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Introduction 
 
Fiber reinforced polymer composite laminates’ 
extensive applications in pressure vessels, pipes, 
storage tanks, etc. have been credited to their 
high specific strength, corrosion resistance, and 
tailorability properties. These structural 
components are often very susceptible to foreign 
object impact during service. Their vulnerability 
to these impact loads, in particular low velocity 
impact is widely known especially since these 
are not quite visually conspicuous.  A small dent 
left on the impacted surface could have 
underlying significant damage, which may 
include delamination, matrix cracking, fiber 
breakage, and fiber/matrix interfacial debonding 
induced within the laminate.  These damages 
lead to a considerable reduction in residual load 
carrying capacity [1-4].  
 
In this study, a thin metallic sheet was bonded to 
the outer surface of a laminated composite shell 
as a bumper layer. It was believed that a metallic 
bumper layer such as an aluminum thin sheet 
would be able to intercept the projectile and 
absorb impact energy through plastic 
deformation. Since aluminum is comparatively 
light weight, a thin sheet will not result in a 
significant increase in structural weight. The 
objective of this paper is to present the impact 
and residual strength test results of the proposed 
structure, and its control.      
 
Specimen preparation 
 
The laminated shell coupons were machined 
from a filament wound composite pipe with an 
inner diameter of 101.6mm and wall thickness 
of 6.3mm. The pipe was made of E-glass fiber 
reinforced vinyl ester with a fiber angle ±54o 

from the longitudinal direction. Laminated shell 
coupons were cut from the pipe, with a 
dimension of 203.2-mm long and 50.8-mm 
wide. An aluminum sheet with a thickness of 
0.76-mm was rolled to a cylinder with a 
diameter of 114.3-mm to satisfy the curvature of 
the outer surface of the composite pipe. It was 
then machined into 203.2-mm long and 50.8-
mm wide pieces. The machined aluminum sheet 
was bonded to the outer surface of the laminated 
shell with epoxy adhesive. A total of 16 bonded 
specimens were prepared with an equal number 
of unbonded specimens prepared as controls. 
The total number of specimens available for test 
was 32.  
 
Experiments 
 
Two types of tests were conducted. One was a 
low velocity impact test to evaluate the energy 
dissipation, and the other was a four-point 
bending test to determine the residual bending 
strength and stiffness. Both the bonded and 
unbonded specimens were equally divided into 
four groups with each group containing 4 
identical specimens. Group 1 specimens were 
subjected to bending tests only, while groups 2-4 
specimens were first subjected to low velocity 
impact test and thereafter to residual strength 
test. The impact velocity was 2m/s, 3m/s, and 
4m/s for the groups 2, 3, and 4, respectively. The 
impact test was conducted using a DynaTup 
8250 HV machine, with a hammer weight of 
3.4-kg and hemispherical tup nose diameter of 
12.7-mm. The four-point bending test was 
conducted using MTS 810 hydraulic equipment. 
The span length was 152.4-mm and the loading 
rate was 2.5mm/min. The impacted surface was 
in the compression zone.    
 



Results and discussion 
 
The impact test results are summarized in Table 
1 for the control specimens and Table 2 for the 
bonded specimens. Table 3 gives the bending 
test results for the control specimens and Table 4 
for the bonded specimens.  
 
Table 1. Impact test results for control specimens. 

Group No. 1 2 3 4 
Initiation energy (J) - 4.6 5.1 6.6 

Propagation energy (J) - 0.4 5.0 12.7 
Maximum impact load 

(KN) - 3.9 4.1 4.2 

Deflection at the 
maximum impact load 

(mm) 
- 1.3 0.6 0.5 

Impact time (ms) - 4.2 6.9 7.8 
 
Table 2. Impact test results for bonded specimens. 

Group No. 1 2 3 4 
Initiation energy (J) - 6.2 7.0 8.4 

Propagation energy (J) - 0.1 5.6 12.7 
Maximum impact load 

(KN) - 4.7 4.8 5.5 

Deflection at the 
maximum impact load 

(mm) 
- 1.4 0.7 0.6 

Impact time (ms) - 3.1 4.6 5.0 
 
Table 3. Bending test results for control specimens 

Group No. 1 2 3 4 
Maximum bending 

load (N) 1,910 1,728 1,467 1,118 

Deflection at the 
maximum bending 

load (mm) 
21.1 17.8 8.4 8.4 

 
Table 4. Bending test results for bonded specimens 

Group No. 1 2 3 4 
Maximum bending 

load (N) 2,312 2,288 2,252 2,202 

Deflection at the 
maximum bending 

load (mm) 
17.82 13.1 10.2 7.1 

 
It is evident from Tables 1 and 2 that the 
initiation energy was increased as a result of the 
aluminum bumper sheet. This means that the 
metallic layer contributed in absorbing the 
impact energy. As a result, the maximum impact 
load and deflection at maximum load were 
increased and the impact duration reduced. As 

for the propagation energy, the difference was 
minimal. It is however notable that the higher 
impact loads did not cause larger damage in the 
bonded specimens. Actually, from Tables 3 and 
4, it is clearly seen that the impact loads only 
slightly reduced the bending strength of the 
bonded specimens; while a significant reduction 
was found in the control specimens. The obvious 
implication is that the damage was primarily in 
the bumper layer in the bonded specimen; while 
in the control specimens the damage occurred in 
the laminated shell. Since it is this laminated 
shell that is responsible for supporting the 
bending load, the control specimens had a 
significant reduction in bending strength due to 
this damage.     
 
Summary 
 
Based on the test results, it is concluded that a 
thin sheet of metallic bumper layer served to 
absorb impact energy by increasing the initiation 
energy. The consequent impact damage occurred 
primarily in the bumper layer, thereby resulting 
in a much higher residual bending strength 
compared to the control specimen. 
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