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Development of the Estimation Method for the Sevierity of Fall Injuries Caused by Tripping

-Fall Motion Analysis Based on the Fall Experiment and Motion Simulation-
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Abstract: Although it is important to analyze the fall motion, which includes the impact phase, for fall prevent and
mitigation, the study which recorded whole of the fall motion is rarely performed because of the safety concerns. Thus, In
this study, the fall motion caused by tripping was recorded as long as possible within the bounds of safety. Then, the
successive motion until the ground contact was simulated using multibody model. In addition, impact phase was also
simulated using FEM simulation. As a result, the fall avoidance motion, which meant the step length after tripping, was
connected to the risk of injuries such as the position and velocity of the ground contact. Then, the stress consentration
around the distal radius, where the bone fracture frequentry happened, was estimated.
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Fig. 1 Experimental setup
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Fig. 2 Multibody simulation
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Fig. 3 Hand model

Fig. 4 Arm model

Fig. 5 Body model

Table 1 Phisical parameters of the radius model

Attribure Value
Characteristics of cortical Isotropic elasto-plastic
bone body
Thickness of cortical bone 0.15 [mm]
Yong modulus 17.6 [GPa]
Yield stress 75.51 [MPa]
Poisson’s ratio 0.3
Bone density 5000 [kg/m3]
Viscosity of joints 4.5 [Ns/m’]
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Fig. 6 Fall mition (left top : HT, right top, LS,
left bottom : RS, right bottom : ST)
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Fig. 7 Fall motion on the sagittal plane
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Table 2 Impact part
Number of the case

Contact part Short step case | Long step case
Same side hand 11 5
Another side hand 1 4
Same side knee 10 13
Another side knee 9 11

Note: Same side means the same side to the tripped leg

Table 3 Impact velosity

Contact part Number of the case
Short step case | Long step case
Same side hand | 3.50%0.53 [m/s] 2.87£0.30
Another side hand 2.51 3.00%0.52
Same side knee 1.71%+0.33 2.05£0.38
Another side knee 1.95+0.28 2.3310.44

Note: Same side means the same side to the tripped leg
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Fig. 8 Stress consentration of the radius (left : Principal
stress, right : Von Mises stress)

Fig. 9 Distribution of Principal strain
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