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Carbon fabric/epoxy composites are materials used in aeronautical industry to manufacture several components 
as flaps, aileron, landing-gear doors and others. To evaluate these materials become important to know their 
mechanical properties, for example, the tensile strength. Tensile tests are usually performed in aeronautical industry 
to determinate tensile property data for material specifications, quality assurance and structural analysis. For this 
work, it was manufactured four different laminate families (F155/PW, F155/HS, F584/PW and F584/HS) using 
pre-impregnated materials (prepregs) based on F155TM and F584TM epoxy resins reinforced with carbon fiber fabric 
styles Plain Weave (PW) and Eight Harness Satin (8HS). The matrix F155TM code is an epoxy resin type DGEBA 
(diglycidil ether of bisphenol A) that contains a curing agent and the F584TM code is a modified epoxy resin type. 
The laminates were obtained by handing lay-up process following an appropriate curing cycle in autoclave. The 
samples were evaluated by tensile tests according to the ASTM D3039. The F584/PW laminates presented the 
highest values of tensile strength. However, the highest modulus results were determined for the 8HS composite 
laminates. The correlation of these results emphasizes the importance of the adequate combination of the polymeric 
matrix and the reinforcement arrangement in the structural composite manufacture. The microscopic analyses of 
the tested specimens show valid failure modes for composites used in aeronautical industry.
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1. Introduction

Carbon fabric reinforced polymeric composites are very used 
for manufacturing components as flaps, aileron, landing-gear doors, 
and other artifacts used in aeronautical industry1,2. Additionally, the 
composites can be used in other areas like home construction, navy, 
automotive and sport industries3,4.

In general, aeronautical polymeric composites are classified as 
advanced and present continuous fiber reinforcement (for example, 
carbon, glass or aramide) of high-modulus or high-strength embedded 
in a thermoset or thermoplastic polymeric matrix. The appropriate 
performance of these composites during use is mainly related to 
their mechanical properties and thermal resistance as a result of the 
adequate combination of reinforcement (tapes or fabrics), polymeric 
matrix and processing technique2,5.

Polymeric composites reinforced with carbon reinforcements 
show mechanical properties similar or higher than the conventional 
metallic materials, because an advanced polymeric composite presents 
high strength-to-weight and stiffness-to-weight ratios2,5,6. In addition, 
the polymeric composites present higher fatigue strength and higher 
corrosion resistance.

Among the polymeric matrices, the epoxy resins (thermoset 
polymer type) are very used in aeronautical area, because they 
generally attend the mechanical strength, chemical resistance and 
service temperature requirements7,8. The epoxy resin also allows 

modifications in its chemical structure depending on the required 
application.

In the last years pre-impregnated (prepreg) material has been used 
to manufacture polymeric composites in aeronautical industries. The 
advantage of using prepreg is its tight relation between reinforcement 
and polymeric matrix (usually 60:40 (v:v)), respectively, for thermoset 
prepregs) attending several requirements for manufacturing structural 
composite components1,4,9-11.

Another important advantage presented by the prepregs is that 
this intermediate material is available as tape or fabric, which allows 
to adjust the reinforcement positioning, tickness, layer number and 
orientation in the molding, according to the mechanical efforts that the 
final component will be submitted. This material favors also an easy 
and clean manufacture of components with complex geometries12.

Despite the several advantages of the polymeric composites over 
the metallic materials, the former is more susceptible to mechanical 
damages when they are subjected to great efforts of tension, com-
pression and impact, which can lead to interlayer delamination9,13-15. 
With further application of external load, the delamination propa-
gates through the interlayers leading to catastrophic failure of the 
composite structure16.

Damage tolerance of polymeric thermoset composites can be 
enhanced by improving interlaminar properties by toughening the 
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matrix with thermoplastic polymers and/or elastomer modifiers, 
and also by reinforcing the matrix with several rearrangements of 
the fibers16,17.

The modification of epoxy matrix with thermoplastic polymers 
and/or elastomers is a tendency of the aeronautical industry, aiming 
to reduce the mechanical damage of polymeric composites by impact 
loads12,18. So, the use of modified polymeric matrix in the composite 
manufacture requires a systematic evaluation of the mechanical 
properties. In this work, laminate composites with modified matrices 
were evaluated by tensile tests according to the aeronautical industry 
requirements.

The tensile tests are used to determine both strength and modulus 
values to be used in component projects and also to verify technical 
specifications and quality assurance of projects. The fracture surfaces, 
resultant of the tests, are used to support the failure mode analysis19,20. 
The literature shows that these parameters have been evaluated involv-
ing the epoxy composites characterization15,21,22.

