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1. Introduction 

Recently, environmental preservation issues have been critical between the chemical 

pollution matters and the development technology requirements. However, the renewable 

and friendly materials come to use.  

Numerous researches have richly studies the natural fiber reinforcement polymer 

composites. This fact, based on both fibers and matrixes are derived from renewable 

resources. Therefore, the formed composites have more compatibility with the 

environmental preservation issues. [1] Isabel investigated of the most natural fibers are used 

such as palm, cotton, silk, coconut, wool and wood fibers. A significant development in the 

lignocelluloses fiber in thermoplastics realized the distinct researches presented by [2-5] 

Composite-reinforcing fibers can be categorized by chemical composition, structural 

morphology, and commercial function. Natural fibers, such as kenaf, ramie, jute, flax, sisal, 

sun hemp and coir are derived from plants that used almost exclusively in PMCs. Aramid 

fibers [6] are crystalline polymer fibers are mostly used to reinforce PMCs. The compounds 

percentage of composite have the essential role for verify the designed values according to 

applications, therefore the mechanical properties of PMCs predicated by Mohamed (2007).   

The primary function of a reinforcing fiber is to increase the strength and stiffness of a 

matrix material. The fibers reinforced composite have the essential role in this investigation 

for its significant property advantages as high stiffness, lightweight, easily recycled material, 

availability, low manufacturing cost, the environment effect and lifetime rupture behavior. 

Various types of natural fibers are available to combine with other mineral fiber for 

construct composite material. Essentially, the fiber can be classified as vegetable, animal, 

and man-made fibers. The main disadvantages of natural fibers are their high level of 

moisture absorption, poor and interfacial adhesion, relatively low heat resistance. [7-8] 

investigated high speed impact events using (PKV, PRM) composites. This research was 

indicated significant improvements in the penetration resistance. This fact comes from the 

improvement of target geometry structure. Numerous researches have been carried out on 
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the ballistic impact on high strength fabric structures [9-11]. In the airport and marine 

applications, the dynamic loads effect and the chemo interactions were attracted the 

researchers and many methods are employed for computing the surface topography 

parameters, thereby numerous estimations were covered the erosion-corrosion behavior of 

PMCs [12-13]. The most impinging parameters focused on environment effects and 

impinging angle [14-17]. There were many instruments and electronic microscopes 

developed with the time for measuring the roughness parameters and drawing the surface 

topography [19]. The Erosion and corrosion of composite must be determent for the 

accelerator objects, whereby this values will be indicator for measuring the life time rupture 

of composite [18]. 

2. Important  

The automotive and aerospace industries have both shifted for using natural fiber reinforced 

composites as a factor to reduce the weight and getting significant properties of composite 

components. As matter of fact, the impinging liquids of the naval and aerospace 

applications have a direct effect on surface topography. Therefore, advanced studies focused 

on corrosion and erosion behavior. The impinging angle, velocity versus time, composite 

morphology represented the essential parameters of this field of study. In this investigation, 

surface roughness versus time was the indicator for erosion and corrosion effects.  

3. Experiment Procedure and Samples Preparation  

In order to develop new composite material with high impact resistance and high erosion 

resistance, characterization study for two sets of composites materials have been computed. 

The specific composites materials in this research are:  polyester resin-matrix and Kevlar 

reinforced fiber (PKV) with Vf (42%), polyester resin–matrix and ramie reinforced fiber (PRM) 

with Vf (42%). Experimental program was carried out to study the erosion and corrosion 

behavior by computing the surface roughness parameters of (PKV, PRM) before and after 

impinging operation. Hence, Polymer Matrix Composites (PMCs) were examined by 

impingement using water jets when the aqueous solution was 3.5 wt% NaCl. Erosion and 

corrosion tests were impinging at 90 angles at velocity 30 m/s and the impinging period was 

12 hours.  

The composite subject study consists from five Kevlar layers and five ramie layers were 

impregnated with unsaturated polyester. The layers aligned alternatively according to the 

expectation performance. The synthetic ramie fiber was weaved as shown in Figure 1(a) & (b). 

