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REINFORCEMENT OF STIFFENED PLATE WITH A HOLE FOR DEVOTING ULTIMATE STRENGTH

AT RER. B BRYT. REBFA OETUOORE Wit
Masaki NAKAMURA , Katashi FUJII, Minoru UENOYA and Seiji MATUDA
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For the ultimate limit state design, reinforcement with doubling plate is analytically invéstigated for
perforated stiffened plate compressed by a uniform edge displacement. Elasto— plastic FEM analyses with
geometrical nonlinearity were performed for the stiffened plate with oval hole, varying the parameter of the
thickness, width and shape of doubling plates. From the results, the followings are concluded; (1)thicker
doubling plate is more effective for strengthening the ultimate strength, because it can reduce the stress
concentration around the hole, though the yielding occurs in the region without doubling, (2)it is very
difficult to increase the ultimate strength of perforated stiffened plate by doubling which would be able to

arise at most 90% for the stiffened plate without a hole.
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Photo 1 Buckling of stiffener plate with hole
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Table 1 Dimension of analytical model (Case 1)
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Table 3 Load-carring capacity of analytical models (Case 1)
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Fig.8 Load-carring capacity vs radius of doubling
plate corner
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Table 4 Dimension of analytical model (Case 2)

Plate panel unit(mm)
Length Width | Thickness :
A B t
1600 1600 20
Longitudinal stiffener Doubling plate
Height  |Thickness | Length Width | Thickness
hs ts Ad Bd td
180 20 987 787 -

Table 5 Relation between analytical model and
thickness of doubling plate

: Thickness

Model | td(mm) td/t
HSP | -——- = | ----
H1 10 0.50
H2 15 0.75
H3 20 1.00
H4 25 1.25
H5 30 1.50
H6 35 1.75
H7 40 2.00°
H8 45 225
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Table 6 Load-carring capacity of analytical models (Case 2)

Analytical | Ultimate strength Thickness
model PONM) PA™ | yymm) | Wt
TSP 236 GO82 | m | -
H1 9.29 0.738 10 0.50
H2 10.08 0.800 15 0.75
H3 10.56 0.839 20 1.00
H4 10.79 0857 25 125
HS 1094 0869 | 30 1.50
[H6 1107 0.880 35 175
H7 T0.88 0.864 40 2.00
H8 1133 0900 | 45 225
1.00
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Fig.11 Load-carring capacity vs thickness of doubling plate



Table 7 Dimension of analytical model (Case 3)

unit(mm

Plate panel Longitudinal stiffener

Length Width Thickness Height | Thickness
A B t hs ts
1600 1600 20 180 20

Table 8 Relation between analytical model and
width-thickness ratio of doubling plate

Model | Width | Length | Thickness| Bd/td
Bd(mm) | Ad{mm) | td(mm)
D1 1174 | 987 15 78.3
D2 980 ” 20 49.0
D3 864 ” 25 34.6
D4 787 ” 30 26.2
D5 732 ” 35 20.9
D6 690 ” 40 17.3
D7 658 ” 45 14.6
SC 1174 ” 15 78.3
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Fig.13 Spread of plasticity of model D1
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Fig.14 Spread of plasticity of model D7
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Table 9 Load-carring capacity of analytical models (Case 3)

Analytical Ultimate | P/Pm™ Bd/td
model strength
"HSP 1236 0.982
Di 10.44 0.829 783
>7) 10.67 0.847 | 490
D3 10.54 0.837 | 346
D4 10.94 0.869 | 262
D5 11.07 0.879 20.9
D6 11.11 0.882 17.3
D7 11.16 0.886 14.6
SC 8.40 0.667 | 783
1.00 =
~=— HSP=0.982
E 0.95 -
Ay
g 090 | DGDsm
g D7 bz
2 085 | D3 p1
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©
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-
075 | :
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Fig.15 Load-carring capacity vs width-thickness ratio
of doubling plate
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