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Fig. 1. Specimens a) type 1 b) type 2, with type of loading, before and
during of deformation [17]
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Fig. 2. Curves a) force b)energy with bending deformation of 1 &2
structure types [17]
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Fig. 3. a) Lateral and front of cell views
b) schematic of expanded cylindrical absorber [18, 19]
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Fig. 5. Stress- strain curves of elastic- perfect plastic material [22]
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Fig. 6. A straight beam with rectangular area under cure bending and
axial force loading [25]
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Table 2. Parameters of geometric, physical and properties of specimens [20]
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Fig. 7. Distribution of different stress around of a section of elastic-
plastic joint under loading [25]
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Fig. 9. Variation curve of horizontal and vertical velocities according to
time for A & D points (Fig. 4) of single cell absorber
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Fig. 12. Force- Displacement curve of double cells absorber with
stopping angle=6.4° for variation of vertical displacement
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Fig. 11. Opening angle variation of single cell absorber per time curve
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Fig. 15. Opening angle variation or rotating rod of double cells along of
together per time with stopping angle=6.4°
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Table 2. Geometric and physical properties of absorber

o, E P H B L 0
MPa GPa kg/m* mm mm mm  deg
Yo YoV e/Y YA.- \Vig O Yo \Vig

A P g R D
e A5 el g g5 ) e e eSS ) e
Caleg 3 el oad aid )5 s > Al (g8 SISl L (s aye

gl VPSS & g0 4y sudgai e Jolo ST OO

Fig. 16. Single cell meshed absorber in ABAQUS
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Fig. 13. Horizontal velocity- time and vertical velocity- time curves of
double cells absorber with stopping angle=6.4°
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Fig. 14. Strain variation- time curve of double cells absorber
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Fig. 19. Horizontal and vertical velocity curves per time of single cell
absorber for A & D points(Fig. 4)
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Fig. 20. Double cells meshed absorber in ABAQUS
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Fig. 17. Schematic diagram of single cell absorber collapse in both front
and isometric views at the end of time intervals
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Fig. 18. Force- displacement curve of single cell absorber
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Fig. 23. Horizontal and vertical velocities variation curves per time of

double cells absorber
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Table 3. Theoretical and numerical Results comparison of peak
force, mean force, total energy absorption and horizontal and vertical

displacement
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Fig. 21. Schematic diagram of double cells absorber collapse in both
front and isometric views at the end of time intervals
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Fig. 22. Force- displacement curve of double cells absorber
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Table 4. Theoretical and numerical comparison of the horizontal and
vertical peak velocities diagrams per time of single and double cell
absorbers
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Table S. Theoretical and numerical comparison of the horizontal and
vertical peak pressure strain diagrams per time of single and double
cell absorbers
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Fig. 24. Theoretical and numerical comparison of the force-
displacement diagrams of single and double cell absorbers
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Fig. 25. Theoretical and numerical comparison of the horizontal and
vertical velocities- time diagrams of single and double cell absorbers
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Fig. 26. Comparison results of a) force- displacement b) angle variation
of absorber rods with experimental investigation [22] for single cell
absorber
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Table 6. Influence and comparison analysis of increasing number of
longitudinal cells theoretically and numerically
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Table 7. Influence of inertia on the peak and mean forces
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