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Abstract In this study, we investigate a design technology intended to radically increase the buckling strength of
vertically curved panels. Recent studies proposed a buckling strength formula which properly reflects the effect on
the local plate buckling strength of flat plates when they are stiffened by closed section ribs. Herein, we attempted
to quantitatively evaluate this effect on curved panels and to reveal the correlations with the design parameters. The
commercial finite element software, ABAQUS, was used to build a three dimensional numerical model and numerical
parametric studies were conducted to evaluate the variation of the buckling strength. In the case of flat panels, the
local buckling strength of stiffened curved panels increases proportionally with increasing rotational stiffness of the
closed-section ribs. After attaining a limiting value, an obvious tendency was found that the local buckling strength
of the stiffened curved panel would converge towards a fixed value when the panels are supported along both sides.
The parametric studies performed using the influential design parameters confirmed that the estimated
partially-restrained curved panel strength is well correlated with the proposed formula.

Keywords : Buckling Strength, Closed-section Ribs, Restraint Stiffness, Rotational Strength Increment Factor,
Stiffened Curved Panel
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Fig. 1. Rotationally restrained curved panel model

by closed-section ribs
(b) Curved panel model with elastic spring

(a) Buckling behavior of curved panel stiffened
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Fig. 2. Stiffened curved panel model
(a) Section of a curved panel reinforced with a
closed-section rib
(b) Closed-section rib stiffener
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Fig. 3. Finite element curved panel model
(a) Boundary Condition (b) Axial loading
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Fig. 4.
curved panel
(a) Ws=285 mm,
(b) Ws=324 mm,
(c) Ws=364 mm,
(d) Ws=405 mm,
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Local plate buckling (PB) mode of the stiffened

Wgr=162 mm, R=4500 mm
Wr=162 mm, R=4500 mm
Wr=162 mm, R=4500 mm
Wr=162 mm, R=4500 mm
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Table 1. Numerical analysis results (Ws=405mm cases)