In this work, it was used rectangular specimens of polymeric 
composites with end-tabs in accordance to ASTM D303920. Generally, 
rectangular specimens are required for the composite material char-
acterization, because the “dog-bone” type tends to split in the region 
where the width changes. Still the grips of tension test frame introduce 
large stress concentration in the specimen. To minimize this effect, tabs 
with tapered ends must be bonded on each side of the specimen, because 
the tensile test can cause tension concentration with shear load.

The tensile strength of specimens with the reinforcement oriented 
at 0° is governed by the tensile strength of the fibers, while for the 
90° ones the specimens fail by crack propagation through the matrix 
and/or the fiber/matrix interface19,21. When fabric reinforcement is 
used it can occurs different failure mechanisms. The influence of the 
reinforcement orientation on the compression after impact strength of 
the carbon fabric/epoxy composites is related by Paiva et al.18.

This work shows a study involving the tensile strengths of four 
different composite laminates, using two types of epoxy matrix (F155 
and F584) reinforced with two types of carbon fabrics (PW and 8HS). 
Failure modes of specimens tested under tensile test were also classi-
fied in according with ASTM D3039-0020 recommendation.

2. Experimental

2.1. Composites molding
For molding the studied polymeric composites it was used pre-

pregs based on epoxy matrices (F155 and F584 codes) and carbon 
fiber fabric reinforcements (0/90°) with Plain Weave (PW) and Eight 
Harness Satin (8HS) arrangement types. The F155TM is an epoxy 
resin DGEBA (diglycidil-ether of bisphenol-A) type and F584TM is 
a modified epoxy resin combined with elastomeric novel converters 
to give elongation when the fibers are strained. The F584TM modified 
epoxy resin presents medium toughness and impact resistance12. The 
supplier (Hexcel Composites) does not reveal more details about the 
prepregs, which justify that more detailed technical information about 
the modified epoxy formulations is restricted.

The manufacture of the four laminate composite families (F155/
PW, F155/HS, F584/PW and F584/HS) was carried out by manual 
lamination process positioning the prepreg sheets in a metallic mold. 
The molding process used an autoclave system under pressure of 
0.70 MPa and vacuum of 0.08 MPa. For the F155, it was used a curing 
cycle with a heating rate of 2.5 ± 0.2 °C.min-1 up to 121 °C, holding 
at this temperature at least 90 min. For the F584 prepreg it was used 
a curing cycle with a heating rate of 2.5 ± 0.2 °C.min-1 up to 177 °C, 
holding at this temperature for a minimum period of 120 minutes. All 
processed laminates (F155/PW, F155/HS, F584/PW and F584/HS) 
presented 60 ± 1% (v/v) of carbon fiber reinforcement. The resin and 

reinforcement contents were determined by acid digestion method 
according to ASTM D3171-7623. Thickness of the laminates was 
2‑3 mm attending the ASTM D303920.

2.2. Ultrasonic inspection

After molding, all laminates were inspected by ultrasound 
technique adapted with water squirt. For inspection it was used an 
ultrasonic failure detector Reflectoscope S80 with a 0.750’’, 5 MHz 
transmitter type Automation X19625 and a receiver type Automation 
X19267. The laminate plates were mounted midway between probes 
that were carefully aligned to maximize the transmitted signal. The 
probes were transported by an Automation US640 system that gener-
ates a quantized C-scan record of the laminate.

2.3. Tensile test

The tensile tests were carried out in accordance with ASTM 
D303920, using a minimum of twelve specimens (dimensions: 250 mm 
of length x 25 mm of width x 2-3 mm of thickness) for each laminate 
family (F155/PW, F155/HS, F584/PW and F584/HS). The specimens 
were prepared by bonding end-tabs of glass fibers/epoxy laminate. 
This procedure resulted in available area of 130 mm2 of the specimen 
for the tensile test. Figure 1 shows, respectively, the specimens of 
F155/8HS and F584/8HS laminates.

The tensile tests were performed in an universal testing machine 
MTS, model 744, with hydraulic grip and MTS 632 12C-20 exten-
someter, at constant cross-speed of approximately 1.3 mm.min-1, at 
room temperature.

To calculate the tensile strength it was used the equation20:

σ = P
max

/A	 (1)

where:
σ = tensile strength, MPa
P

max
 = maximum load prior to failure, N

A = average cross-sectional area, m2

100 mm

(a)

100 mm

(b)

Figure 1. Specimens of laminates for tensile tests: a) F155/8HS; and 
b) F584/8HS composites.
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Table 3. Codes related to the third characteristic (“local”) of the failure 
mode20.

Failure Location Code

Bottom B

Top T

Left L

Right R

Middle M

Various V

Unknown U

Table 2. Codes related to the second characteristic (“area”) of the failure 
mode20.

