
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 02, 2017 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 1654 

Stress Intensity Factor and Strain Energy Release Rate in Carbon Epoxy 

Composite Specimen Using ANSYS 

P. Aravinda Keerthi1 Dr P. Ravinder Reddy2 B.Mohan3  
1,3Assistant Professor 2Professor & Head 

1,2,3Department of Mechanical Engineering 
1,3Sri Padamavathi Mahila Visva Vidyalayam,Tirupathi-517502, Andhra Pradesh, India 2Chaitanya 

Bharathi Institute of Technology, Gandipet, Hyderabad-500075,Telangana State, India

Abstract— In aeronautical industry carbon fiber reinforced 

polymeric composites are used to manufacture several 

components such as flaps, aileron, landing gears, doors, 

nose cone and others. The mechanical property of the 

composite becomes complex with the addition of fibers. 

When subjected to compression, tension and flexure tests 

polymeric composites are susceptible to mechanical 

damages that can lead to interlayer delamination. 

Catastrophic failure of the component can occur due to the 

increase in the external load. Transverse stitching or pinning 

the fabric across the laminate to hold the plies together to 

increase inter-laminar shear strength under physical 

approach. The experiments were conducted for carbon 

epoxy composite. Mechanical properties such as thickness 

and elastic ratios are varied to examine the stress intensity 

factor and strain energy release rate in carbon epoxy 

composite by using ANSYS FEA software. The objective of 

the present work is to prepare the three point bend test 

specimen to estimate the distribution, stress intensity factor 

and strain energy release rate in carbon epoxy composite 

using finite element technique. Finite element model is 

generated in ANSYS and numerical analysis is conducted as 

per ASTM standards. 

Key words: Carbon/epoxy, three point bend specimen, SIFs, 
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I. INTRODUCTION 

The term composite could mean almost anything if taken at 

face value, since all materials are composed of dissimilar 

subunits if examined at close enough detail. But in modern 

materials engineering, the term usually refers to a “matrix" 

material that is reinforced with fibers. For instance, the term 

“FRP" (for Fiber Reinforced Plastic) usually indicates a 

thermosetting polyester matrix containing glass fibers, and 

this particular composite has the lion's share of today's 

commercial market. Many composites used today are at the 

leading edge of materials technology, with performance and 

costs appropriate to ultra-demanding applications such as 

spacecraft. But heterogeneous materials combining the best 

aspects of dissimilar constituents have been used by nature 

for millions of years. Ancient society, imitating nature, used 

this approach as well: the Book of Exodus speaks of using 

straw to reinforce mud in brick making, without which the 

bricks would have almost no strength. The fundamental goal 

in production and application of composite materials is to 

achieve a performance from the composite that is not 

available from the separate constituents or from other 

materials. The need for high performance to weight ratio 

structure coming from the most advanced engineering fields 

is the main driver of the increasing usage of composite 

materials for crucial application. Recent developments in 

industries such as aerospace industry require lightweight and 

stiff materials fit the bill perfectly. The materials such as 

fiber-reinforced plastics are widely being used as a 

replacement for steel in the oil and gas industry. Also the 

automotive industry uses laminated glass composite in the 

car windshields to increase their strength. Nano-Aluminum 

is now used as a solid rocket propellant. Ceramic 

composites reinforced with fibers are replacing other 

conventional engineering materials due to their excellent 

high temperature properties. 

Plates and shells are three-dimensional bodies 

characterized by the fact that one of the dimensions is much 

smaller than the other two. Unlike conventional materials of 

steel and concrete there are no readily available design 

charts and guidelines to help the structural engineer when it 

comes to working with composites. Analytical solutions for 

cracked plates are very limited. Aim of the present work is 

to provide the structural engineer with data regarding SIF 

and variation of stress at the crack tip using Finite Element 

Analysis.FEA addressing plate problem fall under two 

categories-one involving singularity formulations and other 

involving paths independent integrals approach .  

ANSYS allows us to model orthotropic materials 

with specialize elements called layered elements. After 

building a model with a layered element structural analysis 

can be carried out. 

