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Study on the influence of shock waves on human head and neck

mechanical injury indicators under different ambient pressure conditions

WANG Junlong, MA Tian, XIANG-Pingwen, ZHANG Lingiao, WANG Yabing, KANG Yue*

(Quartermaster Engineering TechiologyResearch Department, Systems Engineering Institute, AMS, Beijing 100010, China)
Abstract: In recent years, with the=widéspread application of various explosive weapons, the number of explosion-induced
traumatic brain injury (TBI) cases has surged. Current research on explosive blast injuries predominantly focuses on plain
environments, while studi€s ontheinjury mechanisms, trauma characteristics, and treatment strategies under the special physical
and chemical environment of the plateau remain relatively scarce. To investigate the kinematic response of the human head—neck
system subjected toSblaSt loading under low-ambient-pressure conditions, this study employed a high-fidelity physical
anthropomorphic surgogate instrumented with overpressure transducers, accelerometers, angular-rate sensors, and a six-axis load
cell. Experiments were conducted using a shock-tube test system under four different ambient-pressure levels, with three blast
overpressure magnitudes applied sequentially for each pressure condition. The results show that, under ambient pressures ranging
from 54 kPa to 101 kPa, the free-field peak overpressure decreases with decreasing ambient pressure (relative to 101 kPa, the
peak overpressure at 54 kPa is reduced by approximately 16.03%). The peak overpressure measured at multiple locations on the

head surface also exhibits a decreasing trend in the low-pressure range. Meanwhile, translational metrics—such as the peak head
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center-of-gravity accelerations in the x and z directions and the peak neck forces in the x and z directions—decrease overall with
decreasing ambient pressure, whereas rotational metrics—such as the peak head center-of-gravity angular velocity in the y
direction and the peak neck torque in the y direction—increase overall with decreasing ambient pressure. These findings indicate
that, under the present test conditions, low ambient pressure exerts opposite effects on the translational and rotational responses
of the head—neck system. The study reveals that the injury quantification assessment method established under normothermic and
normobaric conditions exhibits applicability bias in high-altitude (hypobaric) environments. This bias arises because high-altitude
(hypobaric) conditions can alter human physiological functions (e.g., hypoxia and hypothermia reduce tissue tolerance), and
under identical blast loading conditions, injuries tend to be more severe than those at plain levels. Therefore, the method requires
calibration and validation under hypobaric conditions. In summary, this study provides a mechanics-based reference for
blast-induced injury research and for evaluating the applicability of injury criteria in platedu (low-ambient-pressure)
environments.
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Fig. 3 Shock Wave Overpressure Time-History Curves at the Test-Section Exit Under Different Ambient Pressure Conditions
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Table 2 Shock tube test section pressures

P/kPa
Pe/kPa Yavand », Yot , A —,
F—IR FIR IR
101 64.6 56.9 54.3
90 62.9 62.1 57.2
70 50.1 49.4 47.7
54 46.8 46.6 46.1
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Fig. 4 Shock Wave/Overpressure Time-History Curves at Different Measurement Points Under Different Ambient Pressure

Conditions

5Error! Reference source not found./87~ T 4 FISLie2F T, MR SLIR M (B BSR4 R
ANFEV R SRAE N, SR G (B e 2 AT R R R — 2, RVIR ) R0 s vy e B AR Sk
TR “HT-AT AR TR AL R AT 2B P [RGB A0, IR 101 kPa P& % 54 kPa I, %
TN 55 AR AR BTG, 9 B AR 35000 15 F (167.5+16.1) kPa [ %5 (140.1£1.6) kPa (FEIRZ) 16.4%) , Ri#E
RUEH(133.3£12.1) kPa [ (111.3£1.1) kPa (F¥IRZ) 16.5%) , kI & H(69.3+5.2) kPa [443(53.9+0.5) kPa
(PEWRZ) 22.2%) , KL A H1(44.944.7) kPa [4%(38.1£0.5) kPa (FEIEZ) 15.1%) -

BAKKRE, MIFAESEH 101 kPa [£Z 70kPa 5 54 kPa I, &0 IS8 1) B R Motadh, RUMKS



MO 5o &
Explosion and Shock Waves
JFEFR I 25 H) 55 b o I PE AR R THT TS B PR (BUER IR 0741, SRTTT,  FERRBESUEN 90 kPa [ L, & AU (8
HEEEL 101 kPa JEHE TOUIS A T mi e 2R EEHR TRECE B DS R (R 2) 1%
i 22 %o WA R S PR S R PR L 1 A U AR A AS B BT S S ) W (BB SR AR AL B, T R BAE IR R N
A7 B DR R R T

250
r— o— Ear
— o Front
< 200 |- o~ Forchead
i -—O—Top ’—_—I-_§§§I
o 150 T Ol _--tTl -t
5 o---~""77 v - = ::::::===;
O :::::ZZS:’/
£ 100f °
g ______ T- N\~ 6
—————— -~ 7
50+ : _______ o —— - ---X N -\ — 3
O 1 1 1 1

Atmospheric Pressure /kPa

B 5 AN [ b ey A8 TSRS AR 06 D s

Fig. 5 Peak Overpressure on the Head Surface Under Different Shock Environments
2.2.2 kARG Ao iR B A A 1R R R 1) 6 AL
Bl 6 JR7R T AN IREE AR Sk O 2R i S e R il 26 . e B mT R,  E 28 0 1 e o o B SR
T3 Ty, ARG SR R — 77 [ g f B i 1) AR A AR B B i — Bk, IR SR U], AU

AR IR JEE I R B 2 AR A ARG I R, (EE RO L (6 ) A Rxdi Al (86 a) MizJj[A
(I 6 ¢) T B (i PR 507 s ) P AR A 52 R Bta 3

30 [50kPa - x diration —— 101 kP4 > [60KPa - y direction
—90 kPa

o —— 70 kPa -
E 0 —— 54 kPa E 0
I 8
2 2
(] (]
3 3
< 30t < 5

-60 : : : -10

9 10 11 12 13 9 10 11 12 13
Time/ms Time/ms
(a) x direction (b) y direction



mOE 5 &
Explosion and Shock Waves

435 [50KPa -z direction ——— 101 kPa 30 50kPa —a —— 101 kP4
—90 kPa 40l —90 kPa

o 30+ ——70 kPa o ‘ ——70 kPa
E —54kPa £ 2 |
g 15 §
o < 20
S 0 3
< < 10

15 0

30 - - 10

9

1 1 1 / 1 1
10 11 12 13 9 10 11,./2 13 14
Time/ms Ti

(c) z direction

6 AN AR AT T Sk AL 0 R
Fig. 6 Acceleration Time-History Curves of the Center of Mass of the Head Under Different Ambient Pressure Conditions
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