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Abstract  
The paper put forth the bending behavior of mild steel 

bumper beam, under both hollow and foam filled conditions 

when tested for energy absorption under gradual and 

dynamic loading condition. Aluminum-silicon alloy metal 

foam is used for experimentation which has novel properties 

like light weight, high energy absorption, vibration damping 

and it has prevalent use in applications such as ship 

building, automobile industries, aeronautical industries, etc.  

The material of bumper beam used in both conditions is 

Mild Steel. Three Point Bending test is carried for the 

analysis which shows that bumper beam filled with foam 

exhibited higher load absorption capacity than the empty 

bumper beam. These foams filled bumper beams could be 

employed in applications involving heavy load absorption 

and crash worthy situations. 

 

Keywords – Aluminum alloy, Three point bending test, 

Energy absorption, Bumper beam. 

 

INTRODUCTION 

Looking at the current scenario of new advancements in the 

automotive and aerospace industry, the most significant and 

important demand of the time is weight reduction. The other 

important requirement is the need for efficient load 

absorption capacity which primarily focuses on passenger. 

These requirements have led to discovery of a new entity 

which not only fulfills these needs, but is also cost efficient, 

i.e. metal foam. Metallic foams have been widely studied by 

scientists all over the world, which are providing us with 

new properties and features, day after day. In the recent 

years, foam alloys, in particular Aluminum alloy foams, 

have proved to be an all new invention. Aluminum 

properties i.e. high energy absorption capacity and high 

stiffness along with the low weight feature of the foam 

makes them an idyllic choice for weight reduction 

structures. Aluminum Alloy foams (AAF) have an abiding 

blend of physical and mechanical properties, mainly high 

strength and efficient stiffness [1-4]. Due to these properties 

alongside the advantage of being light in weight, AAFs have 

also found their applications in fields like ship building and 

construction, alongside automobiles. They can mainly be 

produced by methods of metal-based foaming and powder 

metallurgy [5]. Moreover, these applications of foams prove 

cost effective and economical for the manufacturer [6]. 

Apart from the properties enhancing weight reduction and 

high absorption of load, sound and vibration control is one 

aspect which is often neglected [7]. Due to the porous  

 

structure of the foam surface, in provides excellent sound 

absorption and minimizes the effect of vibrations [8]. This 

helps in keeping the body of the automobile safe from 

damage. Aluminum foam can be classified further into 

Closed Cell aluminum foam (CCAF) and Open Cell 

aluminum foam (OCAF). Closed cell aluminum foams are 

manufactured at a far lesser cost than that of Open cell 

aluminum foam [9-11]. The most inimitable property of 

closed cell aluminum foam is its lightweight structure which 

has led to a widespread call of employing the CCAF in the 

automobile sector for considerable reduction in the vehicle 

weight which in turn provides better fuel economy and helps 

maintain an eco-friendly surrounding. On the other hand, the 

CCAF is also being tested for applications involving 

military equipment and blast mitigation. Open cell 

aluminum foam is produced by the process of molten metal 

processing system [12-13]. Manufacturing of Aluminum 

alloy foams is a process which has been widely studied and 

discussed about. The most significant quality of Aluminum 

alloy foam is that during the production, only 5% to 25% of 

the density of the parent structure is used, but still the 

properties such as the endurance and stiffness of the foam 

does not have a drastic change. Based on these conclusions 

and statements, an attempt to test the bending strength of the 

AlSi10Mg metal alloy foam has been done in this 

experiment. The bending strength of the specimens have 

been tested by the Three Point Bending test setup and 

further comparisons. Test results have shown that beam 

filled the foam was able to absorb more load as compared to 

the hollow beam.  

 

EXPERIMENTATION 

SAMPLE PREPARATION 
For performing the test, three samples of hollow Mild Steel 

beam, metal foam and foam filled MS beam each were taken 

into consideration. 

 Hollow Mild Steel beam: The hollow MS beam was cut 

from an extremely long hollow pipe of MS. The hollow 

beam measures 400mm by 75mm by 26mm. Once the 

beam was cut, it was carefully polished and finished to 

provide an aesthetic look and the burs were removed to 

ensure safety of the operator. 

 Metal Foam beam: The metal foam beam was cautiously 

cut from the slab of foam using an EDM machine. The 

metal foam bumper has measurements of 400mm by 

75m by 26mm. 
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 Foam Filled MS beam: The MS beam was cut with 

dimensions of 400mm by 75mm by 26mm and the metal 

foam was cut on the EDM machine with dimensions of 

400mm by 72mm by 23mm. Kafuter epoxy glue, an 

adhesive was used to bind the metal foam and MS beam 

together, as they tend to separate under the application of 

load. The adhesive was coated using a brush and the 

arrangement was allowed to cool for 24 hours. 

