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Fracture mechanics is mechanics of solids containing planes of displacement discontinuities (cracks) with special attention to 

their growth. Fracture mechanics is a failure theory that determines material failure by energy criteria, possibly in conjunction 

with strength (or yield) criteria considers failure to be propagating throughout the structure rather than simultaneous 

throughout the entire failure zone or surface. 

In this project, an experimental investigation was carried out to study the effect of fiber with different aspect ratios on the 

mode-1 fracture. The behaviour of fiber reinforced cement concrete beams (M35 –mix design) are tested under three point bend 

beam. The aspect ratios of 55, 65 and the fibers in the beam of 0%, 0.35%, and 0.7% of cement are distributed uniformly and at the 

mid span of beam. It was found that as the aspect ratio increases the fracture toughness of the beam is increases and by uniform 

distribution of fibers in the gives high strength when compared to distribution of fibers at mid span. 
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INTRODUCTION 

Cementitious constituents can be classified into paste, 

mortar, and concrete categories. ‚Paste‛ is defined as 

the mixture of cement and water, ‚Mortar‛ is the 

mixture of small aggregate, such as sand, with paste, 

and ‚concrete‛ is the composite created with larger 

aggregates, such as gravel or stones, is mixed with 

mortar. The cement found in these constituents 

hydrates when mixed with water, forming a hard 

matrix after curing. While in a liquid form, however, 

this paste fills the space among aggregates, both large 

and small, and bonds them together to form mortar or 

concrete. In addition, a variety of admixtures are used 

with concrete to improve global behaviour, both wet 

and dry. 

During the coring and hardening phases of the 

hydration process a loss of moisture occurs in the 

cement paste, causing shrinkage. Shrinkage is the major 

ABSTRACT 

https://doi.org/10.46501/IJMTST08S0112
https://www.ijmtst.com/vol8si01.html
https://doi.org/10.46501/IJMTST08S0112
https://doi.org/10.46501/IJMTST08S0112
http://www.ijmtst.com/vol7issue11.html


  

 

 
80  International Journal for Modern Trends in Science and Technology 

 

 

cause of weak tensile strengths found in concrete, and is 

also the cause of many internal flaws and cracks that 

exist in concrete prior to loading. These flaws govern 

the mechanical behavior of the global concrete material 

as the flaws initiate and propagate cracks during the 

application of stresses. Mechanical responses are 

influenced by the fracture processes of these flaws 

under loading. 

Introduction to fracture mechanics: 

Crack propagation in concrete structures is preceded by 

formation of a thin but extended fracture process zone, 

also called fracture zone and damage zone. Material 

inside the fracture process zone softens and acquires 

properties which differ from the remaining parts of the 

structure. Applications of models which take into 

account the effects of the fracture process zone have 

demonstrated the very important role which softening 

of concrete plays in governing the failure process of 

concrete structures of medium size. It is now widely 

agreed that an appropriate fracture mechanics model 

should take into account the effects of the softening 

behaviour of concrete. A fracture process zone is 

modelled according to the two different major 

approaches, namely discrete crack approach and 

smeared crack approach. Both approaches are based on 

the same macroscopic behaviour and utilize the same 

basic material properties, but they differ in finite 

element implementation of the observed behaviour. 

However, since the Fictitious Crack Model is the basic 

model of this investigation, it is appropriate to present 

the theoretical framework of this report through the 

concepts of the discrete crack approach. Nevertheless, 

concepts of either of the approaches can be used in 

order to define the physical basis of the strain-softening 

models.  

Micro Cracking in Concrete: 

Concrete is often considered a heterogeneous material 

in engineer design and construction, yet is in reality a 

composite consisting motor matrix and aggregates 

inclusion phases. Upon closer inspection, voids are 

apparent, as the cement paste is actually a mixture of 

different types of crystalline structures at various 

degrees of hydration with trapped and entrained air 

voids. Most researchers simplify concrete as a 

two-phase composite consisting of mortar and 

aggregate; to complete the model, defects known as 

‘micro cracks’ are introduced in the system. The failure 

process is initiated when minute bond cracks format 

mortar-aggregate interfaces, while small cracks may 

also occur in the mortar and aggregate phases 

separately. Fracture of these micro cracks gives concrete 

the semblance of ductility; it is the brittle propagation of 

many micro cracks that form a semi-ductile propagation 

of a micro crack and ultimately lead to material failure. 

