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Abstract: Thin-walled structures with multiple cells are being studied by many researchers due to their 

energy absorption characteristics. Thin-walled structures with multiple cells are better when coming to energy 

absorption than conventional single cell tubes. For the car crash, thin-walled structural tubes play a very 

important role in energy absorption. Circular or square profiles are the most commonly used crash structures in 

vehicles due to the reasons that they can be assembled easily. The thin-walled structures and tubes 

crashworthiness can be enhanced by reinforcing the corners by adopting multi-cell structures or by using 

cylindrical shells. In this study, six novel multiple cell cross-section tubes are proposed. By using welding 

techniques, the Thin-Walled Structure with Novel Multiple cells are made and are tested under axial loading 

conditions by evaluating the deformation of the thin-walled tubes for the crashworthiness. The results showed 

that BM2 exhibited maximum SEA  378.58kJ/kg under bending, respectively. AM2 exhibited maximum SEA of 

6183.60kJ/kg under axial compression. 
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1.0 INTRODUCTION 

In modern society, the advanced transportation and its demand is rising on daily basis. The number of 

vehicles on roads is increasing continuously due to these advancements. Accidental crashes of vehicles are 

unavoidable and this becomes a major health concern around the globe. The vehicles’ structures should convert 

maximum amount of kinetic energy produced during crash into another controlled and predictable form of 

energy for better safety. Crashworthiness is the structure capability to reduce occupants’ injury and death risk 

through better absorbing and managing the forces of a serious crash. In aircrafts and automobiles, occupant 

safety design takes crashworthiness as design criterion. Thin-walled structure (TW) are the most popular 

collapsible energy absorbers that absorb the kinetic energy of the impact and increases structures’ 

crashworthiness behavior. Cost effectiveness, superior dynamic loading performance, high efficiency, simplicity 

in  

manufacturing and installation are the important aspects to use TW components as energy absorbers. 

Geometry, materials, and loading mode are the prime factors that effect the TW energy absorption 

ability. Fibre Reinforced Composites (FRCs) and metals, such as mild steel, and aluminium alloys, are widely 

used as TW energy absorbers. Composites and metals have different energy absorbing and dissipating 

mechanisms. Due to ductile nature of metallic structures, the energy is dissipated through the progressive plastic 

deformation. Composite materials are generally brittle and dissipate energy through combined facture 

mechanisms such as matrix cracking, delamination, and fibre breakage. The energy absorption capacity per unit 

mass (SEA) of composites is higher compared to metallic structures. However, the design and analysis of 

composites re limited due to their anisotropic properties. The challenges in recycling of composites are an 

environmental issue. Higher manufacturing costs have limited their use in automotive and aerospace structures.         

Design for vehicle crashworthiness using TW tubes has shown rapid progress in the recent years.  

Unconventional materials and shapes, new analysis and optimization techniques are being utilized to produce 

TW energy absorbers. Front rails, pillars, bumpers, and rockers are some of the vehicle structural elements and 

studying their interactions on the whole structure along with the crashworthy elements’ behaviour helps in 

improving their efficiency. Front rails, as shown in Fig. 1, absorb up to 55.3% of kinetic energy of the frontal 

crash and is the most important structural member. Use of thin-walled energy absorber tubes as crash boxes 

which are fixed on the front rail is the most efficient way to increase the vehicles’ elements crashworthiness. 

Energy dissipation in TW tubes is due to the conversion of kinetic energy into various forms such as friction, 

shear, plastic deformation, fracture, torsion, metal cutting, bending, and tension. In axial loading (frontal 

collision) progressive deformation occurs by absorbing high energy leading to high crush efficiency. Different 
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cross sections like taper, hexagonal, square, frusta, circular, oblong, corrugation, octagonal, and S-shaped are 

used as TW energy absorbers. Among these square and circular TW tubes are mostly used as they are light 

weight, easy to manufacture, and have high strength and stiffness.   