4. Tensile testing of composites  

Tensile specimen (145 x 15 x 7) mm3 are caught according to ASTM D 3039 /D 3039M-95M 

standard (ASTME D 3039, 2003). Tensile test has been conducted and the data acquired 

digitally. Tensile stress, tensile strain and Young modulus of PKV with Vf (42%) and PRM 

with Vf (42%) were calculated and the test was performed by instron machine 10 KN, series 
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Figure 1. Ramie and Kevlar Woven 

2716 and 2736 under stable speed rate 2 mm/min. The test has verified all the specific test 

conditions to determine the tensile properties of specimen according to the ISO 527. Tensile 

test has been performed to estimate the yield stress, young modulus and tensile extension at 

yield point. Additionally, Poisson’s ratio has been calculated by evaluate transverse strain 

and longitudinal strain of composite. Hence, the transverse strain calculated by using strain 

gage that supplied from Tokyo Sokki Kenkyuio co, Ltd. The used gage type was BFLA-2-8 

with gage resistance 120±0.3 Ω. Then, the strain is connected to DAQ bridge system for 

reading the transverse strain. 

The composite behavior under test was an important subject for this investigation and the 

specimen geometry was constructed from five layers Ramie fiber and five layers of Kevlar as 

clarified in the Figure 2. 

 

Figure 2. Tensile Test Specimen with Strain Gage  

5. Ballistic limit and number of layers  

The ballistic limit is commonly defined as a 50% probability of penetrating a target at a 

given impact velocity. The energy absorption is related to the impact velocity, interpreted by 

the effect of the striking velocity on the amount of kinetic energy that is absorbed by the 

   (a) Ramie Woven and PRM                                         (b) Kevlar Woven
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composite material. Hence, the energy absorbed by the fabric is equal to the residual energy 

amount subtracted from total impact energy. 

In this test, the target impinged by using gas gun machine supported by a high speed 

camera for record the impact event at 30,000 frames per second with image size 512 x 64 

pixels per image [7]. Figure 3 (a) shown the gas gun machine. Thus, The velocity before the 

target and the residual velocity after the target were estimated. All the targets were 

impinged by Semi-conical bullets as shown in the Figure 3(b). 

 

Figure 3. Gus gun device of University Putra Malaysia [7,8] 

6. Erosion test and corrosion 

Accurate estimation is carried out for calculating the erosion and corrosion percentage of 

(PKV, PRM) samples. The tests were conducted using a jet at velocity 30 m/s and impinging 

angles 90°. Essentially, the exposure period was the major factor of erosion estimation. 

Hence, the impinging periods were from 3 to 6 and from 6 to 12 hours under room 

temperature. Samples roughness data were recorded before and after the tests by Image 

processing software for scanning probe microscope 

7. Result and discussions 

7.1. Tensile test  

The tensile test of this composite was conducted for specifying the mechanical properties of 

the composite. Generally, the test results recorded high tensile strength. The brittle manner 

was the first stage of composite under test due to the low elongation ability of matrix. The 

second stage was the ductile behavior that embodied of high elongation ability of Kevlar 

layer. From stress – strain curve topography, the specimen have extension at maximum load 

up to 2.49 mm was recorded. There are continuously reductive of the curve as a result to the 

elongation of Kevlar layers. The extension at maximum tensile strain observed at 43.25 mm 

that was evident in the ductile behavior at front face of the specimen. Practically, through 

(a) Ballistic Panel                        (b) Semi-conical bullets 
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the extension test, the back face of the specimen that contented from ramie layers reinforced 

polyester was separated gradually as result to the brittle behavior of ramie – polyester 

matrix. Automatic Young’s modulus in this composite is 4930.5 MPa. This fact plotted in 

stress – strain curve in the Figure 4. The composite properties depend at compounds types 

and volume fraction. Therefore, the volume fraction of fiber or matrix could be calculated as 

it is clarified in the following equation. 

 m
mV

c




   (1) 

Where 

mV = volume fraction of matrix 

m = volume of matrix  

c  = total volume of the composite 

Volume fraction of fiber could be evaluated from. 

 1m fV V    (2) 

Where 

fV = volume fraction of fiber 

The volume of ramie fiber could be calculated from the following equation.   

 f K RV V V    (3) 

Where 

kV = volume fraction of Kevlar 

RV = volume fraction of ramie  

Fiber density can be determined experimentally by weighting the Kevlar and ramie fibers 

and calculated the volume fraction for the fibers and resin. Therefore, from the following 

expression could be calculated the density. 

 c m m
f

f

V

V

 



   (4) 

Where 

f  = Fiber density  

c = Composite density 

m = Matrix density 

The Poisson coefficient represents the contraction in the transverse direction and could be 

calculated by using the follow expression. 
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 lt f f m mV v V v V     (5) 

 0.34ltV    (6) 

ltV = Poisson ratio 

Where the Kevlar Poisson ratio is equivalent to 0.34 [6], ramie Poisson ratio is equal to 0.3 

[20] and 0.4 for unsaturated polyester resin [21]. 