 

2. LITERATURE REVIEW 

Shah and Rangan [1971] [1] proposed the following 

general equation for predicting the ultimate flexural 

strength of the fiber composite: 

Fcc = Ahm (1-Vf) B (VfL/df) 

Where Fcc, is the ultimate strength of the fiber 

composite, G is the maximum strength of the plain 

matrix (mortar or concrete), A and B are constants 

which can be determined experimentally. For plain 

concrete, A = 1 and B = 0. The constant B accounts for the 

bond strength of the fibers and randomness of fiber 

distribution. Swamy et al. [1974a] established values for 

the constants A and B as 0.97 and 4.94 for the ultimate 

flexural strength of steel fiber-reinforced concrete and 

0.843 and 4.25 for its first cracking strength. A 

comparative evaluation of the static flexural strength for 

concretes with and without different types of fibers: 

hooked-end steel, straight steel, corrugated steel, a 

polypropylene fibers was conducted by Ramakrishnan 

et al. [1989]. The fibers were tested at 0.5, 1.0, 1.5 and 

2.0% by volume. It was reported that maximum 

quantity of hooked-end fibers that could be added 

without causing balling was limited to 1.0 percent by 

volume. Compared to plain concrete, the addition of 

fibers increased the first cracking strength (15 to 90 

percent) and static flexural strength (15 to 129 percent). 

Compared on equal basis of 1.0 percent by volume, the 

hooked- end steel fiber contributed to the highest 

increase, and the straight fibers provided the least 

appreciable increase in the above mentioned properties. 

Ezeidin and Lowe [1991] [2] studied the flexural 

strength properties of rapid-set materials reinforced 

with steel fibers. The primary variables were (a) 

rapid-set cementing materials, (b) Fiber type, and (c) 

fiber content. Four fiber types made of low-carbon steel 

were incorporated in this study. Two were hooked and 

one was crimped at the ends, and one was crimped 

throughout the length. Steel fibers were added in the 
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quantities of 50, 75 and 100 lbs/yd3 (30, 45 and 6 kg/m). 

An increase in the flexural strength was observed. The 

fiber efficiency in enhancing the flexural strength is 

controlled by the fiber surface Deformation, aspect 

ratio, and fiber content. The results further indicate that 

steel fibers are very effective in improving the flexural 

toughness of rapid-set materials. Toughness indexes as 

high as 4 for I5 and 9 for I10 can be achieved with fiber 

contents of 75 lbs/yd3 (45 kg/m3). 

Johnston and Zemp [1991] [3] investigated the flexural 

performance under static loads for nine mixtures, using 

sets of 15 specimens for each mixture. Each set of 102 x 

102 x 356 mm (4 x 4 14 in.) specimens were prepared 

from five nominally identical batches and tested under 

third point loading over a 305 mm (12 in.) span. First 

crack strengths defined in ASTM C. 108 as the point on 

the load-deflection curve at which the form of the curve 

first becomes nonlinear, and ultimate strength based on 

the maximum flexural load (ASTM C 78) were 

established for the eight fibrous concretes, with only 

ultimate strength for the plain concrete control. 

 

3. MATERIALS AND METHODOLOGY 

1. Cement: 

Ordinary Portland cement conforming to IS 12269 – 

1983 was used for the concrete mix and Specific gravity 

was found to be 3.15. 

2. Fine Aggregate: 

The fine aggregate (sand) used in the work was 

obtained from a nearby river course. The fine aggregate 

that falls in zone-II was used. The specific gravity was 

found to be 2.60. 

3. Coarse Aggregate: 

Crushed coarse aggregate of 4.75mm size passing and 

10mm retained proportion and 10 mm passing-20mm 

retained proportion was usedin the mix. Uniform 

properties were to be adopted for all the prisms for 

entire work. Specific Gravity of coarse aggregate is 2.78. 

