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Evaluation of Buckling Coefficients for Compression Plates Reinforced
with Multiple T-section Stiffeners

Park, Yong Myung"’

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

Abstract - A study was conducted to propose a buckling coefficient equation for a wide compression plate reinforced with
multiple T-section stiffeners. The commentary C6.11.11.2 of AASHTO LRFD bridge design specifications presents a buckling
coefficient equation for the plates with up to 5 stiffeners. This equation is based on the approximate buckling coefficient
equation(% ;) of Timoshenko and Gere, but it has the limitation of being unable to determine the size of stiffeners considering the

aspect ratio and the magnitude of buckling coefficient. A series of eigenvalue analysis was performed for plates with up to 9
stiffeners, including the aspect ratio, width-to-thickness ratio and the size of stiffeners as variables. By comparing the buckling
coefficient from FE analysis with the %, equation, correction factor(c,) was derived for » < 3 and # >3 (% : number of

stiffeners) respectively and a buckling coefficient equation incorporating ¢, was proposed. In addition, a method for calculating

the second moment of inertia of the stiffener was proposed when determining the buckling coefficient.
Keywords - Compression plate, Multiple stiffeners, Buckling coefficient equation, Aspect ratio, Moment of inertia of stiffener
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* Compression loads were also applied to the stiffeners (not shown)

Location u | | U | R | R R,
Point a fix | fix - -
Point b fix - - -

Line A, B - - fix -
Line C - - - fix

Fig. 2. Loadings and boundary conditions (7 = 5)
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Fig. 3. Initial imperfection of stiffeners at centerline
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Table 1. Preliminary analysis cases (z =5, ¢, =32 mm, w =600 mm)

I, (AASHTO) I, (centroidal axis)
a T-stiffener P
mm) | | pxBxa, x| % 88, | M = 8/8, |
(x 10° mm*) “ | Bq.(3) | (x10°mm* “ | Eq.(3)
1,500 | 0.625 125%190x10%10 221 32.4 0.20 2.68 324 0.20 2.68
1,500 0.625 135%200%12%12 2.85 47.4 0.18 3.69 47.4 0.18 3.69
2,400 1.0 150%230%13%13 1.89 72.7 0.26 2.13 72.7 0.26 2.13
4,000 1.67 185%280x15x15 1.36 156.9 0.36 1.53 146.0 0.37 1.43
6,000 2.5 215%320x18x18 1.01 290.3 0.47 1.18 243.7 0.49 1.01
9,000 3.75 265%x400x22x22 0.85 672.9 0.57 1.09 481.7 0.62 0.82
12
1.0 1 + +
+
& o

(a) @ =1,500 mm (front view)

(b) @ =9,000 mm (3D view)

Fig. 4. Buckling shapes : #» =5, f, =32 mm,
(a) @ =1,500 mm, T-135x200%x12x12,
(b) @ =9,000 mm, T-265x400x22x22

tst‘ )

4t

Centroidal Axis

-

1 |
L |
| w/2 w/2 |
T T

Y —

Fig. 5. Considered section for 7, (second moment of inertia of
stiffener and sub-panel about centroid)
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Table 2. Analysis cases and results for » =3 (w =600 mm, b =2,400 mm)

. This study
t 1 a aspect T-stiffener x % k y P k FEA
(mm) | (mm) ratio Hx BXt, Xt (x 10° mm?) P Eq.(3) | 8/8, ‘ k.
Eq. (8)

1.500 a=25 125%x190x10%10 32.429 2.32 2.75 0.30 2.02 1.15

’ B =0.63 135%200%12x12 47.381 2.93 3.76 0.27 2.69 1.09

2 400 a=4.0 150%230%x13%13 72.713 1.99 2.22 0.39 1.74 1.14

’ B=1.0 175%265%15%15 126.507 2.88 3.49 0.34 2.64 1.09

o 4.000 a =6.67 185%280x15%15 146.998 1.52 1.60 0.55 1.36 1.12

’ B =1.67 225%340x19%19 289.525 2.40 2.56 0.47 2.09 1.15

6.000 a=10.0 215%320x18x18 245.610 1.27 1.27 0.73 1.17 1.09

’ B =25 255%380%21x21 424.680 1.72 1.73 0.64 1.53 1.12

9,000 g 211357(5) 265%400%22%22 486.171 1.29 1.27 0.92 1.24 1.04

1,500 a’_=2.5 90x135x8x8 9.457 3.81 4.34 0.27 3.08 1.24
B =0.63

2,400 gzéll(()) 110x165%10%10 21.420 3.27 3.56 0.35 2.71 1.21

18 4,000 Zz?g; 140x210%12x12 47.358 2.62 2.65 0.48 2.18 1.20
a=10.0

6,000 8 =25 165%245%14x14 81.347 2.08 2.03 0.63 1.78 1.17
a=15.0

9,000 8 =375 180%270x15%15 107.966 1.62 1.56 0.87 1.50 1.08

sk = A6 AU (EH A1912) 20241 8 247
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Table 3. Analysis cases and results for » =5 (w =600 mm, b =3,600 mm)

F=

o) H2A % B7h

This study

s a aspect T-stiffener L min ’ k B n
i HX BXt Xt 6 2 lazd ke
(mm) | (mm) ratio w X (x10° mm?) Eq.3) | B/B., k,
Eq. (®)