R tp tu Ws | We | Wr h o | k| Mode Fer (MPa)
(mom) | (mm) | (pom) | (mm) | (mm) | (mm) | (om) FEA | Eq() | % | Eqe(3) | % | Eq@ | %
2500 10 10 405 | 162 | 112 | 105 | 3 4.68 PB 775.12 821.62 5.7% | 861.63 | 10.0% | 528.75 | 46.6%
2500 10 15 405 | 162 | 112 | 105 | 3 4.62 PB 827.75 856.29 3.3% | 899.71 | 8.0% | 522.28 | 58.5%
2500 10 20 405 | 162 | 112 | 105 | 3 4.58 PB 855.70 873.91 2.1% | 918.06 | 6.8% | 517.50 | 65.4%
2500 10 25 405 | 162 | 112 | 105 | 3 4.56 PB 870.56 881.98 1.3% | 926.13 | 6.0% | 51479 | 69.1%
2500 10 30 405 | 162 | 112 | 105 | 3 4.54 PB 878.93 885.72 | 0.8% | 929.76 | 5.5% | 513.20 | 71.3%
2500 10 35 405 | 162 | 112 | 105 | 3 4.53 PB 884.06 887.60 | 0.4% | 931.56 | 5.1% | 512.24 | 72.6%
3000 10 10 405 | 162 | 112 | 105 | 3 4.53 PB 749.67 794.58 5.7% | 833.27 | 10.0% | S511.39 | 46.6%
3000 10 15 405 | 162 | 112 | 105 | 3 451 PB 806.85 834.61 33% | 87693 | 8.0% | 509.10 | 58.5%
3000 10 20 405 | 162 | 112 | 105 | 3 4.47 PB 834.77 85249 | 2.1% | 895.56 | 6.8% | 504.84 | 65.4%
3000 10 25 405 | 162 | 112 | 105 | 3 4.44 PB 848.85 859.96 1.3% | 903.00 | 6.0% | 501.95 | 69.1%
3000 10 30 405 | 162 | 112 | 105 | 3 4.43 PB 856.72 863.32 | 0.8% | 906.25 | 55% | 500.23 | 71.3%
3000 10 35 405 | 162 | 112 | 105 | 3 4.42 PB 861.50 864.94 | 0.4% | 907.78 | 5.1% | 499.17 | 72.6%
3500 10 10 405 | 162 | 112 | 105 | 3 4.42 PB 731.26 775.03 5.6% | 812.76 | 10.0% | 498.83 | 46.6%
3500 10 15 405 | 162 | 112 | 105 | 3 4.40 PB 788.54 815.62 3.3% | 85698 | 8.0% | 497.54 | 58.5%
3500 10 20 405 | 162 | 112 | 105 | 3 4.39 PB 819.42 836.79 | 2.1% | 879.06 | 6.8% | 495.56 | 65.4%
3500 10 25 405 | 162 | 112 | 105 | 3 4.36 PB 832.95 843.83 1.3% | 886.07 | 6.0% | 492.55 | 69.1%
3500 10 30 405 | 162 | 112 | 105 | 3 4.34 PB 840.46 846.92 | 0.8% | 889.04 | 55% | 490.73 | 71.3%
3500 10 35 405 | 162 | 112 | 105 | 3 433 PB 845.00 84836 | 0.4% | 890.38 | 5.1% | 489.61 | 72.6%
4000 10 10 405 | 162 | 112 | 105 | 3 433 PB 717.46 760.37 5.6% | 797.38 | 10.0% | 489.42 | 46.6%
4000 10 15 405 | 162 | 112 | 105 | 3 433 PB 774.41 800.97 | 3.3% | 841.59 | 8.0% | 488.63 | 58.5%
4000 10 20 405 | 162 | 112 | 105 | 3 432 PB 807.33 82442 | 2.1% | 866.07 | 6.8% | 488.25 | 65.4%
4000 10 25 405 | 162 | 112 | 105 | 3 4.30 PB 820.83 831.54 1.3% | 873.16 | 6.0% | 48538 | 69.1%
4000 10 30 405 | 162 | 112 | 105 | 3 428 PB 828.08 83444 | 0.8% | 87594 | 55% | 483.51 | 71.3%
4000 10 35 405 | 162 | 112 | 105 | 3 427 PB 832.44 835.75 0.4% | 877.14 | 5.1% | 48233 | 72.6%
4500 10 10 405 | 162 | 112 | 105 | 3 427 PB 707.68 749.98 5.6% | 786.49 | 10.0% | 482.74 | 46.6%
4500 10 15 405 | 162 | 112 | 105 | 3 4.27 PB 764.35 790.54 3.3% | 830.63 | 8.0% | 482.28 | 58.5%
4500 10 20 405 | 162 | 112 | 105 | 3 427 PB 797.06 813.92 | 2.1% | 855.03 | 6.8% | 482.04 | 65.4%
4500 10 25 405 | 162 | 112 | 105 | 3 425 PB 812.30 822.89 1.3% | 864.08 | 6.0% | 480.34 | 69.1%
4500 10 30 405 | 162 | 112 | 105 | 3 424 PB 819.37 825.65 0.8% | 866.72 | 5.5% | 478.42 | 71.3%
4500 10 35 405 | 162 | 112 | 105 | 3 422 PB 823.61 826.88 0.4% | 867.83 | 5.1% | 47721 | 72.6%
4.2 HTHHE|E S|FZMO| RS B 554 9 ARRAE woln k.
=ge FFwe Avde s A3kl vt g, F5 o] e S A=A o
TEHOR FUlehe S WOl Fig. Sl mole  EA¥ Hluste] eSS S At vl 9
mol zrol, 7t slebulg W ASelA] ks BAlslgle = Fig 69 mA Ak dubHo R Azekrs 24
o, olF Baf TEE AFS FAT 5 YAk sy TE AESe] =22€ Eq Q)EH HAS Sl =
Aol o= Fe] Eeeiy o o) HEAwsL FUke € Eq (Q)°] Bk e RA S et =@
A a1 sElehs A Btk d=de] sdo] g Table 2= FAS|A Aol o] 24 TAbs| T E
# ko] #Ediol] £Esta glon, o]F xyelx oIS UEHIEH, 13% vITke] ZelE Belw Eq. ()%
L oo Agdow Fubdene] AR gape] ol FAEA Aot gtk whehA, o] Aol A A
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Aol vl 40% ol AA F7hA £ vepdch Fig. VIl FASHL 9ok = 4 sl
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Fig. 6. Percentage difference and trend analysis
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(b) Thickness of the stiffened curved plate (t,)
(c) Height of U-rib (h) (d) Radius of curvature (R)
2 A3 dnE fddg| 8BS AL gEte] EHlsko R W Stiffened Plates under Uni-axial Compression due to
- Closed-section Rib Stiffness”, Journal of the Korean
V¥ 3w ) d A7 =N Q) Z2s o) ! . 2 .
A =d xe] A AAS AAsksd &84 5 3 Academia-Industrial cooperation Society, vol. 14, no. 2,
2 Aoz 7= 3% B}l ASSPHAE Ag3 o) pp. 949-954, 2013.
=7 leeet. Fy } 1= e DOI: hitp://dx.doi.org/10.5762/KAIS.2013.14.2.949
HZAE F2AS 22287 Yl WL t o] A AWM
FdE eAE ] A W » R ool A ‘“T [4] S. H. Hwang, Y. S. Kim, B. H. Choi, “Increasing Effect
Wl 8] AES L vEd FHF G99 Y= F in Local Buckling Strength of Laminated Composite
Plates Stiffened with Closed-section Ribs under Uniaxial
o] o iR . . X
7HAQ1 17t esith Compression”, Journal of Korean Society Advanced