4. Steel fibers: 

Fiber is generally known as material with axial resistant 

load, withstand of tensile stress when it applied to 

concrete, recently used in many applications. The 

interaction between fiber and concrete affects the 

ductility performance of material compared to ordinary 

plain concrete. Fibers prevent concrete to early cracking 

due to plastic shrinkage and drying shrinkage. This 

material reduces the permeability of concrete and 

furthermore reduces concrete bleeding. Fibers generally 

will not increase the compressive and flexural strength 

of concrete. Fiber reinforced concrete contains fibrous 

material which increases tensile stress capacity. It 

contains short discrete fibers that are uniformly 

distributed and randomly oriented. The type of fibers 

include steel fibers, glass fibers, synthetic fibers and 

natural fibers, each of these type gives varying 

properties to the concrete. In addition, the character of 

fiber-reinforced concrete changes with varying concrete, 

fiber materials, geometries, distribution, orientation, 

and densities. 

The steel fibers used in this project consists of Crimped 

steel fibers with length of the fiber as L1=35mm and the 

diameter of the fiber as d1=0.5mm. 

The aspect ratio of crimped steel fibers is (L/d) = 55, 65. 

Are used, 

 
fig.3.1 Steel fiber showed of 0.5mm diameter 

5. Water: 

Potable water supplied by the college was used in the 

work. 

6. Mortar: 

Specially made wooden specimen are used for casting 

prisms. Standard cast iron cube and cylinder were used 

for casting of cubes, cylinders. 

7. Vibrator: 

To compact the concrete, a plate vibrator and as well as 

needle vibrator was used and for compacting the Test 

specimens, cubes, cylinders and prisms. 

8. Marble Cutter: 

The beams were cut with a Marble cutter into the 

hardened concrete (fig: 3.2) 

a/b=0.15 
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fig 3.2: Cutting a beam with marble cutter. 

9. Casting: 

The moulds were tightly fitted and all joints were sealed 

by plaster of Paris in order to prevent leakage of cement 

slurry through the joints. The inner side of the moulds 

was thoroughly oiled before going for concreting. The 

mix proportions were put in miller and thoroughly 

mixed. 

The prepared concrete was placed in the moulds and is 

compacted using needle& plate vibrators. The same 

process is adopted for all specimens. After specimens 

were compacted the top surface is levelled with a 

trowel. 

10. Curing: 

The NSC specimens were removed from the moulds 

after 24 hours of casting and HSC specimens were 

removed after 48 hours of casting, the specimens were 

placed in water for curing. 

 

4. EXPERIMENTAL PROCEDURE 

Cube Compression Test: 

This test was conducted as per IS 516-1959. The cubes of 

standard size 150x150x150mm were used to find 

compressive strength of concrete. Specimens were 

placed on the bearing surface of UTM, of capacity 

100tones without eccentricity and a uniform rate of 

loading of 550 Kg/cm2 per minute was applied till the 

failure of the cube. The maximum load was noted and 

the compressive strength was calculated. The results are 

tabulated in Table 5.1 

Cube compressive strength (fck) in MPa = P/A 

Where, 

P= Cube Compression Load 

A= Area of the cube on which load is applied (150 x 150= 

22500mm2) 

Flexural Test: 

SFRC beams of size 150x150x650mm are tested using a 

flexure testing machine. The specimen is simply 

supported on the two rollers of the machine which are 

600mm apart, with a bearing of 25mm from each 

support. The load shall be applied on the beam from 

two rollers which are placed above the beam with a 

spacing of 200mm. The load is applied at a uniform rate 

such that the extreme fibers stress increases at 

0.7N/mm2/min i.e., the rate of loading shall be4 

KN/min. The load is increased till the specimen fails. 

The maximum value of the load applied is noted down. 

The appearance of the fracture faces of concrete and any 

unique features are noted.  

The Bending stress is, 

σ =3PS/2b2t 

Find Fracture Toughness: 

By considering the above bending stresses, the fracture 

toughness is calculated from the principle of linear 

elastic fracture mechanics 

K= σ*√ (πa)*g1 (a/b) 

 

Here, 

σ =3PS/2b2t 

g1(a/b)=1.99-(a/b)*(1-(a/b))*(2.15-3.93(a/b) + 2.70(a/b)2 

For S=4b (aspect ratio) 

√π (1+(2(a/b))(1-( a/b))3/2 

σ = bending stresses stress, p = point load, α = a/b (notch 

depth to beam depth), s = nominal span, l = length, b = 

depth, t = thickness, KI = fracture toughness of mode I 

Find fracture energy, 

Fracture energy (G) = K2/E 

Where, 

G = fracture energy for mixed mode, 

E = young’s modulus. 

