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Abstract— The strut-and-tie method (STM) is a rational 

methodology for the design of D (Discontinuity) regions in 

structural concrete. D-regions are those portions of a structure 

in which there is a complex non-linear variation in strain and 

beam bending theory cannot be used. The flow of forces 

within a D-region can be modelled using a network of struts 

and ties, called as a strut-and-tie model, which serves to 

transfer the applied loads to the supports or to adjacent 

B(Beam or Bernoulli) regions. Bottle-shaped struts are 

formed within a D- region when the external load is applied 

to a relatively small area of the member and the stresses 

disperse as they flow through the member. As the 

compression disperses along the length of a bottle-shaped 

strut, tensile stresses perpendicular to the axis of the strut are 

developed to counteract the lateral component of the angled 

compression forces. An experimental investigation was 

carried out to determine the performance of concrete under 

compression and tension for different amounts of glass fibers 

in concrete. Fibers are added in the amounts of 0%, 0.5%, 

1.0%, 1.5%, 2% and 2.5% of weight of cement. It is observed 

that characteristic compressive strength of concrete is 

increased by 10% and 14 % and split tensile strength was 

increased by 18% and 10 % for M25 and M40 grade concrete 

respectively for 1 % of fibers. As the transverse tension is the 

main problem in bottle-shaped struts, addition of fibers in 

concrete will increase the performance of bottle-shaped 

struts. Performance of the strut is assessed from the efficiency 

factor#. Test specimen consisted of 400mm X 400 mm X 100 

mm panels, tested for in plane loading under compression for 

two different grades of concrete and different amounts fiber 

contents. From the test results, it was observed that efficiency 

of bottle shaped struts increased up to 34% and 28% for M25 

and M40 grade concrete respectively for 1% fibers in cement 

weight. Also addition of fibers to the concrete delayed the 

occurrence of main crack in the bottle-shaped strut. Therefore 

it can be concluded that addition of glass fibers to the concrete 

is an economical solution to increase the performance of the 

concrete in terms of capacity and serviceability. 
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I. INTRODUCTION 

Reinforced concrete beam theory is based on the Bernoulli's 

assumption that strain varies linearly across the depth of the 

member, as a result of which plane sections remain plane 

before and after bending. This assumption is validated by St. 

Venant's principle, which states that the stresses due to axial 

load and bending approach a linear distribution at a distance 

approximately equal to the overall depth of the member, h, 

away from a discontinuity. Therefore, St. Venant's principle 

does not apply to sections located closer than distance 'h' from 

a discontinuity in the applied load or geometry. This leads to 

the identification of the so called Discontinuous or Disturbed 

or D-region within reinforced concrete members. Thus, 

reinforced concrete structures may be divided into regions 

where beam theory is valid, often referred to as 'Beam' or 

'Bernoulli' or simply 'B-regions', and regions where 

discontinuities affect member behavior, knows as 'Disturbed' 

or 'D-regions'. 

II. LITERATURE REVIEW 

Ramakrishna and Ananthanarayana conducted experiments 

on 26 single span simply supported reinforced concrete deep 

beams having different depth-to-span ratios tested over a 

constant span length of 69 cm. The beams were tested under 

both concentrated (at a single point and two points) and 

distributed loads. The variables considered were the span-to- 

depth ratio and the type of loading. In their investigation, they 

found that the modes of shear failure in deep beams are nearly 

the same as those in shallow beams under low shear 

span/depth ratios (a/d< 2). The shear failure in deep beams is 

always initiated by splitting action, the phenomenon of failure 

being similar to that in a cylinder under diametric 

compression (as in Brazilian splitting test). There is no 

evidence of any sliding action during the initiation of the 

shear failure. Stiffness of the beam increases with increase in 

‘depth-to- span’ ratio by providing web reinforcement, 

stiffness of the beam increases. 

Smith and Vantsiotis Observed that reported their 

test results of 52 reinforced concrete deep beams under two-

point loading. Their experimental objectives were to study the 

effect of vertical and horizontal web reinforcement and shear 

span to effective depth ratios on the inclined cracking 

strength, the ultimate shear strength, the mid-span deflection, 

the strain in reinforcement strain, and the crack width. From 

their observations they suggested that 

Web reinforcement was found to have no effect on 

the formation of inclined cracks. But. it had moderate effect 

on ultimate shear strength. 

The addition of vertical web reinforcement 

improved the ultimate shear strength but the addition of 

horizontal web reinforcement did not have any noticeable 

effect. 

