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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.

Keywords - Steel girder, Longitudinally-stiffened web, Web slenderness ratio, Yield strength, Eccentric force effect, Bending
rigidity of stiffener
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2.2 Burocode 3

Eurocode 3 71510l A= T-tHH-S- 9. of] OJa ehAJR| A]H 7]
SHEE YARIA] 7Hg) 22 7starl AR fix|ofx o] 2=
%(0, )5 A G)Z ANBIAL et &, T-THof sl 2 (5) =
TR H2FATIE BAA A kS8gE Aok S
AASHTOOA = T-HH9] HE Fi-S 18, 2 12fok= §H,

w

Eurocode 39141 Fig. 1.(b)2} ko] HA3A) 9l Eg - V"j; d o}
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% =4 d(D-d) ifd,>d, (5b)
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w
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Eurocode 3= T-THO| B34 915 H o2& B faZ-S A8
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Fig. 2. Effective width of stiffened web (Eurocode 3)

S 2Es] =24 AR1E A15EE A1583) 20199 29 33



1 B A AT o] 2R 7 1 Ake et A

Table 1. Effective width of web(D = 2,000 722)
() F,, =315 MPa (¢ = 0.864)

t,, (mm) 73 9.0 11.0 21€t,,
bl,inf 23‘9tw 22'6tw 19'8tw 18~1tw
By 07, | 24, | 219, 18.12,

(b) F,, =460 MPu (€ =0.715)

t, (mm) 8.8 11.0 14.0 21€t,
byins 198¢, | 186¢, | 156t, 15.0¢,,
by sy 1884, | 1854, | 182¢, 15.0¢,,

(©) F,, =690 MPa (¢ =0.584)

t,, (mm) 10.8 13.5 16.0 21€t,
by iny 1624, | 1524, | 143t, 1232,
by 153¢, | 1514, | 149¢, 123¢,

3.2 T-29e] =273 4

A AR o= APl AlE eSS e T-HHe
AR A2 715k TAGE Wl WA 28 A] J=7}
7¥oL9ATt. Ml 711 5732 D= 2,000 nm o] Tl
7HA] AR AP RIS sl 2} 73-pofl ehsl HAA 4 vl 78
£ 785190 B0 . 2AH = 4] )2 Lot Z2
7 ol AHEE AP A BE-2 Table 20 AAISIALE. 7 1.

]
Rl
=53

oJ7|A, F, =r*E/ (L/r)* : Buler 27
27w W7K= ABAQUSS AR8510] B 8 4] ol H|4l
oA o= Brsloith All 714] 3ol thet Al = @2 Fig. 3.3}
Z+o] multi-linear =2 &5} 01 R U QIR 9} St
HFES AAISHAH. T-THH0] thet =Alsksa} HAelsks: Aot
of] 2J2t siA] o= Fig. 4.9 AA[SIITE HA] 112 Alofl= flE =
ASUS T £ A0 o2 00l 2=
58 2712 Asflsih T-gele] /1AL /2002 74
R A 9 HAlsHSo] Rt =7 AE Fig. 5.90 AATskd
t}. o|2E] Alslgol| tieirlE AISC 71& 9] 715 27w
Ao thA| = Fetol, HAISHSoll A= AISC 71kt A4
&S Holtk HH, Fig. 5. 25 AASHTOS] » 871(4 4)9]
A7} = Cooper'7} B85 FZ7}E AL HAGE 2710
H[5l} 4J3o] HIQPEUS & &= Sl

800

=
(=3
(=]

