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Applicability of the Buckling Coefficient Equation with Aspect Ratio
for Compressive Strength Evaluation of Stiffened Plates with Tee

Park, Yong Myung"*

'Professor, Dept. of Civil Engineering, Pusan National University, Busan, 46241, Korea

Abstract - Wang et al. recently proposed a buckling coefficient equation(ks.) to determine a reasonable size of stiffener con-
sidering the aspect ratio(f)) in longitudinally stiffened plates. In this study, a series of numerical analysis was conducted on
whether the compressive strength stipulated in the AASHTO LRFD bridge design specifications is reasonably estimated
when the k; equation is applied. The number of stiffener was considered up to 3. As major variables, the aspect ratio and
plate width-to-thickness ratio in combination with flexural stiffness of stiffeners were considered to include compact, non-
compact and slender plates. As a result of evaluating compressive strength from nonlinear analysis, when £ < 1.4, (8.~
critical aspect ratio corresponding to minimum value of k), the final deformation showed one half sine-wave form and the
compressive strength of the AASHTO standards was obtained. On the other hand, when f > 1.4f.,, it showed a deformation
in the form of two half waves and did not reach the compressive strength of the design standards. Accordingly, it is con-
sidered that a regulation on the maximum spacing of transverse stiffeners would be necessary.
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2. 3274 9 2P0 B3t A=
2.1 AASHTO LRFD 7]%9] F2ZA4: 4]

21.1 28 6.11.11.2

AASHTO LRFD 7|21 2.5 6.11.11.29] B74A) o
A2 H E (1,)9} #2415 BAl= AASHTO Standard
Specifications2] T} 4] (1a)2} 4] (1b)E EHZ 53t

1/3
k= <i§;> (n=1) (la)
f

240 FRLEEE) =5 4357 A5 5 (EH A18635) 20234 109

TR A Al 284 W7t

J 1/3
y ) (n=2,3,4,5) (1b)
f

=
Il
7\

0.07n*wt’

A7 A, n: B A, w: ABHE F, 1 FSEHA
FAL I FEEHA] o] diet HAFA Q] g2 abn
E9]

—|~
l‘é

ol 4 (1) 4] (1b)y 8377 o
7}@(% A - o ziE £2R Aol

Athe
o|2 A3 53] n =3 W HAFA AHo] AAA A
A= A17F Aol B& 7€ n <22 AIRIsiaL

2.12 SR C6.11.11.2
A719] B4 Best A AASHTO LRFD 7]
O] AR C6.11.11.29] ThZ A2 A AL QL

_ (1+pH*+873
T+ DAL+ 01+ D] T

@

0\1

o] FAH(= ab), a: BEF BAA

A (39 1, 8702 A8 D] G4 (= alw)7t 4D
o k gro] °F 4.00] H=& A4St Zlojth. whahA 4] (2)

o <42 W QO] H2AS A7), 5 k< 4.00] 4S
SHe B A9 1T 4 AL, ol 2 18] B

7} ess Bues) & R4S 285 Hek
w80l p> 391 9ol 4 (2)] Hgo] AgHt

22 Wang et al. ] F24% ASH4]

Wang et alP'2 oY o 2 BE S ¥ o]27
ZAG 4] A5 98] AEmd o] Z-EAH| ()
= wlty), 4], 121 B AL HFEE S
of BAAA 371740 Hisf =L FA A=
o A A AAE HIF O R o|UAHoRRY &
H F=2ASF Ao £ZAS () E Y5t HF 4%74]
2 2)(9d7] A, AASHTO LRED 7]29] k9} 7-5517] 9]
Sto] k= R7|5H7| 2 92 4] (4a) B 4] (4b)= AF
St

H”E
)

o%'
ol

}aa

O



© PlBer<1.09 f:

1+ + i+ Dy
e+ D221 + (n + 1)d)

“e;p <40 (4a)

o flfe>1.04 T
_2[1+\/1+(n+1)y (4b)

T+ D21+ (n + D3]

A7\ A, fo FEAS k7t HAGE Holk A §
Apv 24 Theh 2t

B, =1+ (n+ Dy (5)

EI,

"D ©)

5= 7

_E @)
5\t

¢ = (E> ®)

1831, D = Ef/12(1 — v*): B9 74, v(=0.3): o}
S, Ap B3R 1719 @ Folw, y9} o= 22t B
A 1709 @73 e} ‘A B ol

2.3 AASHTO LRFD 7|&9] ¢4=H4 &

B 7|20 6.11.82014 H|EY kS w3Hsl Za

A0 BHFEHE F,8 A (9 A AL et

[l

oA71A, Fo: A5 Rb0l 23 SHA 2%, f2 St.
Venant H| S0l o3t A9 AESH, Fo.r Aol
et Eaﬁxl FH=d L, o Ao diet AZA ol

