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A Special Purpose FE Program for the Collapse Strength Analysis of
Bulk Carrier Corrugated Bulkheads Subject to Accidental Flooding

by
Jeom Kee Paik* and Sung Geun Kim**
Q 9

H A WE JEAID 2T g ABHSEA L] TR SREAZ B4
el H1 ed, IMO, 4= MFHIE FHoE F2AE ZARie] IPSH1 i} &3
IMOOIME AN JEALLS F8 €159 shiz AXEHe 2 I+ 39 I8 ¥
HEAE HAIE7] 3] AP o 71 dAME B3R AAHE BAREE 3
13 ARE AMFaEL k. o] FAY #Hsle B 2RHosE Sy Y9 HE R
25 Brpgyge] gyso] A ¥ Aol gik ¥ AN e g HE fEas Y
71HE Heao By AN ZAPEE AN A A8 2oy pdEded, 72
LY ZAooe] nug et MY T2aPe) P 848 FFA

Abstract

Due to the collapse of corrugated bulkheads subject to accidental flooding which is thought
to be a primary cause of bulk carrier losses International Maritime Organization (IMO), the
International Association of Classification Societies (IACS) and the leading classification
societies are taking a growing concemn for the structural safety of corrugated bulkheads of
bulk carriers. To prevent progressive collapse of corrugated bulkhead in flooded condition,
particularly of forward cargo hold, they try to make rules which require reinforcement of
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corrugated bulkhead structure. However, we are still confronted with the urgent problem of
more accurate and efficient ultimate strength assessment for corrugated bulkheads. This paper
develops a special purpose nonlinear FE program for analyzing progressive collapse behavior of
corrugated bulkheads subject to lateral pressure loads. As verification examples, the program is
applied to collapse strength analysis of steel corrugated bulkhead test model.
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(a) Corrugated transverse bulkhead in
cargo hold of actual bulk carrier

(b) Nomenclature of a corrugated bulkhead
structure model

(c) A half pitch of corrugation

Fig. 1 Extents of the analysis
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Corrugation

(a) Model type I

Upper stool bottom plate

Lower stool top plate

(b) Model type O

Shedder plate

(c) Model type II

Bottom girder

Double bottom

Lower stool
Cross deck

Upper stool

(d) Model type v

Shedder plate

(e) Model type V

Fig. 2 CORBHD/FEM model types
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Edges to be restrained |Restrained displacement
DH, AE v=0,=608,=10

ABCD, EFGH v=w=60=6,=68,=0
Al IC, BJ, ID, T
EK, KG. FL. LH v=w=06,=06,=0.=0
M u=0

(a) Both ends are clamped

Edges to be restrained JRestrained displacement
DH, AE v=0,=6,=0

ABCD v=w=0,=08,=6,=0
EFGH v=w=6,=6,=0

Al IC, BJ, JD v=w=0,=8,=8,=0
EK, KG, FL, LH v=w=0,=6,=0

M ’ u=10_0

(b) Clamped at lower stool end and simply
supported at upper stool end
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Edges to be restrained | Restrained displacement
DH, AE v=0,=6,=0
ABCD, EFGH v=w=0,=0,=10
Al IC, BJ, ID, e h =B —

EK, KG, FL. LH v=w=0.=06.=0
M u = ()

(c) Both ends are simply supported

Cross deck
Upper stool
Empty hold Cargo hold
4 Corrugated bulkhead
Double bottom
Lower stool
=
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(d) Rotational restraints of adjoining
structures (Clamped at center of
cargo hold)

Cross deck

Upper stool

Cargo hold

_—~ Corrugated bulkhead

Empty hold

4
Double bottom

\ /_ / Lower stool
% P11 1 1 1 § [ o~

o

(e) Rotational restraints of adjoining
structures (Simply supported at
center of cargo hold)

Fig. 3 Boundary conditions
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(b) Trapezoidal type of pressure
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{¢) Uniform pressure acting on corruga-
tion only
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(d) Trapezoidal type of pressure acting on
corrugation only
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Fig. 4 Load conditions
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Rigid wall

Air pressure tank

Fig. 5 Apparatus for collapse testing of
the corrugated bulkhead models

/

Rigid frame

/ Rigid strip
Rigid strip ——s! /

Fig. 6 Boundary condition of the test
models at side edges

P90 -3

Fig. 7 Corrugated bulkhead test model
P90-3 (10}
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Fig. 8 Corrugated bulkhead test model
PO90-3 after collapse test under
lateral static pressure {10}
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Fig. 9 Average pressure load versus deflec-
tion at mid-span
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{b) Deformed shape of the Model type V
with light adjoining structures

(c¢) Deformed shape of the Model type V
with heavy adjoining structures

Fig. 10 Deformed shape of the model P30-3
in the collapse state
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