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TSI - Técnicas y Servicios de Ingenieria S.L. is a Spanish SME founded in 1983 with the main objective of proposing high-added value
engineering solutions related to Noise & Vibrations in different industrial sectors.

TE] @ TSI Presentation

ENGINEERING SERVICES

= Structures optimization
Marine = Calculations and simulation (dynamic and static

analysis)
= Root-Cause Analysis Consultancy (RCA)
0il & Gas =  Measurements and tests

=  Monitoring
= |Industry 4.0 & Digitization

Power = Condition-Based Maintenance (CBM)

generation

Nuclear

Industry The clue:
FLEXIBILITY + OUT-OF-THE BOX THINKING
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TSI FIBRESHIP Project Description

FIBRESHIP Project

* FIBRESHIP addresses the feasibility of using FRP technology for large-length vessels, trying to overcome the identified technical challenges and
promote a change in the regulatory framework that enables their design, building, and operation.

Market acceptance FRP for marine CAE tools for Vessel design Adaptation of Life-cycle
and impacts applications FRP design feasibility production management ENABLING FIBRE-
methodologies BASED LARGE
VESSELS

Guidelines and recommendations based on the achieved findings and safety criteria > kF15?=5HIP /

H2020 Project Management

TSIS

Main particulars of FIBRESHIP: f )

gramr

° Grant Number: 723360 COMPASS ' Ateknea iXblue
*  Duration: 36 months (June2017-May2020) i  § pea e———
° Project Budget / EU Contribution: €11M / €8,7M T=| @ TU“CO NAVROM ’
° TRL: 7-9 L MARINE GROUP === SHIPYARD B
* International collaboration among 18 partners of 11 European

countries with a broad experience in different disciplines . (@) = TWI

Lioyd CIMNE" V77T -
R Redister /// A
RA DR Qsssrinar
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TEI{} FIBRESHIP-FRV Structural Design

STANDARD SCANTLING FOR STRUCTURAL DESIGN 3D MODELLING

Demonstrator

Classification Society — design fqr
Rules \ Midship and From Midship to a full » b 11

Web-frame — 3D ship struct —_—
Scantling ship structure
Structural

configuration definition i
g 2 stage M- FEM Analysis
Materials and T

laminates definition 3D FEM model Optimization stage
1st stage

MAIN DIMENSIONS

LOA: 85.0 m
Lpp: 79.9m
Breadth: 19.0 m
Propulsion: Diesel-Elec.

N° Propellers: 2
Cruise speed: 14 Kn
Crew: 20
PAX/Scient.: 35 ,
Reinforcements &

Spaces

Decks & Bulkheads

www.tsisl.es
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TE| @ Structure Definition - Flowchart

TSIH

Regulatory
| Framework Structure and
Structura pu— CCSS Tools Structure
Desigh |—* () - - * | definition
Process e Spiral Design +
|
T 3D design of
NRE0O Mars2000 | the structure
—
. Midshiploads | | Global & Local
Seantling. estimation loads Combination
Vessels Structure
L<65m ornon- _— Drawings
cargol <90 m 1 M — o
Definition - Midship
- WebFrame
ComposelT
l I — — Laminates
Laminate calculator Definition
NR546
—
Composite 1 [
materials for
hufl and .
structoral TSI Calculations Contribution: Classification
elements — _— Society and shipyard
Laminate obtaining .
and other calculations (@J .
4/ 1IXblue
Hin
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Structure Definition - Design Strategy

TSIH

The vessel structure in composite material behaves differently
to a steel structure.

[F] = [K] *[D]

—> FEM stiffness matrix
K] = f(E, Geom)

Material mechanical properties of the resulting laminates are
lower than typical steel’s properties.

A composite structural element with the same cross section that
its steel equivalent will have much lower stiffness.

