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Main parameters: noncontact underwater explosion

Shock factor: SF =

oE

W : Weight of the charge
D : Stand off distance

Bubble pulsation effect: ‘
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1. Objectives

1. - Key points identification for surface ships submitted to an UNDEX.
2. - Shock response rules for embarked materials.

3. - Simulation of a simplified structure submitted to an UNDEX.

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016 3
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2. Rules review

UNDEX PROBLEM
DESIGN

Analytical Elastic-Plastic

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016

DDAM is the most
referenced procedure
for embarked materials.

BV/043 German rules.

French rules.
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3. Taylor plate theory

Incident velocity Reflected velocity

A /

Pi PT / Plate velocity

YV VV V V V

—=—+v >
pC pC >
Supposing
Incident velocity ~ U; = V,-  Reflected velocity
P. = P; — pcv o e
Considering that the surface is fixed
First term

‘_I_l o 1 (e Z6 — e 9)

P, = 2P, — pcv ——> V= oc Z —1

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016
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4. Impulse velocity approximation:

Standoff Point i a $_)r
o | —

! p(t)’/\’\j\"\—édl--\\ %
. t__i_‘_ {
S0

Point source

Displacement (m)

dv o P
Pressure balance: Ma ~ “Pr sin a
. 2 ) .
Impulse velocity: 4, = 2sin” & pm p,1/(-sina)

pc

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016

Spherical wave approximation (SWA).

0,035

0,03 +
0,025 +
0,02 +
0,015 +
0,01 +

0,005
0

(Barras, 2007).

Central node displacement
- LS-DYNA/USA

—

Initial impulse LS-DYNA

0 0,001 0,002 0,003

Time (S)

where: 2p;;(t) = 2p, sin a; e~ (Et0)/0

pcb B
where: fi=— = —
msina; sSinq;
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4. Impulse velocity approximation: Simple plate analysis

Finite element model Boundary conditions

7 //////

Alongtheyaxis:uy, =0 1, =17,=0

NN

Along thexaxis:u, =0 1, =1 =0

Full clamped conditions at the border

& Materials:

\\\\\\\\\\\

0.3 m

(Ramajeyathilagam, K.; Vendhan, C.P.; Bhujanga Rao, V., 2000) - High strength steel

- Mild steel
» Objective: verify initial speed approach

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016 7
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4. Impulse velocity approximation: sirain rate effect

S _1+(g);
Gsmr D

Strain rate

» must be

Cowper Symonds material model:

considered
Initial speed results
Data

*g 0,12 Pressure based (no strain rate)
E \ .
r Pressure based (strain rate) E>.<per|mental Pressure Shock
o 0,08 / Displacement | based factor
qE) 0,06 G A craa—- (m) Displacement
g 0,04 Initial speed (no strain rate) (m)
oy 0,072 0,062 0,794
n 002  /J  eetrtmea e oemm——caca=-
o) 0 NlInitial speed (strain rate)

0,0005 0,001

Time (s)

» The initial velocity approximation underestimates the results.

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016 3
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e i (1 e_ﬁit/e . e—t/e)
m —_— .
’ Pelement = 2P sin a; e~ (/0 '8

| | |
I | | |
First term Fluid structure interaction

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016
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5. Pressure based approximation: Pressure input first term

Shock Factor 0,794 High strength steel Shock Factor 0,849 Mild Steel

0,12 __0,12
Experimental §&

pressure SWA (First term)

—g 0,10 — 0,1 Experimental
o

- 0,08 pressure SWA (First term) q‘:, 0,08 /—Pressure input (Reference)
$ 0,06 g 0,06
::: 0,04 re input (Reference) & 0,04 Initial speed
S =
o 0,02 — & 0,02
7 Initial speed o
A 0,00 0

0,0000 0,0005 0,0010 0,0000 0,0005 0,0010

Time (S) Time (s)

» Final deformation (slightly) found above the experimental results.

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016
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5. Pressure based approximation: S\WA full equation.

