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Abstract: To investigate the lumbar spine biomechanical responses and chest injury risk of reclined oc-
cupants in a 50% overlap MPDB crash. three sets of simulations are conducted using the THUMS finite el-
ement human body model in accordance with the 2024 version of the C-NCAP protocol. The results indi-
cate that foot-interior footrest contact significantly influences the probability of submarining. When a “belt-
on-neck” phenomenon occurs for the reclined occupant during the crash, maximum chest compression
alone may not adequately reflect the chest injury risk. The axial compressive force on the lumbar vertebrae
increases progressively with increasing seatback recline angle. Under different postures, a correspondence
exists between the lumbar bending center of rotation and the vertebra sustaining the maximum bending mo-
ment. The overall lumbar spine of the reclined occupant exhibits a pronounced S-shaped lateral bending
motion and is subjected to combined compression, bending, and lateral bending loads.

Key words: lumbar spine loading; chest injury; reclined occupant; mobile progressive deformable
barrier (MPDB) ; submarining
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Tab.3 Mechanical response parameters of lumbar vertebral bodies

e 1 b i) i 4 73 /KRN il A8/ (N-m) A/ (Nem) | ZIIH/(Nem) A S35/ (N-m)
| bR | | KR | bR LA PREL | bR | Oy | OPREL | RRME | R | KRB | AR AR R
T12 | 2.32 | 3.03 | 3.30 | —23.81 | —67.83 | —90.28 | / / / / / / | —15.52 | —45.59 | —53.01
L1 | 254|336 356 | —48.95| —87.04 | —96.92 | / / / / / /| —1945 | —44.15 | —47.94
L2 | 2.54 | 3.06 | 3.26 | —66.43 | —92.77 | —77.69 | / / / / / / —7.63 | —13.45 | —12.57
L3 | 280 315|339 | —7849 | —77.65| —57.52 | / / /| 14.50 | 23.39 | 31.29 / / /
L4 | 2.69 | 309|358 | —57.32| —57.07 | —37.82| / /| 17.66 | 33.38 | 54.39 | 50.92 / / /
L5 | 2.73]298|330| —6145| —5829 | —29.44| / |6.99 |39.13|38.49 | 55.07 | 42.35 / / /
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Tab.4 Chest injury assessment indices

Wit 241 — ﬁﬁ%j}

bR TR R,

J38 3 ms G B/ g 24.71 32.31 36.88
i 8 5 R 4 it/ mm 19.56 16.19 15.41
LJEFE J) /kPa 891.70 765.84 999.35
fili B IE 71 /kPa 704.18 723.38 1013.37

Jili i FRe K E WA/ % 5.26 5.63 3.86
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