A. Mechanical Selection 

The material properties for three points bend specimen of 

carbon fiber – Epoxy resin composite are tabulated in table 

1.these material properties are used to analyze the structural 

stability of the three point bend specimen in Ansys. ANSYS 

is commercially available software for analyzing the 

behavior of structures. This works on Finite Element 

Method. In this method there are three steps to be followed.      

Micromechanics procedure is discussed below for 

estimating the material properties of the composite material 

used in the present study.  

1) Estimated Elastic Constants with Variation in Volume 

Fraction of the Fiber 

The elastic constants are estimated by using some equations. 

The volume fraction of fiber is varied from 50% to 90 % 

and its elastic constants.  

II. MODELING 

In this study; one of the pattern three point bend specimens 

is selected to investigate displacements, stress concentration, 

strain energy release rate and crack mouth opening 

compliance. We design the orthotropic plate along with 

dimensions 108mmx20mmx10mm having a 3-point bend 
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with the above materials. The three point bend specimens 

are shown in figure 1. 

 
Fig. 1: 3-point bend specimen 

Shell 99 is a higher order element used for 

modeling three points bend specimen. The element is a 

linear layered structural shell defined with eight nodes in 

three dimensional spaces. The element has six degrees of 

freedom at each node. The degrees of freedom are deflection 

along X, Y and Z axes in addition to rotational degrees of 

freedom along the same. While performing analysis in 

ANSYS, half model is considered by taking advantage of 

symmetry. The specimen has 2022 nodes and 645 elements. 

The Numerical model of the meshed geometry is shown in 

Figure 2. 

 
Fig. 2: Finite element model of three points bend specimen 

A. Boundary conditions and Loading 

The corner of the three points bend specimen is constrained 

with all nodes and symmetric boundary conditions were 

selected for this analysis as shown in figure3. Force is given 

to the end point of the specimen with respect to Fx and Fy 

direction of the specimen. 
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Table 1: Estimated elastic constants in carbon/epoxy 

composite with variation in percentage of volume fraction 

 
Fig. 3: Boundary conditions applied for the 3 point bend 

specimen. 

B. FEA Solver 

FEA consists of a computer model of a material or design 

that is stressed and analyzed for specific results. Finite 

Element Analysis is a numerical method of deconstructing a 

complex system into very small pieces of user-designated 

size called elements. The software implements equations 

that govern the behaviour of these elements and solves them 

all; creating a comprehensive explanation of how the system 

acts as a whole. These results then can be presented in 

tabulated or graphical forms. Some of the assumptions are 

considered for the analysis as mentioned below. 

 The three point bend specimen material is assumed as 

orthotropic elastic material. 

 Boundary conditions for the three points bend 

specimens. 

III. STATIC ANALYSIS 

It’s used to determine displacements, stresses, etc. under 

static loading conditions. ANSYS can compute both linear 

and nonlinear static analysis. Non-linearities can include 

plasticity, stress stiffening, large deflection, large strain, 

hyper elasticity, contact surfaces, and creep. The following 

are the assumption for the static analysis. 

1) Steady state load condition. 
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2) Doesn’t include an inertial effect (mass and damping). 

The static analysis was done in steps in ANSYS. 

The Load Condition is given to the specimen with varying 

load factor. The stress regions were identified in this 

analysis. 

A. Results 

From these results, we find the failure junction of the 

specimens it’s occurred at the edge point of the specimens. 

The failure region is needs to be taken care to avoid 

structural failures. Figure 4 show the maximum 

displacements for different type of load factor of the 

Specimens and also different aspect ratio’s. 

 
Fig. 4: Deformation in the 3point bend specimen at different 

load N and different aspect ratio. 

Figure 5 show the maximum stress zone for Specimens at 

corresponding load factor and also different aspect ratios. 

 
a. Maximum at load 6911N and aspect ratio 0.42 

 
b. Maximum at load 7084 N and aspect ratio 0.39 

Fig. 5: Maximum von misses stress zones of the Specimen 

Figure 6 show the Variation of strain energy 

release rate for Specimens at corresponding load factor and 

also different aspect ratios. 

