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A Benchmark study on ultimate strength formulations of
the aluminium stiffened panels under axial compression
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ABSTRACT

The aim of a benchmark study is carried out nine methods are employed for ULS
analysis which implicitly predict the ultimate strength of aluminium stiffened panels under
axial compression. For this purpose, DNV PULS, experimental and numerical data on the
ultimate strength of panels were collected. Comparison of these experimental / numerical
, DNV PULS / numerical, results with theoretical solutions by the candidate methods is
performed. Also it's compared that ALPS/ULSAP program is based on closed-form
formula for the ULS of plates and grillages under axial compression, It is considered that
ALPS/ULSAP methodology provides quite accurate and reasonable ULS calculations by a
comparison with more refined FEA.

Comparison of these experimental data, numerical, computational software results with
the simplified solutions obtained by the candidate methods is then performed. The model
uncertainties associated with the candidate methods are studied in terms of mean bias
and COV (i.e., coefficient of variation) against experiments and numerical solutions, and
the relative performance of the various methods is discussed.
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AE A& gvgt
B dFeME ALPS/ULSAPE of&3dlo] w3 n7we 7z AANEY umdre H&4 HEF
GHHFFE BARY ATeAUE )48 FFAE YU ¢ AT AFAE WF 22aFFTA shid
DNV PULSS} vjuZ 448 HE &4t '
0 ABS - ABS Ship Rule"
oDNV SR - DNV Ship Rule?”
oDNV PULS - DNV PULS program®
oJACS - IACS buckling procedure, UR Sl11
oLR 10403 - LR direct calculation, 'LR Buckle’
oLR NSR - LR Special Service Craft Rule and Naval Ship Rule buckling procedure
o ALPS/ULSAP ULS calculation program developed by Paik “@
oFEA nonlinear finite element analysis by ANSYS®
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Fig.1 ULS interaction curves of a plate under combined longitudinal compression and edge shear,
b/t, = 40 and a/b = 4.5
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Aluminum Stiffened Panels 5083-H116¢] A& 3¢ EAXE vt&3 2ol E = 70 GPa, v =
033, 0y=215MPa, HAZ breadth = 25mm (1-in rule), Reduction factor HAZ = 0.67¢} # vt} ob&
& B 27AAY =L msy] Q8 ZA 37149 slight, average, severe2 748k Zhzt
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Fig.2 FEA model

e Slight level:
- Initial deflection of plating between longitudinal stiffeners: ngl= 0.1t= 0.003b

- Initial deflection of stiffeners (column type): W,_,=0.001a
- Initial deflection of stiffeners (sideways): W,;=0.001a
- Residual stress: ¢,.=0.0

® Average level:

- Initial deflection of plating between longitudinal stiffeners: Wapl= 0.3t= 0.009b
-~ Initial deflection of stiffeners (column type): W,,=0.0025a
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- Initial deflection of stiffeners (sideways): W,;=0.0025a

- Residual stress: 0,=0.0

o Severe level:
- Initial deflection of plating between longitudinal stiffeners: W= 0.5t= 0.015b

- Initial deflection of stiffeners (column type): W,,=0.005a
- Initial deflection of stiffeners (sideways): W,,=0.008a

- Residual stress: ¢,=0.0

_b [on g_b [ov

where 0y, = EI;L’ and

A1), @ o) BARY AZAE 547 o)g wPo ¥ AN £22 A IIGY
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A48 +AsAch 2T, NE A NANE He Fol 27] Ao AW, FFHF FF T
22 HFZE 2 4L AR o8 RS A% 2/AYel T AYE FARD

q_(ll)
— a O'YE ' a O'YE’
A VYV E’ A oV E 2

oybt + oy, (hyt, + bsts) , P

3

B+ hoty+ bty TV T BE+ Rty + by,
Ps = (b — 2bpl)t0'yp + 2bp’0}’p, + (hw - bs,)thYs + bs’two'ys’ + bftfo'ys

where, Oy =

Table 1 Stiffened panels with a slight, average, and severe level of initial deflections

Slight level |Average level| Severe level | Average level
a | b |t |hwitwibf|tf| B | A

