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Abstract - In the longitudinally stiffened steel girders, AASHTO LRFD Bridge Design Specifications stipulates the requirements for 

the bending rigidity of the stiffeners: 1) formation of a buckling nodal line, 2) ensuring column buckling strength of T-section 

composed of the stiffener and a part of the web. On the other hand, Eurocode 3 is based on the elastic buckling strength of the 

T-section considered as an elastically-supported column by the web. The first requirement of the AASHTO is somewhat irrational 

because the size of the stiffener should increase as the web slenderness ratio decreases. Meanwhile, since the longitudinal stiffeners 

are usually installed on one side, an eccentric effect of compressive force is inevitable, but these criteria do not consider such effect 

in the buckling strength. In this study, an equation for the bending rigidity of the stiffener based on the buckling strength of the 

T-section, which includes web slenderness ratio and yield strength of steel, was proposed. The proposed equation adopts the column 

strength of the AISC standards and the eccentric effect was considered as the effective buckling length of the T-section.
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Fig. 1. Stiffened web and equivalent T-section

 2. 

        

      , 

  .

     2.1 AASHTO LRFD 

( )

AASHTO [1]     1 (Ɇʔ̰̳  )

   (1) (web load-shedding 

factor) ɔ̟    1.0 , .

ʬ̳̰Ɇ Ȁ ɿʓɾɺʜʬʬɈ̵̠
̧ɇ ʆʉ ˥̠̮̳ʇ  (1)

, Ɇ ʏ   , ̰̳ ʏ   , Ɉ̵̠   : 

(MPa), ɇ     : ( ɇʉ
ɸɿɺʒɿɿɿɏɒ̞  ), ̧     : (2

 ɿʓɸɆ    ̧ ʉ ɷɸɾʓɹ). 

      

     - .

̟̯ Ȁɿʓ͵ɽ̰̯ʜʬʬɈ̵̯
ɇ

 (2)

, ̟̯   : , ̰̯   : , Ɉ̵̯ ʏ 
 . 

       , nodal line

ɷɽ̰̳       T- (Fig. 1.(a)) 2

  . 

ɋ ̨ ȁɆ ̰ɹ̳ ̷̸̺ɸʓ͵ʆʬɆ̡ɿ ʇɸʈɿʓɷɹ̹̻̼˜ (3)

, ɋ ̨     : T- 2 , ̡ɿ : 
 , ˜      : 

  ( : ˜ ʉɷʓɿ).

       , T-

        

 .

̮ ȁʬʜʬɷʈɿʓɻʬɔ͏Ɉ̵̯
Ɉ̵̠

ɿʓɷɻ̡ɿʜʬʬɇɈ̵̯
 (4)

, ̮   : T- , ɔ͏ ʏ   .
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  , [4]   AASHTO 

  LRFD .

2.2 Eurocode 3

 Eurocode 3 [2]      T-

      ( )

(ˬ̠̮         ) (5) . , T- (5)

      . 

    AASHTO T- ɷɽ̰̳   , 

     Eurocode 3 Fig. 1.(b) ʬʆɺʈ˱ʇʆɹʈ˱ʇ ̡̯  

 ɿʓ͵ʆɆ̠ʈ̡̯ʇ   ( , Ɇ̠ ʏ   

 , ˱ ʉˬɸʔˬɷ, ˬɷ ʏ    , ˬɸ ʏ    

).

ˬ̠̮ ʉʬɃ ̨̡̯ ɸ̫
˪ɸɇɋ̨̯ ʊʬ˪͵ɸʆɷʈ˧ɸʇɃ ̨̯ ̡ɸ̯ ʆɆʈ̡̯ʇɸ

ɇɆ ̰ɹ̳ ̡ ɸ̫
 

if ̡̫ Ȁ̡̫̠ (5a) 

ˬ̠̮ ʉʬɃ̨̯
ɷʓɿɺɇʬ̡̯ʆɆʈ̡̯ʇʜʬɋ ̨̯Ɇ ̰ɹ̳

 if ̡̫ ʖ̡̫̠ (5b)

̡̫̠ ʉ͵ʓɹɹʜ͵ʬʬɆ ̰ɹ̳ɋ ̨̡̯ɸ̯ ʆɆʈ̡̯ʇɸ
 (5c)

, Ƀ ̨̯    : Fig. 1.(b) T- , ɋ ̨̯    : T-

    2 . (5a) 1st (half-sine 

         wave)

      . (5b) multi-wave 

   .