 
a. SERR at load 6911N and aspect ratio 0.42 

 
b. SERR at load 7084 N and aspect ratio 0.39 

Fig. 6: Variation of strain energy release rate in  Three Point 

Bend Specimen 

In table 2 strain energy release rate evaluated from 

ANSYS and experimental method are shown. As per the 

standard ASTM 5045, the aspect ratio (A/W) has to satisfy 

the condition 0.45 < (A/W) < 0.55. While performing 

experimental technique, the maximum value of (A/W) is 

0.427 and its minimum value is 0.39. ANSYS maintained a 

uniform (A/W) ratio of 0.435. From table 5.5 it is seen that 

the maximum value of strain energy release rate from 

ANSYS is 22.5kJm-2 at a load of 7084N with a minimum 

aspect ratio of 0.39. From experimental technique it is 

inferred that the maximum value of strain energy release 

rate is 17.83 k-Jm-2 at a load of 6131.25N for an aspect 

ratio of 0.419. With percentage increase of 15.5% in load, 

the strain energy release rate increased by 33.5% by ANSYS 

and 32.5% by experimental method.  
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Table 2: Strain energy release rate in carbon epoxy 

composite with variation in load and aspect ratio 
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From table it is inferred that average deviation 

between experimental method and ANSYS is agreeable. At 

a peak value of aspect ratio (A/W) the corresponding stress 

intensity factor value is 1121.3MPa√m and at minimum 

(A/W) of 0.39, the stress intensity factor is 1217.99MPa√m 

respectively. 

Table 3 Show the strain energy release rate by 

increase in aspect ratio and load at percentage volume 

fraction of 0.9. 

Figure 7 shows the variation of strain energy 

release rate by increase in aspect ratio at percentage volume 

fraction of 0.9. 

 
Fig. 7: SERR with volume fraction percentage at 0.9 

Table 4 Show the Stress intensity factor by increase 

in aspect ratio and load at percentage volume fraction of 0.9. 

Figure 8 shows the variation of stress intensity factor by 

increase in aspect ratio at percentage volume fraction of 0.9. 

 
Fig. 8: SIF with volume fraction percentage at 0.9 

At volume fraction of 0.9, the estimated strain 

energy release rate and stress intensity factor are shown in 

figure 6.30 and 6.31. The highest and least values of strain 

energy release rate at an aspect ratio of 0.5 and 0.479 are 

13.78kJm-2 and 10.33kJm2, 8.96kJm2 and 6.71kJm2. The 

maximum and minimum values of stress intensity factor at 

an aspect ratio of 0.5 and 0.435 are 1310.64MPa√m and 

1134.37MPa√m, 986.77 MPa √m and 833.23 MPa √m 

respectively. The percentage increase in stress intensity 

factor and strain energy release rate is estimated to be 11% 

and 74%. SERR extends between 7.2 k-Jm2 to 8.2 k-Jm2 and 

7.6 k-Jm2 to 8.4 k-Jm2 at an aspect ratio of 0.435 and 0.52 

and its percentage volume fraction is 0.9.  

At an aspect ratio of 0.435 and 0.52, the upper and 

lower bounds of SIF are depicted to be 960MPa√m to 

860MPa√m and 1040MPa√m to 920MPa√m at percentage 

volume fraction of 0.9 

Strain energy release rate kg𝒎−𝟐 

Load a/w=0.435 a/w=0.479 a/w=0.5 a/w=0.52 

6131.25 6.44 6.71 10.32 6.83 

6262.5 6.27 7.00 10.77 7.12 

6677 8.03 7.96 12.24 8.10 

6787 8.30 8.22 12.65 8.36 

6911 8.60 8.52 13.11 8.67 

7084 9.04 8.96 13.78 9.11 

Table 3: SERR at VF 0.9 

Stress intensity factor 

Load a/w=0.435 a/w=0.479 a/w=0.5 a/w=0.52 

6131.25 833.23 914.73 1134.37 922.7 

6262.52 821.76 934.321 1158.66 942.45 

6677 929.99 996.15 1235.34 1004.82 

6787 945.43 1012.56 1255.7 1021.38 

6911 962.7 1031.06 1278.64 1040.04 

7084 986.77 1056.87 1310.64 1066.07 

Table 4: SIF at V.F 0.9 

The following conclusions are drawn from the present work. 