 

TEST RIG 
Three Point bending test is a very simple and easy to 

perform test setup as shown in figure 1 which helps in 

testing the tensile strength as well as the fracture energy and 

the bending response of the compound beam under 

evaluation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 – The Three Point Bending test setup 

 

The setup of a Three Point bending test consists of a 

compound beam of definite length which is held upon two 

fixed supports at a specified distance and the beam is then 

subjected to an impact load at its center. The two fixed 

supports upon which the beam rests is situated at the center 

of the half beams which helps in rule out the parasitic 

moment occurring due to the gravitational force that would 

always act in the middle of the beam [14-15]. This test can 

be performed using a pre-notched beam or beam without a 

notch, depending upon which factors of the compound beam 

are being evaluated. Beam tests have an undue advantage 

over plate test as they provide us with a physical observation 

of the damage initiation process and the evaluation is not 

confined to the post examination of the failed specimens.  

Another very significant property of the Three Point 

bending test is that it helps us to study and evaluate the 

damage initiation, propagation and growth in the composite 

structures subjected to bending loads. Three Point flexural 

testing of composite/compound beams have been used to 

measure various properties such as tensile strength, elastic 

strength, bending profile, fracture energy, flexural density, 

stiffness, bonding strength and different failures. 

 

MACRO-STRUCTURE AND MICRO-STRUCTURE 

OF FOAM 

 

MACRO-STRUCTURE 
In literal terms, macro-structure refers to the large-scale 

portion or entity of any object or material which is easily 

visible to the unaided eye. Taking into consideration this 

definition, the macro-structure of the metal foam is the outer 

surface of the foam which has pores of different shapes and 

vivid areas. Observing closely, we can see that there are 

number of empty circular fillets which combine together to 

form irregular surface of the foam. These pores are of non-

uniform depth, filling in for the porosity of the metal foam. 

 

Figure 2 – Macrostructure of foam 

 

MICRO-STRUCTURE 
As the name suggests, micro-structure refers to very small-

scale structure of a specimen or an object. It signifies 

magnification of about 25x and more. This helps in studying 

the nature of the specimen under observation. Micro-

structure analysis can influence several physical properties 

of a specimen such as ductility, porosity, malleability, 

toughness, stiffness and other significant features about it. If 

we look closely at the micro-structure of the foam, we can 

observe irregular craters and heavy indentations on the 

surface which are nothing but the pores present on the shell 

of the metal foam. 
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Figure 3 – Micro-structure of Foam 

 

 

 

ANALYTICAL AND MATHEMATICAL 

MODELLING OF SAMPLE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 – Test Specimens (a): Hollow Beam, (b): Foam 

Beam, (c): Foam Filled Beam 

 

Table 1 – Specimen properties before the testing 

Sr. 

No. 
Sample 

Heigh

t 

(mm) 

Wid

th 

(mm

) 

Len

gth 

(mm

) 

Thickn

ess 

(mm) 

Mass 

(g) 

Cross-Sectional area 

(mm2) 

Volume 

(mm3) 

Densit

y 

(g/cm3

) 

1 

Foam 

Beam 

25 75 
40

0 
- 190 1875 

7500

00 

0.25

3 

2 25 75 
40

0 
- 230 1875 

7500

00 

0.30

6 

3 25 75 
40

0 
- 240 1875 

7500

00 

0.32

0 

4 Hollow 

MS 

Beam 

25 75 
40

0 
1.5 610 291 

1164

00 

5.24

0 

5 25 75 
40

0 
1.5 590 291 

1164

00 

5.06

8 

6 25 75 
40

0 
1.5 650 291 

1164

00 

5.58

4 

7 
Foam 

Filled 

MS 

Beam 

25 75 
40

0 
- 810 1875 

7500

00 

1.08

0 

8 25 75 
40

0 
- 803 1875 

7500

00 

1.07

0 

9 25 75 
40

0 
- 790 1875 

7500

00 

1.05

3 

 

THREE POINT BENDING TEST 

The test was performed on a Universal Testing Machine 

(UTM). The fixture for the Three Point Bending test i.e. the 

assembly containing the base and the supports were 

precisely mounted on the UTM. Once the setup mounted the 

span length was set according to the standard test procedure. 

After this, the specimens were mounted over the supports 

with the center of each specimen exactly under the impact of 

the load. The machine was then calibrated accurately with 

the computer which kept detailed account of various 

parameters like the load applied, impact of the load, time 

span and alongside kept track of the nature of the load which 

was acting upon the specimen. Once the machine was ready 

to operate, it was switched on. As the initial portion of the 

tool began to lower down on the surface of the specimen, we 

observed slight deformation on the surface of the specimen. 