   3. 

     

       

     . , 4

        1.0 von 

    Mises . , 

       

      , 

   .

 3.1 T-

    Fig. 1.(a) Fig. 1.(b) AASHTO Eurocode 3

      T- . AASHTO

Cooper[5]   ɸɿ̰̳   ɷɽ̰̳   . 

      Eurocode 3

       

       . 1 (sub-panel)

      Fig. 2. , 

(̟ɷʒ̥̪̣, ̟ɸʒ̯̱̬    ) (6) . 

̟ɷʒ̥̪̣ ʉʬɺʈ˱ɹʈ˱ ̟ɷ̢̣̣,   ̟ɷ̢̣̣ ʉ˫̡̯ (6a)

̟ɸʒ̯̱ ̬ ʉɿʓ͵̟ɸ ̢̣ ̣,         ̟ɸ̢̣̣ ʉ˫ʆɆ̠ʈ̡̯ʇ (6b)

, ˫ (Ȁɷʓɿ       )

    (reduction factor) , EN 

1993-1-5[2]       4.4 . (6) Fig. 1.(b)

         Eurocode 3 T-

  ˫ʉɷʓɿ   . 

       T-

        (6)

   . (Ɉ̵̠ ʉ   315, 460, 690 MPa)

    ˫      (6)

   . Ɇʉɸʒɿɿɿ̩̩    

        Table 1 . 

       , (1)

   (˥̠̮̳    ) 1.0~0.65 . 

        Table 1 T-

    .

̢̟̣ ̣ ʉ̟ɷʒ̥̪̣ʊ̟ɸʒ̯̱ ̬ǻ͵ɸ˟̰̳ (7)

, ˟ ʉʜʬɸɹɺʔɈ̵̳ . 

�
���	
�

�
�����


�
���	
�

�
�����


��

��

Fig. 2. Effective width of stiffened web (Eurocode 3)
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̰̳ ʆ̩̩ʇ 7.3 9.0 11.0 ɸɷ˟̰̳̟ɷʒ̥̪̣ 23.9̰̳ 22.6̰̳ 19.8̰̳ 18.1̰̳̟ɸʒ̯̱̬ 22.7̰̳ 22.4̰̳ 21.9̰̳ 18.1̰̳

Table 1. Effective width of web(Ɇʉɸʒɿɿɿ̩̩)

(a) Ɉ̵̠ ʉɹɷɺɏɒ̞ (˟ʉ ɿʓɽɻ͵)

̰̳ ʆ̩̩ʇ 8.8 11.0 14.0 ɸɷ˟̰̳̟ɷʒ̥̪̣ 19.8̰̳ 18.6̰̳ 15.6̰̳ 15.0̰̳̟ɸʒ̯̱̬ 18.8̰̳ 18.5̰̳ 18.2̰̳ 15.0̰̳

(b) Ɉ̵̠ ʉ͵ɻɿɏɒ̞ (˟ʉ ɿʓɼɷɺ)

̰̳ ʆ̩̩ʇ 10.8 13.5 16.0 ɸɷ˟̰̳̟ɷʒ̥̪̣ 16.2̰̳ 15.2̰̳ 14.3̰̳ 12.3̰̳̟ɸʒ̯̱̬ 15.3̰̳ 15.1̰̳ 14.9̰̳ 12.3̰̳

(c) Ɉ̵̠ ʉɻɾɿɏɒ̞ (˟ʉ ɿʓɺɽ͵)

  3.2 T-

        T-

        

    . Ɇʉɸʒɿɿɿ ̩̩    

          

      - (2) . 

