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0. To Begin with...



The Ten Grand Challenges
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What and how are you willing to contribute to resolving
the challenges?



1. Types of Ships and Offshore Structures



Types of Ships

Motorboat Yacht

Passenger vessel

Dry cargo vessel Container ship Oil tanker Passenger ship Regular ship Muitipurpose ship Reefer Handysize bulk-carrier

Car carrier Capesize bulk-carrier Gas ship Lighter aboard ship Battleship (4 Submarine Reefer vessel

Offshore oil platform

Container ship Oil ship Dry cargo ship Submarine
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Types of Offshore Structures




Deep Sea Mining

DEEP SEAET { a
e mineral -~
hunters | -

Rt

Mining Support
Vessel (MSV)

Potential impacts from

Lighting

Noise

Routine discharges (MARPOL)

Similar to shipping and exploration ships

Riser & Lifting
System (RALS)

tn poes flsepipe
Top layer ‘

Seafloor Mining
- Tool (SMT)
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Size of Containerships

Early containership (1956-)
500-800 TEU I 137x17x9.0m

Ul cotar (1970 T 215x20x100m)]
1,000-2.500 TEU [ B 215x20x10.0m

§0005400TEL | moszazen
3,000-3,400 TEU 250x32x12.5m
osoreo | NN
3,400-4,500 TEU 290x32x12.5m

Post Panamax (1988-)

4,000-5,000 TEU .. 285x40x13.0m
Post Panamax Plus (2000-)

6,000-8,000 TEU -' 300x43x14.5m

New Panamax (2014-)
12,500 TEU -' 366x49x15.2m

Post New Panamax (2006-)
15,000 TEU

V
Triple E (2013-)
18,000-21,000 TEU 400x59x15.5m

N T T

\(_<“\/_

397x56x15.5m

V| 25000TEU
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2. Types of Extreme Conditions and
Accidents in Ships and Offshore
Structures
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Cold Climate -

Winterization

Dropped Object

Cargo Containment
System

Advanced Structural Safety Studies

Fire/Explosion Wind

‘ <

Wave

<

Brittle Fracturein Arctic

and Cryogenic
Temperatures

Current

<4

f 4
v - -2
% i

Sloshing
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Extreme Conditions and Accidents

{Subsea) temperature
(Fire)

i Cryogenic
% A } conditions
40 (LNG cargo)

Blast load :
(Explosion) (88

'(;./'-."\ Low
y 4 2 temperature - \

y 2 | : Impactload .
'1, ')?? \ (Arcic operaions) (© grounding/
| | Studies /N
% v
"‘k ~ / Dynamic u /

WS/ pressure :
e " (Sioshing/slamming/

3 Agerelatea™
£ green water)

degradation |
(Corrosion/iasguel

l\ Abnormal wavell Initial - Hullcoliapse',

. wind/current / imperfections ( e}
| (Freakirogue)| (Inal distorion/ Extreme

residual stress/
soaemng), - |

structural d

* Highly Nonlinear

* Non-Gaussian

 Multiple physical processes
 Multiple scales

 Multiple criteria

[Ref] J.K. Paik, Making the case for adding
variety to Goal-Based Standards, The Naval
Architect, The Royal Institution of Naval
Architects, London, UK, January 2015
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New Normal Associated with VUCA Environments

The New Normal is a previously unfamiliar, unusual, and
abnormal situation that has now become familiar and usual,
and looks like a daily state.

The catastrophes are the result of VUCA environments.

 Volatility (8 5 )

e Uncertainty (S2HAl M)
«  Complexity (2 XHAM)

«  Ambiguity (O O} 2 = M)
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Engineering Modelling with Tolerable Uncertainties
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3. Multidisciplinary Approach
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Multidisciplinary Approach

Mathematical
algorithms that account
for nonlinearities should
be used.

<Testing

Full-scale or at least
large-scale models
should be used, as small-
scale (toy) models may
distort reality.

Computation

Multidisciplinary

Approach

Monitoring

Engineers should be well
trained and skilled in
computation, testing and
monitoring.

