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Analysis of Loading on the Lower Extremity of Pedestrians in Car-to-Pedestrian Collisions
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In order to prevent lower extremity injuries to pedestrians when they are struck by a car, it is important to
elucidate the loadings from car front structures on lower extremities. In this study, using a human finite element
(FE) model, a bending moment diagram and a stress diagram of the human tibia were introduced to examine the
effects of loading from the lower absorber. The lower absorber is effective in reducing the risk of knee ligament

rupture; however, it can increase the risk of tibia fracture. A lower absorber with a low ground height reduces the

risk of tibia fracture without increasing the risk of knee ligament rupture.
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Fig. 3 Cross-sectional area and section modulus of tibia

Table 1 Material constants for tibia model
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Fig. 4 Stress-strain curve of knee ligament

=g

350 180

— Simulation

300 |-~ Experiment 1 ,E\160 —(S:L:?:La;:?n
--- Experiment 2 E100 0 .
250 Experiment 3| < (experiment)
‘GE) 120
£ 100

Bending moment (Nm)
~
8

0 10 20 30 40 50 0 5 10 15 20
Deflection (mm) Angle (°)

Fig. 5 Bending tests of tibia and knee joint
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Fig. 7 Stress-strain curves of absorbers
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Fig. 8 Maximum bending moment of tibia
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Table 2 Car models

Car model Description
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Model V Lower absorber x+30 mm (rearward)

[6] U3 o6 kX % Fig. 11123md. /g, &
DBEIZFH TS, EREi2 5140 mmD A E T &
KEL BE->TW3, ZhiZKBOMHEBRKOFETH
D (Fig. 32M) , i€ —x ¥ b LGk, Wrimfekkd
B ) 2 NOEBERRENZ LRGN 5E. ZOXD
2, BRI A O IUE, EETEIRO B A Ik L 72
BT 22 BRI CE 5.

Hlj & DIz W, KEiZidiihyeE— 2 v b

(a) 11 ms (b) 17 ms (c) 20 ms

Fig. 9 Kinematics of lower extremity at 11, 17 and
20 ms (baseline model)
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Fig. 10 Bending moment diagram at 11, 17 and
20 ms (baseline model)
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Fig. 11 Stress diagram at 11, 17 and 20 ms
(baseline model)
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Fig. 12 Tensile stress due to bending moment
and axial force in a tibia cross section
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Fig. 13 Kinematics of lower extremity in impact
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Fig. 14 Maximum bending moment diagram in
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ground clearance z (model II, 1)

IZRY. Fig. 17%# 1% &, s T 7 Loy € —
AV M, BEE®REICbE > THREh TS, Z
i, NRT T =N a T T T — A EE
LU T, KA 4 S IEVIREE £ D |, fiE
BEERIZ TR E R TWb 0 eEbhs. ZHiZ
NLUT, a7 77— LE% EiF3 L (model
), v7 77y — NIl EREIEP LT, KEI
SIHRF I WIREEE 0, IKEEBRE O ' — £
v b AN 5. Fig. 184 AT&, KEEH®IBOIL
NREEZEML B D, EB&2 5140 mmO KL
ETHINCE>TWS, —F, a7 77— kL&
#FF5 & (model 1), ffdEfUEEE FUEBISED
&, KEEHHBoFE—2x Y b, 3N &
5. ZOBR, KEO RS, POy E—x 2 b,
IBHOZEZNE N, ZOES2, a7y 7T =%
T3 L, BREESRZESOMEMEY 27 28N 3§
2, REOEIT) 20 2RKTHZ LA TES.

4.4 OFTF7 TV —NOHIEMAE

a7 7 7Y —NOHiRALE & 2L & B 72550 T
D2 AFig. 191/, 07 7 7 — S5 Hijlj i /5
(x -30 mm) DHWEFTIL (model IV) Tid, KK
BB CEE 2~ 8T L7z (132ms). —J, u7r 7
T = NHEHmEE T (x +30 mm) O HE F L
(model V) TiZ%, 20.5ms TMCLAMWFZ L 7=,
RKHIT | — 2 v MR, KIS T#RX] % Figs. 20-21
WY, FMEHEF LIS LT, a7 7 7Y =3 EHi
FHIZBEIT 3L (model IV), a7 77— N | ffjgE

400

350
300
250

—— Baseline
--= Model Il (z-50 mm)
-—- Model Ill (z +50 mm)

200
150
100

50

Distance from ankle joint (mm)

Bending moment (Nm)
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Fig. 18 Maximum stress diagram of tibia in impact
against car having a lower absorber with
ground height z (model 11, II)

(a) Model IV (b) Model V
(lower absorber x -30 mm) (lower absorber x +30 mm)
Tibia fracture MCL rupture

Fig. 19 Kinematics of lower extremity in impact
against car having a lower absorber with
longitudinal position x (modellV, V)
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