       Table 2 . 

      (8) (ʬ˥  ) Table 2

        , T- Ɏ (

    ) . 

ʬ˥ ʉʜʬʬɈ̢
Ɉ̵̠ ʉ ʬ̮˪Ɏ ʜʬʬɇɈ̵̠

 (8)

, Ɉ̢ ʉ˪ɸɇʔ ʆɎʔ̮ʇɸ : Euler .

  ABAQUS[6]     

       . Fig. 3.

       multi-linear 

     . T-

         Fig. 4. . 

         T-

    . T- Ɏʔɸɿɿ  

        Fig. 5.

   . AISC [7]    

     , AISC 

   . , Fig. 5. AASHTO ̮    ( (4))

  Cooper[5]       

     . 

        

Ɉ̵ ˟̵ Ɉ̱ ˟̱
315 0.0015 490 0.060

460 0.0022 600 0.049

690 0.0033 800 0.050

Fig. 3. Material models 

range of ʬ˥
Ɉ̵̠ ʉɹɷɺɏɒ̞ Ɉ̵̠ ʉ͵ɻɿɏɒ̞ Ɉ̵̠ ʉɻɾɿɏɒ̞

̰̳(mm) ̟̯ã̰̯ Ɏ(mm) ̰̳(mm) ̟̯ã̰̯ Ɏ(mm) ̰̳(mm) ̟̯ã̰̯ Ɏ(mm)

0.2~0.8

0.6~1.25

0.8~1.8

1.25~2.4

8.0

(Case 1)

 85×7.0

120×9.8

138×11.3

155×12.6

340

~

9,600

9.6

(Case 3)

94×9.3

132×13.0

152×15.0

170×16.8

330

~

8,940

12.0

(Case 5)

103×12.4

145×17.5

168×20.3

190×23.0

320

~

8,340

0.2~0.8

0.6~1.25

0.8~1.8

1.25~2.4

10.0

(Case 2)

100×8.2

140×11.4

162×13.2

182×14.8

390

~

11,000

12.0

(Case 4)

110×10.9

155×15.3

180×17.7

202×20.0

380

~

10,500

15.0

(Case 6)

125×15.1

175×21.2

204×24.6

230×27.8

380

~

10,050

Table 2. Section properties for the evaluation of buckling strength of T-sections ʆɆʉɸʒɿɿɿ̩̩ʇ
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(a) concentric load 

(b) eccentric load

Fig. 4. Numerical model for T-section 

(a) Concentric load 

(b) Eccentric load 

Fig. 5. Column buckling strength of T-sections 

     3.3 T-

      T- Fig. 5.(b)

      . T- AISC 

     , 

   .

ʬ˥ ̢̣ ̣ ʉ ɿʓɽɾ ʬ˥ʊɿʓ͵ɻ (9)

       .

ʆʬ̮Ɏ ʇ̢̣̣ ʉɿʓɽɾ ʆʬ̮Ɏ ʇʊɷʓ͵ɺʜʬʬɈ̵̠
ɇ

(10)

  (10) Ɏ    ̡̫  , AISC 

        , (5a)

       T-

.

· Ɉ̵̠ʔɈ̢ Ȁɸʓɸɺ  

Ɉ̠̮ ʉ ʋɿʓɻɺɽɈ̵̠ʔɈ̢ʌɈ̵̠ ʊʬ˪͵ɸʆɷʈ˧ɸʇɃ̨ƅ̡ɸ̯ʆɆʈ̡̯ʇɸ
ɇɆ ̰ɹ̳ ̡ ɸ̫

(11a)

· Ɉ̵̠ʔɈ̢ ʖɸʓɸɺ  

 Ɉ̠̮ ʉɿʓɽɼɼɈ̢ ʊʬ˪͵ɸʆɷʈ˧ɸʇɃ̨ƅ̡ɸ̯ʆɆʈ̡̯ʇɸ
ɇɆ ̰ɹ̳ ̡ ɸ̫

 (11b)

, ̡̫ Ȁ̡̫̠ ʉ͵ʓɹɹʜ͵ʬʬɆ ̰ɹ̳ɋ ̨ƅ̡ɸ̯ ʆɆʈ̡̯ʇɸ
(11c)

, 

Ɉ̢ ʉʬʆ ʬ̡̫̮ʇ̢̣̣ɸ˪ɸɇ
 (11d)

Ƀ ƅ̨ ʒ ɋ ƅ̨ ʏ      (ʉ͵ɸ˟̰̳   ) T-

   2 . 

