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Fig. 3.2.1 Rectangular plate under thrust
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Fig. 3.2.2 Effect of boundary conditions on the buckling
strength of a rectangular plate under thrust

LrA5T, G EFRO LI CEBCHRAI NI ABEANERNO S L TRTEBRBENER
#EiE Fig.3+2+3 B RT4EEIZARCES, ThZWD CASERFig. 3.2.2KRL1
420 CASE IZ 433, “AxA0PPbARTH —-THIHE, bd5VidPEIVHEE,
L LT CASE (A)0%ZHsa U212 maaptlo 1 4 rictk BT 5 L HTRMZR
DERGZHELE R -TWS, ZhiTH LT, REFRKLLTASKH TS L5 aR UARAICKE L
Db ANESHAIIE CASE (D) 0 BRI E U, BEMHED 1| ~X v IEUETE VER
SHER 5 TVB, EHEOEREIENE Fig.3.2.2 2588 ohn X5, CASE(A)®



Transverse direction

\<°ngitudina1 direction

Deck plate _
Deck longitudinal

Deck transverse Longitudinal bulkhead

CASE Transverse direction Longitudinal direction

(A) 7(’“w\_,4/ .
Deck longitudinal Deck transverse

L S G e e

© T—T—T~ —T o

(D) T —— T T~ W
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under thrust
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Fig. 3.2.5 Behavior of square plates with various edge
conditions under thrust
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Table 3.3.1 Welding conditions

Specimen Welding Speed | Current | Welding Rod
C-4.5 Series | 28.6 cm/min. { 100 Amp. D4303
C-9.0 Series| 20.0 cm/min. | 200 Amp. D4313

(with initial deflection)

-
DC}
8[

Ll ™ |

Cutting

F500]

-©

Edge press
(with initial deflection

and residual stresses)

Press for L4 =
initial 2 @ N © B¥10) B
deflection f bl g N
F-550 [Bead \ k5004
Edge
Cutting Welding Cutting oress

Fig. 3.3.1 Process for producing specimens
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Table 3.3.2 Details of specimens and test results

Details of Specimens Test Results

Specimen t Oy brt wolt Pm O 0,
(m)  (kg/mn?) (tons) (kg/m?)