For designing suitable composite structures, the rigidity needs
to be increased through the modification of geometrical

characteristics.

iXblue | Profile

« Increase of scantling thicknesses
« Extensive use of sandwich laminates

« Use of | profile stiffeners instead of
typical Q profiles

« Double structural configuration

www.tsisl.es
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The approach during the structure definition is conditioned by
the type of loads that the different elements have to bear:

Hull girder bending moments: Longitudinal framing for bearing
hogging and sagging bending moments. (Sandwich laminates)

mmen Mt cammeme omoeme | womess | we——

| e | e 7"‘:-_7 "> ! ,.::»,-;;7 e =3 -~

Possible impact loads: Transverse framing for resisting possible
impacts from other ships, containers, seabed, etc. (Monolithic

laminates)

F TEEEEEE N ) s e e e 2N 5 SN
|

%

; |
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Structure Definition — MidShip Design Basis:
[ — : : k >
TEl @ Design Cycle & Scantling

MIDSHIP DESIGN
Mars 2000 .}

Ful section | Hal section | O

€ - Deformations

« = €, X E, x thick. /100
N, =v, x N, in kN/m

Gross area of cross-section 56334 m2

Effective ares of cross-section | 0.86708 m2

Moment of inertia / GY axis 120972 4
Mament of inertia / GZ axis 26097 m4

Neutral ads (above base ine] 4180 m
Section modulus a deck [Wp) 240% m3

Section modulus af bottom (WY} | 28344 m3 f ! L
S i st T o
2" Scantling
B R Tl B P P ence Young Mo = T Ma Forces DF: Hydrostatic ~]
Sl e [ 180.900] My [ 31.700] My [ 16.700] kN/m
Approach to
ComposelT (il Obtain Shear E
HOADS Deformations| 7h, . . = Th comp x —=E=
TYPE P Jui stee -
Pressure P1: | side Shell Impact (Pssmin) ~ | | 30.00] steel
Pressure P2: | Hydrostatic v 0.00]
Pressure P3: | Hydrostatic vl 0.00]
Pressure P4: | Hydrostatic ~| 0.8

l VY - Shear Def.

"+ . M| (N, =Y, X G,, x thick. /100
Forces DF: |Bo‘ltom Slamming (Psl) v| d

e [ 124800 ny [ 9500] mey [ 88.800] kN/m 5 7, + g rl
3 ¥

we|  00s0 My [ 0483)) my [ 0.000] kNm/m

|
T | 202 Ty | 0.00 kN/m T | 1{IrEH| Wy | 4391]' i g l'ﬁ
5 o
Loads Application Tz | 13.21] Tyz | 0.00] ;l
Local Loads: | py A
Local Loads | e
Hydrostatic... -
www.tsisl.es
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Structure Definition: Structure Weight
TSIH

Reduction
Preliminary analysis e v i
! B o » Steel structural weight 26.38  |t/m
{ = T ' »Composite structural weigth 6.22 t/m
f ' : : Steel = '
4% Composite weight less than steel 76% ‘ :TJ , #
m:ﬁﬁ B WF MS  MS  MS  WF MS
B
Composite | :
‘ #0 ‘ #5
o e mm mm mm mm mm Em o Em Em Em Em Em Em Em EE Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em

CORNIDE DE SAAVEDRA - FEM Weight Estimation

DESCRIPTION  WEIGHT(tn)

Once the structure has been modelled in FEM, the Hull (Composite) 52534

Detailed analysis

inertia matrix is obtained considering the insulation on o 158.32
. . one woo
board, extracting the total structural weight as well as e — s
the CoG.
. . . . i B
As an important finding, a weight comparison between
the steel-based reference vessel and the designed fibre- S 7%

based vessel was carried out, reaching a reduction of
almost 70% including the insulation of the composites
elements.

Struct | Weigth reducti due t ites +
ructural Weigth reduction due to composites 69.6%

Insulation

www.tsisl.es
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Tsl @ Structure Definition - Conclusions

. o . . UPPER DECK — o I T T T . . . P
Structure - The feasibility of using composites for — . I 0 | -
large-length vessels has been assessed, reaching two | ume s {
main conclusions: Mo tptppe o= po= —

1. It is necessary to change the typical structural { [ oma
design approach and think out of the box with
respect to the advantages and disadvantages of
composites since the conceptual design phase.

