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Thin-walled columns are frequently employed in vehicle 

structures to diminish the damages resulting from vehicle 

collisions. In this research, the effect of hole shapes and 

dimensions on crushing behavior of octagonal multi-cell columns 

subjected to longitudinal loading is studied. Rectangular, 

hexagonal and elliptical holes are assumed on the octagonal multi-

cell columns, and crushing parameters (i.e. specific energy 

absorption SEA and maximum crushing force Fmax) are then 

obtained by performing numerical analyses in LS-DYNA. The 

results demonstrate that creation of holes on column walls 

improve crushing capability significantly, such that creation of 

rectangular, hexagonal and elliptical holes on the octagonal multi-

cell columns increases the value of SEA by 37%, 42% and 39%, 

respectively in comparison to the plain octagonal column. On the 

other hand, presence of holes on the octagonal columns results in 

reduction of Fmax (as a negative crushing indicator). 
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1. Introduction 
Thin-walled columns are frequently employed in 

the vehicle structures because of outstanding 

features like crushing capability and lightweight 
[1]. A huge body of literature exists on the 

improvement of thin-walled columns to reduce 

the damages resulting from vehicle collisions. 

For instance, many cross-sectional 
configurations such as square [2, 3], circular [4, 

5], hexagonal [6, 7] and octagonal [8, 9] 

columns have been proposed by researchers in 

the past years to increase crushing capability of 

thin-walled structures. As such, some of the 
researchers employed the multi-cell, foam filled 

and conical columns for the purpose of 

improving the crushing capacity.  
As mentioned above, in addition to single-cell 

columns, multi-cell columns have been popular 

research subject in recent years for the 

researchers. For example, Chen and Wierzbicki 
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[10] express that the multi-cell columns have 
15% higher crushing capability than the single-

cell columns. According to Zhang and Cheng 

[11], the multi-cell columns exhibit 50-100% 

higher energy absorption efficiency compared to 
the foam-filled columns. A large number of 

cross-sectional shapes for the multi-cell columns 

have been suggested by researchers. For 
example, Kim [12] suggested new multi-cell 

profiles to increase crashworthiness capability of 

square columns. Zhang et al. [13-15], Wu et al. 
[1], Chang et al. [16], and Pirmohammad et al. 

[17] investigated crashworthiness behavior of 

multi-cell square columns. Tran et al. [18] and 

Tran and Baroutaji [19] studied crashworthiness 
of triangular multi-cell tubes. Tang et al. [20] 

used cylindrical multi-cell columns to improve 

crushing behavior. Krolak et al. [21] and Hong 
et al. [22] investigated crushing behavior of 

triangular multi-cell columns. Hosseini-Tehrani 

and Pirmohammad [9] studied crashworthiness 
behavior of concentric thin-walled columns 

under both axial and oblique loadings. 

Pirmohammad and Esmaeili-Marzdashti [23, 24] 

suggested new designs of multi-cell columns. 
They assessed crashworthiness capacity of these 

columns under quasi-static and dynamic axial 

and oblique loadings. Alavi-Nia and Parsapour 
[25] made an experimental and numerical 

investigation on crushing behavior of polygonal 

multi-cell columns. According to their results, 

the hexagonal and octagonal multi-cell columns 
showed the highest crushing capacity. Yuen et 

al. [26] investigated crushing performance of 

double-cell foam-filled columns in which the 
circular columns are shown to have better 

performance than square columns. Sun et al. 

[27] studied crushing behavior of aluminum 
foam filled columns. Pirmohammad and 

Ahmadi-Saravani investigated crashworthiness 

of foam-filled multi-cell columns. Esmaeili-

Marzdashti et al. [28] studied crashworthiness of 
S-shaped multi-cell structures. In another study, 

Esmaeili-Marzdashti et al. investigated 

crashworthiness of octagonal multi-cell S-
shaped columns, and showed that the octagonal 

columns have superior capability for energy 

absorption purposes.   

