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Abstract— In this work united bending and twist has been 

considered for the fibre reinforced concrete beams by 

taking the different percentage of fibre volume. The glass 

fibres are used for the investigation. This would seem to 

justify large number of investigations dealing with pure 

torsion of concrete members. This paper is intended to 

review existing literature related to RC beams 

strengthened united bending and pure twist in order to 

better understand the nature. The top reinforcement, aspect 

ratio and volume chunk of glass fibers kept constant for all 

the beams. From the tests conducted, it was found that the 

torsional strength is independent of longitudinal 

reinforcement. The longitudinal reinforcement, spacing of 

shear stirrups is kept constant.n present research, an 

attempt is made to study the following aspects: Behaviour 

of reinforced concrete beam under. 1) Combined bending 

and torsion, (a)Without glass fibres (b)With glass fibres 

2)The effect of increase of fibre percentage on torsional 

resistance of beam. 3) To develop torque. Vs. twist 

relation of the beams. The experimental program consists 

of casting 4 reinforced concrete beams of size 150mm 

X150 mm and length 2m. Two of them were cast without 

fibres to make a correlative study with the remaining 3 

beams; one beam is cast with 0.5% fibre by weight, one 

beam 1.0% fibre by weight in the rest one beam 1.5% fibre 

by weight added. 

Key words: Aspect Ratio, Glass Fibres, Reinforced 

Concrete, Beam, Torsional Strength, Point Load 

I. INTRODUCTION 

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, twist usually 

occurs as a secondary effect of bending. Members subject 

to united bending and torsion should normally be designed 

in the same way as sections subject to combined bending 

and shear, which is a similar problem. 

Twisting moments which are not essential for 

equilibrium but are present only to establish compatibility 

of deformation give rise to compatibility torsion while the 

neglect of compatibility torsion may lead to undesirable 

cracking and inadequate serviceability, the neglect of 

equilibrium torsion may lead to disastrous collapse of the 

structure. Depending upon the nature of applied loading, 

structural form and position of the member under 

consideration in the structural system, the twisting 

moments may be static of dynamic, transient of sustained 

and non-repetitive or cyclic.In this case the internal 

resisting torque at any stage is in equilibrium with the 

external applied torque. Most of the torsion tests on 

concrete members and structural systems reported in the 

last decades deal with monotonically increasing static 

torsion. Transient or short-term twisting moments arise 

due to temporary live loads and environmental effects 

such as wind and seismic forces. On the other hand long 

time torsion is produced by dead loads and live loads, 

which are more or less permanent. The creep under 

sustained torsion gives rise to higher deformation and 

reduced stiffness. While short time torsion has been 

investigated extensively, only few studies deal with long 

time torsion. Hence it is combined bending and twist 

which is of real practical interest. However, for the well-

being of insight in to combined torsion it is necessary to 

understand the phenomenon if pure torsion. This would 

seem to justify large number of investigations dealing with 

pure torsion of concrete members.This work can also be 

further drown-out by adding some admixtures such as fly 

ash etc. and Varying the stirrup steel and spacing. 

A. Strengthening of Beam 

The hinge connected to ends of only one of the several 

cracks deliver the three faces. With further loading the 

concrete began to crush along the compression hinge and 

failure appear.While many methods of strengthening 

structures are available, strengthening structures by adding 

fibre is one of the advanced techniques. 

For torsional strengthening, there are many 

methods such as: section enlargement, stirrup spacing 

decreasing, external post tensioning method, addition of 

fibres to concrete etc.  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 

behaviour of FRP-strengthened reinforced concrete (RC) 

structures.  

B. Fibre Reinforced Concrete [2] 

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 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 [2] 

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) 

2) Mineral fibres (carbon, glass, asbestos etc.) 

3) Synthetic fibres (polypropylene, polyethylene, 

polyester, nylon etc.) 
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4) Natural fibres (bamboo, coir, jute, sisal, wood, 

sugarcane bagasse etc.) 

D. Glass fibres 

 
In 1893, Edward Drummond Libbey exhibited a dress at 

the World's Columbian Exposition incorporating glass 

fibres with the diameter and texture of silk fibres. This was 

first worn by the popular stage actress of the time Georgia 

Cayvan. Glass fibres can also occur naturally, as Pele's 

hair. Glass fibre is formed when thin strands of silica-

based or other formulation glass are extruded into many 

fibres with small diameters suitable for textile processing. 

Glass fiber when used as a thermal insulating material, is 

specially manufactured with a bonding agent to trap many 

small air cells, resulting in the characteristically air-filled 

low-density "glass wool" family of products. 

Length Shape Diameter Aspect Ratio 
12mm Round 0.01386 mm 865.27 

Table 1: Specification of Glass Fiber 

II. EXPERIMENTAL PROGRAM  

The experimental program consists of casting 4 

reinforced concrete beams of size 150mm X150 mm and 

length 2m.Two of them were casted without fibers to 

make a comparative study with the remaining 6beams; two 

beams are casted with 0.5% fiber by volume, two beams 

1.0% fiber by volume in the rest two beams 1.5% fiber by 

volume added.The inclination of these initial cracks was 

nearly 45o to the axis of the beam.  

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-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. The center to center spacing of 

the stirrups was 180 mm. 

 
Fig. 2: Details of beam 

III. 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, 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 materials is given in table below; able 2 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 

∴ Mix Proportion is 1:1.5:3[6] 

Designation of the Beams 

Beam Type Designation 
Fiber  

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 

Table 3: Beam Casting Schedule 

A. Set Up and Testing Procedure 

All the beams were tested for torsion under UTM of 400 

kN in the strength of materials lab of GNI engineering 

college Hyderabad. The three samples of each type of 

beam specimen were tested. The 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. this cross beam and also a point load of was 

1kNapplied from the Centre of the beam using hydraulic 

jack. Dial gauges were fixed at the selected points. 

