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Abstract.  The results of an experimental investigationof the 
crush behavior, failure modes and rate sensitivity of axially 
compressed flat specimen made from Newport Nb 321/7781 
composite prepregare presented in this paper. Single bevel 
type trigger mechanismswere used to initiate the progressive 
failure mechanism. Quasi-static tests and dynamic tests were 
conducted at load rates ranging from 10-3 in/s to 10 in/s.  The 
influence of 45° bevel angle, stacking sequence and failure 
modes were analyzed, to examine the brittle failure 
mechanisms related to crash energy absorption during 
compression of the flat plate specimens. Results indicate that 
energy absorption is highly influenced by the trigger bevel 
angle, load rate and stacking sequence. The peak load 
decreased with an increase in load rate and the failure modes 
varied with the stacking sequence. 
 
1. Introduction  
 
The ability of the structure of a vehicle to withstand a 
crash incident with minimum damage to the occupant is 
defined as crashworthiness. A review of the literature 
indicates that the crash energy absorption of fiber 
reinforced plastic (FRP) -composites can provide a 
desirable progressive crush mechanism [1]. This 
progressive crush reduces the impact on the occupant in 
a sudden crash. The single bevel trigger mechanism 
was used in the present experimental study to initiate 
failure. Previous investigators report that the 
compressive failure modes of FRP composites vary 
with the choice of prepreg material, specimen 
geometry, bevel angle and test load rate. The failure 
modes of fiberglass reinforced materials are generally 
brittle failure modes, such as the splaying mode, the 
fragmentation mode, the micro-buckling mode and 
mixed modes [2]. 
 
2. Experiment Setup 
 
Composite specimens were fabricated with Newport 
NB 321/7781 E-glass, woven fabric prepreg. Specimens 
were cured in an oven at 270 ºF for three hours. After 
curing a 14×8- in sheet was cut and ground to 
produce4×1 in specimens fortesting. The two stacking 

sequence used were [0]n and [45]nwith a 45°bevel 
angle.  
 
Quasi-static compression tests were conducted on the 
12 ply specimens at load rates of 0.001 in/s and 0.1 in/s 
using an electromechanical load frame,- with a 5 kip 
strain-gauge based load cell. The high speed load rate 
tests, with load rates of 1 in/s and 10in/s, were 
conducted on a servo-hydraulic machine with 10 kip 
piezo-electric load cell. 
 
The crush fixture, fully constrained the lateral 
movement of the beveled specimens, except for a 
spacer height above the base plate, where the specimen 
was left unsupported, allowing it to deform freely. The 
height between the lateral support fixture and the base-
plate was the unsupported height where the crush front 
can form easily, Table 1.  
 
Table: 1   
Spacer dimensions used for the 12 ply tests  

 
 
 
 

 
3.Results 
 
The contribution of the reinforcement fibers to the 
properties of the composite laminate is maximized 
when they are parallel to the loading direction, as in the 
[0]12. In the [±45]12the fibers were not aligned with the 
loading direction and transverse shear was observed, 
due to which the peak load is lowered than in [0]12.The 
resulting load histories of the two sets of specimens 
presented in Fig, 1 and 2 indicate that both the peak 
loads and crush loads changed with stacking sequence 
and with load rate. This had aninfluence on the energy 
absorption and the mode of the brittle failure. 
 

Ply thickness, t (in) 0.12 
Spacer, l (in) 0.5 
Crush Displacement (in) 0.4 
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 Fig 1: Load-displacement histories of the [0]12 specimensfor test 
speeds ranginig from 0.001 in/s to 10 in/s 
 

 Fig 2: Load-displacement histories for the [±45]12 specimensfor test 
speeds ranging from 0.001 in/s to 10 in/s 
 
3.1 Failure Modes 
 
The splaying mode was the dominant failure mode in 
the specimen with [0]12 stacking sequence. A center 
crack was observed in this kind of failure mode along 
with delamination. From Fig 3, we observe the bevel tip 
was crushed and the splayed ends occurred on only one 
side. 
The corresponding results for the specimens with the 
[±45]12 stacking sequence are illustrated in Fig 4. In the 
case shown, the specimen developed a bending 
deformation which continued until failure occurred at a 
peak load of 2.3 kip and an end compressive 
displacement of approximately 0.18 in.  Bending, 
micro-buckling of fibers and the initiation of a center 
delamination crack during failure can be seen in the 
series of photographic results presented in Fig 4. 

 
Fig 3: Failure mode observed in [0]12 at 0.001 in/s test speed 

 
Fig 4: Failure mode observed in [±45]12 at 0.001 in/stest speed 
 
4. Conclusions 
The preliminary analysis of the test results suggest that 
the [0]12 ply specimens had a greater strength and 
higherdegree of energy absorption than that of the 
[±45]12 specimens.The splaying mode of brittle fracture 
was dominant in the [0]12 ply specimens while the 
fragmentation mode wasthe dominant failure mode for 
the [±45]12specimens. Local buckling was also present 
in the failure of the [±45]12specimens. In terms of rate 
sensitivity, as the speed increases, from quasi-static to 
high speed, the peak load lowers. 
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