C-4.5-0.00-1 4.50 28.49 1.1 0.0G 25.00 1n.n 0.39
C-4.5-0.00-2 4,50 26.59 n.n 0.00 26.90 11.96 0.45
C-4.5-0.09-1 4.50 26.66 1.1 0.09 24.60 10.93 0.41
C-4.5-0.09-2 4.50 26.00 1m.n 0.09 26.90 11.96 0.46
C-4,5-0.09-3 4,50 25.87 1m.n 0.09 26.20 11.64 0.45
c-4.5-0.24 4.50 26.27 n.n 0.24 26.00 11.56 0.44
c-4.5-0.27 4,50 28.07 1. 0.27 25.90 11.51 0.4
€-4.5-0.31 4,50 26.45 m.n 0.3 25.00 1.n 0.42
C-4.5-0.36 4.50 26.88 m.n 0.36 25.40 11.29 0.42
C-4.5-0.38 4.50 26.66 1nm.n 0.38 24.60 10.93 0.41
C-4.5-0.89 4.50 28.03 1n.n 0.89 24.60 10.93 0.39
C-4.5-1.02 4,50 25.16 nm.n 1.02 21.50 9.56 0.38
C-4.5-0.33RS 4.34 22.01 115.21 0.33 15.15 6.98 0.32
C-4.5-0.52RS 4.34 22.01 115.21 0.52 15.45 7.12 0.32
C-4.5-1.07RS 4.34 23.42 115.21 1.07 15.30 7.05 0.30
C-4.5-1.28RS 4.34 23.08 115.21 1.28 16.95 7.81 0.34
C-4.5-1.31RS 4.34 21.05 115.21 1.31 15.80 7.28 0.35
C-4.5-1,74RS 4.34 22.87 115.21 1.74 16.63 7.66 0.33
€-9.0-0.00-1 8.80 31.03 56.82 0.00 118.80 27.00 0.87
C-9.0-0.00-2 8.80 31.20 56.82 0.00 116.70 26.52 0.85
C-9.0-0.00-3 8.80 31.06 56.82 0.00 127.10 28.89 0.93
C-9.0-0.00-4 9.00 28.71 55.56 0.00 109.75 24.40 0.85
C-9.0-0.26 8.80 31.96 56.82 0.26 95.60 21.73 0.68
€-9.0-0.31-1 8.80 31.27 56.82 0.31 101.80 23.14 0.74
C-9.0-0.31-2 8.80 30.91 56.82 0.31 102.00 23.18 0.75
C-9.0-0.38 8.80 30.21 56.82 0.38 97.00 20.05 0.73
C-9.0-0.61 8.80 2.1 56.82 0.61 86.20 19.59 0.61
C-9.0-0.68 9.00 28.63 55.56 0.68 81.20 18.04 0.63
C-9.0-0.72 9.00 25.07 55.56 0.72 75.60 16.80 0.67
C-9.0-0.73 8.80 30.53 56.82 0.73 80.60 18.32 0.60
C-9.0-0.75 8.80 30.30 56.82 0.75 80.00 18.18 0.60
C-9.0-0.82 8.80 30.52 56.82 0.82 77.92 17.70 0.58
C-9.0-0.84 9.00 25.39 55.56 0.84 67.40 14.98 0.59
C-9.0-0.02RS 8.85 25.60 56.50 0.02 79.80 18.03 0.70
C-9.0-0.06RS 8.95 26.81 55.87 0.06 84.60 18.91 0.70
C-9.0-0.48RS 8.83 25.28 56.63 0.48 59.80 13.55 0.54
C-9.0-0.49RS 8.70 . 25.55 57.47 0.49 62.60 14.34 0.56
C-9.0-0.71RS 8.80 25.55 56.82 0.7 61.80 14.05 0.55
C-9.0-0.77RS 8.70 25.55 57.47 0.77. 50.00 11.49 0.45
€-12.7-0.00-1 | 12.80 25.20 39.06 0.00 154.80 24.19 0.96
C-12.7-0.00-2 ] 12.80 25.09 39.06 0.00 159.00 24.84 0.99
C-12.7-0.00-3 ] 12.80 25.09 . 39.06 0.00 157.40 24.59 0.98
C-12.7-0.00-4 | 12.80 25.03 39.06 0.00 160.20 25.03 1.00
C-12.7-0.00-5 | 12.90 30.16 38.76 0.00 {°192.60 29.86 0.99
C-12.7-0.20 13.30 29.52 37.59 0.20 159.00 23.91 0.81
C-12.7-0.25 13.30 29.91 37.59 0.25 162.96 24.50 0.83
C-12.7-0.26-1]12.90 30.46 38.76 0.26 159.12 24.67 0.81
C-12.7-0.26-2] 13.30 29.34 37.59 0.26 160.00 24.06 0.82
C-12.7-0.36 12.9 30.32 38.76 0.36 158.40 24.56 0.81
C-12.7-0.42 13.30 29.47 37.59 0.42 145.00 21.80 0.74
C-12.7-0.43-1{ 12.90 30.49 38.76 0.43 153.40 23.78 0.78
C-12.7-0.43-2 ] 13.30 29.32 37.59 0.43 140.40 21.11 0.72
C-12.7-0.52 12.90 30.15 38.76 0.52 143.90 22.31 0.74
€-12.7-0.53 12.90 30.29 38.76 0.53 148.50 23.02 0.76

Notation of specimen number ; e.g. C-4.5-0.52RS
C ; Compression, 4.5 ; Plate thickness
0.52 ; wo/t, RS ; Residual stress

t ;.Plate thickness, Oy 3 Yield stress
b ; Plate width, Pm ; Ultimate load
wo ; Initial deflection, Om=Pmn/tb ; Ultimate strength
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Fig. 3.3.5 Deflection modes of square plates under
thrust ( Experiment )

g (kg/mm?) G (kg/mm?)

-8 \_/ﬁ St —

0 py ]

" 0~ A A
Pr 3 0/0,=0.10 T P15 0/0,=0.18
w/t=1.56 w/t=0.83
P, 3 0/0,=0.20 P2 ; O/C, =0.36
wt=2.02 b w/t=0.97
Pa ; 0/G, =0.30 Ps 3 0/0, =0.5
wit=2.73 = wt'=1.38

(a) C-4.5-1.28RS (b) €-9.0-0.71RS

Fig. 3.3.6 Stress distributions of square plates under
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Fig. 3.4.6 Ultimate strength of a rectangular plate
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Fig. 3.4.9 Effects of the shape and magnitude of initial
deflection on the ultimate strength of
rectangular plates under thrust
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Fig. 3.4.14 Ultimate strength of rectangular plates with
initial imperfections due to welding
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Fig. 4.3.1 Test specimen
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Table 4.3.1 Details of specimens and test results