FEA | ULSAP | FEA |ULSAP| FEA |ULSAP| FEA Puls
P1 1200 300 | 1155 | 55 4 30 5 1.4 141 0.378 0.387 0.300 0.303 0.197 | 0.229 0.300 0.520
P2 | 1200 | 350 | 135 | 40 | 3 | 30 | 4 [ 144 ] 224 | 0169 | 0169 | 0147 [ 0140 | 0.104 | 0109 | 0147 | 0279
P3 1200 350 135 45 3 30 4 144 2.04 0.197 0.200 0.169 0.163 0.114 0.125 0.169 0.320
P4 1200 350 135 0 3 30 4 144 1.87 0.226 0.234 0.190 0.187 0.122 0.143 0.190 0.367
P5 1200 350 135 | 102 5 60 5 1.44 0.69 0.760 0.787 0.658 0.646 0.519 | 0535 0.658 0.646
P6 | 1200 | 300 {1155] 150 | 6 | 90 | 14 | 144 | 030 | 0907 | 0900 | 0823 | 0847 | 0717 | 0784 | 0823 | 0660
P7 1200 300 115 74 5 58 4 1.44 0.92 0.644 0.672 0.523 0.527 0.391 0.429 0.523 0.646
P8 | 1200 | 300 |1155}) 64 | 4 | 54 | 3 [ 144 ) 121 | 0473 | 0491 [ 0373 | 0379 | 0270 [ 0315 | 0373 | 0595
Po | 1200 | 350 | 135 | 110 | 6 | 90 | 14 | 144 | 042 | 0891 | 0906 | 0804 [ 0839 | 0698 | 0759 | 0804 | 0635
P10 1200 350 135 90 6 90 9 144 0.58 0.841 0.824 0.758 0.757 0628 | 0640 0.758 0.651
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P11 1200 300 12 | 30 5 40 5 1.48 138 | 0414 0410 0329 0325 | 0.235 | 0.249 0.329 0.539
P12 1200 350 131 42 5 46 3 148 | 197 | 0216 0.217 0.188 | 0.178 { G.119 | 0.144 0.188 0.306
P13 1200 350 13.1 86 6 82 6 148 | 069 [ 0.789 0.806 0687 | 0674 | 0547 | 0542 0.687 0.646
P14 1200 300 112 | 140 | 6 | 14D 12 148 1 031 0.905 0.903 083 | 0850 { 0.745 | 0.767 0.835 0.660
P15 1200 160 6 55 5 50 4 148 | 092 | 0697 0.708 0582 | 0581 0398 | 0463 0.582 0.637
P16 1200 160 6 50 4 32 3 1.48 1.20 | 0526 0.520 0409 | 0415 | 0265 | 0354 0.409 0.632
P17 1200 300 112 | % 6 90 9 148 | 053 | 0.848 0.877 0.756 0790 | 0642 | 0682 0.756 0.655
Pig8 1200 350 131 | 120! 5 78 12 148 | 042 0876 0.898 0.794 0828 | 0678 | 0732 0.794 0.651
P19 1200 300 77 50 3 30 5 2.16 142 | 0371 |- 0.388 0.292 0.309 0.188 | 0.238 0.292 0.469
P20 1200 350 9 35 4 60 3 216 | 204 0.203 0.207 0.179 0175 | 0.129 | 0.137 0.179 0.283
P2 1200 300 77 153 | 9 [ 100 12 1216 { 030 | 08% 0.795 0.741 0743 | 0693 | 0.707 0.741 0.651
P22 1200 300 77 94 5 80 8 216 | 051 0.784 0.807 0683 | 0735 | 0585 [ 0686 0.683 0.641
P23 1200 160 4.1 60 5 48 5 216 | 078 | 0.711 0.781 0599 0671 0480 | 0.555 0.539 0.623
P24 1200 300 77 60 5 34 5 2.16 110 | 055 0.565 0.431 0441 0309 | 0339 0431 0.604
P25 1200 350 9 80 5 50 5 216 | 082 0.656 0.734 0.556 0588 | 0431 | 0458 0356 0.609
P26 1200 350 9 73 5 68 6 216 | 078 | 0680 0.774 0582 | 0635 | 0476 | 0.506 0.389 0613
P27 1200 300 6 18 6 | 100 9 277 176 | 0262 0.269 0.228 0238 | 0189 | 0.204 0.228 0451
P28 1200 300 6 24 6 | 100 9 217 144 | 0377 0.391 0320 | 0337 | 0278 | 0.283 34.320 4.525
P29 1200 300 6 30 6 | 100 9 217 122 | 0447 0.521 0.377 0439 | 0341 | 0362 0377 0572
P30 1200 300 6 60 6 | 100 9 277 | 069 | 0683 0.739 0625 | 0700 | 0526 | 0637 0625 0618
P31 1200 300 6 72 6 | 100 9 277 | 059 | 0.702 0.739 0.656 0700 | 0.562 | 0.669 0.656 0.623
P32 1200 300 6 90 6 | 100 9 277 | 048 | 0117 0.739 0.684 0700 | 0599 | 0.669 0.684 0.623
P33 1200 300 6 120 | 6 | 100 9 277 | 038 | 0.730 0.723 0.707 0687 | 0630 | 0661 0.707 0.627
P34 1200 300 6 150 | 6 | 100 g 277 | 031 0736 | 0695« | 0713 | 0694« | 0.631 | 0.613 0.713 0.632
P35 1200 300 6 180 | 6 | 100 9 277 | 026 | 0733 | 0614+ | 0703 | 0613+ [ 0613 | 0612+ 0.703 0.632
P36 1200 300 6 210 | 6 | 100 9 277 | 023 | 0718 | 0505+« | 0682 | 0503* | 0584 | 0.503* 0.682 0.632
P37 1200 3006 | 487 | 38 5 30 5 341 157 | 0325 0325 0283 | 0271 0.211 0.218 0.283 0.400
P38 1200 160 26 40 4 22 4 341 128 | 0424 0.450 0.351 0373 | 0234 | 0302 0.351 0.525
P39 1200 300 | 487 | 60 5 34 5 341 0.98 0528 0611 0.453 0514 | 0351 | 0403 0453 0.330
P40 1200 300 | 487 1664 | 5 70 5 341 075 [ 0599 0.641 0.548 0.612 0453 | 0555 0548 0567
P41 1200 350 | 568 94 6 70 i1 341 | 048 | 0662 0.703 0615 | 0680 | 0544 | 0662 0615 0.609
P42 1200 30 | 568 1160 | 6 90 11 341 029 | 0686 0.657 0.685 0637 0583 | 0621 0.685 0.627
P43 1200 30 | 568 | 40 3 20 4 341 2.08 0.195 0.193 0169 | 0.162 { 0.110 | 0.129 0.169 0.251
P44 1200 300 | 745 | & 6 60 4 223 | 0749 | 4703 0.769 0.601 0647 | 0464 | 0538 0.601 0.613
P45 1200 300 | 745 | 40 4 30 3 223 | 199 | 0219 0.213 0.142 0146 | 0.113 | 0.119 0.142 0.246
P46 1200 300 75 155 | 8 ]| 100 10 ] 223 | 030 - - 0.760 0707 | 0673 | 0672 0.760 0.646
P47 1200 350 87 108 | 8 60 8 223 | 050 - - 0.701 0739 | 0606 | 0676 0.701 0.632
P48 1200 300 75 58 6 40 7 223 | 097 - - 0493 | 0505 | 0390 | 0411 0.499 0618
P43 1200 160 40 42 3 38 4 2.23 1.17 - - 0.400 0400 | 0293 | 0.358 0.400 0590
P50 1200 300 5 40 3 40 45 | 223 1.63 - - 0.259 | 0.251 0174 | 0.201 0.259 0.404
P51 1200 300 116 [ 341 | 2 20 3 144 | 300 - - - - 0057 | 0.065