The main aim of the project is to increase the energy absorption capacity of the TW tubes without considerable 

change in mass of the members. For this purpose, concept of multi-cell tubes is used to design high energy 

absorption thin-walled beams and columns. The cross beam and frontal rails of the crush box under front crash 

scenario are the subject of interest. Six novel multiple cell cross-section tubes (3 for cross beam and 3 for frontal 

rails) are produced through welding process. The effect of bending and crushing are studied on cross beam and 

frontal rails respectively. The bending effects are studied using 3-point bending test and the crushing effects are 

studied using axial crushing test. 

2.0 EMPIRICAL EQUATIONS 

The energy absorbed per unit mass of material known as specific energy absorption (SEA) is most important 

critical criterion to measure energy absorption capability and is given as: 

𝑆𝐸𝐴 =  
𝑃𝑚𝑆𝐷
𝑚

 

The crash load efficiency (CLE) can be calculated as the ratio of the mean crushing force to the peak crushing 

force where 

𝐶𝐿𝐸 =  
𝑃𝑚
𝑃𝑚𝑎𝑥

 

𝑃𝑚  = mean crushing force 

𝑃𝑚𝑎𝑥  = peak crushing force 

𝑆𝐷  = effective crushing distance 

𝑚 = structural mass where  

A higher SEA value indicates higher capacity of energy absorption. As an energy absorber, the highest CLE is 

preferred.  

3.0 EXPERIMENTATION 

Specimen Preparation 

The test specimens are prepared by cutting and welding process. Four square cross section specimens are 

prepared to test in bending: BM1, BM2, BM3, and BM0 represents hollow square tube. Four circular cross 

section AM0, AM1, AM2, and AM3 are prepared to test for axial crushing. The cross sections of the test 

specimen are shown in figures 2 to 7. The length of each specimen is 270 mm for bending members (BM) and 

120 mm for crushing members (AM)   

 

Fig. 2: BM1 

 

Fig. 3: BM2 
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Fig. 3: BM3 

 

 
Fig. 5: AM1 

 
Fig. 6: AM2 

 

 
Fig. 7: AM3 
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Testing 

The different cross sections of the thin walled (BM0, BM1, BM2, BM3) structures tested using INSTRON 

bending machine. They are subjected to 3-point bending test. It is shown in figure 8. The load vs deformation 

data is captured using load cells. 

 
Fig. 8: 3-point bending experimental setup 

The axial crushing members, AM0, AM1, AM2, AM3, are tested using MTS 322 Universal Testing Machine. 

They are subjected to axial compression loads. It is shown in figure 9. The load vs deformation data is captured 

using load cells. 

 
Fig. 9: Compression test experimental setup 

4.0 RESULTS AND DISCUSSSIONS 

Data acquisition  

The experimentation on the bending members is conducted using 3-point bending test for obtaining the 

parameters such as force and deformation which are useful for numerical calculations. The readings taken are 

represented in Table  

Table 1: 3-point bending test 

S.No. Displacement 

(mm) 

BM0 

Force 

(kN) 

BM1 

Force 

(kN) 

BM2 

Force 

(kN) 

BM3 Force 

(kN) 

1 0 0 0 0 0 

2 1 1.2 2.4 3.8 2.8 

3 1.5 1.9 3.2 8.5 7.5 

4 2 2.1 4.2 12.0 8.9 

5 4 2.3 5.1 14.8 10.5 

6 8 2.5 5.5 15.1 11.9 

7 12 3.1 6.2 16.8 13.5 

8 14 3.3 6.5 17.4 13.9 

9 16 3.6 6.9 17.8 14.8 

10 18 3.8 7.4 18.3 15.8 

11 20 4.3 7.8 18.4 16.5 

12 22 4.5 8.2 18.8 17.2 
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The axial crushing experiments on the crushing members are conducted using compression test for obtaining 

the parameters such as force and deformation which are represented in Table  

Table 2: Axial Crushing Test Results 

S.No. Displacement 

(mm) 
AM0 

Force 

(kN) 

AM1 
Force 

(kN) 

AM2  
Force 

(kN) 