In this paper, the effect of hole shapes and 
dimensions on crushing behavior of octagonal 

multi-cell columns under axial loading is 

studied. Eight holes having three different 
shapes are assumed on the walls of the octagonal 

columns, and the crushing parameters are 

obtained by performing numerical simulations in 
LS-DYNA. 

2. Geometry and FE features  

The octagonal multi-cell columns shown in Fig. 1 are 

made up of two concentric octagonal tubes, which are 

connected together by four stiffening plates. The size 

of inner tube is half of the outer one (i.e. S=o.5). The 

magnitude of S is selected 0.5, because based on the 

previous investigations (see e.g. [29]), this value of S 

results in better crushing responses compared to other 

values of S (i.e. 0, 0.25, 0.75 and 1). Perimeter of the 

outer octagonal tube, thickness and length of the 

tubes are taken 320mm, 2mm and 400mm, 

respectively. Eight holes with three different shapes 

of rectangle, hexagon and ellipse are assumed on the 
both inner and outer walls of the octagonal columns, 

as seen in Fig. 1. The parameter H, shown in Fig. 1, 

is assumed to be 50 mm for all the columns with 

different hole shapes. For simplicity, the holed 

octagonal columns studied in this paper are labeled as 

OMCCR, OMCCH and OMCCE, which represents 

the octagonal multi-cell columns with rectangular, 

hexagonal and elliptical hole shapes, respectively. 

Furthermore, OMCC corresponds to the plain 

octagonal multi-cell column (or octagonal multi-cell 

column without any hole). Dimensions of the holes 
are expressed by parameters w and h, as shown in 

Fig. 1. Different dimensions of holes can be 

generated on the walls of the octagonal column by 

changing the values of w and h. Thus, crushing 

capability of the octagonal multi-cell columns with 

different hole shapes and dimensions, listed in Table 

1, is studied in the present task.  

Table 1 The Octagonal multi-cell columns studied in 

this paper 
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Fig. 1 Geometry of octagonal multi-cell column with rectangular (OMCCR), hexagonal (OMCCH) and elliptical (OMCCE) hole 

 

Table 1 The Octagonal multi-cell columns studied in this paper 

Column type   Tag w (mm) h (mm) 

Octagonal Multi-cell Column (Plain) OMCC 0 0 

Octagonal Multi-cell Column with rectangular hole OMCCR (w-h) 5, 10, 15 5, 10, 15 

Octagonal Multi-cell Column with hexagonal hole OMCCH (w-h) 6.03, 12.07, 20 6.03, 12.07, 24.14 

Octagonal Multi-cell Column with elliptical hole OMCCE (w-h) 6.36, 12.73, 20 6.36, 12.73, 25.27 

 
The boundary and impact conditions assumed in 

this research is such that one end of the columns 
is fully fixed in all directions, while the other 

end is kept free (see Fig. 2). A rigid-wall with 

mass of 600kg and initial velocity of 15m/s 
vertically impacts upon the free end of the 

column, and the energy of rigid-wall is supposed 

to be absorbed by the column. In order to 
compare the columns studied in this task in 

terms of crushing capacity, the maximum 

deformation of the columns is considered 300 

mm, which is 75% of the total length of the 
columns.   

 

Fig. 2 Boundary and impact conditions 
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Material of the columns is considered aluminum 

alloy AA6060-T4, and its mechanical properties 

are as follows: y = 80MPa, ut = 173MPa, 

E = 68.2GPa,  = 2700kg/m3, and υ = 0.33. 

Meanwhile, the power law exponent is assumed 

as n=0.23 for this material [30].  
 

Finite element code LS-DYNA is used in this 

research to model crushing behavior of the 
multi-cell columns. Shell elements with 4 nodes 

and five integration points along the thickness 

are employed to simulate the columns in LS-

DYNA. It is pointed out that mesh convergence 
analysis is carried out in the finite element 

analyses to gain a suitable element size, i.e. 

