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ABSTRACT

This study is to review the Brain Injury Criterion (BrIC) and the brain injury probabilities due to the
Traumatic Brain Injury (TBI). For this purpose, the frontal impact test results of 20 vehicles from MY2022
and MY2023 USNCAP are utilized for estimating the BrIC and the brain injury probabilities. Using the equations
suggested by Takhounts et al., the BrIC results were calculated. Using the equations suggested by Hazay
et al., the brain injury probabilities were estimated. The brain injury probabilities based on the maximum
principal strain (MPS) were largely estimated than those based on the cumulative strain damage measure
(CSDM).
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Table 1 Specifications of tested vehicles

No Vehicle Type MY Weight | Engine
1 Civic LX Sedan 2022 | 1,483 kg | 2.0L
2 Tucson SEL SUV 2022 | 1,825kg | 25L
3 Ioniq 5 SuUV 2022 | 2,248kg | EV
4 Bolt Hatchback | 2022 | 1,808 kg | EV
5 Q4 e—tron SUV 2022 | 2,483kg | EV
6 | Corolla Cross LE SUV 2022 | 1,727kg | 2.0L
7 EV6 Wind SUV 2022 | 2,235kg | EV
8 | Integra A—Spec |Hatchback | 2023 | 1,574kg | 1.5L
9 Explorer XLT SUV 2023 | 2,246kg | 2.3L
10 Tiguan S SUV 2023 | 1,986kg | 2.0L
11 | Niro EX HEV SUV 2023 | 1,635kg | 1.6L
12 Kona EV MPV 2023 | 1,870kg | EV
13 CX-50 S SuUV 2023 | 1,842kg | 25L
14 X1 SUV 2023 | 1,941kg | 20L
15 | Lexus GX460 SUV 2023 | 2,603kg | 4.6L
16 | Mini Countryman | Hatchback | 2023 | 1,799kg | 2.0L
17 | Lexus RX350 SUV 2023 | 2,212kg | 24L
18 | Genesis GV70 SuUV 2023 | 2,214kg | 25L
19 Pilot LX SUV 2023 | 2,215kg | 35L
20 | Santa Cruz SEL Truck 2023 | 2,061kg | 2.5L
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Table 2 USNCAP test results for frontal impact

Veh. Driver (rad/s) Passenger (rad/s)

No. | o, w, w, w, w, w,

1 |-10.27|-29.75| —6.04 | 11.22 |—-23.63| 9.52

2 | —6.15 |—26.12| 5.45 555 | 18.31 | —6.48
3 | 17.58 |—28.85| 20.22 | =5.13 | 27.41 | =7.12
4. |—13.40|—-14.85| 15.96 | —-10.13| 27.02 | —24.63
5 | —9.98 | 16.52 |—17.87| 20.09 |—22.57| 23.73
6 |—14.33|-29.04| 23.46 | 8.96 159 |-15.33
7 8.92 |—35.43| 7.49 4.22 | =29.36| —5.95
8 |—-10.07|-25.16| 9.36 | —1.18 | 18.96 | —9.68
9 |-16.62|—-25.55| 12.38 | —5.38 | —35.04| —5.73
10 |-10.67| 18.96 | 12.03 | =9.77 | -27.99| —8.54
11 | =5.06 |—27.36|—13.08| 5.64 |[—-17.93| —7.01
12 | =6.44 | 21.95 | 858 | =5.02 | —21.2 | —16.45
13 |—15.34|-31.47| 10.00 | —4.16 |—16.09| —5.37
14 | =5.00 | =25.66| 7.77 | 12.29 | 27.49 | 21.20
15 | —18.97|—22.84| 18.61 | —-13.89|—-31.96 | —19.42
16 | =7.35 |—-22.65| 7.71 | 18.54 |—26.03|—-21.60
17 | =5.59 |-30.63| 5.22 6.68 | 19.61 | 9.27

