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1. Enterprise & Internship

VERITAS

Company: Bureau Veritas Inland Navigation Management (DNI)
Antwerp, Belgium

Department of Rules, Development & Training
Duration of 4 months
Under the supervision of Eng. Nzengu Wa Nzengu

Including 1-week training in Bureau Veritas Marine & Offshore Division,
Nantes, France
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2. Objective of the study

e  Crashworthiness evaluation of a Type C inland
tanker will be carried out through the
instrumentality of the SHARP Tool.

e The difference between the application of the
super-element and the finite-element method will
be presented in the light of Section 9.3.4.
Alternative Constructions of A.D.N Regulations.

e The risk of cargo tank rupture of the alternative
construction in the aftermath of the collision will
be assessed in order to provide better
crashworthy design by comparing the risk of
cargo tank rupture with conventional (reference)
construction.

Hasan Ozgiir Uzdgiiten, 5t EMShip cycle: 2014-2016 4 of 28 Defence of Master Thesis, Szczecin, January 2016



3. Methodology

Checking structural scantling complying with the BV Rules of Inland
Navigation NR 217 for the investigated vessel.

-Rule scantling check using Mars Inland software
-Direct calculations using FEMAP-Nastran software

Determining necessary adaptations to utilize super-element method
within Sec. 9.3.4 Alternative constructions of A.D.N. Regulations.

Modelling the struck ship

Choosing similar striking vessels from the database of BV and
modelling in SHARP

Creating the scenarios and running the simulations in SHARP as
prescribed in the A.D.N. Regulations

Conducting a comparative study between the different constructions
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3. Methodology

Alternative Design i Reference Design
~
y A
Strength check
Mars Inland
FEMAP/Nastran
Y
i=i+1 Caollision simulation « Striking vessel
A
Y
No
Side reinforcement L3 Ci/Cr= P,/ P
Yes

Crashworhiness is proved
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4. Ship Collision Analysis

According to Pedersen (1995) mechanics of ship collision are investigated under the two
main parts:

Internal Mechanics
1. Experimental methods
2. Empirical methods
3. Simplified analytical methods
4.  Numerical methods

External Dynamics
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4. Ship Collision Analysis

Analysis Efforts Available results
Methods

Experimental Some Difficulty of data V/ ‘/' V/ ‘/’

Methods acquisition

Empirical Methods Fewest Hand calculation V/

Simplified Hand calculation,
impilitie Few and calculation V/ V/ v/-

Analytical Methods simple tools
Complex,
Non-linear FEM Extensive sophisticated 1/ 1,// y/ 1/
software

(The 16th International Ship And Offshore Structures Congress, 2006)
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5. Super-element theory

. The basic idea is to decompose the ship structure into macro-elements, so-called
su I er-elements, to evaluate the individual strength of each super-element to
collision.

Eea:t = F 5 Ez'nt = _[[/ Tig - éz’j -dV
| 4

V
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5. Super-element theory

Assumptions
. Material is considered perfect rigid plastic.
(7
g
/F\
%0 y | Ou + 0 Y
o I | —
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. o 9
| : .
| | |
| | |
I ! e
|
. Shear effects is neglected on the surface thus the internal energy is calculated by

only bending and membrane effects uncoupled.
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5. Super-element theory

Types of super-elements

Striking ship
S

. Hull super-element (1)
. //f/%%//%
e  Vertical bulkhead super- %
element (2)
. Beam super-element (3)
. Horizontal deck super-
element (4)
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6. Application of A.D.N. Alternative Constructions using SHARP

Investigated Vessel: Inland Tanker Type C

Length overall : 125.00 m

Rule length : 122.40 m
Breath : 11.42 m
Displacement : 5774 tons

Hasan Ozgiir Uzdgiiten, 5t EMShip cycle: 2014-2016

Length between perpendiculars : 124.84 m

12 of 28

Depth : 6.00 [m]

Draught : 4.50 [m]

Block coefficient : 0.90

Service speed : 11.40 [kn] (= 20 km~h)
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6. Application of A.D.N. Alternative Constructions using SHARP

SHARP: Ship Hazardous Aggression Research Program

. A standalone software for evaluation
of ship collisions

. Graphical data input

.

.

Identification of crushed elements in
the struck structure

Identification of crushed elements in
the striking bow

|

'

. Based on the super-element method
for calculations of internal mechanics

Calculation of indentation force Fr of
the struck structure

Calculation of indentation force F of
the striking bow

o MCOL subroutine for the external
dynamics

¥

. Both rigid and deformable strikin
ships are able to be implemented.

The striking bow is deformed The struck ship is deformed

l

Call external dynamics subroutine to
compute new ships velocities V1 and
V2

v k.

Ship forward motion Graphical data output
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6. Application of A.D.N. Alternative Constructions using SHARP

ADN: European Agreement concerning the International Carriage of
Dangerous Goods by Inland Waterways

UNITED NATIONS ECONOMIC COMMISSION FOR EUROPE

o Section 9.3.4. Alternative Constructions European Agreement

concerning the International Carriage of

describes the procedure to prove crash- Dangerous Goods by Inland Waterways
worthiness of an alternative construction

. 13 basic steps
. 2 scenarios involving 2 striking ships
. Each scenario has 3 vertical x 3 horizontal

location, total 9 location is given.

