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Abstract 

Delamination is what happens to a composite material when its layers begin to separate. While this term typically refers to 

layered composites, it is also used to refer to non-layered composites that break down in layers. Delamination is caused by a 

weakening of the bonds holding the layers together, often meaning that an adhesive begins to break down. Since this happens 

inside a material, the substance won’t necessarily show any signs of wear, making its breakdown unexpected. In our experiment, 

we tried to study about different factors which affects the delamination such as different working temperature, humidity in 

environment, effect ofadherend thickness of composite materials etc. In this paper we will discuss about the effect of adherend 

thickness by beam theory, compliance theory and area method.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

A composite material is any material that is made of multiple substances. The constituent pieces are bonded together either 

physically, chemically or through use of adhesives. The goal of a composite is making an item that has superior properties to 

those of any of the constituent materials. In our experiment we have used the adherends of different thickness and analyzed in the 

load frame by beam theory, compliance theory and area method. 

II. METHODOLOGY 

We have used the following methodology during the analysis- 

 Preparation of Specimen A.

Figures (a) and (b)  are top views of the aluminum adherends used in the assembly of the split cantilever beam specimen. Figure  

is a top view of the 24 ply laminate used in between the two aluminum adherends. Figure (d) is a top view of the completed 

specimen. 

 
Fig. 1: (A) Aluminum Bar Adherend (Plan View) 

 
Fig. 1: (B) 24 Ply Unidirectional Graphite/ Epoxy Laminate With Kapton Implant Starter Crack Inserted To A Depth Of 50.8 Mm 
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Fig. 1: (C) Duplicate Aluminum Adherend For Opposite Side 

 
Fig. 1: (D) The Bonded Specimen 

As shown in Figures (a) and (c), the two aluminum bars were machined so that the surfaces along the major dimension were 

parallel Two holes of 6,35 mm (1/4") diameter were drilled and tapped at 12.7 mm (1/2") and 38.1 mm (1 1/2") from the end of 

the beam The adherends used in this study were made of 6061 T6 aluminum. The aluminum adherends were next sanded with 

coarse sandpaper on the inward faces. These inward faces eventually are bonded to the laminate The sanding roughens the 

aluminum adherend thereby improving its ability to bond with the Hysol adhesive Ivory dishwashing liquid and distilled water 

were used in conjunction with a scouring pad to clean the bars The bars were then rinsed with methyl-ethyl-ketone (MEK). Next, 

a sodium bi-chromate and sulfuric acid solution was heated on a hot plate in a rectangular pyrex baking dish to 65.6 C and the 

aluminum bars were placed with their sanded sides down into the solution Once the temperature returned to 65.6 C, the bars 

remained in the solution for 12 – 15 minutes as recommended for acid etch by the Forest Products Laboratory (FPL) This FPL 

acid etch procedure further improves the surface adhesion. When the allocated etching time had elapsed, the bars were rinsed 

with distilled water and were allowed to dry on tongue depressors aided with a heat gun. Throughout the process care was taken 

not to contaminate the bonding surface. The 3502 resin pre-impregnated AS4 fiber unidirectional tape was layed up and then 

cured in an autoclave per the manufacturer's directions The panels were subsequently stored in a dessicator until needed to 

prevent the possibility of moisture absorption. The strip widths were equal to the aluminum adherend beam depth b in Figure(a) 

plus an additional 0.254 mm (0.01 inches) The additional 0 254 mm (0 01 inches) facilitated removal of excess Hysol adhesive 

from the laminate edges. The AS4/3502 laminate strips are naturally rough due to the texture of the peel ply and therefore were 

only rinsed with MEK and allowed to dry prior to bonding. Next the two part Hysol EA 9309.3 NA was mixed and the laminate 

was bonded between the aluminum adherends using three C-clamps Steel bars cut to the dimensions of 12.7 mm x 25 4 mm x 

305 mm (1/2" x 1" x 12") surrounded the aluminum adherends, thereby evenly distributing the pressure of the C clamps. Excess 

adhesive was continually removed with Kim wipes throughout the bonding process. A proper bond-line thickness and maximum 

toughness was ensured due to the presence of 0.127 mm (0.005 inch) diameter glass beads in the Hysol adhesive. The adhesive 

was allowed to dry at room temperature for seven days. After the C-clamps and pressure distribution bars were removed, the 

laminate of the specimen were sanded to remove a thin coating of Hysol that could not be removed when in a liquid state. The 

sanding ensures that crack propagation is not inhibited by any toughened material along the edges Water base typewriter 

correction fluid was applied tothe upper and lower composite edges. Two paper strips were cut from graph paper containing 1 

mm divisions and rubber cemented to the upper and lower surface of the aluminum portion of the specimen, flush with the 

composite laminate edges. Prior to cementing, the paper strips were sequentially numbered at the centimeter divisions. The paper 

strips provided a scale for reference and the correction fluid improved crack length visibility. As previously mentioned, each 

specimen contained a two inch Kapton implant starter crack between the twelfth and thirteenth plies of the layup. The scaled and 

painted specimen was finally given an extended natural mode I starter crack. 