18 |-10.62|—-24.24| 8.13 | 21.63 | 19.96 |—-31.97
19 |-18.88| 21.50 | 36.23 | 8.59 |[—-18.22| 25.09
20 |—15.05|-24.94|-10.09| 4.18 | 21.70 | —3.47

Table 3 BrIC results

Veh. BriC Veh. BriC

No. | Driver |Passenger | No.| Driver |Passenger
1 0.57 0.50 11 0.58 0.37
2 0.49 0.37 12 0.45 0.54
3 0.74 0.52 13 0.65 0.32
4. 0.50 0.76 14 0.50 0.72
5 0.53 0.75 15 0.66 0.75
6 0.78 0.47 17 0.45 0.74
7 0.67 0.54 17 0.56 0.42
8 0.52 0.41 18 0.50 0.89
9 0.59 0.64 19 0.97 0.68
10 0.47 0.55 20 0.55 0.40
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Table 4 Injury probabilities obtained by MPS and CSDM
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Table 5 Combined Injury probabilities

Veh. Ppaturs(BriC) Ppascsoan(BriC) Veh. P i upg (Bric) P 51+ (cspan (BriC)
No. Driver Passenger Driver Passenger No. Driver Passenger Driver Passenger
1 0.143 0.111 0.032 0.013 1 0.293 0.226 0.184 0.126
2 0.107 0.062 0.011 0.001 2 0.217 0.121 0.119 0.051
3 0.231 0.120 0.132 0.018 3 0.468 0.245 0.371 0.141
4. 0.111 0.242 0.013 0.149 4 0.226 0.488 0.126 0.397
5 0.125 0.236 0.020 0.140 5 0.254 0.478 0.149 0.384
6 0.253 0.099 0.167 0.008 6 0.509 0.199 0.422 0.105
7 0.193 0.129 0.081 0.023 7 0.395 0.264 0.288 0.158
8 0.120 0.076 0.018 0.003 8 0.245 0.150 0.141 0.069
9 0.152 0.177 0.040 0.064 9 0.313 0.364 0.203 0.254
10 0.099 0.134 0.008 0.026 10 0.199 0.273 0.105 0.166
11 0.148 0.062 0.036 0.001 11 0.303 0.121 0.194 0.051
12 0.091 0.129 0.006 0.023 12 0.182 0.264 0.092 0.158
13 0.183 0.047 0.069 0.000 13 0.374 0.088 0.265 0.032
14 0.111 0.220 0.013 0.116 14 0.226 0.447 0.126 0.347
15 0.188 0.236 0.075 0.140 15 0.384 0.478 0.276 0.384
16 0.091 0.231 0.006 0.132 16 0.182 0.468 0.092 0.371
17 0.138 0.080 0.029 0.003 17 0.283 0.158 0.175 0.075
18 0.111 0.317 0.013 0.275 18 0.226 0.618 0.126 0.565
19 0.366 0.198 0.361 0.088 19 0.691 0.405 0.664 0.299
20 0.134 0.072 0.026 0.002 20 0.273 0.142 0.166 0.064
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Table 6 BriC vs. HIC

Veh. Bric HIC

No. Driver Passenger Driver Passenger

1 0.57 0.50 325 444

2 0.49 0.37 364 325

3 0.74 0.52 313 202

4. 0.50 0.76 132 285

5 0.53 0.75 165 264

6 0.78 0.47 191 330

7 0.67 0.54 122 170

8 0.52 0.41 231 328

9 0.59 0.64 118 210

10 0.47 0.55 260 198

11 0.58 0.37 241 362

12 0.45 0.54 128 184

13 0.65 0.32 100 211

14 0.50 0.72 223 311

15 0.66 0.75 439 387

16 0.45 0.74 163 301

17 0.56 0.42 165 472

18 0.50 0.89 274 249

19 0.97 0.68 382 440

20 0.55 0.40 217 230
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