Failure Area Code

Inside grip/tab I

At grip/tab A

< 1W from grip/tab W

Gage G

Multiple Areas M

Various V

Unknown U

Table 1. Codes related to the first characteristic (“type”) of the failure 
mode20.

Failure Type Code

Angled A

Edge Delamination D

Grip/tab G

Lateral L

Multi-mode M (xyz)

Long Splitting S

Explosive X

Other O

LIT GAT LAT DGM

LGM SGM AGM (1) AGM (2) XGM

Figure 2. Representation of some typical failure modes in tensile tests of 
composites20.

2.4. Specimen inspection

After the tensile tests, the specimens were photographed and the 
failure modes were analyzed in accordance with the type and the 
location of the damages attending the ASTM D3039-0020 (Figure 2). 
To facilitate the interpretation of the typical failure modes they are 
codified20 in sequence based on characteristics of type, area, local, 
etc., as shown in Tables 1, 2 and 3.

2.5. Stereoscopy analysis

After classification of the failure modes the specimens were 
analyzed in a Zeiss stereoscopy equipment, Stemi SV11 model.

3. Results and Discussion

After molding, the ultrasonic analyses of the inspected laminates 
presented the attenuation values depicted in Table 4 and the images 
showed in Figure 3. In accordance with the scale in the right side, the 

Table 4. Attenuation values by ultrasonic inspection of the laminates after 
molding.

Laminate Attenuation (V)

F155/PW 8.33 to 9.67

F155/8HS 8.67 to 9.33

F584/PW 8.00 to 9.67

F584/8HS 8.67 to 9.67
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Figure 3. Typical C-Scan ultrasonic images after laminates molding.

non-occurrence of defects is related to the superior part (originally 
in orange color), corresponding to the attenuation value of nearly 9. 
The middle part (originally in green color) indicates the occurrence 
of defects as voids, delamination, debonding fiber-matrix, and others, 
corresponding to attenuation values smaller than 5. The inferior part 
(originally in blue color) reveals more intense defects with attenua-
tion value equals 1.

The analysis of the original archives of the C-scan ultrasonic 
images shows that the four laminate families present the orange 
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color, i.e., the composite laminates presented good quality, without 
fabrication defects as delamination, voids, cracks, etc.

Table 5 presents the average results of tensile strength and modu-
lus values of twelve specimens tested for each laminate family. The 
results show that the modified F584-epoxy matrix laminates present 
higher mechanical properties when compared to the F155-epoxy ones. 
The F584/PW family presented the highest tensile strength value (ap-
proximately 1185 MPa) and the F584/8HS the highest tensile modulus 
(approximately 72 GPa). These results suggest that the used toughen 
modifier presented a good compatibility with both F584 epoxy matrix 
and carbon fiber reinforcement. This good compatibility has prob-
ably improved the interfacial adhesion between the components and, 
consequently, the tensile property of the F584 laminates.

Considering the fiber rearrangements, it is observed that the PW 
fabric type shows an increase of the tensile strength when compared 
with the 8HS type, for both epoxy matrices studied. This tendency 
increases when the PW reinforcement is combined with the modified 
F584 epoxy matrix. Probably, this behavior is related to the F584 
matrix toughness that results in an appropriate elongation when the 
carbon fibers are strained. However, these samples showed a contrary 
behavior for the tensile modulus property, where the 8HS arrangement 
showed the highest values for the two epoxy matrices.

Tensile strength results attend the requirements for qualification 
and conformance assurance of the aeronautical industry. According 
to MEP 15-02224, the medium tensile strength values for composites 
reinforced with fabric (0/90°) are 689 MPa. For tensile modulus, the 
range obtained is between 58 GPa to 79 GPa. For comparison, com-
posites reinforced with tape (unidirectional) have a tensile strength 
of approximately 1700 MPa, when tested in the direction of 0°24. 
The literature reports that epoxy matrix reinforced with continuous 
unidirectional carbon fiber presents approximately 1450 MPa of 
tensile strength when tested in the direction of 0° and 62 MPa when 
tested in the direction of 90°2. 

In general, the main advantage of use fabric as reinforcement in 
composite is that the laminates have balanced properties in orienta-
tions of 0° and 90°. However, the tensile strength and modulus of 
fabric-reinforced composites are lower than the unidirectional fiber 
(tape) reinforced composites2.

Lower tensile strength values of fabric reinforced polymeric com-
posites are related to the bi-directional orientation and the undulations 
of the roving in the fabric, due to the woven arrangements (or fabric 
weave patterns). Still, during the tensile test the woven arrangements 
tend to alignment with the effort direction, resulting in microcracks 
in the polymeric matrix of the composite2.

To minimize these events it can be used different types of fabric and 
arrangements. The tensile properties can also be modified by changes in 
the lamination process and/or sequence of the layers of the fabrics.