Hujg 4 Z-FA O W2 Fos
ofal

° /1/‘5/117?:1- tq1:
F,

C

. /Ip <lf§ /lr% :

A—03\/4r—4
Fcb=Rthch[A_<A_—Rh )(;_;)] (10b)
r y4

. ﬂf> ﬂroel .
0.9ER,k
Fop =" (100)
f
o] 7] A,
Ek
A, =0.57 (11a)
4 chA
Ek
4, =095, [EK (11b)
Fyr
2
A=4[1-3 (f—> (12)
ye
O] Ry ASFEWA FHALAS, Ry: o B = A
2=, E: 747 9] B4 7%= 210,000 MPa), F.: 35E
Ao FRYE, £, ARSY BIE 1T FRGE
oIt
B BolAE R, - 10, R, - 1001 515 J3Fo]
Qo] AT AEIE A2 TSI Tk o]
fo=00]E& 2] (12)9] A =1.00] =1L 4] (9)} 4] (10a)

3.1 AL e

BZe] grEJ TS ABAQUS ZE 1S A1

stol Az 2 slsp gL oY Prisat
Fig. 2= AA XA st5& 2t it do] 7ie &=
ojtt. 97|14, U= °l 5%, R 3] fJo|tt. Line
Al xR ol FHAU)E S L5 A&5H7] fAsH
‘Coupling: kinematic’ 4= 75,%‘8]—91 LB A nd
2 4n SR 270 At R FFO R A

go] 9]t ‘A< 8 I (continuity effect)’S T E A &
of bHZ9 ASFH LR I HT '3]'2—8—

Y EAA | 242t EA O o=
R=dl, ol &9 Y58 (1 MPa)a]] OH‘:}O}h Alojt.

7y zeks] =0 A35E A5 S (EA A)1865) 20234 102 241



T-

oflt

EAAR HdE W) S Aol FYHIE

+= Fig. 3¢} Zro] o]AlsS)sl ALt
7|5HR| A g3 A 5 Z71= Rik’s method
Z2 Von Mises 7|&E &85}
R 11 HEE 3} #7Ho)l = isotropic strain hardening &
S ARESHTE EA] 9 T-§ QA 25 S4R &
48 HAFSHF. 2 AFollA Rt B3] A

Bojd E2(w)2 n=1¥¢ 1 800 mmo]il n=2,3Y uf

mOmmh+ﬂnﬂ&AEﬂwH%@ﬂ$ﬂma
3] A3kt
3 24 2712 RS

49] 37]+= 20 mm x 20 mmZ FES
qu T-3 HAA = ¥

Location U, U, U, R, R, R,
Point a - fix - - - -
Line A,B,C - - fix - - -
Line D fix - fix - - -
Line E - - - fix - -

Fig. 2. Boundary conditions and loadings

700

600 o

so0| 7

400

300

Stress (MPa)