2.5mm×2.5mm, to correctly extract the crushing 
parameters. Automatic-Surface to Surface 

contact algorithm is employed to model the 

contact between the rigid-wall and columns. 
Moreover, the contact condition between the 

column walls during the collapse is also 

modeled by Automatic-Single-Surface algorithm 

to avoid interpenetration of the walls. 
Meanwhile, the friction coefficient in all 

contacts is regarded as 0.2 [31, 32]. The material 

of the columns is also modeled by Modified-
Piecewise-Linear-Plasticity in the LS-DYNA. 

3. Validation of the FE model 

For the purpose of ensuring the results of 

numerical simulations, the finite element model 

generated in LS-DYNA is validated herein. An 
experiment is performed on the holed square 

column illustrated in Fig. 3. The holed square 

column has a cross-sectional dimensions of 

50mm×50mm, length of 100mm and thickness 
of 2.2mm. Four holes of 10 mm diameter are 

created on the square column walls, while 

center-to-center distance of the holes is regarded 
23mm. It is pointed out that the material of 

square column is AA6060-T4, which its 

mechanical properties have been described 
above. The experiment is carried out such that 

the column is put upon the lower fixture of the 

universal test machine, and the upper fixture is 

then moved downwards with a displacement rate 
of 10 mm/min. The force-displacement curve 

obtained from the experiment is shown in Fig. 3. 

The mentioned square column is then simulated 
in LS-DYNA. Collapse modes together with the 

force-displacement curves obtained from the 

experiment and numerical simulation are 
exhibited in Fig. 3. Based on Fig. 3, good 

agreements are achieved between the numerical 

and experimental results including the force–

displacement curves and the collapse modes, 
indicating that the finite element simulations are 

able to suitably predict the crashworthiness 

behavior of the holed columns. As a result, the 
numerical analyses in LS-DYNA can model the 

crushing behavior of octagonal columns with 

sufficient accuracy. 

Experimental and numerical collapse modes Square column 
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Force-displacement responses 

 

 

Fig. 3 Experimental and numerical results  

 
In order to further validate the accuracy of finite 

element model generated in this research, the 

mean crushing force obtained from the finite 

element model is compared with that obtained 
from the simplified super folding element 

(SSFE) method developed by Chen and 

Wierzbicki [10]. In the theory proposed by Chen 
and Wierzbicki [10], a basic element includes 

three extensional triangular elements and three 

stationary hinge lines, as illustrated in Fig 4. The 
mean crushing force of this element with a 

length of 2H is calculated using the energy 

conservation of the system. Based on the energy 

balance of the system, the external work done in 

the compression equals to the plastic 
deformation in bending and membrane, as 

follows:  

2HPmk = E bending + E membrane                                (1) 

where, Pm, k, E bending and E membrane refer to the 

mean crushing force, the effective crushing 

distance coefficient, the bending energy and the 
membrane energy, respectively. According to 

literature, the crushing distance coefficient k has 

a value between 0.7 and 0.75. In this research, 
the value of k is assumed as 0.73. 
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                                          (a)                                                                       (b) 

 
Fig. 4 a) Extensional elements and b) stationary hinge lines [30] 

 

 
  

Octagonal tube 

Corner element 

(=135) 

3- panel angle element 

(φ1=67.5) 

3- panel angle element 

(φ2=112.5) 

Fig. 5 Octagonal tube together with the basic elements 

 
The bending energy Ebending can be calculated by 
summation of the energy absorbed at the three 

stationary hinge lines. 

The bending energy Ebending can be calculated by 
summation of the energy absorbed at the three 

stationary hinge lines. 