Stress (MPa)
S
2

200

Strain
7 AR TR 4] (§)2 IRV A 1) H9IE Table 2
. 5 5 F, € F €
o] 1Eslgi o, T-thHO] ajjt XA 2 Ho] Zo] L (53 y Yy u u
s o] mefelslon), Tew) o 25 Arh o) £ (3 DS e S
B 7¥A0) s TA| AAlskict 460 0.0022 600 0.049
690 0.0033 800 0.050
Q1= Fie = L B ®)
V£ oy E Fig. 3. Material models
Table 2. Section properties for the evaluation of buckling strength of T-sections (D= 2,000 »am )
range of F,. =315 MPa F,, =460 MFa F,=690 MFa
A tomm) | b xt, | Lamm) | £,(mm) boxt, | Lamm) | t,(mm) byxt, | L(mm)
0.2~0.8 85%7.0 240 94x9.3 230 103x12.4 320
0.6~1.25 8.0 120x9.8 9.6 132x13.0 12.0 145x17.5
0.8~1.8 (Case 1) 138x11.3 9.600 (Case 3) 152x15.0 8940 (Case 5) 168x20.3 8340
1.25~24 155%12.6 ’ 170x16.8 ’ 190x23.0 ’
0.2~0.8 100x8.2 110x10.9 125x15.1
390 380 380
0.6~1.25 10.0 140x11.4 12.0 155%15.3 15.0 175x21.2
0.8~1.8 (Case 2) 162x13.2 (Case 4) 180x17.7 (Case 6) 204x24.6
11,000 10,500 10,050
1.25~24 182x14.8 202x20.0 230%27.8
34 AR =2 A3 1 AS(EE Al158%) 20199 2¢



)
—
s __4
LA
~
i
P -
>
_— g
e N
. . -—
P R s
(a) concentric load
M
Paiy
_d— !
—w
_ 4
i
A
>
A
_—
- 4
M, e 4
e S . _d
= L

(b) eccentric load

Fig. 4. Numerical model for T-section
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Fig. 5. Column buckling strength of T-sections
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Solo] olsil T-evle] £ 9 WARe WAl /D)ol
A glo] 257159 1st =R & FAKhalf-sine wave) O =2 e
o w4 (10t o] Tefep] e AgEzlo R sl
o} S B A]0lA Al (11a) = 4] (11b)o]l gt FH=A3 =5
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3.4 B AL 44 4

Y ZolE D=2,000 mm = 7SIl Al 7HA] FEAFE0]
sl 41 ()9 4,21 2F0.9 Hio]] sigok= APdRIE 2= HE
sl AASHTOS] / 87121 4] 3)2} » 87121 4] (4), Eurocde 39]
2] (5), 223 & Aol A AR 4] (11)& HSshe B2 A
HZ 4FJ51o] Table 3(a)~(c)oll AT FAH(=d,/ D)=
0.5~2.0 915 o} odct. S, e APl o2 B3 =g
& 7Y 8l £, =315 MPa Z3Ael s A,,,,210.73 B
of| sirgot= AP H](Table 3(d)) S 212 613ITt Burocode 32+ &
T A5 BAA 9IRS 0.2DE 12sto] 4] (5) A (1D)Z Ak
S F2ET 0.6 F, 5 ST o] AP o2 Aot

B0 /g2 ubd o2 TR 4]9] gE F73/g oijE| T-
TS} 7/g 9] Hl(ofet A3/gH, 7)= g elRict
_ &

DDp,z

4 (12)

A7A, D, =EF /12(1—1?) O 9H.0] ThjEct 21714
o]u] Fol&H] » = 0.30]c} 2} 715t nEshs glE SaZo]
t}2 1 2 915t 2 A0 A ¥]w5}7] 3] Table 30| AIAJGE 7 ZH
9B 8 EZS AASHTO 7|29] 18¢, & 1251543 H9] Zlo]ct.

w

(©) F,, =690 MPa, Dxt, =2,000x12mm (= 0.94,,,)
d , (mm)
Criteria

1,000 | 2,000 3,000 4,000
;| 8097 [ 127x154 | 164x198 | 196x237

Ll (53) (253) (58.3) (103.8)

AASHTO

| 62x715 | 9IxILT | 133x161 | 171X20.7

22) (102) (29.4) (66.8)
72x8.7 | 108x13.1 | 137x16.6 | 163x19.7

Eurocode 3 3.7 (14.7) (32.4) (572)
This stud Ox11.1 | 140169 | 184x222 | 225x27.2

Y 8.5) (34.8) (84.6) (162.3)

(d) F,. =315 MPa, Dxt, =2,000 X 10mm(=0.732,,,)
. d,, (mm)
Criteria

1,000 2,000 3,000 4,000
| 7763 | 12009 | 157x128 | 187x153

(52) (24.8) (588) | (103.9)
AASHTO o | S0l [ 7662 | 10082 | 123x100

(1.1) (5.0) (13.0) (26.2)

61x50 | 88x72 | 107x8.7 | 118x9.6

Eurocode 3 23) 8.4) (16.4) 22.8)
This stud 80x6.5 | 112x9.1 | 127x104 | 131x10.7

Y (6.0) 19.1) (29.2) (32.3)

Note) The values in parentheses are the rigidity ratio () when the part
of the web was considered as 18¢,, .