200

100

0 2 4 6 8 10 12 14
Strain (%)
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Table 1. Analysis cases and results for n =1 (w = 800 mm, b = 1,600 mm)
tr (mm) a Aspect T-stiffener BB k ke Eq. (4) A 2 T Fpe Fi rea Furea
P (mm) ratio HXBXt,Xty er | “FEA | (k:Eq. (1a)) | P " 7| (MPa) | (MPa) F,.
1.200 L£=0.75| 100x150x9x9 | 0.54 | 2.07 1.57 153 | 304 | 1.25 | 4255 455.4 1.07
’ a=1.5 |140x210x12x12 | 0.41 | 3.26 3.14 21.6 | 403 | 0.88 | 460.0 470.9 1.02
1.600 p=10 100x150%x9%9 | 0.72 | 1.65 1.33 14.0 | 28.0 | 1.36 | 410.5 4447 1.08
’ a=2.0 |140x210x12x12 | 0.55 | 2.69 2.30 185 | 36.8 | 1.03 | 455.7 461.7 1.01
42 p=15
(19.0) 2,400 a=30 145%215x12x12 | 0.81 | 2.14 1.91 16.8 | 33.5 | 1.13 | 441.7 455.5 1.03
3,600 '8(;224255 150x225x13%x13 | 1.16 | 2.22 2.09 17.6 | 35.1 | 1.08 | 448.6 464.2 1.03
4,400 '82_2'75 150%225%13x13 | 1.42 | 2.41 2.09 17.6 | 35.1 | 1.08 | 448.6 422.9 0.94"
a=5.5 (2.13)
1.200 =075 | 85x125x8x8 0.52 | 2.35 1.72 16.0 | 31.8 | 1.57 | 3814 417.1 1.09
’ a=15 | 115x170x10x10 | 0.41 | 3.62 3.24 21.9 | 43.7 | 1.14 | 4405 4533 1.03
1.600 p=10 85%x125%8x8 0.70 | 1.82 1.42 145 | 289 | 1.72 | 359.5 401.1 1.12
’ a=2.0 | 115x170x10x10 | 0.55 | 2.94 2.37 18.7 | 37.3 | 1.33 | 413.6 441.8 1.07
32 B=15
(25.0) 2,400 a=30 120x180x10x10 | 0.79 | 2.30 1.99 17.2 | 342 | 1.46 | 396.7 426.8 1.08
3,600 '6(::24255 125x185x11x11 | 1.14 | 2.32 2.18 18.0 | 35.8 | 1.39 | 405.7 431.3 1.06
« | f=2.81 2.18 *
4,500 w=563 125x185x11x11 | 1.42 | 2.60 (2.19) 18.0 | 35.8 | 1.39 | 405.7 376.1 0.93
1.200 =075 | 65%100x6%6 0.54 | 2.26 1.60 154 | 30.7 | 2.16 | 2722 322.0 1.18
’ a=1.5 90x140x8x8 0.42 | 3.79 3.17 21.7 | 432 | 1.54 | 3853 413.9 1.07
1.600 p=1.0 65%x100%6%6 0.72 | 1.74 1.35 142 | 282 | 236 | 229.6 282.3 1.23
’ a=2.0 90x140x8x8 0.55 | 3.02 2.32 18.6 | 37.0 | 1.80 | 349.1 397.7 1.14
24 B=15
(333) 2,400 u=30 95x%145x8x8 0.80 | 2.33 1.98 17.1 | 341 | 195 | 3285 375.7 1.14
3,600 3(11:24255 100x150%9%9 1.14 | 2.36 2.21 18.1 | 36.1 | 1.84 | 343.0 389.1 1.13
.| p=2.81 221 .
4,500 w=563 100x150x9%x9 | 1.42 | 2.71 2.19) 18.1 | 36.1 | 1.84 | 343.0 291.6 0.85

"Minimum a showing one cycle sine wave for 1st buckling mode
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Table 2. Analysis cases and results for n =2 (w = 600 mm, b = 1,800 mm)

tr (mm) a Aspect T-stiffener BB k ke Eq. (4) A 2 T Fpe Fi rea Furea
P (mm) ratio HXBXt,Xty er | MFEA | (k:Eq. (1b)) | P " 7| (MPa) | (MPa) F,.
1.200 £=0.67 | 100x150x9%x9 | 0.38 | 2.08 1.66 15.7 | 31.3 | 1.19 | 4329 450.5 1.04
’ a=2.0 |125x185x11x11| 031 | 3.2 3.08 214 | 42.6 | 0.88 | 460.0 463.3 1.01
1.600 £=0.89 | 110x165x10x10 | 0.47 | 1.82 1.45 14.7 | 292 | 1.28 | 4213 439.9 1.04
’ a=2.67 | 130x195x11x11 | 0.41 | 2.55 2.22 18.1 | 36.1 | 1.03 | 4554 451.8 0.99
32 =133
2,400 145%220%12x12 | 0.55 | 1.98 1.73 16.0 | 31.9 | 1.17 | 436.3 436.4 1.00
(18.8) a=4.0
=222
4,000 0=667 155%230%13x13 | 0.86 | 1.42 1.35 142 | 282 | 1.33 | 4148 417.7 1.01
« | f=3.61 1.36 *
6,500 a=1083 155%230%13x13 | 1.40 | 1.63 (1.53) 142 | 283 | 1.32 | 4155 390.7 0.94
1.200 p=0.67 80%120x7x7 0.39 | 2.18 1.63 15,5 | 31.0 | 1.61 | 3754 412.5 1.10
’ a=2.0 100x150%9x9 | 0.31 | 3.63 3.14 21.6 | 43.0 | 1.16 | 438.0 446.9 1.02
1.600 £=0.89 85%130%8x%8 048 | 1.81 1.36 142 | 283 | 1.76 | 354.2 395.7 1.12
’ a=2.67 | 105x155x9x9 | 0.41 | 2.81 2.27 183 | 36.6 | 1.36 | 409.6 428.5 1.05
24 =133
(25.0) 2,400 =40 115x175%x10x10 | 0.55 | 2.1 1.75 16.1 | 32.1 | 1.55 | 3833 400.5 1.05
p=2.22
4,000 a=667 125x190x11x11 | 0.85 | 1.51 1.41 14.5 | 288 | 1.73 | 358.6 385.4 1.07
6,700 a=1117 125%x190x11x11 | 1.42 | 1.72 (1.56) 145 | 289 | 1.72 | 359.5 331.9 0.92
1.200 p=0.67 65%100%6%6 038 | 2.44 1.76 16.2 | 32.2 | 2.06 | 2994 364.2 1.22
’ a=2.0 80x125%7x7 032 | 3.88 3.15 21.6 | 43.1 | 1.54 | 384.6 415.8 1.08
1.600 £=0.89 70%105%6%6 0.48 | 1.88 1.38 143 | 285 | 233 | 2347 310.9 1.32
’ a=2.67 85x125%7x7 041 | 2.96 2.29 184 | 36.7 | 1.81 | 3475 395.5 1.14
18 =133
2,400 95x145%8%8 0.54 | 2.32 1.88 16.7 | 33.3 | 2.00 | 319.8 366.2 1.15
(33.3) a=4.0
p=2.22
4,000 w=667 110x165%x10x10 | 0.77 | 1.85 1.70 159 | 31.6 | 2.10 | 289.2 339.8 1.18
« | f=4.06 1.65 *
7,300 a=12.17 110x165%10x10 | 1.41 | 2.01 (1.76) 15.6 | 31.2 | 2.13 | 280.7 267.4 0.95