TraininD

Operations should be
monitored to provide
feedback to a service
database relevant to the
design stage.
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Safety Designh and Engineering

HSE&E Requirements

Functional Requirements

Operability in < Safe Performance and
Normal Conditions Integrity in Extreme and
Accidental Conditions
Linear/Simple Mechanism Nonlinear/Complex Mechanism
Probabilistic and Risk-Based
Prescriptive Approach Approach

HSE&E = Health, Safety, Environment & Ergonomics (Human Factors Engineering)
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4. Advanced Computational Models

22



Book Publications

Ultimate Limit State Design
of Steel-Plated Structures

Jeom Kee Paik and
Anil Kumar Thayamballi

WOODHEAD PUBLISHING
IN MECHANICAL ENGINEERING

SHIP STRUCTURAL ANALYSIS AND DESIGN

Condition
assessment of
aged structures

Edited by J. K. Paik and R. E. Melchers

‘ hip-shaped
Ooffshore Installations

OWEN F. HUGHES AND JEOM KEE PAIK
WWILEY

ENGINEERING
ULTIMATE LIMIT DYNAMICS

STATE ANALYSIS AND VIBRATIONS

DESIGN of PLATED ~ RECENT DEVELOPMENTS
STRUCTURES

SECOND EDITION
e e 7 ey =g
A e e § Q/lw, <<1
- B Stiffness
| b controlled
. S| | Q/w,>>1
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Under writing:
 Advanced Structural Safety
Studies with Extreme Conditions and Accidents

e Ship Structural Mechanics and
JEOM KEE PAIK ) CRC Press AnalySiS
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Editor: Jeom Kee Paik

Taylor & Francis
Taylor &Francis Group

S
III&I.II'ES

International Conference on

Ships and Offshore Structures —
WWW.icsos.info

e Hamburg, Germany, 2016
 Shenzhen, China, 2017
 Gothenburg, Sweden, 2018
 Florida, USA, 2019

24


http://www.icsos.info/

Structural Safety Study Methods

The reliability based method, ULTIMATE LIMIT
B>B; STATE Q%ALYSIS
The partial safety factor based DESIGN of PLATED

method, C,/y. > ypD, A STRUCTURES

The failure probability based
method, P;< P,,

The risk based method, R <R,




Definition of Risk
R=FaxCP
R =risk

F = frequency or likelihood of hazards
C = consequence or severity of hazards
a, b = ascending constants that are usually takenasa=b =1

This relationship applies to singular hazards; multiple hazards
may be cross-coupled.

26



Computer Software for Ultimate Strength Analysis of Large

Plated Structures (ALPS)

Modules Implemented into the MAESTRO Structural Design Code:

ALPS/ULSAP - Ultimate strength analysis of stiffened panels
ALPS/HULL - Ultimate strength analysis of hull structures
ALPS/GENERAL - Ultimate strength analysis of general types of plated
structures

ALPS/SPINE - Elastic plastic large deflection analysis of plates and
stiffened panels under complex loading conditions

27



Collision Risk Assessment and Management

Start

\ 4

Functionalrequirements —{ Characterization of topology [+ Environmentaland operationaldata

\ 4

—| Hazard identification [—

Colliding objects-related parameters:
Structure types, size, etc.

Collision-related parameters:
Speed, location, angle, etc.

\ 4

Selection of realistic collision scenarios
I

\ 4 \ 4

Contactfrequency Nonlinear FEA

Personnel

Passing probability Experiment

'

Risk calculation:
Risk = frequency x consequence

Asset risk

Personnelrisk

Exceedance curve |«

Environmental risk

\ 4

Residual strength index (RSI) :l_

- : Exceedance curve
Structure collapse risk calculation .
RSI - loading

condition diagram

Residual strength-damage
index diagram

\ 4

ALARP —| Risk acceptance criteria

Cost-benefitanalysis

\ 4

Redesign [«—| Decision making [« Risk controloptions

\ 4

End




LS-DYNA keyword deck by LS-PrePost
Time = 0

Contours of Effective Stress (v-m)

max IP. value

min=0, at elem# 4529

max=>0, at elem# 4529

¥
X

Fringe Levels

0.000e+00
0.000e+00

1

0.000e+00 |

0.000e+00
0.000e+00
0.000e+00
0.000e+00
0.000e+00
0.000e+00
0.000e+00
0.000e+00

]
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Aircraft Strike Impact Test
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Aircraft Strike Impact Test
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Grounding Risk Assessment and Management
Cstart >

A\ 4

Characterization of topology

Environmentaland
operational data

h

A\ 4

Functionalrequirements

v L.