Figures 4 to 7 show typical specimens tested in tensile, which 
presented valid failure mode, classified in accordance with ASTM 
D3039-0020 (Figure 2) and depicted in Tables 1, 2 and 3.

After the tensile tests all specimen/tab bonded regions of the 
specimens were evaluated and it was verified no occurrence of failure 
by shear and/or debonding in the interface between laminate/tab. 
Some specimens presented fracture near to the tabs as classified in the 
ASTM D3039-0020 and cited in Tables 1, 2 and 3, but no specimens 
showed adhesion failure. Therefore, all the occurred failure modes 
are considered valid and used to calculate the tensile strength and 
modulus of the tested specimens.

Figures 8 to 11 show micrographs obtained by stereoscopy 
analyses of the specimens fractured in tensile tests. It is observed 

Table 5. Results of tensile tests of the composites.

Composite Tensile 
Strength 
(MPa)

Modulus 
(GPa)

Failure Modes 

F155/PW 950.5 ± 24.7 57.8 ± 3.5 LGM
LIT

LMV
LAT
LGB

(5 specimens)
(2 specimens)
(2 specimens)
(2 specimens)
(1 specimens)

F155/8HS 810.0 ± 36.6 67.8 ± 6.0 LAB
LGM

LIT
LIB

(5 specimens)
(3 specimens)
(2 specimens)
(2 specimens)

F584/PW 1185.4 ± 51.4 65.6 ± 4.3 LGB
LGT
LGM

LIT

(5 specimens)
(3 specimens)
(2 specimens)
(2 specimens)

F584/8HS 985.9 ± 62.7 71.5 ± 0.3 LGM
LGB 
LIB 

LAB

(4 specimens)
(3 specimens)
(3 specimens)
(2 specimens)

50 mm

(a)

(b)

Figure 4. F155/PW laminate: a) specimen tested; and b) detail of the failure 
mode type LGM (Lateral Gage Middle).
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50 mm

(a) (b)

Figure 5. F155/8HS laminate: a) specimen tested; and b) detail of the failure mode type LAB (Lateral At grip/tab Bottom).

50 mm

(a) (b)

Figure 6. F584/PW laminate: a) specimen tested; and b) detail of the failure mode type LGB (Lateral Gage Bottom).

(a) (b)

Figure 7. F584/8HS laminate: a) specimen tested; and b) detail of the failure mode type LGM (Lateral Gage Middle).
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1 mm

Figure 8. F155/PW specimen after tensile test, (10x).

1 mm

Figure 9. F584/PW specimen after tensile test, (10x).

1 mm

Figure 10. F155/8HS specimen after tensile test, (10x).

1 mm

Figure 11. F584/8HS specimen after tensile test, (10x).

that the laminates presented total failure in spite of the different ar-
rangements of the warp and fill of the carbon fabrics. The main dif-
ference observed is that the composites reinforced with PW (“Plain 
Weave”) fabric present fractures more linear (Figures 8 and 9) called 
simple and fragile fractures25,26. The composites reinforced with 8HS 
(“Eight Harness Satin”) fabric present fragile fracture with several 
planes called “multi-stepped fracture”25. This behavior is related to the 
rearrangements of the warp and fill of the fabric. It is observed that 
the 8HS type facilitates the crack propagation (Figures 10 and 11), 
resulting in a more rapid total failure of the composite laminate and 
causing a slight decreasing in the tensile strength of the laminate 
reinforced with this fabric.

4. Conclusions

All failure modes were classified according to the ASTM D3039-00 
and they are considered valid for aeronautical industry and can be 
used to calculate the tensile strength and the modulus of the tested 
specimens.

The tensile test results showed that the laminates with modi-
fied F584-epoxy matrix present higher mechanical properties when 
compared to the F155-epoxy matrix. The F584/PW family presented 
the highest tensile strength value (approximately 1185 MPa) and 
the F584/8HS the highest modulus (approximately 72 GPa). These 
results suggest that the used modifier presented a good compatibil-
ity with both F584 epoxy matrix and carbon fiber reinforcement, 
with the advantage of increasing the tensile property of the F584 
matrix. 

In relation to the fabric rearrangements, the PW type showed 
an increase of the tensile strength when compared with 8HS 
type, for both epoxy matrices studied. However, for the modulus 
property, the samples showed a contrary behavior, where the 8HS 
arrangement showed the highest values for two epoxy matrices. 
Microscopic analyses revealed clearly that the carbon fiber rear-
rangement influences over the general aspect of the fractured 
laminates.

The correlation of these results emphasizes the importance of 
an adequate combination of polymeric matrix and reinforcement ar-
rangement in the structural composite manufacture, aiming the end 
use of the processed component.
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