2. The design should be optimized to meet the new
weight condition and draft (depending on the ship
mission).

-
B
14
B E ;
SN S S SN T I S S SN
~ " N " L "
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FEM Analysis
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TE] @ FEM Analysis: Flowchart

Hydro-Structural oupl ver
_,| Coupling Analysis Combined resolution of
Tcl $ 7 Py the seakeeping problem
= Modelling Calculation Equilibrium FEMSW  BEM SW avd the structial
2 response step by step
—_— x>
FEM Ana |YSIS FEM SW — Composites structure and — Logd:ryq conquns —
insulation weight, structural equilibrium as an input
CoG for structural dynomic
analysis i . .
Structural Analysis ctatic Analvais
- e
. FEM SW i i
Geometry - - Hydrostatics Hogging & Sagging
pregaration Inertia rrnt.atnx el = :
B properties splacement, -
Shell and beam hull coefficients, Dynamic Analysis
assumptions Mass and inertia LCB, etc. ' -
- moments referred —> Applying dynamic
to structural CoG pressure loads imported
from SeaFem
Stability T
Material definition _
- . w575 Dynamic response
Composites materials cqu{tions
and laminate sequence equilibrium, GZ Seakeeping Analysis FEM — |  RAOs and dynamic
curves, etc. SW
pressure loads for a
specific sea state

www.tsisl.es
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TE| @ FEM Analysis: Model design - Concepts

FEM Modelling Design

Geometry simplification

Beam and Shell elements, turning a complex 3D solid
geometry into a simplified 2D and 1D model.

« Shell elements:
o Structure plating, primary reinforcements.
o Large secondary reinforcements (400x180)

« Beam Element: Rest of the reinforcements

Material Assignment
. g . ‘ . IEVE\as;I'im;NDﬁ‘/C Symm

Shell material: classical constitutive model rr— PG T | S
- Mechanical properties of a single layer are obtained from the Raliss/Viny) R 1260 L L =
. . . . . E-Glass/Vinyl UD600 45.00 0.000597 1
combination of fibre and resin (%). E-Glass/Vinyl UD600 -45.00 0.000597 1
. | . . | q q b h | ? 2 E-Glass/Vinyl RV1200 0.0 0.001054 1
« Final composite material properties are given by the lamination e e e o oo ;
sequence of these Iayers. E-Glass/Vinyl UD600 -45.00 | 0.000597 1
E-Glass/Vinyl RV1200 0.0 0.001054 1
. 2 3 : B E-Glass/Vinyl UD600 45.00 0.000597 1
Beam EIement. behav_lour defined by the geometric section and modelled E6iase/Vin Ubsoo SIIREETOOR | oBEEE :
with isotropic properties (software requirement). E-Glass/Vinyl RV1200 00 | 0001054 1
q 2 _.ng . q E-Glass/Vinyl UD600 45.00 0.000597 1
. lee mechamcal characterlstlcs- of the -beam in the subjected EGlass/Vinyl UDB00 | 4500 | 0.000597 1
direction will represent the material properties. E-Glass/Vinyl RV1200 00 | 0001054 1
E-Glass/Vinyl UD600 45.00 0.000597 1

www.tsisl.es
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FEM Analysis: Loading Conditions, Stability, _

Balance & FRV's Internal Loads
Loading Conditions, Stability, Balance

EIEmMents 5
2 an Lougludiaalsecion Y- 0000 m Fore| 58 Tranrersal secton %= 40000 v Drafts and trim
v & Ship
% Stability criteria J S LomrErmrre Weight Displacement | GMt | Taft | Tfore| Tm
% BV-Maval, GZ curve properties (t) (m3) (m) | (m) | (m) | (m)
J -
. |M0bc_1|ffsh0_re S_UPPWVESSE'S T | i | / 1 |Full load - departure 3812.6 3719.6 42 | 49 | 46 | 47
amage stability criteria :
ge stabilty —— i i 2 |Full load - arrival 32579 3178.5 46 | 47 | 37 | a2
-E< Formulation 1 1 o 1 1 1 1 Lr JI 75
v H Loading Cenditions o w » o Ll o o & 0 = 3 [Sailing 3548.5 3461.9 4.7 1 46 | 4.4 | 4.5
v | FIBRESHIP ' oraenlson LS -l / i 4 |Ballast - Departure 3689.1 3599.2 47 | 47 | 45 | 46
= 01_Full Load - Departure __==_==._ R b 5 |Ballast - Arrival 3205.0 3126.8 52 | 47 | 37 | 42
= 02_Full Lead - Arrival i—_---i;_ﬂ-—-—-m 5 S & |Lightship 2308.9 22526 63 | 48 | 1.8 | 33
1 1 | 1 | N s
% 04 Ballast - Departure ' RN T T T e
- Arri = ) [ ) i () [ -
5% 05_Ballast - Arrival T ) ) o > e
[0 Saiing Condtion ] —t DGO
H Dﬁ_Light Condition StabCurve  StabTable @ Staberitera € LSeurves
Loading Condition Results
n Groups of Loads Displac. (1) |3 548,451 Taft(m) [4.600 ] xce m) [40.981 |k [s.7ms ] oM m) [4.534
H Initial situations el (@=g) [0.000 | thore () [4.374 ] ¥ce @) [0.003 | K corr ) [6.039 ] Undate