Volume |

(@)

UNITED NATIONS
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6. Application of A.D.N. Alternative Constructions using SHARP

3 struck ship designs:

e Reference construction

e Alternative construction 1
- reduced double hull spacing (0.8 m)

without any reinforcements

e Alternative construction 2
- reduced double hull spacing (0.8 m)

with reinforcements

Construction type

Web Web

frame frame
Long.
stiffener
L . QI._‘ .
ong. o,
stiffener . : :
Long. /2 -
stiffener

@ Impact location

. 8 points around the impact position

Web
frame

Scenario I (Pushbarge bow) Case 2 (just below deck)

Scenario II (V-shaped bow) Case 2 (just below deck)

at bulkhead (x9)
Case 1 (above deck) between webs (x9)
at web (x9)

at bulkhead (x9)
between webs (x9)
at web (x9)

at bulkhead (x9)
Case 3 (mid-depth) between webs (x9)
at web (x9)

at bulkhead (x9)
Case 1 (above deck) between webs (x9)
at web (x9))

at bulkhead (x9)
between webs (x9)
at web (x9)

at bulkhead (x9)

Case 3 (mid-depth) between webs (x9)

AN /NN /N /N /N

at web (x9))

162 for each, total number of 486 simulations
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6. Application of A.D.N. Alternative Constructions using SHARP

Scenario I (Push barge bow) Scenario II (V-shaped bow)
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6. Application of A.D.N. Alternative Constructions using SHARP

Struck ship Striking ships

VA 4

Push barge bow

B

V-shaped bow

HARP 2. (CAD 1Dy Dosumens_SHARPes\Relerence pushbarge_Cose2
SRS v . S
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6. Application of A.D.N. Alternative Constructions using SHARP

Limitations

Brackets cannot be modelled

. Lightening, sloshing holes or manholes cannot be modelled
. Corrugated plates cannot be modelled

. If there is more then one type of stiffeners on a single plate, only one of
the stiffener property can be chosen

. It is not possible to define the rupture strain of the beam elements
individually.
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6. Application of A.D.N. Alternative Constructions using SHARP

External tools

. MARS Inland and SIEMENS FEMAP with NASTRAN, to check the strength
of the structure in compliance with the BV Rules for Classification of
Inland Navigation Vessels NR 21/.

. HydroSTAR, to obtain the matrices of hydrodynamics coefficients such as
added mass, damping, restoring stiffness.

. ARGOQOS, to obtain hydrostatic data of the struck and striking ships.
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6. Results of Analyses

t?ﬁ’%ﬁ‘ e

T

Scenario I

Scenario 11

(a) Collision at web (b) Collision between webs
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6. Results of Analyses

SHARP 2 - [E:"-.Data'xDNI'xMal,l Dacumentzih_SHARPEst A eference-puzhbarge_Casereference shp)
SCEMARIO TS « [teration 1431
ime =000z
enetration = 0.00 m
wIP gtruck_= 0.00 ms
u gtrike = 0.00 mds
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6. Results of Analyses

HARP 2 - [C:AData\DNIAM 2u Documents\D_SHARPA\test\Reference-Vbow_Case2\reference. shp)
CE RI0 16 - lteration 1/24
=0,00%
enetra ion =0.00m
vIP struck = 0. UU m/'s
u strke =0.00m

3
5
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6. Results of Analyses

Reinforcements | Conventional [mm] | Reinforced [mm] | Increase %

deck stringer plate thickness 11.0 15.0 36%
side plating thickness 11.0 15.0 36%

web frame thickness 8.0 10.0 25%
brackets at ordinary frame 8.0 10.0 25%
sheerstrake thickness 25.0 32.5 30%

Reference design

C, P

Px 0.8813 <
Ve 377.740 m® C P

’ n
Alternative design-1 Check
Pn1 0.9025 1.0409 = 0.9766 | Result:
Vink  393.203 m’ (FALSE)
Alternative design-2 Check
Pn2 0.8429 1.0409 = 1.0457 | Result:
Vink 393203 m’ (TRUE)

P : probability of cargo tank rupture
C : consequence (measure of damage) of cargo tank rupture [m?]
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Reinfor cements are required.

Alternative design is provided.




7. Conclusions & Discussions

Conclusions

The super-element method is applicable to the A.D.N. procedure
considering the necessity of the adaptations such as the definition of the
rupture criteria and some structural simplifications.

The alternative construction-2 with reinforcements is proved to possess
a lower risk than the reference design by using super-elements within
the A.D.N. Procedure.

SHARP enables the desiﬁner to test many structural arrangement
solutions and to select the most efficient crashworthy design without
excessive investment

Indeed, the super-element method preserves a potential, and within the
further development of the SHARP Tool, it might be an effective
substitution for the finite-element method in terms of rapidity and
simplicity in the evaluation of the crash-worthiness within the procedure
of the A.D.N. Section 9.3.4 Alternative Constructions.
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7. Conclusions & Discussions

Recommendations and Future Work

. Same assessment to be performed using FEM in order to validate
applicability of super-element theory in the A.D.N procedure

) Implementation of inland vessel lines/bow shapes in SHARP library

. Development of new super-elements to allow better/more realistic
modelling of inland vessel hull structure (e.g. corrugated bulkheads)
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7. Conclusions & Discussions

A paper based on this study is
accepted to be presented in
the ICCGS 2016, Ulsan, Korea

Headline in Bureau Veritas October 2015 Newsletter

Proceedings of e ICCGS 2016
1518 June, 2016
Ussversity of Ulsa, Ulsan, Korea

Crashworthiness of an Alternative Construction within the Scope of
A.D.N. Regulations using Super-Elements Method
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Application of super-element theory to crashworthiness evaluation within the scope of the A.D.N. Regulations

THANK YOU.
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