Shock Factor 0,794 High strength steel Shock Factor 0,849 Mild Steel
0,1 0,1 | Experimental

é 0,08  Experimental é 008 [/ Aememeccccccccce==
= =
5 0,06 il F—p——————_ g 0,06 Pressure input (Reference)
£ T : Pressure SWA
Q 0,04 Pressure input (Reference) Q 0,04
G J Pressure SWA L —
% 0,02 — % 0,02 Initial speed
A Initial speed o)

0 0

0,0000 0,0005 0,0010 0,0000 0,0005 0,0010

Time (s) Time (s)

» Results similar to the reference.

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016 11
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5. Pressure based approximation: ANSYS & [S-DYNA material model.

* ANSYS does not have explicit solution i |
. Perzyna Viscoplastiec Model Parameters
option (LS-DYNA only) P AN
=
o
| -
=
: : : 7, I
Full transient simulation. -
E s
. . . > e
Implicit solution Explicit solution
NN S W[ Ls-DvNA I N
Perzyna model Cowper Symonds
1 Strain rate
. o 1/m Sayn _ 1+(£J; Taken from: https://www.geogebra.org/m/26707
Ep‘r=}’[ﬂ_ﬂ B 1] Usmr

1/p=mandy =D

» Same equation D=40 & m=5 for steel.

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016
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5. Pressure based approximation: Results validation using ANSYS.

Shock Factor 0,794 High strength steel Shock Factor 0,849 Mild steel
0,12 0,12 Experimental
c Pressure (ANSYS)
f: 0,1 Experimental 'g 0,1 l
+ — Pressure (ANSYS) =
a:J 0,08 l — = 0,08 Pressure input (Reference)
£ 0,06 =5 , S 0,06
g Pressure input (Reference) =
® 0,04 g 0.04
Q © Initial speed
2 0,02 Initial speed 4 0,02
a 0 L0
0,0000 0,0005 0,0010 Q 0,0000 0,0005 0,0010
Time (s) Time (s)

» Results above the ones obtained using LS-DYNA.

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016
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5. Pressure based approximation: Results summary

4 Ioading appro aCh es tEStEd Shock  Experimental Prtse‘s':ﬁre ir:::i::e b::::-";r:m Added mass

Hard  Factor (SF) (m) based #Error formulation %Error Two Terms %Error Approach (m) BEATED
- . Strength input (m) (m) (m)
L4 I I p | Steel
n It I a I m u Se 0,424 0,032 0,034 7,19 0,0156 -51,25 0,0349 9,06 0,026 -20,31
L I d . h d 0,671 0,059 0,060 2,20 0,0228 -61,36 0,0525 -11,02 0,038 -35,76
a rge y u n e re Stl m ates t e a m age 0,794 0,072 0,074 2,78 0,0263 -63,47 0,0612 -15,00 0,044 -39,17
SWA Initial speed Pressure
L’ H Shock  Experimental Pressure . based input Added mass
® I n It I a I I m p U ISe + a d d ed m a SS . Factor (SF) (m) based %Error forrr;::a)ltlon %Error Two Terms #Error Approach (m) %Error
M'ldl input (m) (m)
d : h d Stee
U n e rEStI m ates t e a m a ge 0,671 0,0675 0,077 14,37 0,0277 -58,96 0,0643 -4,74 0,046 -31,70
0,794 0,0759 0,093 22,79 0,0322 -57,58 0,0748 -1,45 0,054 -29,51
0,849 0,0915 0,100 9,29 0,0341 -62,73 0,0795 -13,11 0,057 -38,14

* Pressure only

. . ol . .
Slightly overestimates but conservative! 4 Different loading approaches

e Pressure + FS| 60 calculations using LS-DYNA or ANSYS
Oscillates near experimental results.

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016
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6. Stiffened plate : ANSYS compared to LS-DYNA

Material Properties Finite element model

T i % of the model /\ /\

Steel steel

400 | 250 : \

Young Modulus

(MPa) /
Tangent 631 350
Modulus (MPa)
Poisson ratio 0,3 0,3

Boundary Conditions HP200X9

Alongtheyaxis:u, =0 1r,=1,=0
Along the xaxis:u, =0 1,=1n=0

Full clamped conditions at the border 0.7m Plate thickness: 12 mm

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016
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6. Stiffened plate : ANSYS compared to LS-DYNA

Erosive law.
Shock factor increased until rupture Ef = 0.056 + 0.54 t
le
Mild steel SF: 0,6 Quench steel SF: 0,8
= E ANSYS
E o040 ANSYS = 0,40
g c
S 030 LS-DYNA 9=_J 0,30 LS-DYNA
£ 020 g 0,20
O ©
© 0,10 < 0,10
o 2
Q0,00 A 0,00
O 0,000 0,005 0,000 0,005
Time (s) Time (s)

» Results obtained by the two software are similar.