- - : Bottom obstruction
Hazard identification characterlstics ’

Structure type,
size, speed, etc.

A
A

v

Selection of realistic grounding scenarios
I

B Asset

x Nonlinear FEA .
Frequency - Consequence
Experiment

Environment

\ 4

; . Asset risk
) Risk calculation: :
Exceedance curve . Personnelrisk
Risk = frequency x consequence
Environmental risk
Residual strength 1

index (RSI) St t I sk calculat Exceedance curve

Residual strength- IMGITNE CORapSE oK GECUIEON | RSI - loading
damage index diagram d condition diagram

ALARP | Risk n riteri
sk acceptance criteria Cost-benefitanalysis

v

Decision making

y

Risk controloptions

4
4

Redesign

\ 4

End
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0

LS-DYNA keyword deck by LS-PrePost

Time
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Fire Risk Assessment and Management

Start

Functional requirements I—' Characterization of topology Metocean data

l Operation-related parameters:
—| Hazard identification [« Type of fire, leak rate, leak
duration, leak location, etc.

Metocean-related parameters:
Wind direction, wind speed, etc.

Selection of realistic fire scenarios

CFD Fire loads Nonlinear FEA

Experiment
| Exceedance curve |
J d Asset
| Olilgas leak frequency - ;
- = Frequency *> Fire design loads » Consequence Personnel
| Ignition probability I
| Environment |
v v
Temperature, heat Flame length,
flux, duration heating rate
- ‘ - Asset risk
Risk calculation:

Personnel risk

Risk = frequency x consequence

Environmental risk

Residual strength index (RSI) Struct M e CaToUIR Exceedance curve
Residual strength-damage THERITE COMaPSEMBICAICH]aRoN { RSI - loading

index diagram condition diagram

ALARP Risk acceptance criteria -
I Cost-benefit analysis |
Decision making 0—| Risk control options |

|
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Explosion Risk Assessment and Management

I Functionalrequirements I—'l Characterization of topology Metocean data

Wind direction, wind speed, etc.

Metocean-related parameters: _.l Hazard identification |__ Type of fire, leak rate, leak

Operation-related parameters:

duration, leak location, etc.

| Selection of realistic dispersion scenarios |

CFD

:H Cloud characteristics |'— Cloud size, equivalentratio,

Dispersionrelated parameters:

Experiment l

cloud location, etc.

I Selection of realistic explosion scenarios |

CFD Blast loads

m Nonlinear FEA

Experiment
| Exceedance curve |
3 3 Asset
Olilgas leak frequency l -
— - :H Frequency |—>| Blast design loads |—>| Consequence Personnel
Ignition probability -
l Environment
Pressure, drag force,
impulse, duration time

¥

Asset risk

Risk calculation:

Risk = frequency x consequence

!

L Personnelrisk

Environmentalrisk

Residual strength index (RSI)
Residual strength-damage

Structure collapse risk calculation |—|:

Exceedance curve
RSI - loading

index diagram

condition diagram

Risk acceptance criteria | [Cost

benefitanalysis I

|
| Decision making |~—| Risk controloptionsl
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Joh=9999299. Var.=PROD (-).
Time= 0.905 (s). I-1-49, J=1-81, K=1-25.

70 60

Joh=999999. Var.=P (barg).
Time= 0.905 (s). I=1-49, J=1-81, K=1-25.
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L5-DYMNA user input

Time =

Contours of Resultant Displacement
min=0, at node# 1

max=0, at node# 1

max displacement factor=5

Li\‘f

0 Fringe Levels

2.600e-01
' 00e-01
0.000e+00

Total displacement x 5(m) distribution with actual explosion loads

1.300e+00 _
'1.'1F-IIIE+{I-IIIj
1.040e+00 _
9.100e-01 _
7.800e-01 _
De-01 _
5.200e-01 _
3.900e-01 _
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Hull Girder Collapse Risk Assessment and Management

v
Corrosion, In-service Accident Collision, grounding,
fatigue - . + explosion, fire,
cracking, etc. damages Scenarios dropped object, etc.
I ]
r
. e Structural
Damage chai'actenzatmn crachworthiness analysis
NLFEM -
:|- Modelling of damaged structures [+ Simplified methods

ISFEM
!