𝐸bending = ∑ 𝑀0𝛼𝑖𝐿𝑖
3
𝑖=1                           (2) 

where, M0 (i.e. moment of fully plastic bending 

of the flange) equals to σ0t
2/4, αi expresses the 

angle of rotation at the hinge line and Li 

corresponds to the length of the flange. 
Furthermore, σ0 and t are the flow stress of 

material and wall thickness, respectively. The 

flow stress σ0 can be written as follows:  

σ0 = √
𝜎𝑦𝜎𝑢

1+𝑛
                                                (3) 

 

In this equation, the parameters of σy, σu and n 

represent the yield stress, ultimate stress and 

strain hardening exponent, respectively. 

Meanwhile, their values for the Aluminum alloy 
used in this research are given in Section 2. 

According to SSFE theory, the flanges are 

completely flattened after the axial collapse of 
2H. Hence, the values of rotation angles are 

obtained as π/2, π and π/2. Accordingly, the 

bending energy can be simplified to:  

E bending = 2πM0Lc                                     (4) 
where, Lc is the total length of the flanges. 

In order to calculate the membrane energy 
dissipation subjected to axial loading, the 

octagonal tube described in Section 2 (without 

any hole) is divided into two types of basic 
elements including the corner element and 3-

panel angle element, as displayed in Fig. 5. 

Thus, the theoretical formulas of the membrane 

energy for these elements are written as: 

𝐸membrane
corner (𝜃) =

4𝑀0𝐻
2tan⁡(𝜃 2)⁄

(tan⁡(𝜃 2)⁄ +0.05/tan⁡(𝜃 2))𝑡/1.1⁄
              (5) 
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𝐸membrane
3−panel

(𝜑) =
4𝑀0𝐻

2

t
(

tan(𝜑)

(tan⁡(𝜑)+0.05/tan⁡(𝜑)⁡)/1.1
+

2 tan(𝜑/2))                                                         (6) 

Hence, the total membrane energy can be 

calculated as below: 

𝐸membrane = 𝑁𝑐𝑜𝑟𝑛𝑒𝑟⁡𝐸membrane
corner (𝜃) +

𝑁3−panel⁡𝐸membrane
3−panel (𝜑⁡)                                           (7) 

where, Ncorner and N3-panel-I are the numbers of 

corner and 3-panel angle elements, respectively. 

As shown in Fig. 5, the octagonal tube described 
in Section 2 (without any hole) is made up of 

several corner elements (θ = 135°) and 3-panel 

angle elements (φ1=67.5 and φ2=112.5). 

Therefore, the membrane energy of the 
octagonal tube is calculated using the Eqs. (5)-

(7) as below:  

𝐸membrane
corner (135°) =

4.363𝑀0𝐻
2

t
                   (8) 

𝐸membrane
3−panel (φ1) =

4𝑀0𝐻
2

t
(

tan(67.5∘)

tan(67.5∘)+
0.05

tan(67.5∘)
1.1
⁄

+

2tan⁡(33.75∘)) = 9.308
𝑀0𝐻

2

𝑡
                               (9) 

𝐸membrane
3−panel (φ2) =

4𝑀0𝐻
2

t
(

tan(112.5∘)

tan(112.5∘)+
0.05

tan(112.5∘)
1.1
⁄

+

2tan⁡(112.5∘)) = 15.936
𝑀0𝐻

2

𝑡
                       (10) 

𝐸membrane = 4(𝐸membrane
corner (𝜃) + 𝐸membrane

3−panel (φ1) +

𝐸membrane
3−panel (φ2)) = 118.428

𝑀0𝐻
2

𝑡
                        (11) 

On the other hand, the bending energy for the 

octagonal tube using the Eq. (4) is written as 

below: 

𝐸𝑏𝑒𝑛𝑑𝑖𝑛𝑔 = 2𝜋𝑀0𝐿𝑐 = 2𝜋𝑀0(1.82𝑃)         (12) 

By substituting the Eqs. (11)-(12) into Eq. (1), 

we would have: 