Internal loads considered for sailing condition

Name scripti § num Weight XCoG YCoG ZCoG
COMPOQSITE - F... Lig... -- 2133.350 t x 36873.0 mm 176.000 mm 6972.000 mm
Remainder - 0.000 t x0.0 mm 0.000 mm 0.000 mm . . . . .
e PP S Py TS [Ty g PP Ballast, anti-slamming, anti-heeling, fuel, oil
. .
Machieny © mawt xBOS2mm LD mm 30787 mm Fixed equipment and other loads and other tanks
Equipment -- 924.290 t x 30563.1 mm 29320 mm 6762.822 mm
Accommodation - 250.000 t x 55000.0 mm 1000.000 mm 10500.000 mm 5
www.tsisl.es
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External loads for structural dynamic analysis, FRV’S movements and hull girder displacements

TE| @ FEM Analysis: Structural Dynamic Analysis (1/2)

Jonswap spectrum SEAFEM VS RAMSERIES VERTICAL DISPLACEMENT nal forces time series are imported to the
SeaFEM Heave Structural Dynamic Vertical Displacement
Magnitude Value 8
6
Mean wave period (s) 7,2 n
4
Mean wave height (m) 10,17 =,
Shortest period (s) 3 2 o
Longest period (s) 16 z-
4
Ne of wave periods 20 “
6
Mean wave heading (°) 180 5
0 10 20 30 40 50 60 70 80 90 100
Spreading angle (°) 60 TIME (5)
N° of wave headings 0 Hull Girder Max. Hogging 792
-30 0,35
0 20 40 60
(T92) Time (s) 030 Hull Girder Max. Sagging T96
— ow Waters dispersion 025 0
5 8685 1 E
s8089 Max. Sagging (T96) = o o
2130 o
0.26086 £ 015 ~
-1.6084 i Eon
-3.4776 g 010 £
-5.3468 3 £
7216 005 30,15
6.0852 8
0,00 &
40 0 10 20 30 40 50 60 70| & 02
Longitudinal position (m)
0,25
40 0 10 20 30 40 50 & 70 8 90
Longitudinal position (m)

www.tsisl.es
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ic Analvs

Structural Dvnam

1S:
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FEM Analys

S R\
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ELASS - FISHING RESEARCH VESSEL - Composite Structural Design

Conclusions
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TE| @ Conclusions: Summary

v Consider the material type from the very beginning of the design
process.

v' Address an alternative approach of structural configuration with
respect to traditional steel-based vessels: keep in mind
advantages and disadvantages of FRP materials, and make the
most of them.

=y

JEEEE=m=E ; 1

e e e 1

ottt

e,
e @i 8 ans

Thinking out of the box for an effective design of the vessel as a whole:

1. Internal structure design has to be entirely focused on the cargo to be
transported according to the vessel operation profile.

2. Spaces size and weight reduction could affect in a significant way the
draft of the vessel and therefore its stability and seakeeping.

3. Special attention has to be taken in the design to include the required
innovations in the structure and internal spaces.

All rights are reserved, see liability notice.
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TE] @ Conclusions: FIBRESHIP vessel comparative

VESSEL TYPE

Vessel Category

Overall Length

Length between PP
Steel-based Structural Weight
Fibre-based Structural Weight
w/o insulation

Fibre-based Structural Weight
insulation

Average Composite Scantling

Structural Weight Reduction wrt
the reference steel-based vessel
and considering insulation

Steel-based Lightship
displacement

Fibre-based Lightship
displacement

Lightship Weight Reduction wrt a
steel-based vessel

Main conclusions

www.tsisl.es

Containership

FIBRESHIP: Structural vessel design in FRP materials

ROPAX

Fishing Research Vessel (FRV)

Lightweight commercial vessels

Passenger transportation and leisure vessels

Special services vessels

The FRP containership design fulfils all the
requirements and reduces the stresses well
below the acceptable limits. Only the maximum
global deflection may be a limiting factor when
considering extreme navigation conditions.