Calculation of residual ultimate strength

Y

Probability exceedance diagrams

Exceendace
probability analysis

Frequency
calculation

Y

Assessment of risk to collapse

k J

End




Age-Induced Failure Risk Assessment and Management

HUMAN BODIES

=3 &
A= e ]
&’::g éf:—;—e ﬁ
<. , i N ,.:&ig*f 1““/

Jruns., w- | = B

Health monitoring Condition Medication or Prediction of

(Medical examination) assessment operation health condition

=Y

vI' Y,
LR

Design and Health monitoring Condition Maintenance/ repair Prediction of
structure condition

fabrication (Inspection) assessment or renewal
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5. Large-Scale Physical Model Testing

42



KOSORI Hadong Campus




Vertical Type Fire Wall Furnace Test | Horizontal Type Fire Wall Fumace Test Indoor Fire System Test Fire Bucking Collapse Test




Dropped Object Test

v
3x3m 30kN x 10m

5 . " |
e < T=—= _ ~ z »,
7 s = g |
g = 2 g |
—— B o
*@-— Wl

\( ¥ &g . ‘A
KemperatureControlChamber -170 ~ 500 deg. C




Structure-lceberg Collision

>—&—< Rigid Drop Test ———— Ice Experiment
160 — 4 |ce Drop Test — KOSORI Ice Model
| 80 p—
120 —
famn) v —
& - =
=
g —
=
g 80 —
- 40 —
40 — —|
0 | | | | 0 | | | |
0 0.01 0.02 0.03 0.04 0 20 40 60 80
Time (s) Displacement
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Fire Test Facilities (Furnace)

Horizontal Type Fire Wall Vertical Type Fire Wall Fire Collapse Test
» Max.test specimensize: 6.5x4.5m * Max.test specimensize: : 4.5x4.5m » Max.test specimensize: ©4.5x5.0m
» Max.temperature: 1,430degC * Max.temperature: 1,430degC » Max.temperature: 1,430degC
* Max.load: 3MN (300ton) « Max.load: 2MN (200ton) « Max.load: 10MN (1000ton)
* Fire curve: Standard and non-standard » Fire curve: Standard and non-standard » Fire curve: Standard and non-
standard
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Large-Scale Fire/Explosion Test Site

ey







Subsea Hyperbaric Test Facilities

S e BALMORAL NHC SWRI AKER JAMSTEC KOSORI
P (UK) (UK) (USA) (Norway) (Japan) (Korea)
dx D (m) 0.48 x 2.38 12x4.5 2.2x5.8 1.8 x3.0 1.4 x3.0 1.8 x 4.0
LR 700 445 275 550 700 825

Pressure (bar)




1/6 Scaled Hull Collapse Test of a 1,900 TEU Containership
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6. To Finish ...
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Classification of Professional Competence




The Four Elements Theory to Achieve 15t Class &

il | , ” Integrated Vision
N

Best Infra- Best Talent Best

e s AR

[
JL S, High Technology Level / R&D Capability

Design Production / R&D / Management(CTO)
Scales of Human resources

O Facility Scale / Automation System/ Testing & Research Facilities /
Capital / Legal System / Collaborative Network

Vision is wisdom to look into the future and remain one step ahead in the arena of competition._,
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11 Tips That Will Bring You the Success

Be fluent in English

Aim at becoming a world champion in your field

Aim at contributing to our community, country and globe rather than
yourself alone

Four elements theory — infrastructure, talent (human resource), skill(technology) and
visionary strategies which are equally important

Be a catalyst

E = mc?, where E = energy of success and c = endeavor

All problems must always have solutions, and don’t give up
To be skilled, be familiar with

Collaboration is much smarter than doing in isolation

10 World is small, and don’t fear it
11. World is roomy, and there must be a lot of things to do
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Engineering Modelling with Tolerable Uncertainties

Reality

Circular model area = 3.14 x R?
Rectangular model area = a x b
Triangular model area = 0.5 x b x h
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