P52 1200 300 112 | 34 2 20 3 148 | 300 - - - - 0056 | 0.065

P53 1200 300 77 13211 2 20 3 216 | 300 - - - - 0055 | 0068

P54 1200 300 75 {3181 2 20 3 223 | 3.00 - - - - 0055 | 0.068

P55 1200 300 60 30 2 20 3 277 ] 300 - - - - 0056 | 0.068

P56 1200 300 49 281 | 2 20 3 341 3.0 - - - - 0058 | 0071

* Hungry horse’s back type initial deflection shape
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Table 2 Stiffened panels with an average level of initial deflections (Experiment vs.
ALPS/ULSAP)
Average level
a b t hw | tw bf tf A -

A Experiment | ALPS/ULSAP |ULSAPFEA
Ex.1 1000 200 85 100 [ 0 0 1.44 0.69 0.539 0.624 1.157
Ex.2 1000 200 8 100 5 0 0 1.48 0.70 0.724 0.640 0.883
Ex3 | 1000 | 200 6 100 6 0 0 216 | 069 0507 0636 1191
Ex4 | 1000 | 200 6 100 8 0 0 216 | 069 0534 0636 1016
Ex5 | 1000 | 200 6 75 6 0 0 216 | 097 0577 0520 1,152
Ex6 | 1000 | 200 6 7 6 0 0 216 | 097 0494 0520 1.048
Ex7 | 1000 | 200 5 100 5 0 0 223 | 059 0544 0629 L1518
Ex8 | 1000 | 200 5 80 5 0 0 223 | 078 0565 0589 0944
Ex9 | 1000 | 200 5 60 5 0 0 223 | 110 0.364 0419 1157
Ex10 | 1000 | 200 5 60 6 0 0 230 | 008 0465 0432 0883
i\ . = .
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Fig. 3 Comparison of ultimate
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0 ULSAP vs. FEA with buckiing mode 10 jean = 12303
initial deflection shape Standard deviation = 0.36436
1 a ULSAP vs. FEA with hungry horse's back mode 4 g
initiat deflection shape
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