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Abstract - The aim of the current work is to characterise a piecewisely-integrated composite bumper beam against the IIHS 
bumper crash protocol, therefore, IIHS bumper crash FE analysis for an aluminium type bumper beam was carried out to get 
the information about the dominant loading types at several regions in the bumper beam during crash. In the meantime, 
robust stacking sequences against tension and compression have been searched for using FE analysis of a coupon type 
model. After determining most effective stacking sequences for tension and compression, three-point bending simulation 
was preliminarily carried out to investigate the combination performance of tension dominant and compression dominant 
stacking sequences. Finally, IIHS bumper crash FE analysis for the piecewisely integrated composite bumper beam was 
conducted and the result was compared with other types of composite bumper beams. It was found that the newly suggested 
piecewisely-integrated composite bumper beam showed superior crashworthy behaviour to those of uni-modal stacking 
sequence composite bumper beams.  
 
Index Terms - Bumper beam, IIHS crash, piecewisely integrated composite (PIC), stacking sequence  
 
I. INTRODUCTION  
 
Crashworthiness and lightweight characteristics of 
automotive vehicle structures are crucial targets in 
coachwork nowadays because of rigorously renewed 
vehicle safety regulations, high demanding of energy 
savings as well as reducing the emission of carbon 
dioxide, therefore, materials of automotive parts have 
been gradually switched from conventional ferrous 
metals to high strength steels, aluminium, plastics, 
composites and porous structures. Specifically, 
composites have excellent material properties such as 
specific stiffness and specific strength compared to 
metals and other traditional materials, therefore, they 
are attracting various fields of industries for their 
extensive applications. Of particular interest to this 
study is the use of composites in automotive bumper 
beams to promote the lightweight effect and 
crashworthiness simultaneously.  
 
Automotive bumper beams have a key role to protect 
passengers from being attacked by sudden external 
crashes. Also, bumper beams, together with other 
automotive structures such as front side members, 
cross members and  fender apron, absorb external 
crash energy effectively. On the other hand, 
contribution of bumper beam is maximized when 
vehicles are undergoing a low velocity crash case. 
One of representative low-velocity cases is IIHS 
(Insurance institute for highway safety) barrier crash, 
which is known that a car of 15 km/h moves toward a 
convex shaped barrier. Therefore, each part of the 
automotive bumper beam is experiencing different 
types of loading owing to the convex shaped IIHS 
barrier which contains honeycomb structures of 
uneven distribution of stiffness. It is necessary to 

figure out the dominant loading type and direction at 
every region in the bumper beam to correspondingly 
design the individual fibre orientation.  
 
Cheon et al [1] suggested a novel type hybrid 
composite bumper beam for passenger cars and 
performed FE analysis and crash test. Hosseinzadeh 
et al [2] carried out parametric studies for designing 
composite bumper beams against low velocity 
impact. Davoodi et al. [3,4] measured mechanical 
properties of bio-composite and concept design of 
passenger car bumper beams. Belingardi et al. [5] 
optimized pultruded composite bumper beam profile 
by numerical simulation. Kim et al. [6] also optimised 
automotive hybrid composite bumper beam. As far as 
concerned, previous researches normally applied the 
monotonic stacking sequence to entire body of 
composite bumper beam without changing. The aim 
of the current work is to check the eligibility of a 
piecewisely-integrated composite (PIC) bumper beam 
with characterisation against the IIHS (Insurance 
institute for highway safety) bumper crash protocol 
[7]. Therefore, IIHS bumper crash FE analysis for an 
aluminium type bumper beam was carried out to get 
the information about the dominant loading types at 
several regions in the bumper beam during crash. In 
the meantime, robust stacking sequences against 
tension and compression have been searched for 
using FE analysis of a coupon type model. After 
determining most effective stacking sequences for 
tension and compression, three-point bending 
simulation was preliminarily carried out to investigate 
the combination performance of tension dominant 
and compression dominant stacking sequences. 
Finally, IIHS bumper crash FE analysis for the PIC 
bumper beam was conducted and the result was 
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compared with other types of composite bumper 
beams. 
II. IIHS BUMPER CRASH AND LOADING 
TYPES  
Insurance institute for highway safety suggested 
bumper test [7] at 10 km/h with a convex shape wall 
to investigate the failure behaviour of automotive 
bumpers. In the present study, IIHS bumper crash FE 
analysis for an existing aluminium bumper beam was 
carried out using LS-DYNA to get the information 
about the dominant loading type at several regions in 
the bumper beam during crash. Fig. 1 illustrated the 
FE model for IIHS bumper crash analysis for an 
aluminium bumper beam with IIHS barrier. 2,000 kg 
average weight of passenger car and the center of 
gravity location with proper mass moments of inertia 
along with axes of a vehicle were considered in the 
model without vehicle FE model for the sake of 
computational economy. 

 
The cross-section of the bumper beam, which was 
borrowed from an existing vehicle, consists of 
rectangular with horizontal rib as shown below. 
 

 

 

Also, the bumper beam was divided into five regions 
in the longitudinal direction, i.e. A, B, C, D and E 
regions from the right to left as shown in Fig. 3 to 
investigate the loading type in the each region with 
the help of triaxiality [8]. 

 

 
 
It was found that the aluminium bumper beam was 
undergoing different types of external loading 
depending upon the location of bumper beam during 
IIHS crash. 
 
III. EFFECTIVE STACKING SEQUENCES FOR 
TENSION AND COMPRESSION 
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IV. THREE POINT BENDING ANALYSIS  
 
Three-point bending simulation was preliminarily 
carried out to investigate the combination 
performance of tension dominant and compression 
dominant stacking sequences. Fig. 5 showed the FE 
model of three-point bending analysis. 

 
 

It was revealed that the PIC model showed superior 
bending characteristics compared to other composites 
with uni-modal stacking sequences. 
 
V. IIHS BUMPER CRASH ANALYSIS FOR 
COMPOSITE BUMPER BEAMS 
 

 
It was also unveiled that the PIC bumper beam is 
competitive compared with composite bumper beam 
with uni-modal stacking sequences. 
 
CONCLUSION 
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