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A Study on Injury Estimation and Criteria of Crew
subjected to UNDEX Loadings

Lee, Seung-Young

Division of Ocean Systems Engineering

Graduate School, Korea Maritime University

Abstract

Since the fulfilment of combat mission and safegfurn of the naval ship's crew is
the ultimate purpose for the security of its suability, it is very important to secure
his safety in its shock hardening. In spite of suah importance, however, the
researches on the crew survivability to underwatieock are insufficient compared to
those on the ship structures and onboard equipmenider UNDEX(UNDerwater
EXplosion), and the systematic protection regufatiand/or criteria related to the crew
have not yet been provided.

At present, there are two kinds of injury critefiar crew against UNDEX loadings,
such as tolerance level criteria for each compordnhuman body and injury limit of
a ship’s deck motion specified in Germanishcherydls rule. The objective of this
study is to establish injury estimation and craerdor crew subjected to UNDEX
loadings through the examination of a correlatioetween two criteria by the
numerical biodynamic response analyses of standing sitting postured humans on
MIL-S-901D SFSP(Standard Floating Shock Platforryd aagainst BV043/85 shock
response spectrum subjected to UNDEX and by thepadson of shock response

results with two criteria. From this study, it cdube confirmed that there is a strong
correlation between two criteria.
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Fig. 2.2 Standing postured nonlinear biodynamic
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Fig. 2.1 Standing postured nonlinear biodynamic models
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Table 2.1 Parameters of standing postured model

Parts Stiffness A;(N/m) Mass M, (kg)|Damping ratio C;
o [0 a<0 125 04
Tibia | 0.841x10°+4.065x10%6,-0.740x10"°65" 62> 0.0004 330 03
bones | 0 52<0.0004
Thigh | 2.308x106+0.071x10°83-0.175x10"°65" 63> 0.004 418 03
bones | 0 63<0.004
Pelvis | 16.215%1076,° 26.25 0.3
Spine | 3.781x10°+10.9x10°85-2.687x10"65" 21.8 0.22
Viscera| 2,831.8 6.8 0.8
Head | 202,286.1 55 0.2
Table 2.2 Parameters of sitting postured model
Parts Stiffness A;(N/m) Mass M;(kg) |Damping ratio C;
Pelvis 3‘1075”07612 211 i% 29 05
<103+ 1068 «1078.2
sone | ST 109 WEeR TR BRI s | om
Viscera| 2,831.8 6.8 1.0
Head | 202,286.1 55 0.2
(K, + K,) —K, 0 0 0 0 0
- KQ (KQ + Ks) - Kg 0 0 0 0
0 - Kg (K3 + K4) - K4 0 0 0
[K] - 0 0 - K4 (K4 + K5) - KE, 0 0 (23)
0 0 0 - K, (K+K+K)—-K, —K,
0 0 0 0 - Kﬁ K(j 0
0 0 0 0 - K7 0 K7
(G+G) -G 0 0 0 0 0
-G (G+G) -G 0 0 0 0
0 -G (G+c) —¢ 0 0 0
[C] = 0 0 - (C+ca -G 0 0 (2.4)
0 0 0 -0 (G+C+C)—-C —C
0 0 0 0 -G Gy 0
0 0 0 0 - 07 0 07




K2+ CZ
0
0
{R}= 0 (2.5)
0
0
0
Y,
Y,
Y,
{(Y}=1Y, (2.6)
Y;
Yy
Y?
o714 A4S Cx A D% el HEdn
C,(0))= C; /MK (5)) @27
ol gl A AdAEee] s FAANL 4 D} 2x, 747 3
g3} Mg g 2y
M 0 0 0
0 My 0 0
— 2.
[M] 0 0 M 0 (2.8)
0 0 0 M
(K, +K3) 0 - K, 0
o 0 KQ _KQ 0
K= g -k (KtE+E) —F 29
0 0 _K4 K4
(C,+C) 0 -G 0
B 0 G -G 0
0 0 - C C,




+
(R)= 8 (2.11) {v}= (2.12)
0
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Fig. 2.3 Nonlinear biodynamic Finite Element models
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Fig. 2.5 Comparison of displacements of standing postured biodynamic model



Vertical Displacement (m)

Vertical Displacement (m)

1.50 L} L] L} T I L] L} LI I L} L} L] L} I L} L} L} L}
L ' J
- F.E. Human Model ! 9
K Numerical Human Model ! T

100 - - - - - R R R~
L ‘ ‘ ¢
L i i -

080 - - - - - R R boo--- —
L ! ! 4
L - i 4
L | | -

0.00 [FTTT T T T
0.00 0.05 0.10 0.15 0.20

Time (sec)
(a) body 1 (pelvis)
1.50 (—

F.E. Human Model

Numerical Human Model

Timé (sec)

(c) body 3 (upper torso)

Vertical Displacement (m)

Vertical Displacement (m)