1) When the applied load varied by 15.5%, the percentage 

increase in SIF using ANSYS and experimental method 

are 15.5% and 12.77% respectively. 

2) At a peak value of aspect ratio (A/W) the corresponding 

stress intensity factor value is 1121.3 Mpa√m and at 

minimum (A/W) of 0.39, the Stress intensity factor is 

1217.99 MPa √m respectively. 

3) At lower values of fiber volume fraction, the strain 

energy release rate is higher. 

4) With increase in percentage of volume fraction from 0.5 

to 0.9, the SIF improved by 25 % and SERR by 

158.5%. 

5) The percentage increase in the estimated SIF is 12.7 

with 80 % variation in percentage volume fraction of 

the fiber. 

6) At minimum percentage volume fraction of fiber the 

strain energy release rate and stress intensity factor are 

high. Therefore fibers allow strain energy release rate 

and stress intensity factor and at higher percentage of 

volume fraction of fiber, they resist. 

7) When the aspect ratio is 0.52, the peak and minimum 

values of strain energy release rate are 17.75k-Jm2 and 

23.69 k-Jm2. 

8) At percentage volume fraction of 0.57, the variation of 

strain energy release rate and stress intensity factor with 

increase in aspect ratio are shown in figures 6.14 and 

6.15 respectively. 

9) The percentage increase in stress intensity factor and 

strain energy release rate is 2.7 % and 33.4 %.  

REFERENCES 

[1] J.Ahmad and F.T.Loo, “Solution of plate bending 

problems in fracture mechanics using specialized FEA”, 

Engng fracture mechanics, pp. 661-672. 

[2] Barna.A.Szabo and Glenn J.Sharmann, 1988, 

“International journal for numerical methods”, 

Vol.26,pp. 1855-1881. 

[3] Ang D.D., Williams. M.L., 1961. Combined stresses in 

an orthotropic plate having a finite crack. ASME 

Journal of Applied Mechanics 28, pp.372-378. 

[4] Sigh, G.C., Chen, E.P., 1981. Cracks in composite 

materials. In: Mechanics of Fracture, vol.6.Martinus 

Nijhoff Publishers, The Hague. 

[5] Yuan, F.G., Yang, S., 2000. asymptotic crack-tip fields 

in an anisotropic plate subjected to bending, twisting 



Stress Intensity Factor and Strain Energy Release Rate in Carbon Epoxy Composite Specimen Using ANSYS 

 (IJSRD/Vol. 5/Issue 02/2017/449) 

 

 All rights reserved by www.ijsrd.com 1658 

moments and transverse shear loads. Composites 

science and Technology 60, pp.2489-2502 

[6] Yau, J., Wang, S., Corten, H., 1980. a mixed-mode 

crack analysis of isotropic solids using conservation 

laws of elasticity. Journal of Applied Mechanics 47, 

pp.335-341. 

[7] Nakamura, T., 1991. Three-dimensional stress fields of 

elastic interface cracks Journal of Applied Mechanics 

58, pp.939-946. 

[8] Reddy P.R, Murthy.G.R, 1997, “Stress intensity factor 

using FEA in rectangular orthotropic composite annular 

disc”, Defense Science journal, Vol 47, No 1, pp 55-63. 

[9] P. Rama Lakshmi and P. Ravinder Reddy, Investigation 

of Fracture Parameters in Carbon Epoxy and Carbon 

Epoxy carbon Nano tubes by Experimental Method, 

IJMEMS,5(I),Jan-June 2012,pp 13-18. 

[10] Reddy P.R, Jan 2005 “Fracture Analysis of ceramic 

matrix composites using FEM” Journal of aerospace 

quality and reliability, Vol 1 No1, pp 69-80. 

[11] B.K.Thakkar and P.C.Pandey, 2006, “Continuum 

damage mechanics applied to progressive failure 

analysis of FRP composites- A review” Journal of 

Structural Engineering, Vol.33, No, pp 267-285. 

[12] R.Kumutha, R.Vaidyanathan and M.S.Palanichamy, 

Dec 2006-Jan 2007, “Behavior of concrete compression 

and specimens strengthened using glass fibre-reinforced 

plastics” Journal of Structural Engineering, Vol. 33, 

No.5, pp 01-405.  