References

[1] B. H. Choi, S. Y. Choi, “Buckling behavior of
longitudinally stiffened steel plates by U-shaped ribs”,
Journal of Korean Society Hazard Mitigation, vol. 12,
no. 1, pp. 39-44, 2012.

DOI: https://doi.org/10.9798/ KOSHAM.2012.12.1.039

B. H. Choi, J. J. Kim, T. H. Lee, “Bending Stiffness
Requirement for Closed-Section Longitudinal Stiffeners
of Isotropic  Material Plates under  Uniaxial
Compression”, ASCE Journal of Bridge Engineering,
vol. 20, no. 7, pp. 04014092 1-8, 2015.

[3] B. H. Choi, “Evaluation of Local Buckling Strength of

(2]

720

Composite Structures. vol. 4, no. 2, pp. 39-44, 2013.
DOI: https://doi.org/10.11004/kosacs.2013.4.2.039

B. H. Choi, A. N. Andico, T. H. Lee, "Buckling
Strength Increment of Longitudinally Stiffened Plates
due to Rotational Stiffness of Closed-Section Stiffeners
under Uniaxial Compression", to be submitted on
International Journal of Steel Structures, 2018.

B. H. Choi, J. W. Kim, “Local Buckling Characteristics
According to the Curvature of Curved Panels Stiffened
with U-Ribs under In-plane Compression”, Journal of
Korean Society Hazard Mitigation, vol. 16, no. 4, pp.
1-6, 2016.

DOI: https://doi.org/10.9798/KOSHAM.2016.16.4.1

[3]

(6]

[7

—

Korea Road and Transportation Association, Design
Specifications for Roadway Bridges, 2010.

[8] P. Qiao, L. Shan, “Explicit local buckling analysis and

design of fiber - reinforced plastic composite structural



AN BE Sue FRgwT] B Ay AT
shapes”, Composite Structures, vol. 70, no. 4, pp.
468-483, 2005. _ _
DO https://doi.org/10.1016/j.compstruct.2004.09.005 Z| ¥ S(Byung-Ho Choi) ("33
[9] S. P. Timoshenko, J. M. Gere, Theory of Elastic
Stability, Dover Publications, 2009. ¢1997:d 29 : ;Euista kel

[10]
(1]

ABAQUS, Analysis User's Manual version 6.14, 2014.

B. H. Choi, "Annual Research Report: Developing High
Performance Steel Pipe and Shell Structure using
Closed-Section Ribs", National Research Foundation of
Korea, 2017

©2008d 49 ~ &A) :

of|et L|Z @ 9t (Arriane Nicole P. Andico)
EXE <ok

e2016\d 39 ~ A : Fvistu
Aty By (E5E3
AALA)

<TARok>

TEEY, BTEES

2t X H(Jae-Young Kwak) [EE|H]

- ©2017d 39 ~ @A : LS
Al EEFely (ExFEt

— AALHA)
<ok
TR, s, WA

721

ERysly) (E
02002 12¢€ :
(FEFSAD

Lo RSP

: Auburn University

©2003 119 ~ 2008 3¢ : ¥l
A8k A AT
02008 4¢ ~ 2009\ 8¢ : ¥

AATY AYATH
Wyt AUaRToG s