Split tensile stress: 

SFRC cylinders of size 15cm (dia) x 30cm (height) are 

casted. The test is carried out by placing a cylindrical 

specimen horizontally between the loading surface of a 

compression testing machine and the load is applied 

until the failure of the cylinder, along the vertical 

diameter. When the load is applied along the general 

matrix, an element on the vertical diameter of the 

cylinder is subjected to a horizontal stress of 2P/πld. 

Where, 

P = Compressive load on the cylinder 

L = Length of the cylinder 

d = diameter if the cylinder 

The main advantage of this method is that the same 

type of specimen and the same testing machine as used 

for the compression test can be employed for this test. 

This is why this test is gaining popularity. The splitting 
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test is simple to perform and gives more uniform results 

than the other tension tests. Strength determined in the 

splitting test is believed to be closer to the true tensile 

strength of concrete, than the modulus of rupture. 

Splitting strength gives about 5 to 10% higher value 

than the direct tensile strength. 

Some practical difficulties encountered: 

The various practical difficulties encountered can be 

summarized as below: 

1.  The phenomenon of Balling and Lumping of fibers is 

generally encountered in field problems due to the 

addition of a fixed percentage of fibers (either on 

volume basis or on mass basis) directly to the 

ingredients of concrete during mixing. In order to avoid 

the occurrence of balling lumping it was proposed to 

add the fibers only while pouring the concrete into the 

moulds. 

2.  The addition of fibers was taken up in three to five 

layers with approximately equal depths of layers and 

equal quantity of fiber in each layer. This result in 

improper or difficulty in penetration of aggregates in 

the void spaces. Also, it was noticed that 2% volume 

fraction of fibers further aggravated this problem. 

3.  The flexural test conducted on Normal Concrete and 

Steel Fiber Reinforced Concrete requires the details 

pertaining to curvature of the beams at various loading 

so as to obtain Moment Curvature relationships and 

also to plot the same. But determination of curvature 

requires sophisticated gauges which are not available in 

our laboratory. Hence, an effort has been made to 

record the load and correspondent deflection and obtain 

the load deflection plots to explain the superiority of 

Steel Fiber Concrete over the Conventional Concrete. 

Table 4.0 mix proportion of M35 grade of concrete 

GRA

DE 

PRO

PO 

RTIO

NS 

CEM

E NT 

Kg/m

3 

F.A 

Kg/

m3 

C.A 

Kg/

m3 

WA

TER 

% 

% 

FIB

ER 

QUAN

TITY 

OF 

FIBER 

USED 

( 

KG/M3

) 

M35 1:1.2:

2.6 

489.9

5 

587.

94 

1273

.87 

0.43 0 0 

M35/

55 

1:1.2:

2.6 

489.9

5 

587.

94 

1273

.87 

0.43 0.35 27.47 

M35/

65 

1:1.2:

2.6 

489.9

5 

587.

94 

1273

.87 

0.43 0.35 27.47 

M35/ 1:1.2: 489.9 587. 1273 0.43 0.7 54.94 

55 2.6 5 94 .87 

M35/

65 

1:1.2:

2.6 

489.9

5 

587.

94 

1273

.87 

0.43 0.7 54.94 

 

 
Fig.4.0 Test setup 

 

5. RESULTS AND DISCUSSIONS 

The beam specimens were tested on the Universal 

Testing Machine under the rate control. All the beam 

specimens were tested under the three point-bending 

under the load rate control. A photograph of the test 

setup is shown in Fig.4.0 to understand the fracture 

behaviour of plain & fiber reinforced concrete beams the 

following graphs were drawn, Load Vs Mid and 

reported to be in table 5.0 to 5.2 load vs span deflection 

(Fig 5.0, 5.1, 5.3& 5.6, 5.7) and aspect ratio variation (5.4, 

5.5), fig.5.8 shows fracture toughness to the aspect ratio. 

 

 
Fig.5.8 fracture toughness- aspect ratio 

The mechanical properties, normal and fracture 

toughness and fracture energy of the beams subjected to 

three point bending with centre notch calculated by 

using the eq.s (5.0 to 5.3) from reference (1). 