2𝑃𝑚𝐻. 𝐾 = 2𝜋𝑀0(1.82𝑃) +

118.428
𝑀0𝐻

2

𝑡
⁡→ 𝑃𝑚 =

1.82𝜋𝑀0𝑃

𝐻.𝐾
+

59.214
𝑀0𝐻

𝐾𝑡
              (13) 

where, P is the perimeter of the outer tube 

and is set to be 320 mm. It is worth noting 

that Lc is the total wall length of the tube 

cross-section, and equals to 1.82P. Based on 

the stationary condition, the half-wavelength 

H can be obtained as: 
𝜕𝑃𝑚

𝜕𝐻
= 0  → 𝐻 = √0.0965𝑃𝑡 = 0.31𝑃

1

2𝑡
1

2⁡⁡⁡ (14) 

Substitute Eq. (14) into Eq. (13) to obtain 

the mean crushing force: 

𝑃𝑚 =
36.78

𝐾
𝑀0𝑃

1

2𝑡
−1

2 ⁡⁡⁡&⁡⁡𝑀0 = 𝜎0
𝑡2

4
⁡⁡⁡→ 𝑃𝑚 =

𝜆
9.195

𝐾
𝜎0𝑃

1

2𝑡
3

2⁡⁡⁡⁡⁡; 𝜆 = 1.3⁡&⁡𝑘 = 0.73     (15) 

where, λ refers to the dynamic factor. When a tube is 

subjected to dynamic loading, dynamic effects 

including strain rate effect and inertia effect must be 

taken account in the calculations. Since the material 

used in this research (i.e. aluminum) is not sensitive 

to the strain rate, its effect is neglected. Thus, the 

dynamic factor λ mainly corresponds to the inertia 

effect. Based on the previous studies, a value 

between 1.3 and 1.6 is recommended for the dynamic 

factor λ. Therefore, the value of λ is assumed to be 

1.3 in this research. By placing the values of 

different parameters for the octagonal tube used 

in this research into Eq. (15), the value of mean 

crushing force is calculated as 𝑃𝑚 =
87.881⁡𝑘N.⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡ 
On the other hand, the mean crushing force is 

obtained as 𝑃𝑚 =
Energy⁡absorbed⁡by⁡octagonal⁡tube

𝑀𝑎𝑥𝑖𝑚𝑢𝑚⁡𝑟𝑖𝑔𝑖𝑑−𝑤𝑎𝑙𝑙⁡𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡
=

26.486

0.300
=

88.28⁡k𝑁 from the finite element analyses. 

Compression of the theoretical result and finite 

element result reveals that there is a good 

consistency between these results, and the 

discrepancy of the mean crushing force is 

less than 0.4%. Therefore, the finite element 

model is adequately validated, and can be 

employed for further studies. 
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Table 2 Crushing parameters obtained from the 

numerical simulations 

 
 

4. Numerical results and discussion 

There are several crushing parameters to 
evaluate the columns in terms of 

crashworthiness capability. Specific energy 

absorption (SEA) is one of the important 
parameters for indicating crashworthiness 

performance of thin-walled columns particularly 

when the weight of columns is not identical. As 
is well known, the greater SEA results in the 

better column in crashworthiness point of view. 

This parameter is described as follows: 

                                                  
max

0
( )F d

SEA
m



 
=


                                   (16) 

Displacement of the rigid-wall is regarded by  , 

and the maximum rigid-wall displacement is 

therefore stated by parameter 
max , which is 

considered 300mm in this investigation.  

F( ) states the crush force variations versus the 

displacement of the rigid-wall, and m is the mass of a 

column. It is pointed out that the force F and 

displacement corresponds to the rigid-wall force 

(i.e. rwforce) and displacement, respectively, which 

are simply extracted from numerical simulations.  
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Fig. 6 Crushing parameters, a) SEA b) Fmax, for the 

octagonal multi-cell columns with rectangular holes 

 
Fmax is another important parameter for 
evaluating thin-walled columns, which known as 

the maximum crush force. This parameter is 

determined as the maximum force present 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Octagonal column 
w 

(mm) 
h 

(mm) 
SEA 

(kJ/kg) 
Fmax 
(kN) 