        4

      T- (̡̫ʔɆ  )

     1st (half-sine wave)

       . (11c)

         . (11a) (11b)

  T- 2 (ɋ ƅ̨    ) (11c)

    .
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   3.4 

  Ɇʉɸʒɿɿɿ ̩̩      

   (1) ˥̠̮̳        0.9 

  AASHTO ɋ̨     (3) ̮     (4), Eurocde 3

         (5), (11)

   Table 3(a)~(c) . (ʉ̡̫ʔɆ  )

      0.5~2.0 . , 

   Ɉ̵̠ ʉɹɷɺɏɒ̞    ˥̠̮̳  0.73 

     (Table 3(d)) . Eurocode 3

    ɿʓɸɆ       (5) (11)

  ɿʓɻɈ̵̠     . 

        T-

   ( , ˝  ) . 

˝ ʉʬɆɆ̨̬̰
ɇɋ̨

(12)

, Ɇ̨̬̰ ʉɇ̰ɹ̳ ʔɷɸʆɷʈ˧ɸʇ    

  ˧ ʉɿʓɹ      . 

       Table 3 ˝   

   AASHTO ɷɽ̰̳    . 

Criteria
̡̫ (mm)

1,000 2,000 3,000 4,000

AASHTO 

ɋ̨ 66×5.4
(5.3)

104×8.5
(25.2)

134×10.9
(58.1)

160×13.1
(103.4)

̮ 46×3.8
(1.5)

72×5.9
(7.2)

94×7.7
(18.0)

119×9.7
(39.4)

Eurocode 3
59×4.8
(3.6)

86×7.0
(13.3)

107×8.7
(27.7)

123×10.0
(43.9)

This study
73×6.0
(7.6)

106×8.7
(26.0)

129×10.5
(51.3)

143×11.7
(71.8)

Table 3. Required size of stiffeners

(a) Ɉ̵̠ ʉɹɷɺɏɒ̞ʒ Ɇã̰̳ ʉɸʒɿɿɿãɽ̩̩ʆǻɿʓɾ˥̠̮̳ʇ

Criteria
̡̫ (mm)

1,000 2,000 3,000 4,000

AASHTO 

ɋ̨ 72×7.1
(5.4)

113×11.2
(24.9)

146×14.4
(57.7)

175×17.3
(103.9)

̮ 52×5.1
(1.7)

82×8.1
(8.4)

111×11.0
(23.4)

141×13.9
(51.5)

Eurocode 3
65×6.4
(3.8)

95×9.4
(13.9)

120×11.8
(30.4)

141×13.9
(51.5)

This study
81×8.0
(8.1)

121×11.9
(31.2)

152×15.0
(65.8)

176×17.4
(105.8)

(b) Ɉ̵̠ ʉ͵ɻɿɏɒ̞ʒ Ɇã̰̳ ʉɸʒɿɿɿãɾʓɻ̩̩ʆǻɿʓɾ˥̠̮̳ʇ

Criteria
̡̫ (mm)

1,000 2,000 3,000 4,000

AASHTO 

ɋ̨ 80×9.7
(5.3)

127×15.4
(25.3)

164×19.8
(58.3)

196×23.7
(103.8)

̮ 62×7.5
(2.2)

97×11.7
(10.2)

133×16.1
(29.4)

171×20.7
(66.8)

Eurocode 3
72×8.7
(3.7)

108×13.1
(14.7)

137×16.6
(32.4)

163×19.7
(57.2)

