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On the Strength of Stiffeners Axially Connected with Cylindrical
Shells under Axial Compression
by Kazuyoshi Matsuoka, Member Tamotus Naoi
Summary
A semi-submersible ship is composed of three parts; a superstructure, lower-hulls, and

columns. Stiffened cylindrical shells are used as columns in order to decrease structural
weight. Most of these cylindrical shells- have several axial stiffeners connected with girders
of a superstructure and/or with rings of a lower-hull. The local collapse of stiffeners under
concentrated axial compression load transmitted through girders or rings often becomes one:
of the most important problems of those structures.

This paper presents a simplified method for estimating the collapse loads of stiffeners which
are axially connected with cylindrical shells and are subjected to concentrated axial compres-
sion load. Two kinds of collapse mode are considered, i) plastic collapse, and ii) collapse
after elastic buckling. In the case i), the collapse loads are defined by the effective width of
cylindrical shells obtained from experimental results, and in the case ii), effective lower-
bound solution of buckling load is obtained by a simplified equation.
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Fig.1 The superstructure and the column of
the floating airport (unit mm)
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Fig.2 Types of the test models (unit mm)
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Table 1 Dimensions and yield stresses of

specimens

T.P. Stiffener Shell

No. | p(mm) | ¢ (mm) (kg oty GOm0 [ 0
S.1 50 3. 04 28.2 0.99 20. 5%
S-2 | 50 | 304 | 282 | 1.19 | 23.3
S.3 30 4.22 | 26.4 0.99 20. 5%
R.1 50 3.18 21.5 0. 60 22.6
R.2 50 3.18 21.5 0.80 25.2
R.3 50 3.18 21.5 1. 00 24.3
R.4 50 3.18 21.5 1.20 24.7

gy : Yield stress, * 0.2% Strength

R

Fig.3 Test set-up (S series)

Fig.4 Test set-up (R series)
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Fig.5 Mesh layout
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Fig. 7 Fhdeid, FEHROREN Ilmm BED S.1 s Lo
R.3DERETHD, WE 15ton BET 0 hEBDOME
(Fig. 6 2/ THERIC L2 & U, MEOMNE i
BLKEL Tn T o, fJE 18ton T —7° OEET
BRI IOETAROIRS S, ShEFoMEcE
TeLbDEETHRL, Fig7 £0 R.2 04, ZoL
R LDN LA U T Eavbind, 7o, 0°DAE
ETHEEYR LTRSS DD, THIEENLE
DI DERIE N HBZIBETH D, IR
N ERELTEL LTS, Fig 7 Ait, H&E%ZOK
JE2 1.2mm & HEMHEW S.2 3 L0 R.4 ofERT
DBHo 24ton DFHETIIFEMEZHEL LI, S.2 1% 22
ton BET, 0° »HLEOMIC Lba e Ui,

Fig. 7 ot JOEfOREZ B %5 &, S.1 & R.3
(BOWE 1mm ) LU S.2 & R4 (BOKRE
l.2mm #BE) TlX, SYV—XERVY—XEDIEH
DAL I —H LT D, FRHEBEE S RN I —
LTS, SV —RERVY —RETEH—F—F
1LY v 7L BFERER L DR EN RS (Fig 2,
Fig 6 28, Lo L, EPRREAHELZT 5 E0F
BTOWNAHEE, S¥V—X, RV —X, Fig.5 ®
BRERETFNVO=ZFEN I —FH L T35, Fig.8ic S.
2 17 18ton DIER INZ TeBA& OEWH AEISH DHHk
AL HTEECEEHE THO LRI N-REE &

0
T 0
.
PR\ R | )
. S e
~10k Sao //’ @‘ ‘I:,; ~~4
o i ! 'll S @
i H
R
=20k R II’ —O— 8 Ton
ez —G—-‘Ia Ton
TP No:R1 —&--18 Ton
-48° 0° 45°
|
. S— -,
N “
-10F N S
l—o~ 8 Ton' -
-20F | -o-13 Ton w3
[TE No.R2 & 18 Tor | 20 LB S 0
-45° 45° ~45° 45°  45°
Fig. 7 Axial stress distribution (unit kg/mm?)
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Fig.8 Comparison of axial stress distribution
of S.2 specimen (unit kg/mm?)
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Table 2 Collapse loads of specimens

T.P. = P, |WR | Dto, | (Pu—Dto))]
No. | (ton) X108 , (ton) { oy *REX 10
S.1 | 6.100 2%9}4%6 0.702
S.2 | 6.750 | 3.352 | 4.286 0. 839
S.3 | 5.375| 2.789  3.342 0.787
R.1 | 4.625| 1.690 ! 3.4i9 0. 424
R.2 5.250 | 2.254 1 3.419 0.577
R.3 | 5.750 | 2.817; 3.419 0.761
R.4 | 6.250 | 3.380 | 3.419 | 0. 910

Py : Collapse load/4, o, : Yield stress of stif-
fener, o,% : Yield stress of cylindrical shell
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Fig. ¢ Estimating procedure of collapse loads
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