OMCC 0 0 17.52 142.31 

OMCCR(5-5) 5 5 16.01 121.34 

OMCCR(10-5) 10 5 16.18 111.91 

OMCCR(15-5) 15 5 18.09 116.65 

OMCCR(5-10) 5 10 19.65 128.05 

OMCCR(10-10) 10 10 20.43 113.99 

OMCCR(15-10) 15 10 23.95 126.37 

OMCCR(5-15) 5 15 20.10 126.55 

OMCCR(10-15) 10 15 20.55 111.52 

OMCCR(15-15) 15 15 23.18 119.65 

OMCCH(6.03-6.03) 6.03 6.03 16.70 123.21 

OMCCH(12.07-6.03) 12.07 6.03 16.94 113.70 

OMCCH(20-6.03) 20 6.03 19.44 119.46 

OMCCH(6.03-12.07) 6.03 12.07 20.02 129.60 

OMCCH(12.07-12.07) 12.07 12.07 20.54 119.36 

OMCCH(20-12.07) 20 12.07 24.53 127.37 

OMCCH(6.03-24.14) 6.03 24.14 20.56 128.56 

OMCCH(12.07-24.14) 12.07 24.14 21.64 112.76 

OMCCH(20-24.14) 20 24.14 24.81 126.13 

OMCCE(6.36-6.36) 6.36 6.36 16.18 126.94 

OMCCE(12.73-6.36) 12.73 6.36 16.40 116.10 

OMCCE(20-6.36) 20 6.36 19.05 123.08 

OMCCE(6.36-12.73) 6.36 12.73 18.62 132.31 

OMCCE(12.73-12.73) 12.73 12.73 19.57 122.98 

OMCCE(20-12.73) 20 12.73 23.41 129.39 

OMCCE(6.36-25.27) 6.36 25.27 19.80 131.50 

OMCCE(12.73-25.27) 12.73 25.27 20.66 117.87 

OMCCE(20-25.27) 20 25.27 24.30 128.48 
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during the crushing process of a column. The 
value of Fmax should be as small as possible to 

prevent serious damages to passengers during a 

collision. Hence, the lower Fmax results in the 

better column.  
Fig. 6 shows the crushing parameters, SEA and 

Fmax, for the octagonal multi-cell columns with 

rectangular holes. Based on Fig. 6a, the columns 
including rectangular holes (i.e. OMCCR) have 

greater value of SEA than the plain octagonal 

multi-cell column (i.e. OMCC). For the identical 
value of hole height (or h), the value of SEA 

increases with increase in the hole length (or w). 

Furthermore, for the identical value of hole 

length (or w), the value of SEA increases with 
increase in the hole height from h=5 mm to 10 

mm, and then nearly remains constant (from 

h=10 mm to h=15 mm). Thus, among the 
octagonal columns with rectangular holes with 

different dimensions, the OMCCR (15-10) 

exhibits the greatest value of SEA i.e. 37% more 
than that of the plain octagonal column (i.e. 

OMCC). Fig. 6b shows the values of Fmax for the 

octagonal columns with rectangular holes; in 

which, the holed columns have a lower value of 
Fmax compared to the plain octagonal column. 

Additionally, by increasing the hole length (or 

w), the value of Fmax initially decreases and then 
enhances. Thus, the minimum value of Fmax  is 

achieved for the holed columns with w=10 mm.  