B. Loading of Sequence 

 
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 
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dial gauge with the least count of 0.01mm for the 

calculation of angle of twist of beam. 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. 

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. 

 

IV. RESULTS AND DISCUSSION 

A. BEAM FR 0 

S

L 

no 

Load(k

N) 

Torqu

e 

m) 

(kN- 

Dial   

gauge 

readin

g 

(mm) 

Angle of 

Twist 

In 

radians/m 

Total 

angle  

of 

twist 

of  

beam 

in 

radians 

1 1 0.6 0.9 0.0015 0.003 

2 2 1.2 1 
0.00166666

7 

0.00333

3 

3 3 1.8 2.71 
0.00451666

7 

0.00903

3 

4 4* 2.4 3.86 
0.00643333

3 

0.01286

7 

5 5 3 6.88 
0.01146666

7 

0.02293

3 

6 6 3.6 14.79 0.02465 0.0493 

Table-10 

*Recorded load at value at which first crack observed 

The FR 0 (control beam) failed completely in 

torsion at a load of 6 kN and ultimate torque is 4.116 

kNm. 

B. Chart 2 BRAM FR 0.5 

SL 

no 

Load 

(kN) 

Torque 

(kN- 

m) 

Dial 

gauge 

reading 

(mm) 

Angle of 

Twist 

In radians/m 

Total 

angle  of 

twist of 

beam in 

radians 

1 1 0.6 0.88 0.001466667 0.002933 

2 2 1.2 1.11 0.00185 0.0037 

3 3 1.8 2.27 0.003783333 0.007567 

4 4 2.4 3.38 0.005633333 0.011267 

5 5* 3 6.89 0.011483333 0.022967 

6 6 3.6 12.72 0.0212 0.0424 

7 7 4.2 17.58 0.0293 0.0586 

8 8 4.8 20.51 0.034183333 0.068367 

Th beam FR 0.5 failed completely in torsion at a 

load 8 KN and ultimate torque is 5.316 KNm. 

C. Chart -3 BEAM FR 1 

S

L 

no 

Load(k

N) 

Torqu

e 

(kN- 

m) 

Dial 

gauge 

readin

g 

(mm) 

Angle of 

Twist 

In 

radians/m 

Total 

angle  

of 

twist 

of  

beam 

in 

radians 

1 1 0.6 0.88 
0.00146666

7 

0.00293

3 

2 2 1.2 0.98 
0.00163333

3 

0.00326

7 

3 3 1.8 1.81 
0.00301666

7 

0.00603

3 

4 4 2.4 2.28 0.0038 0.0076 

5 5 3 4.56 0.0076 0.0152 

6 6* 3.6 7.81 
0.01301666

7 

0.02603

3 

8 8 4.8 26.71 
0.04451666

7 

0.08903

3 

9 9 5.4 28.16 
0.04693333

3 

0.09386

7 

D. Chart-4 BEAM FR 1.5 

S

L 

no 

Load(k

N) 

Torqu

e  

(kN- 

m) 

Dial   

gauge 

readin

g 

(mm) 

Angle of 

Twist 

In 

radians/m 

Total 

angle  

of 

twist 

of  

beam 

in 

radians 

1 1 0.6 0.65 0.00108333

3 

0.00216

7 

2 2 1.2 0.85 0.00141666

7 

0.00283

3 

3 3 1.8 1.71 0.00285 0.0057 

4 4 2.4 2.28 0.0038 0.0076 

5 5 3 4.58 0.00763333

3 

0.01526

7 

6 6 3.6 8.87 0.01478333

3 

0.02956

7 

7 7* 4.2 9.16 0.01526666

7 

0.03053

3 
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8 8 4.8 14.15 0.02358333

3 

0.04716

7 

9 9 5.4 24.16 0.04026666

7 

0.08053

3 

10 10 6.51 29.15 0.04858333

3 

0.09716

7 

The beam FR 1.5 failed completely in torsion at a 

load 10 KN and ultimate torque is 6.516 KNm.  

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

and FR 1.5 

It is clear that FR 1.5 beam which strengthen with 1.5% 

glass fiber fraction experienced largest value of torsional 

moment (torque) and angle of twist up to the failure of 

beam. 

 

F. 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. 

V. CONCLUSION 

From the results obtained following conclusion is drawn; 

1) From the Torque-Twist curves, derived from the 

thesis work, it is observed that, the steepness of the 

Torque –Twist curve increases with increase of 

percentage of glass fibers by volume. 

From this observation it is concluded that, both 

cracking torsional strength and ultimate torsional 

strength increases with the addition of glass fibers. 

2) From the Torque-Twist tables, derived from the thesis 

work, it is observed that the angle of twist at the 

cracking stage is increasing with the increase of 

percentage of glass fiber. 

From this observation it is concluded that, the 

ductility property of the reinforced concrete beams 

can be increased by adding glass fibers. That is 

decreasing the brittleness of the concrete by adding 

glass fibers. 

3) From the cracking pattern diagrams of beams 

subjected to both pure torsion and combined bending 

and torsion, it is observed that the inclination of 

cracks to their respective longitudinal axis increase 

with the increase of fiber content, hence it is 

concluded that the increase in fiber content of beams 

improves the rotational capacity. 

4) From the above said points it can be concluded that 

this thesis work helps in finding the amount of 

addition of glass fiber to the area of the given 

structure where concrete is to bear some part of the 

tensile stress. 

5) 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. 

6) The fibre reinforced concrete brittleness in decreased 

and increase in ductility can be observed. 

7) 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. 
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