Gradual loading was slowly starting to modify the specimen. 

Alongside the loading, the computer was plotting the graph 

of the load vs displacement based upon the influence of the 

loading and behavior of the specimen. The graph bore 

different curves exhibiting the vastly different properties of 

all Three specimens. 

 

RESULTS AND DISCUSSION 
Upon performing the Three Point Bending test on the UTM, 

the recorded observations were studied carefully. Figure 5 

provides the actual propagation of crack through gradual 

loading and deformation in the surface of the foam filled 

MS beam. The detailed description of the deformation 

undergone by the foam filled beam is as follows: 

 This shows the position of the specimen mounted upon 

the supports just before the impact of the load. 

 This image shows the scenario as the load just begins to 

act over the surface of the specimen. A slight change in 

the alignment of the specimen can be observed. 

 On gradual application of the load, the upper surface of 

the specimen slowly begins to show signs of minute 

bending and a dip in the specimen can be seen. 

 Once the impact of the load attains some definite 

momentum, and the intensity of load increases, the 

specimen shows significant signs of deformation, which 

is where the foam begins to offer some resistance. 

 Constant application of load leads to even more bending 

of the specimen along with foam inside. As the impact 

of the force keeps increasing, the angle of deformation 

keeps on getting deeper and deeper. 

 On applying gradual loading, there comes a point when 

the load absorbing capacity of the foam filled specimen 

becomes nil and the load vs displacement graph shows a 

fall in the readings.  
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Figure 5 – Crack Propagation in the Foam Filled MS Beam 

 

 

Figure 6 – Line Diagram of Deformation in Foam Filled 

Bumper 

 

Figure 6 shows the angle of bending where the actual 

deformation takes place. From figure 7, it can be clearly 

stated that after a specific point, the load absorption capacity 

begins to diminish. At the displacement of around 4.2mm, 

the specimen absorbs a load of approximately 9.42kN, 

which the maximum load it can sustain. After this point, the 

rate tends to become less. This further, at point 24mm, the 

graph of Y-axis becomes constant, which indicates no 

further load can be absorbed. 

The results of the 3-point bending test showed that hollow 

MS tube sustained 8.08 KN load which is depicted in Fig 

5(a),  Al-Si foam sustained 0.60 KN load which is depicted 

in Fig 5(b),  where Al-Si foam filled MS tube sustained 

10.04 KN load which is shown in Fig 5(c). This shows that 

foam filled tube had greater load absorption capacity, 

greater strength, and higher density than that of hollow MS 

tube [13-15]. The deflection from the initial position in the 

hollow MS tube is 21 mm, the deflection in the foam is 15 

mm and the deflection in the foam filled MS tube was 

observed to be 24 mm. This shows foam filled MS tube 

absorbed more load and is beneficial to be used as the 

bumper beam. 

 

 

 

Figure 7 – Load vs Displacement graph for the Foam filled 

beam 

CONCLUSIONS 

The results and graphs of all three specimens show that only 

Al-Si foam has least load absorbing capacity among the 

three specimens, hollow MS tube has moderate load 

absorbing capacity and the foam filled tube has the highest 

load absorbing capacity. This indicates that if foam filled 

tubes are used as bumper beams, the safety of the passengers 

increases with the high energy absorption of the foam   filled 

beam. The foam filled beam will safeguard the passengers 

and vehicle as well. 

 Al-Si foam has comparatively least absorbing 

capacity 0.60 KN 

 Hollow MS tube has moderate absorbing capacity 

8.08 KN 

 Foam filled tube has the highest energy absorption 

capacity 10.04 KN 

This experiment is aimed at the comparison of load 

absorption capacity of a hollow beam and a foam filled 

beam. The bending response of the specimen was tested by 

the Three Point bending test and following conclusions were 

drawn. 

 The foam filled bumpers absorbs more load than the 

hollow bumpers under dynamic bending conditions. 

 The foam filled bumpers did not break upon reaching 

maximum limit of load absorption capacity, which 

ensures no bouncing back of any object or tool 

colliding with it. 

 Employing metal foam ensures the necessary amount 

of density required as lower density will lead to lesser 

load absorption and higher density will create a 

situation of sudden bounce, which does not maintain 

passenger safety in both cases. 

(

a

) 

(

b

) 

(

c

) 
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Hence using metal foams in automobile applications would 

provide multiple advantages like weight reduction, efficient 

impact absorption and primarily passenger safety. 
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