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016 16
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6. Stiffened plate : ANSYS compared to LS-DYNA

ANSYS results

Mild Steel
SF LS-DYNA | ANSYS [ERROR %
0,44 0,25 0,25 2,89
0,55 0,33 0,34 5,35
0,6 0,36 0,38 6,16
Quench Steel
SF LS-DYNA | ANSYS| ERROR %
0,66 2,94 3,04 3,40
0,77 0,35 0,36 4,82
0,833 0,36 0,40 9,86

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016

JREN 20 2016
10:07:08

.00118%5

.03556

.070725

.10549

-140255

.17502

.209785

.24455

.275315

.31408

LS-DYNA results

3.141e-01
2.793¢-01
2.445¢-01
2.098e-01 _
1.750e-01
1.403e-01
1.055¢-01 _
7.072e-02
3.596¢-02 ]
1.195¢-03

» Similar pattern on the distributions of plastic strains

17
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7. Ship full section: ANSYS compared to LS-DYNA.

Same procedure applied to the stiffened plate.

Boundary Conditions R——

UX=UY=UZ =0 Ship center

line
Restricted I P

. G
displacement at the

edges. Rotation is
allowed.

L g
SRRES: '
aaal
—

4 UX=UY=UZ =0 Charge
Ship center
line

Plate thickness: 10 mm

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016
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7. Ship full section: ANSYS compared to LS-DYNA.

First load step Scantling dimensions

4,9m g t=2mm

.299E+08 .304E+08 .310E+08 .315E+08 .320E+08
.301E+08 .307E+08 .312E+08 .318E+08 .323E+08

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016 19
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7. Ship full section: ANSYS compared to LS-DYNA.

Points being measured

Corner of the scantling

Center of the small
scantling

Center of the big local
scantling

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016
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7. Ship full section: ANSYS compared to LS-DYNA.

Maximum:

Exact modeling: number of elements — stiffeners — load profile.
Mild Steel SF:0,378.
Quench Steel SF: 0,489

MS-Corner scantling SF- MS-Small scantling SF- MS-Large scantling SF-
- — 0,378
— 0,30 =03 —_ANsys £ 030 A ~— —
€ 0,20 € 0,20 ) 9 020 %@Mﬁ
Q 0,15 Y 0,15 0,15
&8 010 ANSYS £ 0,10 S 0,10 /
2 005 T 2 005 2 005
a 0,00 QO 0,00 2 0,00 /

0,000 0,020 0,000 0020 2 0000 0010 0020
Time (s) Time (s) Time (s)

» Slightly overshoot possibly due to the element formulation.

Hervé Le Sourne & Mauricio Garcia N. 2016
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7. Ship full section: ANSYS compared to LS-DYNA.

Plastic strain comparison using Mild Steel S.F.:0,33.
ANSYS results LS-DYNA results

JAN 20 2016
Fringe Levels

11:13:08
1.0386-01
.105E-05
9.2316-02 ]
.011539 8.0776-02
6.9236-02 _
-023077 5.769¢-02
4.6150-02
.034615
3.462¢-02
.046153 2.308¢-02
1.1546-02 :I
-057651 1.0500-06 |
.06923
.080768
.092306
.103844

» Plastic strain distribution present the same pattern.

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016
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8. Conclusions

* The initial speed approach underestimates the experimental results.

* The results obtained by the pressure, neglecting the second term, overestimate the level of
deformation.

 LS-DYNA and ANSYS end up having approximately similar results. Considering the rupture
strain of the plate.

* Discrepancies occur between LS-DYNA and ANSYS. Those discrepancies are probably due to
the solvers themselves and to the formulation of the shell elements used.

Prof. Hervé Le Sourne & Mauricio Garcia N. 2016 23
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