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A liberty Tanker, 16 January 1943',

split in two while moored in calm water.
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A collapsed highway bridge (linking Italy with France) in Genoa
In August 2018.
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A collapsed highway bridge (linking Italy with France) in Genoa
In August 2018.
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Hydro-test of a new vertical vessel
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Middle part of tower Rotor Nacelle and
shaft
Fractured section ,"' Upper part of tower //

September 28, 2008, Typhoon Jangmi struck Taiwan, bringing strong winds and heavy
rainfall that collapsed a wind turbine tower located on the shore of Taichung Harbor.
(https://doi.org/10.1016/j.engfailanal.2010.09.008 )



~_

Siladad g ool 53 LSl 51 ok o

Location of the
collapsed tower

The current wind turbine field

Lgslgoﬁ)jdiim o

%
%

19.7m

d

€

62.0m
25.0m

Sketch of wind turbine components



Protect the evidence

.
Failure e Obtain physical evidence
Site -tower intact / fractured bolts a S oot ‘ LQ ‘L; M
DANEA e

-on-site photograph

Compile data Experiment | ® Conduct tower analysis and laboratory lests

-original tower design report & -tower intact / fractured bolt material 1est

-installation manual Numerical -tower structure re-analysis & simulation

-wind speed records Analysis . L) $ S - ‘ - & )
-similar cases study L5~0 ,)) " o ” w ,9,)

e Review project construction records e § ':Z, L, < l (] ) S S D ‘ Jde
-certification documents for the ower holts & nuts (.5-3 -
-construction records & documents for examination
-wind turbine operations records
-lower design report

-others ‘5 > L: C)ﬁ) ‘}?

NG Hypothesis | ®  Develop failure hypotheses
(Missing pomls)

e Analyze the data

-results of bolt matenial tests (for intact and fractured bolts)

-results of tower structural re-analysis & simulation (for different
‘‘‘‘‘‘ conditions of wind speed)
~documents for certification (bolts) and examination (Construction)
-wind speed records (failure site, sensor of wind turbine and Central
Weather Bureau)

e Research findings and conclusions
~determine the probable and the most probable causes
-suggest methods for preventing similar lfailures



~_ Cn S éﬁg&» P Slaedas

Traditional Design Approach i b5 S,

/\ F
f
Structure or
a structural component
Applied Stress

<
I G_Gy )
G%dz-

< Yield > Yield
Strength e Strength

Safe Design
Accept

Unsafe Desig




TN
Fracture Mechanics Approach CaSl SIS 5 S 5,




Structure or - i.., 5{ KA Jﬁj}{

a structural component F

Applied Stress

Flaw /

size
Fracture parameter
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< Fracture Q. | >Fracture

Toughness > Toughness

Safe Design
Accept

Unsafe Design

Design based on Fracture Mechanics Approach
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