A considerable increase in load-carrying capacity 

was observed with increasing concrete strength and 

decreasing shear span-depth ratio. 

Brown et al observed that during the course of their 

experimental investigation on bottle- shaped struts, they 

tested 26 isolated specimens to failure. The specimens 

consisted of concrete panels loaded in plane to failure. 

Various reinforcement layouts within the panels were used to 

examine the reinforcement Requirements given in ACI 318-

05[5], Appendix A. The primary variables of the 

investigation were the amount and the placement of the 
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reinforcing bars. In ACI 318-05[5] STM provisions regarding 

the strength of struts, the amount of reinforcement in a strut 

is calculated based on the size of the bars, the spacing 

between the bars, and the angle between the bars and the 

anticipated diagonal crack. Each of these variables was 

examined in the investigation. In one series of tests, however, 

the thickness of the panel and the bearing area were altered to 

examine the effects of the specimen geometry. Brown et al. 

found that regardless of the boundary conditions, the same 

failure mode was observed in each test. In terms of the refined 

strut-and-tie model of the bottle-shaped strut, the failure was 

caused by crushing of the strut adjacent to the node while the 

node remained intact. Failure was initiated at the interface 

between the node and the strut. Reinforcement in the body of 

the panel had minimal impact on the strength of that interface 

and, therefore, on the strength of the strut. The results 

indicated that the use of the Eq.(A-4) in Appendix A of ACI 

318-05[5] Code regarding the amount of reinforcement 

required in a strut produces conservative but erratic results 

when compared with the test data. On the other hand, 

AASHTO LRFD [4] provisions were reported to be more 

consistent but somewhat less conservative. 

Brown et al. observed that developed an expression 

for the required transverse reinforcement to resist the 

transverse tension developed in bottle-shaped struts. A 

database of 476 test specimens was then used to evaluate the 

equilibrium-based equations along with a series of tests on 

three deep beams. Any reinforcement provided in addition to 

the critical amount required for equilibrium does not increase 

the strength of a bottle-shaped strut, but it helps in controlling 

the crack widths which is very important from the 

serviceability point of view. It was found that the amount of 

transverse reinforcement required maintaining equilibrium in 

a bottle-shaped strut is a function of the applied force to that 

strut. Hence, the efficiency factor affects the required 

reinforcement. The use of bottle-shaped strut without 

transverse reinforcement should not be permitted regardless 

of its efficiency factor. A minimum equivalent reinforcement 

ratio of 0.003 is recommended for serviceability and to 

compensate for the effects of temperature, shrinkage etc. 

Deshmukh S.H., Bhusari J.P, Zende A. M,. 

Observed that Concrete is a tension weak building material, 

which is often crack ridden connected to plastic and hardened 

states, drying shrinkage, and the like. Moreover, concrete 

suffers from low tensile strength, limited ductility and little 

resistance to cracking. In order to improve these properties, 

and attempt has been made to study the effect of addition of 

glass Fibers in ordinary Portland cement concrete. In the 

present experimental investigation glass Fibers in different 

percentage 0 to 0.1% has been studied for the effect on 

mechanical properties of concrete by carrying compressive 

strength test, flexural strength test and splitting tensile 

strength test. The results have shown improvement in 

mechanical and durability properties with the addition of 

glass Fibers. 

Shrikant Harle, Prof. Ram Meghe observed that 

glass Fiber reinforced concrete (GFRC) is a recent 

introduction in the field of civil engineering. So, it has been 

extensively used in many countries since its introduction two 

decades ago. This product has advantage of being light 

weight and thereby reducing the overall cost of construction, 

ultimately bringing economy in construction. Steel 

reinforcement corrosion and structural deterioration in 

reinforced concrete structures are common and prompted 

many researchers to seek alternative materials and 

rehabilitation techniques. So, researchers all over the world 

are attempting to develop high performance concrete using 

glass Fibers and other admixtures in the concrete up to certain 

extent. In the view of global sustainable scenario, it is 

imperative that Fibers like glass, carbon, armed and poly-

propylene provide very wide improvements in tensile 

strength, fatigue characteristics, durability, shrinkage 

characteristics, impact, cavitations, erosion resistance and 

serviceability of concrete. The present work is only an 

accumulation of information about GFRC and the research 

work which is already carried out by other researchers. 