Fire safety improvement is the next challenge to
overcome.

Local Roll-On/Roll-Off areas have been checked.
Significant local failure modes due to Roll-
on/Roll-off cargo have identified. More
structural optimization is needed.

Fire safety improvement is the next challenge to

overcome.

The FRV in composites fulfills all the structural
requirements for all navigation conditions. It
can be said that fibre-based vessels of up to 85
m length are feasible from the structural point
of view.

Fire safety improvement is the next challenge to

overcome.

All rights are reserved, see liability notice.
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According to the results obtained
in FIBRESHIP, it is FEASIBLE
designing a  structure in
composite materials of a vessel
larger than 500 GT

Generalized Hooke's law (orthotropic)

1 % %,
i E, E
V. 1 .
% 5 5 ° °°
€. x Yy z o,
E;i P Yy 1 0 0 0 C;i EComposite K Es‘teel
£z E, E, E il
Yoz |~ : ? fo *|1y2 GComposite K Ggteel
Yox 0 0 0 = 0 0 |,
yz .
Vay 1 Txy 19Com;uostte < Usteel
0 0 0 0o — 0
Gax
0 0 0 ) 0 1
Gy
www.tsisl.es
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Influence of composite structures on URN
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UNDERWATER
RADIATED NOISE

TE| @ Underwater Radiated Noise (URN)

~ PROPELLER

AUX. MACHINERY — HYDRODYNAMIC
— MAIN MACHINERY  —

ELECTRONIC

SYSTEMS NOISE

ojo | |

T

-

[
o

Damping Loss Factor (%)
O R N W A 00 YN 0 WO

0

I eooneog\ \

2" Structureborne

/

am /CloN 4

Cla N° 3
Clo N' 2

".'g
I\ o

S .o ) © O ©
B PP R IR

Frequencies (Hz)

Monolithic

Foam

Wood

Steel
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Radiated Noise

1 + q

KEEL:

Acoustic signature of the ship consists of two
frequency domains (it depends on the length of the

vessel):
Low-frequency domain (up to 150-200Hz):
High-frequency domain (from 200-10000Hz):

All rights are reserved, see liability notice.



TE| @ URN - Analysis & Prediction

Initial Conditions for URN Prediction

0005364
009E .
Q000005035

Electric Motor Pressure Pulse Diesel Generator Pressure Pulse

Low & High - Frequency Analysis Result

) . SEA panels of the
High frequency analysis: SEA

) vessel underwater

structure Radiated Noise from Combined Equipment

Diesel Generators
Excitation

URN Combined Equipment e Comb. Equip.
o—aeo —8—|CES 209

140.00

SEA Cavities of the oo
vessel underwater \\/\/»/—k\/\/“\—/\_,\

structure

Electric Motors
Excitation

le-12 Pa”2 / Hz)
2
8

Low frequency analysis: FEM

2
8

dB (ref
8
38

5]
8

10 100 1000 10000
Frequency Hz

Diesel Generator Low Frequency Pressure Pulse Electric Motor Low Frequency Pressure Pulse
www.tsisl.es
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Demonstrator
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The FIBRESHIP project contains the building a demonstrator including the advances
and findings reached by the consortium.

TE] @ Demonstrator: Demonstrator Design

www.tsisl.es

All rights are reserved, see liability notice.



1 @ Demonstrator: Manufacturing Process Findings

The hull lamination is carried out only
" once per block, using the infusion
technique.

to work on them, is an important issue
to address in the future as a research
line.

The primary
structure is added
before unmoulding
to give stiffness to
i the block,
! facilitating
technicians and
specialists the
proper joining of the
elements in the One of the researches made by iXblue
structure. shipyard it is the manufacturing of
reusable moulds, allowing their use for
different constructions.

Through demonstrator construction,
several findings regarding shipyard
adaptation to this new activity have
been obtained, being all of them
gathered in a document of the
project.

All rights are reserved, see liability notice.
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TECNICAS Y SERVICIOS DE INGENIERIA, S.L.

Avda. Pio XII, 44, B° |zda. 28016 MADRID (Spain)
Telf: +34 91 3459730/ 62
tsi@tsisl.es

We have over 40 Years of experience
Solving Vibration & Noise Problems
On board Ships and Industry
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