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Overview

Accidents and Safety Issue of Offshore Structure
Masashi Goto
Faculty of Engineering Shibaura Institute of Technology, Tokyo 108-8548

An offshore structure is not able to avoid the encounter of the severe storm always, because of the characteristic of the pur-
pose which is to stay at the specified sea area for the operation. This paper describes the design method for typical offshore struc-
ture briefly, then explains the some accidents of the offshore drilling rig, and finally presents the fundamental idea about the safe-
ty issue based on the investigation of the specific technical problems related to the causes of accidents.

Many rigs for Arab, Mexico, Canada and North sea were constructed at Japanese shipbuilding yards between the 1970’s and
the 1980’s followings the world wide rig construction boom. As Japan has a few rigs and a little information about the accidents of
the offshore drilling rigs, according to the Lloyd’s lists and some reports related accidents, the accidents of the offshore structures
occur often as compared with ships and the scale of the accidents is often beggar than normal ship. Norwegian semi-submersible
accommodation platform “Alexander L. Kielland’’ collapsed and capsized due to fatigue failure at the weld part of the brace at
North sea oil field in March 1980.

123 lost their lives by this accident. Also jack up rig “Dan Prince” sank in Araskan waters during wet towing in October
1980. These impact the later design philosophy to establish the residual stability requirements and structural redundancy evalua-
tion requirement for the offshore structures.
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Fig. 1 Operating & towing condition of semi—submersible rig.
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Fig. 2 Motion characteristic of semi-submersible rig. This
figure rewritten from a figure in Ref. 7).
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Fig. 3 Stability of semi-sub.
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Fig. 4 Dynamic stability curve.
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Fig. 6 Operating & towing condition of jack up rig.
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Fig. 7 Configuration of jack up rig.
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Accidents statistics of Mobile Offshore Platform in world
wide operation during 1970-1980 (according to initiating event
and extent of structural damage) Produced from Lloyds’ list

No Damage Toatal Loss
8%  \ 9% Severe
] - __—Damage
14%
Minor Moderate
Damage ——— Damage
33% Total : 291 29%

Fig. 8 Number of accidents for mobile offshore platform.

Initiating Events

Others A -
g
Capsizing
Grounding
Foundering
Explosion
Fire
Machinery,etc.
Leakage
Blow-out
Collision
Weather

Produced from Lloyds’ list

| 4 il 7
0 20 40 60 80

Total Number : 331 (1970-1980)

Fig. 9 Accidents statistics of Mobile Offshore Platform based
on each initiating event.
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Fig. 10 [Alexander L. KiellandJ.

SECTION A=A

Fig. 11 General layout of I'A. L. Kielland ].
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D-Column

D-Footing

" : Initial Failure Portion
ﬁ * Later Failure Portion

Fig. 12 D-6 Brace failure location.

Upper Hull (Deck House) Flooding
Heel abt, 30~35 deg. after broken D-column.

Fig. 13 Progressive flooding condition of [A. L. Kielland].
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Welding defects Fatigue crack Brace broken due -
on D-6 Brace E> progression from |:> to wave loads at :-column &; ::W"“Q
attached Hydrophone Welding defects reduced cross ropped out from
o gection Hull structure
Communication lack - Poor quality weld Lack of Structural Redundancy
Eb;’rmn each Design Dep. - Poor :;Wmﬂrym gz:{la:f?wju‘?:ﬂ — Minor defects developed
inspection for Fatigue Crack severe structural failure

Upper Hull applied Water
Tight Comparitment efc.
= improved Damaged Stability

)

——
Lower Hull Type adopted
= improved Structural Redundancy
= prevented Catastrophic Failure <

):

123 death

b

—1 Hull capsize due to loss of
stability ( depend on loss
of D-6 column & footing )

Lifeboats not available
caused by Hull large list

=

Not enough Residual stability
at damaged condition

—

New Type Lifeboats ¢
system developed later —

Fig. 14 Structural failure & capsize process for [A. L. Kielland].

123 Dead

S

-

¢ AND GATE

[ L.Kielland Capsize

| Incapable Life Boats

Deck House Flooded | Footing Broken off |
(Upper Hull) ;;

| Wave Force |

Erace Cut off

Fatigue Crack Missed
At Periodic Survev

—_—

Insufficient Inspection
For Fatigue Crack

Non-water Tight
Brace

Weld Dafact | Cyelic Load
Due to Wave

1
Pragrossmn of Fatigue Crack

Weld Dafac:l Missed
at Construction
Stage(N.D.T.)

| FIII.lWoldAppliod | |PoorW.|dlngquaI|ty

Lack of Recognition for
Importance of Fatigue Design

Hydrophone support
attached on the Brace

Fig. 15 Fault Tree of A. L. Kielland accident.
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- Qverall structure should be confirmed to prevent catastrophic failure
with any one brace broken at 1year storm load.

|
| [ O

/

L () Lo

erzzan - Assumed Broken Portion
©Usage Factor =1.0 (Ratio of Yield or Buckling Stress/Actual Stress

Fig. 16 Redundancy overall structural analysis for semi-sub.
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Fig. 17 [Dan Prince] at jack up condition (Borgsten
Dolphin).
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Encountered
storm at towing

Deck House dama-
ged by drill pipes ::

Large cracks grew in
deck plates attached
Jack House

(Leg down) collision caused

Heliport collapsed
caused by wave-impact
at large pitching

by roll & pitch

Insufficient weather) [ Poor tan;;ng : ;ﬂpr?; ;ﬂr:fﬁf;ﬁ ;’: 10l ("Unsuitable location
p ; ration & height of heliport
‘orecasi - Unsuitable detail -

- Original design based on Gulf of Maxicué
+ Unsuitable design for Ocean Wet towing
(No one knows these facts at that time) :

------- \_structural design

Design changed
to store footings
in hull for dry tow

Dan Prince

Extreme list grew
in spite of pumps (::|
operated for drainage

Hull flooding through
large crack on deck and
damaged hatch

All crew
evacuated
to support-

a

Residual stability not
enough at Many hull
compartment flooded

vessels

Hatch structure etc. on
hull deck weak due to
collision drill pipes ete,

Fig. 18 Sinking process for [Dan Prince].

‘ Levingston Class 111 Type ‘
Jack Up Rig

Fig. 19 Design improved items after Dan Prince accident for
jack up rig.
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