Specimen No. h/t & Y wo/t Py 0y/0y Collapse Mode Residual Stress
1 9.98 0.056 §.657 0.09 19.10 0.366 Overall No
2 11.02 0.063 7.612 0.03 22.92 0.436 Overall No
3 11.69 0.067 9.095 0.03 30.10 0.570 Overall No
4 11.73 0.067 9.188 0.03 24.27 0.460 Overall No
5 12.14 0.070 10.187 0.04 25.45 0.48) Overall No
6 14.15 0.082 16.134 0.06 32.43 0.606 Overall No
7 16.19  0.095 24.16%9 0.07 31.20 0.576 Overall No
8 19.77 0.188 44.013 0.03 32.84 0.594 Local No
9 9.88 0.056 5.488 0.08 19.12 0.334 Overall Yes
10 10.38 0.059 -6.365 0.05 20.15 0.351 Overall Yes
11 11.24 0.064 8.084 0.06 25.50 0.442 Overall Yes
12 11.64 0.067 8.978 0.09 21.63 0.374 Overall Yes
13 13.73 0.080 14.707 . 0.07 28.21 0.482 Local Yes
14 15.27 0.089 20.277 0.03 29.63 0.502 Local Yes
15 18.96 0.112 38.821 0.02 28.81 0.478 Local Yes
where

h ; Hight of the stiffener (mm)

t ; Thickness of the plate (3.13 mm)

wo 3 Maximum initial deflection measured (mm)

& ; Area ratio of the stiffener to the plate

Y ; Bending stiffness ratio of the stiffener to the plate
Py i Ultimate load (ton) .

0, ; Mean stresc at the ultimate load (kg/mm?)

0"; ; Yield stress {kg/mm?)
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Fig. 4.3.3 Symmetrically stiffened plate under thrust
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Fig. 4.4.2 Distribution of welding residual stresses
of a one-sided stiffened plate

Table 4.4.1 Details of specimens and test results

Specimen No. h/t & Y wo/t Py Ou/0y Collapse Mode Residual Stress
1 5.91  0.037 1.176 0.07 17.15 0.305 Overall Yes
2 6.53 0.041 1.586 0.09 19.00 0.337 Overall Yes
3 7.16  0.085 2.091 0.06 19.00 0.336 Overall Yes
4 7.51  0.047 2.413 0.05 21.02 0.370 Overall Yes
5 7.99 0.050 2.906 0.10 21.75 0.382 Overall Yes
6 8.88 0.056 3.989  0.02 25.50 0.446 Local Yes
7 12.25 0.077 10.472 0.15 26.19 0.449 Local Yes
where

h ; Hight of the stiffener (mm)

t ; Thickness of the plate {3.13 mm)

wo ; Maximum initial deflection measured {mm)

& ; Area ratio of the stiffener to the plate

Y ; Bending stiffness ratio of the stiffener to the plate
Py ; Ultimate Toad (ton)

Ou'; Mean stress at the ultimate load (kg/mm?)

Oy ; Yield stress (kg/mm?)
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Fig. 5.2.4 Distribution of residual stresses due to
fillet welding (F.E.M. analysis)
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Fig. 5.2.5 Simplified distribution of residual
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Fig. 5.2.6 Schematic representation of heat flow
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Fig. 5.2.8 Predicted distribution of welding residual
stresses in a deck plate

—~126 ~



HY., BERBEB B OBRRE T T2 0O HAMIITFSE U, BER» GBI RS TIIER
NBELE, 200, BEREILBEILIEK s TEROBRIEH BB L TR DLEERD
nz,

Zhizxt LT, Mtk EFR 0k S 2@k F v 0FFRIZ. T L5 hERGTIEHoEER/)
BVEEROND, THE, HE R PEE LT4U MER 2ROLEA. Pk 2LKHE - THA
NEBCGTAE5 A7 Fig.3.4. 13 0@NKRETR., KPRBOEFRALCHTE Y —L
52 TWh, 22T, Fig.5.2. 8 R LABKOSH & LY BM{E LT, ARKCER TRTL S
BERSHICEERAD, Thbb, SRR NILCLIRGoEE(y +y2 ) /28 L, &
DERENICAFLIEZFTTHIEG I~ RGHEOERICNEE & 50 SIEBRAGNHE LS 85 OF
b, H&xATHAOND,

by = ¢,/2 + 1872/(t, + 2¢) (5-2-11)
i, PEEMOBIREZ b LT3 L. ERORBIEN o, BAXAEFCHOFERHEEAD L,
KR THEABND.

0. /0, = 2b, /(b —26;) (5:2-12)

PHREMOWE ¢, 243 AOWFEt 0 1.0, L258L1.5fFALEE, R(5-2-11)
A CTHE SN RBRIEINE L3 BS0EEFig. 5.2. 9K T,

100 ¢
be
(mm)
8
60 b
- 40
—_—— tg/t=1.0
ol 3 tg/t=1.25 by = ts/2+18.72/(tg + 2t)
—_— tg/t=1.5 G ey tb - 250)
A AL 1 e
0 10 20 30 40

t (rmm)
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