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1. Introduction

A 177 m. Offshore Sea Mining Vessel currently being worked on by Marin
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Main Dimensions
Length O.A. =176.56 m. Primary structures and equipment
LBP = 148.925 m. onboard —
Breadth =27 m. Umbilical Reeler,
Depth =11.7 m. Crawler.
Scantling draught = 8.3 m. Moonpool,
Cy =0.73 m. Treatment Plant,
Dwt = 26453 tonnes. Sliding rails for the crawler,
Max speed in calm water = 13 knots Helideck. etc.
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1. Introduction

Region of Interest in the vessel for work
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- A. Side view of
stern region

I:I B. Top view of
stern region
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Understanding the special kind of deflection initially recognised in the
software DNV GL Sesam — to validate the typical deformation nature of the stern
structure OSV and analyze the cause of it using classification society rules
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3. Design Constraints

» The shape of the stern cannot be changed nor can the fixed loading conditions, which
involves the design loads on decks and loads induced by components used for mining
operations.

» Looking at the problem, one might suggest providing an external lateral bracing to the
structure to counter the lateral deflection, but that contradicts the free movement of the
proposed ramp for the crawler.

» The limit of deflection for the given type of vessels, hasn’t been defined in any of the
codes clearly, so the target deflection was as per the owner’s requirements, 1.e.
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4. Software Used

ﬁNmAL 3D structural Moden

LDNV GL POSEIDON J
3 ( .CDB +.IGS )
( .bmf to .ansys T
HYPERMESH (CDB
LANSYS APDL . (.CDB) PENETRATION AND
/ RHINO (IGS) DUPLICATE ELEMENTS,
: SURFACING, CREATING

SETS
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5. Results for Initial Structure

Loading Conditions

Displacement
results Z axis

Displacement
results Y axis

Remarks

1. Still water and deck
loads

2. Wave loading
considered along with

(D

3. Exposed Main deck
load removed from (2)

(Min) 0 .67mm.
(Max) 32 mm.

(Min) 0.63 mm.
(Max)-16.06
mm.

Min) -0.7 mm.
(Max) 2.56 mm.

(Min) 11.2 mm.
(Max) 11.33 mm.

(Min) -4.54 mm.
(Max) 4.53 mm.

(Min) -1.43 mm.
(Max) 1.39 mm.

Initial condition

Wave considered

0.03647 MPa added, as per
DNV GL guidelines. Higher
deflections for still-water case
(i.e. in Load case 1) observed.

Test case.

Reason for Problem
Identified.

The eccentric loading
identified as a cause for
torsion.
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7. Analysis in ANSYS APDL

Uz [AVG) NODAL SOLUTICH
RSTS=0 I

DX =34.5 e
b TIHE=1

SMX =.3 -

Initial Defor
e ] ] r Z max = _32 mm,

-3z -24.9 —LF. 7 -10.5

Y max = 11.3 mm.
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8. Understanding Shear Centre

Most Possible
Local Changes in
Scantling made

 Problem
Persists !!

__'..I-—-..___

Understanding the nature of deformation, which 1s §
similar to other structures like, bridges, buildings
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Concept of Shear Center & warping introduced
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Shear omnt of application ot force i, /| __| -
Center & geometry, such that there is f
4 no twisting 1n it, while bending. o _va
It

Vixe=]q.dS=](txt).dS

SARKAR Sandwipan, 8% EMship cycle: 2017 — 2019 Defence of Master Thesis, Szczecin, January 2019



9. Influence of Shear Centre
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Line of action of
force & shear
center should
coincidence
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Area

A =13491.79 am2
Center of gravity

(= = -4049.8 mm

Zc =5029.5mm

Dimensions

max H = 10700.0 mm

maxL = 7530.0 mm

Shear center

r = -5020.8 mm
Fig =4456.2 mm
Material

E = 206000.00 MPa
den =8157.73kg/m3
WU = 11006.24 kG/m
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Area

A =993154.55 mm2
Center of gravity

Yc =-3093.4mm

Ic = 5053.2 mm
Dimensions

max H = 10700.0 mm
maxLl =7530.0 mm

Shear center
¥r =-3507.2mm
Ir =5111.3 mm

Material

E = 206000.00 MPa
den =8157.73 ka/m3
WU =8101.89 kGfm
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10. Structural Modification

A trial and error method was used to select the best option for the modified
hull girder design.

The element added was based on it’s influence on shear flow, which directly
affects the location of shear center, the location of centroid is also affected
though due to change in structural weights.
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11. Deformation output due to change in structural configurations

Modification Displacement Displacement Remarks
results Z axis results Y axis

1. Adding longitudinal deck girders to shelter deck and -32 mm.(Max) -11.2 mm.(Min) No required changes, both horizontal,
sheer deck, to give more resistance to bending. (Frame 14 to 0.3 mm. (Min) 12.3 mm. (max) vertical.
-32)
2. Adding transversal bulkheads at 20 m. from aft and 24.8 similar No required changes
m. From aft. To increase the transverse strength of stern. Increase in vertical bending due to

weight.

3. Adding longitudinal side girders at the side shells of the similar No required changes

vessel aft (Frame 0 to -32)

4. Adding thicker plates to inner hull side shell. similar Increase in vertical deflection.

5. Adding deck plates on shelter deck to cover the recess similar No required changes.

(see fig.16 Above) and then load applied

7. Same elements as in (6) , the load applied also considers (Min) 0.7 mm. (Min) -9.8 mm. Vertical ~ bending  has  reduced
wave load (Max) -3 mm. (Max) 9.67 mm. drastically, but the lateral deformation

has increased a bit, but still within

limits.
6. Adding 20mm. longitudinal swash bulkheads, with cut- (Min) 0.3 mm. (Min) -5.5 mm. The Lateral deflection has been
outs to facilitate welding (Frame 3 to -16) (Max)-20.73 mm. (Max) 5.59 mm. minimized by 51%. Problem solved
Max Loading condition (no wave loads) The bending deflection has gone down

by 35% but still needs further stiffening

of elements
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12. Von-Misses Stress Check for safety

EhicdiE " - % NODAL ZIOLUTION
STEP=1 , STEP=1
SUE =1 SUB =1 NOW 27 2018
TIME=1 - : TIME=1 01:558:01
SEQV i SEQV [AVG)
DMY =5.713z2 DMX =5.64609
SMI =.547574 SMM =3.63697
SMX =1033.56 SME =457.23
HNFOR
WHOMN +F—x
RFOR
RMOM
ACEL
| ———— — —
o 133.333 ZB6.667 400 o 118.333 Z36.667 355
EE.6EE7T 200 SRR 50,1667 177.5 zo05.833
e NODAL SOLUTICH
: STEP=1
3UEB =1
TIME=1
SEQV | AYG)
 F_—
MIDDLE
DMX =17.9
SMN =.4

SME =1235.4

X e
I
ul 133.3 266.7 400
] 118.3 236.7 355
59.2 177.5 305.8 66.7 200 333.3
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