1.500 a=25 125x190%10x10 32.429 2.21 2.68 0.20 1.96 1.13

’ B =0.42 135%200%12x12 47.381 2.85 3.69 0.18 2.64 1.08

2400 a=4.0 150%230%13%13 72.713 1.89 2.13 0.26 1.67 1.13

’ B =0.67 175%265%15%15 125.678 2.77 3.37 0.23 2.56 1.08

3 4.000 a =6.67 185%280%15%15 146.004 1.36 1.43 0.37 1.22 1.11

’ B =111 225%340x19x%19 287.126 2.24 2.40 0.31 1.97 1.14

6.000 a=10.0 215%320x18x18 243.666 1.01 1.01 0.49 0.92 1.10

’ B =1.67 255%380%21x21 420.906 1.48 1.48 0.43 1.31 1.13

9,000 afB=:12550 265%x400x22x22 481.740 0.85 0.82 0.62 0.80 1.06

1,500 ajZ.S 90x135%8%8 9.457 3.74 4.26 0.18 3.03 1.23
B =042

2,400 ;::(;‘607 110x165%10x10 21.304 3.15 3.44 0.23 2.62 1.20
a =6.67

18 4,000 B=111 140x210x12x12 47.028 2.44 2.48 0.32 2.04 1.20
@ =10.0

6,000 8 =167 165%245x14x14 80.692 1.80 1.76 0.42 1.55 1.16
a=15.0

9,000 8=25 180x270x15x15 107.043 1.13 1.07 0.58 1.03 1.10

Table 4. Analysis cases and results for n =7 (w =600 mm, b =4,800 mm)
. This study
ty a aspect T-stiffener I i % ky P R ppa
(mm) | (mm) ratio Hx BXt, Xt (x 10° mm?) P Eq.(3) | 8/8, ‘ ke
Eq. (8)

1,500 a=25 125x190%10x10 32.429 222 2.65 0.15 1.94 1.14

’ B =031 135x200x12x12 47.381 2.83 3.66 0.14 2.62 1.08

2 400 @ =4.0 150%x230x13x13 72.713 1.86 2.10 0.20 1.65 1.13

’ B8 =0.5 175%265x15x15 125.402 2.74 3.34 0.17 2.53 1.08

1 4.000 @ =6.67 185%280x15x15 145.674 1.32 1.39 0.28 1.19 1.11

’ B =0.83 225%340%19%19 286.345 2.19 2.37 0.23 1.94 1.13

6.000 @ =10.0 215%320x18x18 243.030 0.95 0.95 0.37 0.87 1.09

’ B =125 255%380%21x21 419.691 1.42 1.43 0.32 1.27 1.12

9,000 g 21158(; 265%x400%22x22 480.322 0.76 0.74 0.46 0.71 1.07
a=25

1,500 8 =031 90x135%8x8 9.457 3.71 4.24 0.13 3.01 1.23

2,400 Zi?)(S) 110x165x10x10 21.266 3.12 3.41 0.17 2.59 1.20
@ =6.67

18 4,000 8 =083 140x210x12x12 46.919 2.40 2.44 0.24 2.01 1.19
a =10.0

6,000 5 =125 165%245x14x14 80.478 1.74 1.70 0.31 1.50 1.16
a=15.0

9,000 5 =188 180x270x15x15 106.744 1.03 0.98 0.44 0.94 1.10

248 =x7d7E1] =g A36HE A2 (FE A1912) 20249 8
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Table 5. Analysis cases and results for » =9 (w =600 mm, b = 6,000 mm)

i This study
¢ a aspect T-stiffener L in b k p 1 mn
(mm) | (mm) | ratio HXBXt, X1, | (x10°mm?) | | Eq.(3) | /B, ‘ k,
Eq. (®
1,500 a=25 125%190%10%x10 32.429 2.21 2.64 0.12 1.94 1.14
’ B =0.25 135%200x12x12 47.381 2.81 3.65 0.11 2.61 1.08
2400 a=4.0 150%230x13%13 72.713 1.85 2.09 0.16 1.64 1.13
’ B =04 175%265%15%15 125.278 2.72 3.33 0.14 2.53 1.08
32 4.000 a =6.67 185%280x15x15 145.525 1.30 1.38 0.22 1.18 1.10
’ B =0.67 225%340x19%19 285.997 2.17 2.35 0.19 1.92 1.13
6.000 a=10.0 215%x320x18x18 242.745 0.93 0.94 0.29 0.86 1.08
’ B =10 255%380x21x21 419.153 1.40 1.42 0.26 1.26 1.11
9,000 ‘22:115'50 265%400%22x22 479.695 0.74 0.71 0.37 0.69 1.07
a=25
1,500 N 90x135x8x8 9.457 3.69 4.22 0.11 3.0 1.23
£ =0.25
2,400 Zzég 110x165%10%x10 21.248 3.09 3.39 0.14 2.58 1.20
a =6.67
18 4,000 5 =067 140x210x12x12 46.870 2.37 2.43 0.19 2.0 1.19
a=10.0
6,000 5=10 165%245%14%x14 80.383 1.71 1.68 0.25 1.48 1.15
a=15.0
9,000 5=15 180%x270x15%15 106.611 0.99 0.95 0.35 0.91 1.09
12 12
1.0 4 o @ = Cm | 1.0 4 o @ = © -
- ° - - (o] -
0.8 - 0.8 -
{ 0.6 —\“: 0.6 4
= 0.4 = 0.4
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0.2 0.4 0.6 0.8 1.0 12 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8
B/Bor B/Ber
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12 12
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o - - " °. - "
0.8 - 0.8 -
SR 2 06+
= 0.4 = 0.4
= A;=18.8 = ;=188
02 o =333 024 o =333
[N Cc
0.0 T T T T T 0.0 T T T T
0.1 0.2 0.3 0.4 05 0.6 0.1 0.2 03 0.4 0.5
B/Ber B/Ber
©n=7 dn=9

Fig. 7. /8., vs. kupa/k
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