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Effect of Corrosion on Static Strength of Hull Structural Members (7th Report)

by Tatsuro Nakai, Member

Hisao Matsushita, Member

Norio Yamamoto, Member

Summary

Pitting corrosion is typical corrosion observed on coated hold frames of bulk carriers which
exclusively carry coal and iron ore. In order to secure the safety of these types of bulk carriers, it is
important to understand the effect of pitting corrosion on local strength of hold frames.

In order to investigate this effect, a series of non-linear FE-analyses has been performed with
pitted rectangular plates under compressive and shear loading conditions. It has been revealed that
ultimate compressive and shear strength of pitted plates is smaller than that of uniformly corroded
plates in terms of average thickness loss and that prediction results of ultimate strength using
average thickness loss at the minimum cross section would be on the safe side. It has been also found
that reduction of tensile strength due to pitting corrosion is larger than that of ultimate compressive

and shear strength.
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Fig. 1 Pitting corrosion in hold frame

Fig.2 Cross-sectional view of corrosion pit
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(b) Shear

Fig.3 Rectangular panel under compression and shear
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Fig. 1 Boundary conditions in shear buckling analysis _
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Note :

free=0, fixed=1
u,v, w = x-, y-, z-displacement, respectively

L 6 6, 6, = rotation about x-, y-, z-axis, respectively
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Fig. 4 Example of pit distribution
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_ Table 2 Calculated models with pitting corrosion

[~ 1 ', 1 ] [ i 1
! no pit |
! t=16mm .
> L
% [ =10 t=13mm ]
0.5 =1omm :
compressive buckling
RSN NN DU N S R—
0 1 2 3 4 5 6 7

elgy

(a) Compression

1:/'cy

shear buckling, t=10mm
1 . SR T S
10 15 20
Ty
(b) Shear

Fig. 5 Average stress-average strain relationships (no pit)

THETH 2N, FETIIN TR, —LOEIN 6mm D
EFHDLINVERTETY YL, Ev hOMBEHE

[ LoadType | Model | D@mm) | j or k | t(mm) | b
20 | 4567,89,10,11,12,13,14,15,16,17,18,192021 | 10,13,16 | 1
S 456789.10,1L12,13,1415 | 10,13,16 | 1,2%,3%,5%
a0 | 4567891011 | 10,13,16 | 1
Compression | 20,3040 ~456,789,1011 10, 13, 16 1 B
20 3456789,1011,12,13,1415 | 10,13,16 | 1
30 345678910 10,13,16 | 1
CBk-D-t 40 345678 10,1316 | 1
20,30,40 , 345678 l1013,16 | 1
| 20 | 4,5,6,789,10,11,12,13,14,15,16,17,18,19,20,21 10 1
4Dt 30 4,5,6,7,89,10,11,12,13,14,15 10 1
0 | 4567891011 10 1
Shear 20,30,40 B 4567891011 | 10 1
[ 20 | 34567891011,12131415 | 10 1
30 3,4,5.6,7.8.9,10 10 1
SBEDt T 4 T 345678 T |1
- 203040 | 345678 0 | 1
Note :
| *afb=2,3 and 5 are used only for CAL0-30-10 _ R
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Fig. 6 Geometrical modeling of CA8-30-10
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Fig. 7 Geometrical modeling of corrosion pit
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Fig. 8 Effect of modeling method on average stress-
average strain relationships



174 _ BAREMEEIRWmE F1E

1 B | I 1
1 original thickness : 10mm_ |
general corrosion v CAj-20-10

©0 CAj-30-10 -
A CAJ-40-10
+ CAj-234-10 1
X CBk-234-10

Gu/Ouo

- v CBk-20-10
® (CBk-30-10
A ClBk-40~10 AA 3

0.5
N S T SR DR

0 5 10 15 20 25 30
Average Thickness Loss (%)

(a) ty = 10mm
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(b) ty = 13mm

j 1 i T T
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0 CAJ-30-16 -
A CAj-40-16

v CBk-20-16 /

" ® CBk-30-16  general corrosion
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0.5

L. 1 1
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B T T
20 25 30

(c) tp = 16mm
Fig. 9 Relationship between ultimate strength and average
thickness loss in compressive buckling analysis
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Fig. 10 Relationship between ultimate strength and average
thickness loss in shear buckling analysis

RAVNE <22 WIE I BT 2 EHERRIC X O R
REBH LRI DOWTRRS, 7. EfEREEST
WZDNWT, EBkitEo jo,, EB/NEICHIT 2 TSR
FEROBRZ Fig11(2)~ (RS, 2SO, —
BRER IO BINE—E TRENED S OISR
KOWTHERTRLUZ. Figll@~CP58h5&>
. B/NBTEIC BV D LR TER LGS, WY
NORBIZENWTHEEL Y "AIBEET 258 OB
FERIL, —RBREOEHE LD bEMKBENE L. TOME
A&, FTTEAAEINEFEEREN, £, BRBEOA/N
. By MRBICBEEL. ¥y M B (Figdb).
@) XVDBEY M A (Figd(a). (c) DHNBIKHE
ENKESBZERPHETH 0. By MM A DBE.
BEEY NOEENE D LE—BREEOEELSD
ThNE L B2ERNRSN S,

KIZ, BAMEBRETIIZONWT, BARAY Y MNEE
55 DOEKEE L, BRY Y MR NEEORK
BE, TEXTELED D) EB/NWIEICBT S Figs
FEROBRE Fig12 1R, TANEBEETIOBE,
JEMEREET IV ERIRD, WEBMIIERTE RN, &
INFEREMRERETIVOHELFECKEE Uiz, 20
HiCiE, —HBEET RO BNE—E TERESEDHAD
FTRRICOVWTHERR TR Lz, EMERTETIVER
RRIC, BREE Y MNOHFEET 256, —REROBAE KD
DEMRBENELS, BREBEO/NL. By MHTE
HEKFELE Y Fi B (Figdb). ) EDBEY v
i A (Fig4(a). (c) DHMNBABENKE L 2B ERmM
HETHD., Ev Mot A DA, BAE Y bOEKAN
ZE<RDERBEOHANSOTHNELL 2B E
mAR5NS,

U EDHRENS ., B/NREICB T2 EHEERICLD
RASREZ TRL5E, ZENOTFRRREEZ 50,
BECRENERDHENH D N5,

3.5 Ev MEiEL BREEELSONE
Fig9~Fig 12 ISR L2 K D12, FHBHBEOE/NWE



_ MG OB R RIETEAORE (B7H) 175

CAj-20-10
CAj-30-10
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CBk-40-10 X CBk-234-10
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1 —

L 1 1
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Average Thickness Loss
at Minimum Cross Section (%)

(a) t; = 10mm
1
g | ggAj-20-13 / ]
o [ Aj-30-13 ]
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. v CBk-20-13 general corrosion
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1 SN R SO IO
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at Minimum Cross Section (%)

(b) to = 13mm
1
g v CAj-20-16 /

L _ [ O CAj-30-16 ]
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0 5 10 15 20 25 30

Average Thickness Loss
at Minimum Cross Section (%)

(c) ty = 16mm
Fig. 11  Relationship between ultimate strength and
average thickness loss at minimum cross section in

compressive buckling analysis
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Fig. 12
average thickness loss at minimum cross section in shear

Relationship between ultimate strength and

buckling analysis
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