  Byclamping the specimen at the opposite end and driving the razor wedge down the inserted crack, the crack was gradually 

extended from an implant of 5 cm to a natural crack of approximately 6 to 7.5 cm For temperature testing, steel as well as 

aluminum adherends were used with either a laminate of layup [9 011/01]s or a laminate of layup [024]T . The [9011/01]s layup 

was selected to match the coefficient of thermal expansion of the steel than the [024]T Debonding due to a mismatch of thermal 

expansion coefficients is less likely to occur when using the [9011/0i]s layup with steel adherends than when using the 

[024]Tlayup with aluminum adherends. The steel adherend preparation procedures were the same as for aluminum, including the 

acid etch; however, a two part high temperature paste epoxy, Hysol EA 9394, was used inplace of the Hysol EA 9309. The 

double split cantilever plate specimens were prepared from 24 ply AS4/3502 graphite/epoxy tape which was layed-up and 

autoclave cured into a panel following manufacturer's instructions. The plates were machine cut with through the thickness 

starter cracks of varying length having crack width of 0.254 mm (10thousandths of an inch).Figure(b)shows the top view of a 24 

ply thick split plate specimen. After machining, the split cantilever plate specimens were precracked from the machined crack, 

Water base correction fluid was applied to the non-precracked portion of the plate and lines were drawn with a fine point 

indelible marker transverse to the longitudinal axis of the specimen. 

 Testing the Effect of Adherends Thickness: B.

During testing of composite a 24.5 KN MTS load frame is used. 



Experimental Approach on Study About Delamination in Composite Materials  
(IJSTE/ Volume 1 / Issue 12 / 042) 

 

 All rights reserved by www.ijste.org 
 

257 

 
Fig. 2: MTS Load Frame 

III. RESULTS 

 The Effect of 12.7 mm Adherend Thickness by Beam Theory: A.

Table - 1 

G IIIC (KN/m2) Crack length (mm) 

2.5 50 

2.0 75 

1.75 85 

1.5 100 

1.25 110 

1.40 125 

1.25 125 

1.25 150 

1.20 200 

 

 The Effect of 12.7 mm Adherend Thickness By Compliance Theory: B.

Table - 2 

G IIIC (KN/m2) Crack length (mm) 

2.00 50 

1.70 75 

1.30 85 

1.20 100 

1.00 130 

1.10 135 

1.00 150 

0.98 175 

1.00 180 

0.98 200 

 



Experimental Approach on Study About Delamination in Composite Materials  
(IJSTE/ Volume 1 / Issue 12 / 042) 

 

 All rights reserved by www.ijste.org 
 

258 

       The Effect of 12.7 mm Adherend Thickness By Area Method: C.

Table - 3 

G IIIC (KN/m2) Crack length (mm) 

1.30 50 

1.25 75 

1.27 120 

1.25 140 

1.20 160 

1.00 175 

1.20 220 

 

 The Effect of 19.05 mm Adherend Thickness By Area Method: D.

Table – 4 

G IIIC (KN/m2) Crack length (mm) 

1.25 60 

1.27 80 

1.30 112 

1.27 135 

1.75 150 

1.24 165 

1.27 170 

1.50 185 

1.25 215 

 

 The Effect of 19.05 mm Adherend Thickness By Compliance Theory: E.

Table - 5 

G IIIC (KN/m2) Crack length (mm) 

1.75 60 

1.60 75 

1.25 80 

1.27 96 

1.35 112 

0.96 130 

1.00 135 

1.12 140 

1.00 155 

1.00 160 

1.12 162 

1.10 175 

1.10 178 

1.50 200 

 

 The Effect of 19.05 Mm Adherend Thickness by Beam Theory: F.

Table - 6 

G IIIC (KN/m2) Crack length (mm) 

1.80 60 

1.75 75 

1.50 85 

1.60 100 

1.70 112 

0.96 125 

1.25 130 

1.80 150 

1.25 162 

1.50 200 
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IV. CONCLUSION 

From above results it is shown that the 

1) Crack length increases as adherends thickness increases.  

2) Crack length increases as stress on composite increase.  

3) Variation in results of different theories increases as stress on composites increases. 
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