From the graphs and Tables it was observed that, for 

mode-I failure of concrete, It was found that the fracture 

toughness and fracture energy increases with the 

increasing of aspect ratio fiber (smaller diameter, longer 

length), volume fraction and uniform distribution of the 

fiber. 
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Table5.0: mechanical properties 

SL.NO % of 

fibe

r 

A/R Cube 

compressive 

strength 

Fck in n/mm2 

Split 

tensile 

strength Ft 

n n/mm2 

1 0 55,65 28.79 1.92 

2 0.35 55 36.85 3.00 

3 65 44.43 4.27 

4 0.7 55 48.84 3.78 

5 65 57.86 5.15 

 

Table5.1: Failure stresses (normal) 

 

SL.NO Specimen P (KN) σ(n/mm2) 

1 55/0 10.2 2.72 

2 55 /0.35/ U 13.5 3.6 

3 55/0.35/ L/3 11.25 3 

4 65/0 .35 /U 15.15 4.04 

5 65/0.35/ L/3 14.85 3.96 

6 55/0 .7/ U 17.46 4.65 

7 55 /0.7/ L/3 16.25 4.33 

8 65/0 .7 /U 19.2 5.12 

9 65/0 .7/ L/3 17.9 4.77 

Table5.2: Fracture toughness and fracture energy 

 

SL.NO Specimen P 

(KN) 

k in 

mpa*√m

m 

G in n/mm 

1 55/0 10.2 22.58 0.019 

2 55 /0.35/ U 13.5 29.89 0.029 

3 55/0.35/ L/3 11.25 24.90 0.020 

4 65/0 .35 /U 15.15 33.54 0.033 

5 65/0.35/ L/3 14.85 32.88 0.032 

6 55/0 .7/ U 17.46 38.65 0.042 

7 55 /0.7/ L/3 16.25 35.98 0.037 

8 65/0 .7 /U 19.2 42.51 0.047 

9 65/0 .7/ L/3 17.9 39.63 0.041 

 

 

Fig5.0: Load-Displacement diagrams for 

M35-55/0,0.35,0.7/U beams 

 
Fig5.1: Load-Displacement diagrams for 

M35-55/0,0.35,0.7/L/3 beams 

 
Fig5.4: Fck - % of steel diagrams for M35-A/R=55, 65 

beams 

 
Fig5.6: Load-Displacement diagrams for 

M35-0.35/U,L/3 beams 

Fig 5.0, indicates the graph between load vs 

displacement (55/0,0.35,0.7/U i.e 0%,0.35% and 0.7% of 

fiber providing as a reinforcement to the uniform 

distribution of the beam with an aspect ratio of 55). 

From this graph it was observed that, the peak load is 

increased with increasing percentage of the fiber. 

Fig 5.1, indicates the graph between load vs 

displacement (55/0,0.35,0.7/L/3 i.e 0%,0.35% and 0.7% of 

fiber providing as a reinforcement in the middle portion 

of the beam with an aspect ratio of 55 From this graph it 

was observed that, the peak load is increased with 

increasing percentage of the fiber. 
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Fig 5.4, indicates the graph between cube compressive 

strength vs % of steel fibers ( A/R=55,65 i.e 0.35% and 

0.7% of fiber providing as a reinforcement to the 

uniform distribution of the cubes with an aspect ratio of 

55,65). From this graph it was observed that, the cube 

compressive strength is increased with increasing 

percentage of the fiber. 

Fig 5.6, indicates the graph between load vs 

displacement (0.35/U,L/3 i.e 0.35% of fiber providing to 

the uniform distribution of the beam with an aspect 

ratio of (55& 65) and middle portion of the beam with 

an aspect ratio of (55& 65). From this graph it was 

observed that, the peak load is increased with 

increasing percentage of the fiber with an aspect ratio of 

65. 

 

6. CONCLUSION 

Based on the tests on eighteen notches concrete beam 

specimens, the following conclusions have been drawn: 

 It is observed that, the aspect ratio increases. 

 It is also observed that, the uniform distribution of 

fiber throughout the beam has more fracture 

toughness compared to the beam has distribution of 

fiber at the mid zone of the beam. 

 It is also observed that, fracture toughness increases 

with volume fraction of the fiber in beam. 

 Flexural response of concrete beam is strongly 

dependent on the aspect ratio, volume fraction and 

distribution of the fiber. 

 Steel fibers significantly influence the post peak 

behavior of concrete in mode-I fracture test. 
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