A. Upendra Varma, A.D. Kumar observed that 

world is witnessing the construction of very challenging and 

difficult Civil Engineering Structures. Concrete being the 

most important and widely used material is called upon to 

possess very high strength and sufficient workability 

properties. Concrete the most widely used consrtuction 

material has several desirable properties like high 

compressive strength, stiffness, durability under usual 

environmental factors. At the same time concrete is brittle 

and weak in tension. Efforts are being made in the field of 

concrete technology to develop high performance concretes 

by using fibers and other admixtures in concrete upto certain 

proportions. To improve the concrete properties, the system 

was named alkali resistance glass fiber reinforced concrete in 

the present view the alkali resistance glass fiber has been 

used. In the present experimental investigation the alkali 

resistance Glass Fibers has been used to study the effect on 

compressive, split tensile and flexural strength on M20, M40 

and M60 grades of concrete. 

III. EXPERIMENTAL INVESTIGATION 

To fulfill the aforementioned objectives a series of panels 

were tested for failure after successful trail mixes. M25 grade 

of concrete panels different percentages of glass fibers and 

M40 grade of concrete panels different percentages of glass 

fibers contents were cast and tested to failure. 

The experimental program carried out for two 

different grades of concrete in two phases. In phase 1, effect 

of adding glass fiber to the concrete on compressive strength 

and split tensile strength was studied as per respectively, for 

different amounts of fiber contents. In phase II, concrete 

panels of size 400mm X 400mm X 100 mm are tested to 

determine the efficiency of bottle shaped struts for different 

amounts of fiber contents. 

The succeeding subsections describes in detail about 

the materials used. 

A. Cement 

The Cement used was Jaypee Ordinary Portland Cement 

(OPC) of grade 53 conforming to IS: 8112-1989. The various 

laboratory tests confirming to IS: 4031-1996 (PART 1 to 15) 

specification was carried out and the physical properties were 

found as such: 

 Fineness - 0.225 m2/g 

 Consistency - 25% 

 Initial setting time - 90 min 

 Final setting time - 180 min 
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 Specific gravity - 3.12 

B. Fine Aggregates 

Ordinary sand from local river bed having the following 

characteristics has been used 

 Specific gravity - 2.66 

 Fineness modulus - 2.98 

 Water absorption - 1.35 

C. Coarse Aggregates 

Locally available crushed stone from Anakapalle quarry with 

16 mm graded size have been used as coarse aggregate. The 

physical properties for the coarse aggregate as found through 

laboratory test are 

 Aggregate crushing value = 24% 

 Aggregate impact value = 29% 

 Specific gravity = 2.84 

 Water absorption = 0.755 

D. Glass Fibres 

Glass fiber is a material consisting of numerous extremely 

fine fibers of glass. Some mechanical properties of glass 

fibers used in the study. 

Fiber Tensile Compressive Density Thermal 

type 
Strength 

(MPa) 

Strength 

(MPa) 
(g/Cm3) 

Expansion 

(µm/m·°C) 

E-

glass 
3465 1070 2.57 5.4 

Table 1: Glass Fiber 

IV. RESULTS 

A. Compressive Strength Test Results 

 
Table 2: M25 Grade Compressive Strength Test Results 

 
Table 3: M40 Grade Compressive Strength Test Results 

 
Table 4: Percentage increase in Compressive Strength 

B. Split Tensile Strength Results 

 
Table 5: M25 Grade Test Results 

 
Table 6: M25 Grade Compressive Strength Test Results 

 
Table 7: Percentage increase in Split Tensile Strength 

 
Table 8: Strut efficiency factors 

V. CONCLUSION 

Addition of glass fibers to the concrete improve the 

performance of concrete for fiber content up to 1% of, cement 

weight, beyond which the performance is degraded. 

Compressive strength of concrete increases by 

around 10% for M25 grade concrete and around 14% for M40 

grade concrete. 

Split tensile strength increase by 18% for M25 grade 

concrete and 10% for M40 grade concrete. Improvement in 

the tensile strength reduced as the grade of concrete increases. 

Bottle shaped strut efficiency factors increased by 

around 34 % for M25 Grade concrete and 28 % for M40 

Grade concrete at 1% fiber content in cement weight. 
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Addition of glass fibers in the concrete at 1% in 

cement weight is an economical solution to improve the 

performance of bottle shaped Strut in strut and Tie method. 

Addition of glass fibers to the concrete increases not 

only the strength but also the ductility characteristics of the 

bottle shaped struts. 

Workability of glass fiber reinforced concrete 

decreases by increasing glass fiber content. Thus some water 

reducing admixtures may be recommended to get required 

workability of concrete without compromising on strength. 
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