 

Figure 4. Stress – Strain Curve of PKV +PRM Composite  

Modulus of elasticity (E11)  can be calculated in (7). 

 L
11E    




   (7) 

L =longitudinal tensile stress 

   =strain 

(E22) is calculated by using gage strain that recorded the shrinking displacement and more 

than 550 data point recorded load and displacement. The transverse Young's Modulus is the 

initial slope of  tra. 2  curve.  

The Young's modulus can be calculated by using the retrieved data from Figure 5 as 

clarified in the following equation. 

 tra
22

2

E    



   (8) 

0

5

10

15

20

25

30

35

40

45

50

0

3.
28

02
7

6.
56

05
9

9.
84

09
2

13
.1
21

2

16
.4
01

5

19
.6
81

8

22
.9
62

2

26
.2
42

4

29
.5
22

7

32
.8
03

36
.0
83

2

39
.3
63

6

42
.6
44

1

Tensile Strain mm/mm

T
e
n

si
le

 S
tr

e
ss

 M
P

a



 
Characterizations of Environmental Composites 253 

 

Figure 5. Stress – Transverse Tensile Stress and Strain Curve of Composite 

Where 

E22       = Transverse Young's Modulus 

tra =Transverse tensile stress 

2 = Transverse strain 

The maximum shear stress can be obtained from the following equation. 

 max 2

y
    (9) 

Where 

y = Stress in the yield point 

max = Maximum shear stress 

Shear modulus (G12) can be calculated from the load data that plotted in the shear stress 

curve. 

 12G



    (10) 

Where 
 = shear stress 

 = shear strain 

In addition, the Poisson ratio can be estimated from the following equation and the result 

seems equivalent to the Poisson ratio that was calculated according to the compounds 

volumes fraction. Table 1 presents the longitudinal and transverse averages of data. 
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 12
lat

long





   (11) 

Where 

lat  =Transverse strain 

long  =Longitudinal strain 

 

The average of longitudinal data for Kevlar – Ramie –Polyester composite 

E11 

(GPa) 

(σ1)ult 

(MPa) 
(ε1)ult 

ζmax 

(MPa) 

Poisson's 

Ratio 

3.9489±0.5 66.75±5.4 0.125±0.04 33.37±3 0.37 
 

The average of transverse data for Kevlar – Ramie –Polyester composite 

E22 (MPa) (σ2)ult  (MPa) (ε2)ult γ12 G12 (MPa) 

244.74±2.5 22.77±1.3 0.0735±0.03 0.257±0.05 132.65±15 

Table 1. Tensile Test Data  

7.2. High speed impact results 

Understanding the impact response of composites has be come an area of great academic 

and practical interest. The major advantages of composite materials are their high strength 

and stiffness, light weight, corrosion resistance, crack, fatigue resistance and flexibility. 

Ramie – Kevlar reinforced polyester resin present high resistance. The high level from 

resistance could be realized by increasing of Kevlar layers.  

 2 21
[ ( )]

2abs imp resE m V V     (12) 

Where  

absE = Energy absorption    

m = projectile mass      

impV = Impact velocity  

resV = Residual velocity 

Ballistic limit can be identified as the limit between the penetration and the fully arrested. 

Thus, the composite with five layers (PKV) and five layers (PRM) couldn’t meet the specific 

requirements of ballistic resistance. In fact, the absorption of energy will be increased with 

increase the number of layers [7, 8]. 

In the event when no perforation occurs, the energy absorbed by the target will be equal to 

the initial impact energy. The high speed impact data for PKV & PRM are shown in the table 

2. The following equation has been verified to the ballistic limit or fully arrested action. 
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 21
[ ]

2abs impE m V   (13) 

Where 

Eabs = absorption of energy 

Vimp= impact velocity 

In this prospective must be mention the most high speed impact parameters that 

represented rich fields of studies are, target geometry, projectile type, target thickness, 

composite compounds.  

 

Humanity:53% Bullet type: Semi-conical 

Specimen type: TSP Camera temperature:40 oC 

Target area:15 × 10 mm Temperature: 32 oC 

Material: PKV& PRM Camera resolution: 512 × 48 
 

Layer No. 

Gas gun

Pressure 

Psi 

Initiation 

Velocity 

m/s 

Residual 

velocity 

m/s 

Absorption 

of Energy 

J 

5K-5R 

300 273.9 125.9 147.926 

250 275.255 150.17 133.035 

250 255.07 120.9 126.109 

Table 2. High Speed Impact of PKV & PRM 

7.3. Erosion result 

The surface roughness of engineering applications has interacted with the environment. 