150 L} I L} L} LI} I L) L} L} L} I LI | L) T
L ' J
- F.E. Human Model ! 9
i Numerical Human Model ! ]
1.00 |- ‘
0.50 —- i
- I
0.00 =¥ T
0.00 0.05 0.10 0.15 0.20
Time (sec)
(b) body 2 (viscera)
150 L} L] I T L} LI} I L) L} L} L} I LI | L) L}
L ' J
- F.E. Human Model ! 9
™ Numerical Human Model ! T
1.00 |- ‘
0.50 —- i
- I
0.00 =¥ T
0.00 0.05 0.10 0.15 0.20
Time (sec)

(b) body 4 (head)

Fig. 2.6 Comparison of displacements of sitting postured biodynamic model

o) el Azl A & 5 el A= AMS} gorel A BF Q1A 7 ¥
o e FALE AW AR} £ AA FRO mdelA Ad AAFE na
S

10 —



B7F 7l<

3

Tz 4

2 o

=
o

gA g o

ul
=

A 2=

e A

ol A

TR
o
;O.#

o
N
Ao

ol

Njo
—_
o
N
o

A E e

A},

I g 2 72

K

A7 P

gA e

=
)

i

Al
=

s

o ¥z

ol
o

e
%

il

ol

{Jo
ol

Ko

o
N
No

Hr

|

¢

ol

7 Vl=E A

3

Yz

g3l

o wieel e %

e

]

vy sz

27FA 9], <

7| &

g

3.1 AA 2+ FLe o

3

7S AAT

—.;—l,

wet wg Aol

9745

51 )

2

—5‘—1,

o

A=d, B AFolA = Zong

oF
o+

~

]
X
—

e}

wﬂ_.w_wo

3

A}

ki3

Edz A

o7 2B

9

L=
o

I

7]
o] t}. Table 3.1°]

P lES AY

Zong

p
T

N

el

d)
=

L

A

1

[¢]

A

o}

g

A

d

FA 280l AL A ALE

o

3

Yz

&3l

2 Aoe Aolv, Aol A ek Sto}

o

HIC(Head Injury

s

S Ed 2 ALt

Atk HICS A

|

o714 13 e 7V 2 F 3

o
it
il

12 24 B3 2o

A
&

}1\_]:

Criteria)

[ Y(tg) - Y(fq )]2‘5

(3.1)

(tQ _ tl )1.5

H[C:{

]

e b W AT

A &

KN
=

gt

A g okl

15|
=}

=
=

15ms



Table 3.1 Tolerance levels for axial loading of human body

Parts Threshold Force
Tarsal bones 11.362T %% kN
Tibia bones 45115T**" kN
Thigh bones 433237 kN
Pelvis 76 kKN
Spine Compression 6.0 kN
Tension 1.45 kN
Viscera 2.6 kN
Head 1,000

#* T : Shock Loading Duration (msec)
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o Ael Fw Fel MATFZE Abolol 3~10Hz WHle 14 14 AEFE 2

&% 71 (shock absorbers)E Ab-&at== Aarstar Q).

The resiliently mounted platforms in the TCC and CIC of a class 214
submarine reduce the maximal velocity to < 2.8 m/s, see chapter B.1.6.

Therefore standing and all the more seated personnel is protected

against injuries.

In cases without elastically mounted platforms protective devices can

be used::

For standing personnel:

Resilient footing (decks) with the following design features:

e First natural frequency between 3 and 10 Hz

Resilient mounts with degressive force = deflection characteristic

For sitting personnel:

Shock absorbers with a first natural frequency between 3 and 10
Hz between the seat of the chair and its fixture to the deck, floor
or substructure. The following absorbers may be used:

o Steel springs with oil or air dampers

o Jeaf springs embedded in plastic damper material

e Devices absorbing the shock energy by plastic deformation (shear

pins, yielding elements)

Fig. 3.3 Example of protection measure of crew against UNDEX loadings[11]
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Human for Sitting Posture

Surrounding Fluid

Standard Floating
Shock Platform

Fig. 4.2 Finite element model of biodynamic model, SFSP and surrounding

water
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Table 4.1 Comparison of tolerance levels for each component of standing
postured body (MIL-S-901D)

Parts Shot2 Shot3 Shot4 Shot5
Threshold 6.25 6.18 6.04 5.74

Calculation 0.58 0.68 0.90 1.35

Threshold 16.42 16.11 15.49 14.23
Calculation 1.46 1.74 2.25 3.22

Threshold 11.56 12.26 11.69 10.54
Calculation 1.82 2.45 2.94 5.73

Threshold 7.60

Tarsal bones (kN)

Tibia bones (kN)

Thigh bones (kN)

Pelvis (kN)
Caleulation | 285 | 373 | 482 | o0
Compression Threshold 6
(kN) Calculation 2.47 \ 352 \ 491 ] 10.31
Spine
Threshold 1.45
Tension (kN)
Calculation 2.36 T 2.87 ‘ 3.13 ‘ 4.28