AM3 Force 

(kN) 

1 0 0 0 0 0 

2 6 2.1 21.9 34.1 23.4 

3 10 3.8 24.8 38.9 31.2 

4 18 5.5 26.9 42.8 36.2 

5 20 9.3 35.6 43.1 39.8 

6 26 8.1 35.8 43.4 40.1 

7 31 9.2 36.2 43.9 40.4 

8 40 11.9 36.9 49.2 40.9 

9 45 12.5 37.3 52.1 41.2 

10 49 13.1 38.6 54.8 41.5 

11 52 13.5 42.4 65.4 48.9 

12 56 15.7 51.2 79.51 62.5 

 

Force vs displacement plots 

Plots of force (F) vs. deformation (d) are drawn for each test specimen and are shown in following figures:  

A. Force vs displacement plots 

Plots of force (F) vs. deformation (d) are drawn for each test specimen and are shown in following figures:  

 

 
Graph: Force vs displacement variation of bending test results 

 
Graph: Force vs displacement variation of Axial Crushing Test Results 
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B. Interpretation of Results 

From force vs displacement plots, the force required to causing bending is very high for BM2. This indicates 

that BM2 has greater bending strength compared to remaining bending members. Also, AM3 has the more axial 

crush strength than other crushing members. The empirical formulae are used to calculate specific energy 

absorption (SEA) and crash load efficiency (CLE) for all the members. The results are given in Table 10. 

Table 3: Result with maximum and minimum load applied  

S.No Geom

etry 

Mass, m 

(kg) 

𝑆𝐷  

(m

m) 

𝑃𝑚  

(kN) 

𝑃𝑚𝑎𝑥  

(kN) 

1 BM0 0.42799 22 2.71 4.5 

2 BM1 0.71800 22 5.28 8.2 

3 BM2 0.78279 22 13.15 18.8 

4 BM3 0.98313 22 11.10 17.2 

5 AM0 0.34800 56 8.72 15.7 

6 AM1 0.47094 56 32.30 51.2 

7 AM2 0.41296 56 51.95 79.51 

8 AM3 0.9299 56 37.17 62.5 

 

Table 4: SEA and CLE Results 

S.No Geometry SEA (kJ/kg) % CLE      

(no units) 

1 BM0 139.62 60.00 

2 BM1 161.84 64.39 

3 BM2 378.58 69.97 

4 BM3 248.57 64.55 

5 AM0 1403.39     55.55 

6 AM1     3848.82 63.08 

7 AM2 6183.60 65.35 

8 AM3 2238.71 59.47 

DISCUSSIONS: 

Present project deals with the thin wall fabrication of different modelled structures. As per the results concern 

after three-point bending test as well as axial loading comparative statements showing that the model developed 

with BM2 showing better results. Energy absorption in both the cases with constant displacement has been 

studied. Specimens are fabricated as per the ASTM norms and the material taken as mild steel. The comparative 

values are tabulated and compared for better comparison. 

CONCLUSION 

Thin-walled (TW) structures are tested for their crashworthiness. Six different cross sections (BM1, BM2, BM3, 

AM1, AM2, AM3) of the TW tubes are proposed. Three TW tubes (BM1, BM2, BM3) are tested for bending 

strength and the other three TW tubes (AM1, AM2, AM3) are tested for axial crushing strength. The results are 

compared with plain tubes, BM0 and AM0. The following are observations made from the experimental studies: 

 The maximum bending strength is shown by BM2 and the maximum axial crushing strength is 

exhibited by AM2.  

 BM2 exhibited maximum SEA 378.17kJ/kg under bending, respectively.  

 AM2 exhibited maximum SEA of 6183.60kJ/kg under axial compression. 

From the above points we can observe at the introducing multi-cells increased the crashworthy performance of 

the thin-walled structures.   

FUTURE SCOPE: 
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The models proposed are only scaled, models. Before implementing these models for application, the models 

must be scaled by using dimensional analysis and similitude laws and should be tested on site which is left as 

future scope. 
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