This study
92×11.1

(8.5)
140×16.9

(34.8)
184×22.2

(84.6)
225×27.2
(162.3)

(c) Ɉ̵̠ ʉɻɾɿɏɒ̞ʒ Ɇã̰̳ ʉɸʒɿɿɿãɷɸ̩̩ʆǻɿʓɾ˥̠̮̳ʇ

Criteria
̡̫ (mm)

1,000 2,000 3,000 4,000

AASHTO 

ɋ̨ 77×6.3
(5.2)

121×9.9
(24.8)

157×12.8
(58.8)

187×15.3
(103.9)

̮ 50×4.1
(1.1)

76×6.2
(5.0)

100×8.2
(13.0)

123×10.0
(26.2)

Eurocode 3
61×5.0
(2.3)

88×7.2
(8.4)

107×8.7
(16.4)

118×9.6
(22.8)

This study
80×6.5
(6.0)

112×9.1
(19.1)

127×10.4
(29.2)

131×10.7
(32.3)

Note) The values in parentheses are the rigidity ratio ʆ˝ ʇ  when the part 
of the web was considered as ɷɽ̰̳ .

(d) Ɉ̵̠ ʉɹɷɺɏɒ̞ʒ Ɇã̰̳ ʉɸʒɿɿɿãɷɿ̩̩ʆʉɿʓɼɹ˥̠̮̳ʇ

 

  3.5 

    Table 3(a)~(d) Fig. 6.(a)~(d) . Fig. 

      6.(a)~(c) T- AASHTO ̮  

      ( (4)), Eurocode 3 ( (5)) (

  (11)) (Ɉ̵̠    ) (

 ̋ ̢̮̭     ) . , AASHTO Eurocode 3 

     ̋ ̢̮̭      . 

      AASHTO ̮   Fig. 5.

        T- , 

(a) Ɉ̵̠ ʉɹɷɺɏɒ̞ʒ Ɇã̰̳ ʉɸʒɿɿɿãɽ̩̩
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(b) Ɉ̵̠ ʉ͵ɻɿɏɒ̞ʒ Ɇã̰̳ ʉɸʒɿɿɿãɾʓɻ̩̩

(c) Ɉ̵̠ ʉɻɾɿɏɒ̞ʒ Ɇã̰̳ ʉɸʒɿɿɿãɷɸ̩̩
  

(d) Ɉ̵̠ ʉɹɷɺɏɒ̞ʒ Ɇã̰̳ ʉɸʒɿɿɿãɷɿ̩̩
Fig. 6. Required bending rigidity ratio ˝̢̮̭
        Eurocode 3 ( 5(a) )

 . 

      , Fig. 6.(a) (d)

 AASHTO ̮       , Eurocode 3 Ɉ̵̠  

      ̋ ̢̮̭   , Table 3(a)

         (d) . , 

 AASHTO ɋ̨    ( (3)) ˝̢̮̭    Table 

         3(a) (d)

      .

     4. 
 

      1) 

      , 2) 

    ɿʓɾɺɈ̵̠  

        

 .

   4.1 

        

     [3]     

      . Fig. 7.

    , (˞̫  ) AWS 

[8]   min(Ɇʔɷɿɿʒ ̡̫ʔɷɿɿ  ) . 

 ABAQUS[6]     S4R , 

       Table 4 . ( )5%

       (+)0.5% . 

X

Y

Z

Y

D

do

�o

Fig. 7. Assumed initial imperfection of web 

Girder 
specimen

ɏ ʒ̱ɖ̢̯̰
(̧ɐȧ̩)

ɏ ʒ̱ɈɇɃ
(̧ɐȧ̩) ʬɏ ʒ̱ɖ̢̯ ̰

ɏ ʒ̱ɈɇɃ

T3-A 692.0 685.2 0.990

T3-B 761.1 723.0 0.950

T4-A 763.1 755.9 0.991

T4-B 787.3 791.4 1.005

Table 4. Ultimate moments from tests
[3]

 and FE analysis
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Fig. 8. Configuration of Girder model
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