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Numerical simulation study on the protective effects of polyurea materials
against lung blast injuries under blast wave loading
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Abstract: Lung blast injury is the most common cause of death from primary blast injuries, and effective protection is crucial
for mitigating injuries and improving treatment outcomes. Research on polyurea materials as body armor is still in its early
stages. This study conducted numerical simulations to investigate the mechanical response of lungs protected by polyurea
under blast wave conditions and the attenuation characteristics of polyurea against blast waves. LS-DYNA was used to
simulate the direct damage process of blast waves on the thorax of goats wearing protective materials, and the validity was
verified through field pressure data and gross lung injury observations. Finally, the finite element model of blast wave

protection effects was used to evaluate the protective effects of polyurea materials on human lung blast injuries. The results
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showed that when the right lung faces the blast center, the stress from lung injuries is mainly concentrated in the lower lobe of
the right lung. The overall stress in the protected lung model is lower, and the lung overtraction effect caused by the negative
pressure is weakened. Polyurea materials can effectively attenuate the peak overpressure on the skin and lung surface by
approximately 58.8%, reduce the maximum velocity of the sternum by about 22.4%, and enhance attenuation capacity with
increasing blast wave pressure, thereby effectively reducing the incidence and severity of lung blast injuries. The established
computer simulation evaluation model for personnel protection effects provides a method for evaluating the protective efficacy
of new protective materials against lung blast injuries and predicting post-protection injury severity, with significant military
and social implications.
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Table 2 Material properties of protective materials
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(a) Cross-sectional view of (b) Cross-sectional view of the goat thorax finite element
the goat thorax finite element model model wearing protective material
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(c) Perspective view of the goat finite element model wearing protective material
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Fig. 1 Finite element models of the goat thorax
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(a) Finite element model loaded in (b) Perspective view of the (c) Perspective view of pressure source facing
airdomain thorax in air domain the right side of the thorax in air domain
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Fig.2 The blast wave loading model with a pressure source facing the right side of the thorax
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(a) Disc-shaped dynamic stress sensor (b) The sensor embedded subcutaneously on the right thoracic
side of the goat(the dashed box indicates the sensor position)
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(c) Layout of two sensors (d) Measured pressure curves

(one outside the protective material, one subcutaneously)
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Fig. 3 Diagrams of sensor detection in live explosion test and measured pressure curves
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Fig. 4 Comparison of lung stress cloud diagram of goat finite element model under 500 kPa condition

and gross lung injury in field explosion test at 4 m
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Fig. 6 Pressure field distribution of blast wave loading
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Fig. 7 Stress propagation in lung without and with protection under the 100 kPa condition
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Fig. 8 Pressure curve near the surface of right lung
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Table 3 Distribution of intrapulmonary mechanical responses in personnel without and with protection
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300 155.86/47.81(69.3%) 66.58/39.17(41.2%) 10.66/5.05(52.6%)
400 259.60/107.20(58.7%) 113.24/53.30(52.9%) 14.30/6.15(57.0%)
500 395.45/144.60(63.4%) 145.19/69.93(51.8%) 18.38/7.54(59.0%)
700 631.04/178.16(71.8%) 217.42/107.71(50.5%) 23.50/12.19(48.1%)
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Table 4 Comparison of peak overpressure at skin for five conditions with and without protective material

pJ/kPa TCBH A K2 JHk R R ek Pa A B R R {E /kPa B b el I R R e {E /kPa
100 128.21(51.5%) 106.69(41.8%) 62.14
300 249.35(49.9%) 217.13(42.5%) 124.91
400 357.10(58.7%) 310.41(52.4%) 147.63
500 598.10(68.2%) 465.39(59.1%) 190.42
700 776.05(65.5%) 724.68(63.1%) 267.61
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