Threshold 2.6
Viscera (kN)
Caleulation | 018 | 025 | 032 | o
Head (HIC) Threshold 1000
ea
‘ 15.66 ‘ 21.44 ‘ 133.23

Calculation 6.46

Table 4.2 Comparison of tolerance levels for each component of sitting
postured body(MIL-S-901D)

Parts Shotz | Shot3 | Shot4 | Shot5
Threshold 7.60
Pelvis (kN)
Calculation 1.25 ‘ 1.71 ‘ 2.62 ‘ 6.51
Compression Threshold 6
(kN) Calculation 0.68 \ 1.05 \ 1.61 \ 4.09
Spine
Threshold 1.45
Tension (kN)
Calculation 0.45 ‘ 0.73 ‘ 1.12 ’ 2.76
Threshold 2.6
Viscera (kN)
Calculation 0.22 ‘ 0.15 ‘ 0.22 ‘ 1.07
Threshold 1000

Head (HIC) ‘

Calculation 0.32 0.87 ‘ 2.37 ‘ 19.94
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Table 4.3 Max vertical velocity ,time and

average acceleration at base of SFSP

Shot2 Shot3 Shot4 Shot5
Z. . (m/s) 1.9 2.33 2.79 418
Location 1
T, (sec) 0.0082 0.0081 0.008 0.0081
Z,, (m/s) 2.24 271 3.32 5.14
Location 2
T, (sec) 0.0083 0.0082 0.0081 0.0081
Z. . (m/s) 1.96 2.33 2.79 4.18
Location 3
T, (sec) 0.0082 0.0081 0.008 0.0081
Z .. (m/s) 2.50 2.92 3.47 5.11
Location 4
T, (sec) 0.0045 0.0044 0.0044 0.0044
Z. .. (m/s) 2.60 2.99 3.47 5.18
Location 5
T, (sec) 0.0046 0.0046 0.0046 0.0047
Z. (m/s) 2.84 3.28 3.73 5.62
Location 6
T, (sec) 0.0045 0.0045 0.0043 0.0047
Z .. (m/s) 2.69 2.99 3.47 5.18
Location 7
7, (sec) 0.0044 0.0046 0.0044 0.0047
Z. .. (m/s) 2.50 3.15 3.79 5.47
Location 8
7, (sec) 0.0045 0.0044 0.0046 0.0043
Z. (m/s) 2.60 2.92 3.47 5.11
Location 9
T, (sec) 0.0046 0.0044 0.0046 0.0044
Z .. (m/s) 2.43 2.85 3.37 5.02
Average 7, (sec) 0.0058 0.0057 0.0057 0.0057
Z. . (m/s?) 422,66 499.35 594.41 877.40
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Table 5.2 Comparison of tolerance levels for each component of human body
(BV043/85 standing posture)

Surface Ship Surface Ship
Parts > 2,000t < 1,000t

Lo.I | Lo. II | Lo. I Lo. T | Lo. I
Threshold 725 7.08 6.68 6.89 6.89
Calculation 2.70 2.71 1.85 1.53 1.10
Threshold 21.09 20.27 18.37 19.35 19.35
Calculation 10.43 721 493 447 3.30
Threshold 17.06 16.25 14.40 15.35 15.35
Calculation 15.84 11.62 8.29 8.20 6.37

Tarsal bones (kN)

Tibia bones (kN)

Thigh bones (kN)

) Threshold 7.60
Pelvis (kN) :
Calculation | 979 | 869 | 741 | 420 | 456
Compression ThreShOld 600
. (kN) Calculation | 814 | 749 | 751 | 420 | 456
Spine
Threshold 1.45
Tension (kN) -
Caleulation | 277 [ 251 | 230 | 098 | 106
. Threshold 0.96
Viscera (kN) ;
Calculation | 042 | 039 | o041 | o022 [ 023
Threshold 1000

Head (HIC)

Caleulation | 7514 | 8308 | 8143 | 1215 | 1324

Table 5.3 Comparison of tolerance levels for each component of human body
(BV043/85 sitting posture)

Surface Ship Surface Ship
Parts > 2,000t < 1,000t
Lo.1 |Lo. I | Lo M | Lo.1 | Lo II
) Threshold 7.60
Pelvis (kN) -
Calculation | 737 | 696 | 699 | 304 | 340
Compression Threshold 6.00
, (kN) Calculation | 3.49 \ 343 \ 465 \ 167 \ 175
Spine
Tension (kN) Threshold 1.45
Caleulation | 033 | 031 | 055 | o021 | 023
) Threshold 2.60
Viscera (kN) -
Caleulation | 027 | 027 | 035 | 017 | 016
Threshold 1000
Head (HIC) )
Caleulation | 950 | 920 | 2743 | 225 | 351
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