3.5 BAA 73749 vlw

Table 3. Required size of stiffeners

(@) F,, =315 MPa, Dxt, =2,000 x 8mm(= 092

cruw )

d , (mm)
Criteria
1,000 2,000 3,000 4,000
] 66x5.4 104x8.5 134x10.9 160x13.1
53 252 58.1 1034
AASHTO (5.3) (25.2) (58.1) ( )
, 46x3.8 72x5.9 94x7.7 119x9.7
(1.5) (7.2) (18.0) (394)
Furocode 3 59%x4.8 86x7.0 107x8.7 123x10.0
3.6) (13.3) 27.7) (43.9)
This stud 73%6.0 106x8.7 129x10.5 143x11.7
Y (7.6) (26.0) (51.3) (71.8)
(b) F,, =460 MPa, Dxt,=2,000 X 9.6mm(=0.94,,)
d , (mm)
Criteria
1,000 2,000 3,000 4,000
I 72x7.1 113x11.2 146x14.4 175x17.3
! 54 24.9 57.7 103.9
AASHTO (54 (24.9) (57.7) (103.9)
. 52x5.1 82x8.1 111x11.0 | 141x13.9
1.7 (8.4) (23.4) (51.5)
Burocode 3 65x6.4 95x9.4 120x11.8 | 141x13.9
3.8) (13.9) (30.4) (51.5)
This stud 81x8.0 121x11.9 152x15.0 176x17.4
Y 8.1 31.2) (65.8) (105.8)

36 =R = AR1E Al E(EE A158%) 201949 2

Table 3(a)~(d)2] ZIE Fig. 6.()~(d)°ll Z=AISIAF. WA Fig.
6.()~(0)ZHE T-HH2 H=2J TS EYZ 5k= AASHTOY] »
871(4] (4)), Burocode 3 7I15&(4] (5)) ~L2| L 10| AIRFA (2]
(11)) 25 S04 FEAE(F, )77 1t wizt d 87 dH|(o]
S}7,,,)7H57 1R SFAIEE, AASHTO % Eurocode 3 71520 HIsf
HE ALY AR N, S 83U I WRICEFIIER
T A aTE 185K Yol AASHTOS] » R AL Fig. 5.2
5B T-29] S22 5 Tt Bk & 4= AL T120]

160

—— AASHTO I, : Eq.(3)

--0-- AASHTO r : Eq.(4)
-~/-— Eurocode3 : Eq.(5)
-0 This study : Eq.(11)

140

1.5 2.0

(@) F,, =315 MPa, Dxt,, = 2,000 X 8 mm
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—+—AASHTO I, : Eq.(3)
--0-- AASHTO r : Eq.(4)
-~/= Eurocode3 : Eq.(5)

-0 This study : Eq.(11)
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(b) F,, = 460 MPa, Dx t,, = 2,000 X 9.6 mm

160

—+—AASHTO I, : Eq.(3)
--0-- AASHTO r: Eq.(4)
-~/= Eurocode3 : Eq.(5)

-0 This study : Eq.(11)
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(©) F,, =690 MPa, Dxt, =2,000 X 12mm

160

—+— AASHTO I : Eq.(3)
1401 ——o-- AASHTO r: Eq.(4)
-~/-— Eurocode3 : Eq.(5)

R e study : Eq.(11)
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Table 4. Ultimate moments from tests”®! and FE analysis

Girder M, g M, g M, rpa
specimen (kN - m) (kN - m) M, 14
T3-A 692.0 685.2 099
T3-B 761.1 723.0 0950
T4-A 763.1 755.9 0991
T4-B 7873 7914 1.005
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