Therefore, the studies pay attention for estimating the surfaces roughness of materials with 

respect to essential parameters to limit the wear mechanism of materials. Roughness value 

can either be calculated on a profile or on a surface Rz, Rq, and Sa is the arithmetic average 

of the 3D roughness. Hence, the impinging test conduct through specific periods is 

illustrated in the Table (3).  

 

Kevlar roughness by (nm) Ramie roughness by (nm) 

0 hours 3 hours 6 hours 12 hours 0 hours 3 hours 6 hours 12 hours 

8.92 11 9.36 9.94 12.9 11 6.71 10.8 

16.7 8.25 8.06 10.4 7.37 9.82 6.85 10.4 

15.6 8.44 7.94 11 10 8.32 7.78 10.3 

7.53 9.26 6.35 8.78 9.12 11 7.82 8.43 

6.06 8.69 6.24 11.6 10.6 10.9 8.25 8.8 

6.44 12.9 9.45 10.4 11.3 8.31 9.23 9.18 

6.28 12.9 8.81 14 10.6 11.3 9.97 9.57 

Table 3. Roughness values  
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The roughness parameters rates, such as (Amplitude parameters, Hybrid Parameters and 

Functional Parameters) were estimated by all morphology images with image size 

(100.00nm X 80.00nm) Figure 6 illustrate the morphology images before PKV tests. 

 

 

 

 

 
Figure 6. 3D Morphology Images after Tests of PKV. 

The erosion wear loss was determined using probe microscope. Typically, scanning probe 

microscope image process software provided reliable means to evaluate the erosion volume 

lose. This technique characterizes and quantifies the surface roughness parameters, the 

surface profile and topographical features in three-dimension using high precision range 

observed at 100 nm. All measurements were made with an effective magnification of X 12.5. 

Excellent data were recorded for average size and average height for surface grains. Hence, 

the average volume of grains can be computed by the grain size analyzer. Randomly, 

erosion areas were elected for scanning morphologic image. The erosion volume loss was 

derived from analyzing the erosion surface at three dimensions. Therefore, the erosion 

volume loss (Vloss) can be expressed as the average volume of surface at zero erosion time 

(V0) subtracted from the average volume of surface after specific time (Vt). Eroded area was 

randomly measured at seven locations. Then, the average of erosion volume was calculated. 

 Vloss =V0 - VT  (14) 

According to the Vloss formula, the averages of erosion volume loss were illustrated in  

Figure 7. 

Ramie reinforced polyester matrix present higher value of volume erosion loss than Kevlar 

reinforced polyester. This fact derives from the poor of adhesion between Kevlar filaments 

and polyester resin. Table 4 illustrates the grains size versus time. 
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volume loss 

Kevlar Ramie 

avg. size 

(nm2) 

avg. height

(nm) 

avg. 

volume 

avg. size 

(nm2) 

avg. height 

(nm) 

avg. 

volume 

Zero Time 1.13 7.14 8.21 1.24 8.97 11.18 

after 3 hours 1.11 10.334 10.44 0.82 9.36 7.846 

after 6 hou 1.72 8.91 11.55 0.9 5.41 4.25.003 

 

Table 4. Grains size versus time 

 

 

 

 

 

Figure 7. Erosion volume loss concomitant with time 

Transforming image to 3D topography with 200% zoom area for PKV sample at zero time 

(before test) illustrated accurate 3D surface profile with 243 peaks number and the 

maximum height 46 nm as shown in the Figure 8 and Figure 9 shown the PKV after 12 hours 

illustrated in 3D surface with 238 peaks number and maximum height 73.6 nm. 
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Figure 8. PKV at Zero Time (before test) in 3D Image 

 

Figure 9. PKV after 12 Hours in 3D Image 



 
Characterizations of Environmental Composites 259 

Accurate roughness parameters were established for PKV and PRM versus the time before 

and after test as illustrates in the table 5. PKV & PRM morphologies images versus time 

were illustrated in Figure 10 & 11.  

