR 1.5 

Chart 5: It is clear that FR 1.5 beam which strengthen with 1.5% glass 
experienced largest value of torsional moment (torque) and angle of twist up to the failure 

 
6 Variation of Cracking load and ultimate load 

diagram shows the cracking and ultimate load taking strength for all glass fibre 
reinforced beams with respect to FR 0 (control beam), and is observed that FR 1.5 gives 
maximum cracking and torsional load compared with FR0, FR 0.5 and FR 1.
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Chart 5: It is clear that FR 1.5 beam which strengthen with 1.5% glass fibre fraction 
torque) and angle of twist up to the failure 

 

diagram shows the cracking and ultimate load taking strength for all glass fibre 
reinforced beams with respect to FR 0 (control beam), and is observed that FR 1.5 gives 
maximum cracking and torsional load compared with FR0, FR 0.5 and FR 1. 
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Chart-7 Variation of Cracking Torque and ultimate torque 

Above bar diagram shows the cracking and ultimate torsional strength for all glass fibre 
reinforced beams with respect to FR 0 (control beam), and is observed that FR 1.5 gives 
maximum cracking and torsional strength compared with FR0, FR 0.5 and FR 1. 

IV. Conclusions 

A. In Pure Torsion 

From the results obtained in pure torsion, following conclusion is drawn;  

� Use of fibre has found very beneficial to increase the torsional strength of RC beam 
subjected to pure torsion.  

� The cracking torsional strength of FR 1.5 increased upto 72.8% which is very significant 
increase in the strength of concrete compared to conventional RC Beam.  

� The ultimate torsional strength of FR 1.5 increased upto 40.56% which is very significant 
increase in the strength of concrete compared to conventional RC Beam. 

� The fibre reinforced concrete brittleness in decreased and increase in ductility can be 
observed. 

� The fibre reinforcement has also succeeded to increase stiffness of the beam by decrease 
the angle of twist of strengthen beam compared to conventional RC beam.  

� The initial crack pattern has observed at higher loads in the fibre reinforced strengthen 
beams.  

B. In Combined bending and Torsion 

From the results obtained in combined bending and torsion, following conclusion is 
drawn;  

� Use of fibre has found very beneficial to increase the torsional strength of RC beam 
subjected to combined bending and torsion.  

� It is observed angle of crack increases with increase in fibre percentage. 

� The cracking torsional strength of FR 1.5 increased upto 61.7% which is very significant 
increase in the strength of concrete compared to conventional RC Beam.  

� The ultimate torsional strength of FR 1.5 increased upto 58.3% which is very significant 
increase in the strength of concrete compared to conventional RC Beam. 

� The fibre reinforced concrete brittleness in decreased and increase in ductility can be 
observed. 

� The fibre reinforcement has also succeeded to increase stiffness of the beam by decrease 
the angle of twist of strengthen beam compared to conventional RC beam.  

The initial crack pattern has observed at higher loads in the fibre reinforced strengthen 
beams.  
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