Fig. 7a shows the values of SEA for octagonal 

columns including hexagonal holes; in which, 
the effect of dimensions of w and h on the SEA 

values is identical to the trend achieved for the 

rectangular holes displayed in Fig. 6a. In other 
words, the octagonal columns including 

hexagonal holes (i.e. OMCCH) exhibit better 

crushing performance than the plain octagonal 
multi-cell column (i.e. OMCC). For the identical 

value of h, the value of SEA enhances with 

increase in the value of w. Moreover, for the 

identical values of w, the value of SEA enhances 
with increase in the value of h from 6.03 mm to 

12.07 mm, and then nearly remains constant 

from h=12.07 mm to h=24.14 mm. Therefore, 
among the octagonal columns with hexagonal 

holes with different dimensions, the OMCCH 

(20-24.14) demonstrates the greatest value of 
SEA i.e. 42% more than that of the plain 

octagonal column (i.e. OMCC). Fig. 7b plots the 

values of Fmax for the octagonal multi-cell 

columns including hexagonal holes; in which, 
the holed columns have lower value of Fmax than 

the plain octagonal column (i.e. OMCC). 

Moreover, as the value of w enhances, the value 

of Fmax initially reduces, and then enhances. 
Hence, the hexagonal holed columns with 

w=12.07 mm have the lowest value of Fmax.  
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Fig. 7 Crushing parameters, a) SEA b) Fmax, for the 

octagonal multi-cell columns with hexagonal holes 

 
Fig. 8 displays the results for the octagonal 

multi-cell columns including elliptical holes. 

The results of SEA and Fmax for these columns 
are identical to those observed for the columns 

with rectangular and hexagonal holes. 

According to Fig. 8a, the OMCCE (20-25.27) 
demonstrates the greatest value of SEA i.e. 39% 
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higher than that of the plain octagonal column 
(i.e. OMCC).  
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Fig. 8 Crushing parameters, a) SEA b) Fmax, for the 
octagonal multi-cell columns with elliptical holes 

 

 
Based on the abovementioned results given for 

the octagonal columns with different shapes and 

dimensions of holes, it can be concluded that the 
hexagonal hole gives the greatest value of SEA. 

In other words, the hexagonal holes present on 

the octagonal column walls (i.e. OMCCH (20-
24.14)) improve crushing capacity by 42% in 

comparison to the plain octagonal column. On 

the other hand, the value of Fmax for the 

OMCCH is also lower than that for the plain 
octagonal column (i.e. OMCC). Consequently, a 

significant improvement in the crushing 

performance is found by using the technique of 
generating holes on the column walls. 

 
Fig. 9 Force-displacement curves obtained from the 

numerical simulations for selected octagonal columns 

 
Fig. 9 shows crush force-displacement curves 
for the selected octagonal columns. As is evident 

from this figure, the load initially increases to 

gain a peak value, and then oscillates several 
times because of progressive wrinkles. It is also 

pointed out that the plain octagonal column has 

higher initial peak force than the holed columns, 

which is dangerous for the passengers during a 
vehicle collision.  

Fig. 10 displays progressive collapsing modes 

for the selected octagonal columns with different 
hole shapes. Based on this figure, all the holed 

columns collapse in diamond mode.
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Fig. 10 Collapsing mode of selected octagonal columns 

with different hole shapes 

5. Conclusion  

In this paper, crushing behavior of octagonal 

multi-cell columns including three different 

shapes of holes (i.e. rectangle, hexagon and 
ellipse) is evaluated. In the first phase of this 

research, the finite element model generated in 

LS-DYNA is validated with experimental data. 

Afterwards, crushing parameters including SEA 
and Fmax are obtained from the validated model 

in LS-DYNA. Based on the results, a significant 

improvement in the crushing capability is 
observed by generating holes on the column 

walls. The results show that for the identical 

value of hole height (or h), the value of SEA 

increases with increase in the hole length (or w). 
Furthermore, for the identical value of hole 

length (or w), the value of SEA increases with 

increase in the hole height, and then nearly 
remains constant. 

It is noticed that the OMCCR (15-10), OMCCH 

(20-24.14) and OMCCE (20-25.27) increases the 

value of SEA by 37%, 42%, and 39%, 
respectively compared to the plain octagonal 

column. Meanwhile, all the holed columns 

demonstrate lower value of Fmax compared to the 
plain column. As such, by increasing the hole 

length (or w), the value of Fmax  initially 

decreases, and then enhances.  
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