 

Image size:100.00nm X 80.00nm (PKV) at zero time 

Area 4 Area 4 Area 3 Area 2 Area 1 Amplitude parameters: 

16.7 15.6 8.92 7.53 6.06 Sa(Roughness Average) [nm] 

20.2 18.8 12.3 10.7 9.1 Sq(Root Mean Square)  [nm] 

-0.386 -0.451 -1.58 -1.67 -2.32 Ssk(Surface Skewness)  

2.44 2.41 6.75 8.92 12.7 Sku(Surface Kurtosis)  

91.4 90.3 89.5 90.2 87.8 Sy(Peak-Peak) [nm 

88.5 89.9 85.8 89 85.2 Sz(Ten Point Height)  [nm] 

     Hybrid Parameters: 

-149 -146 -146 -161 -155 Ssc(Mean Summit Curvature) [1/nm]

8.02 8.69 8.12 10.7 10.1 Sdq(Root Mean Square Slope) [1/nm]

2.08E+03 2.44E+03 2.17E+033.62E+033.29E+03Sdr(Surface Area Ratio)  

     Functional Parameters: 

14.1 2.45 0.779 1.05 0.624 Sbi(Surface Bearing Index)  

1.32 1.34 0.949 1.18 0.983 Sci(Core Fluid Retention Index)  

0.112 0.103 0.211 0.17 0.192 Svi(Valley Fluid Retention Index)  

0.355 7.98 4.61 7.41 4.79 Spk(Reduced Summit Height) [nm] 

55.1 44.4 22.4 20.1 16.4 Sk(Core Roughness Depth)  [nm] 

19.6 19.9 25.2 20.8 21.5 Svk(Reduced Valley Depth)  [nm] 

1.43 7.67 15.7 10.2 14.6 
Sdc 0-5(0-5% height intervals of 

Bearing Curve)  [nm] 

0.803 4.32 1.31 3.08 1.72 
Sdc 5-10(5-10% height intervals of 

Bearing Curve)[nm] 

26.9 19.4 10.3 9.69 7.63 
Sdc 10-50(10-50% height intervals 

of Bearing Curve)  [nm] 

35.7 36.1 26 19.9 16.6 
Sdc 50-95(50-95% height intervals 

of Bearing Curve) [nm] 

     Spatial Parameters: 

5.56E+06 5.67E+06 6.02E+064.23E+064.28E+06Sds(Density of Summits) [1/um2] 

       

2 2.37 2.81 3 3 Fractal Dimension  

Table 5. The roughness parameters rates 
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Figure 10. Erosion and corrosion test for Kevlar – polyester composite morphology and Sa(Roughness 

Average)  

Sa 11 nm Sa 8.69 nm 

(a) After 3 hours

Sa 8.81 nm Sa 9.45 nm

(b) After 6 hours

Sa 15.6 nm Sa 16.7 nm

(c) Before test
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Figure 11. Ramie – polyester composite morphology and Sa(Roughness Average) after erosion- 

corrosion test 

(a) After 6 hours

(b) After 3 hours

(c) Before test

Sa 6.71 nm Sa 7.82nm 

Sa 8.31 nm Sa 9.82 nm 

Sa 12.9 nm
Sa 10  nm 
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Figure 12. The Roughness Rates Versus Time 

The roughness rate of the Kevlar–polyester and ramie-polyester concomitant time tented to 

be equivalent values. Really, the polyester reinforced faced the impinged water has the 

major role in the erosion and corrosion resistance. The Kevlar and ramie fibers have specific 

interfacial adhesion with the matrix. The ramie fibers presented high interfacial adhesion 

with resin as a result to plant fiber nature. On the other hand, the Kevlar presented a poor 

linkage with polyester resin.  

All the fiber layers were protected by the matrix mass. Figure12 illustrated a declining in the 

polyester surface roughness versus time. The roughness will be the function for estimating 

the erosion rate. Therefore, within the period, from 3 until 6 hours the impinging effect 

assisted of soften the surface, but within period from 6 until 12 hours the erosion rate will be 

increase and the surface tent to be rough. Electrochemical test have been conducted and 

there are no significant corrosion data recorded, this finding derived from the compound 

nature of composite.  

8. Conclusions 

Generally, plain weave represented the most common fabric, due to the significant 

properties that embodied their tensile strength to weight ratio. The study of the stress – 

strain response, high speed impact evaluation, and erosion corrosion behavior leads to the 

following conclusion: 
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1. The Kevlar –polyester composites behave ductile manner but the ramie-polyester 

composites behave brittle manner. 

2. The roughness rate of the Kevlar-polyester and ramie-polyester decreases through 3 -6 

hours but there is an increase in the roughness rate through 6-12 hours due to the 

increasing in erosion rate of polyester matrix.  

3. All roughness parameter computed accurately.  

4. PKV and PRM with five layers PKV and five layers PRM present fully penetration. 

5. No significant corrosion has been recorded. 
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