"Minimum a showing one cycle sine wave for 1st buckling mode
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Table 3. Analysis cases and results for n =3 (w = 600 mm, b = 2,400 mm)

U8

tr (mm) a Aspect T-stiffener ) = Fp. F.rea Fl rea

G | (mm) | ratio HxBxtyxt, | PPer | Keea | ke Ba- () A A A vpay | MPay | T F,

100 | B=05 | 105516099 | 028 | 2.14 1.80 163 | 32.5 | 1.15 | 4395 | 4500 | 1.02

: a=2.0 |125x190x11x11| 0.23 | 3.16 304 | 216|430 | 087 | 4600 | 4612 | 1.00
B=0.67

1600 | 7000 1 140:210+12x12 | 028 | 2,90 270 | 200 | 39.9 | 0.94 | 4600 | 4537 | 0.99
-1,

2,400 ﬁ_48 145x220x13x13 | 0.41 | 1.86 1.61 155 | 30.8 | 121 | 4303 | 4273 | 099
32 o= 4.
(18.8) B=167

4000 |77 70 170<255x14x14 | 059 | 1.26 1.17 132 262 | 1.42 | 4011 | 3957 | 0.99
p=225

5400 | 770 1180x270x15x15 | 075 | 1.03 1.00 122 | 243 | 154 | 3849 | 3813 | 0.99

| p=417 .

10,000°| "% 1180x270x15x15 | 139 | 1.10 0.93 117 | 234 | 160 | 3770 | 3632 | 096

L0 | A0S | 85x125x7x7 | 028 | 2.8 1.77 162 | 323 | 1.54 | 3845 | 4133 | 1.07

: @=20 | 100x155x9x9 | 023 | 3.58 321 218 | 435 | 1.15 | 439.7 | 4444 | 101
£=0.67

1600 | 700 1 110x165x1010 | 029 | 3.13 2.64 19.8 | 394 | 126 | 4234 | 4316 | 1.02
=1.0

2,400 §_40 120x180x10x10 | 0.40 | 2.06 171 159 | 317 | 1.57 | 3807 | 3966 | 1.04
24 =4.
(25.0) B=167

4000 |77 70 140:210x12x12 | 057 | 144 130 139 | 277 | 1.80 | 3487 | 3679 | 1.06
p=225

5400 | 770 1150x225x13x13 | 072 | 117 112 129 | 257 | 194 | 3293 | 3466 | 1.05

.| p=438 .

10500°| 100 1150x225x13x13 | 140 | 120 1.01 122 | 244 | 204 | 3054 | 2832 | 093

100 | B=05 | 65x100x6x6 | 028 | 2.33 1.69 158 | 315 | 2.11 | 2875 | 3442 | 120

: a=20 | 80x125x7x7 | 024 | 3.80 305 | 216 | 43.1 | 1.54 | 3846 | 4132 | 1.07
£=0.67

1600 | 7700 90x135x8x8 | 0.28 | 348 279 | 203 | 405 | 1.64 | 3712 | 4044 | 1.09
B=1.0

2400 | 77 | 100x150x9x9 | 038 | 25 2.03 17.4 | 346 | 192 | 3319 | 3692 | 1.1
18 =4
(33.3) B=167

4000 |17 2| 120¢180<10:10 | 054 | 175 156 152303 | 219 | 2654 | 3192 | 120
@=2.25

5400 | 7 | 13019551111 | 067 | 143 135 142 | 282 | 236 | 2296 | 2936 | 128

| p=467 .

11.200°| "7 50 1130x195x11x11 | 140 | 137 1.15 13.1 | 260 | 255 | 1956 | 2319 | 1.19

"Minimum a showing one cycle sine wave for 1st buckling mode
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