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Local stability of flange of T-rib stiffened plates under compression

ZHAO Qiu', CHEN Peng’, LIN Chu?, CHEN Youjie', HUANG Guanming’
(1. School of Civil Engineering, Fuzhou University, Fuzhou 350108, P. R. China; 2. Fuzhou Urban &. Rural
Construction General, Fuzhou 350108, P. R. China)

Abstract: In order to examine the flange local stability of T-rib stiffened plates under compression, considering
the variation of flange width thickness ratio, T-rib stiffened plates with Q345 strength (5 pieces) and Q420
strength (4 pieces) were fabricated to carry out the local stability axial compression test, and the finite element
(FE) models were established to compare with the test. The influence of different material constitutions,
simplified welding residual stresses and local initial geometric imperfections on the mechanical properties of the
flange were analyzed. The simplified calculation formula for the local stability of the flange was obtained. The
results show that both the test and the FE model are subjected to the local buckling failure near the flange height
of 1/2, and the larger the flange width-thickness ratio is, the earlier the specimen comes to local buckling
failure. The FE models are simulated by an ideal elastic-plastic constitutive model. With increase of the relative
flange width-thickness ratio, the axial stiffness of the component decrease because of the inclusion of residual

stress. The coefficient of stability is smallest when local initial imperfections are included. The curve of the
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simplified formula for the flange local stability fitted by cubic polynomial is close to the trend of the Eurocode

curve, while the curve fitted by Perry formula is close to the trend of the Chinese and American standard curves.

The trend of formula curves fitted with different steel strengthes is basically the same, which can be calculated

by Perry formula for a safer result.
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T JE Bl fin 2 i 2 4 245 40 A % — o o2 1) Jon S0 Al
P AE 52 B TR v 22 1k R T 1 fn 20 Al B 45 4 JE
KXo 5 UBMMEHAN L, T ¥ M 68 9 5 47 b B i
LR LB A il ORI R B B MR R T 5 AR A
B, SCELAT R A HUAS R B NI a0 T 9% W i £
B R 5 [ S5 LIS R v 2R A A R R 04 TR A, LA
TV AR AT A T S e R R A R AR Y
BRI SR T T IR A, DAAR A 0 K A B 2 ™5 7 i
KR ATHLHE Al TR A T i #h i, AR At b AR i o
K BTEPERES . BRI, 6 % AR AR D Jn B A2
Z00 TR M SR B, A TR R Z K
f gl 1) R 7, X R B BL R, T IR n $h ik 52 16 R e
Jia) S0 5%+

H A, &1 % T I B #h b 32 5 8 e i Fos A
B, L o o H: 4 i 018 7 A AP B % a0 A7 BN TR A (1 43
Bro 4 Chot 5% T JE W FF 1710 8 i 14 3 #0 Jeth
B AT TR B B 5 SIE B T AR A4 9N i 2h
XoF o 350 I EL AT B A AR T . s T T
i 5V 3 38 A X R T TR LU R A9 A A A B 191 4
{E 2347, 32 T B9 TR R R N T R i S
Wit I . Sadamoto %55 o B 451 B0 A5 00 0 AT BR
TR UEAHSS & 1 vk W58 T T I8 B i 3R B 3 R A
) 19 Je AR S BF 9 e B, 24 T JB il 7 AR BE R e
Py Km0y )R F Jm i AT A EOm B B . T i #E
G590 S AR T il I AR S DU 3 T SR TR
], F T 1 ot A B %) SR T A B 1 R T
i) 55 M6 M 3, T I D 3L 4 T 9 =i faf S —3h A
B AR A, BRI, E A ) 56 D8 B AR P T AR ) R
Ja ¥ JE IR . 4 Mukherjee 251UV7E 2 1R 5 1 5%
A 103 A WG LR, % T B i #h A 35 2k 10 s iR
;A7 009 5 e DR 2 R AT T A R OC AT, A B 4 1Y A%
A FE R 1 29 5 e B B F3 B 25% o Shin ZFE 2
SR AL 3 AU LA BB R R L BF5E T T Rl #h i
A R BE 7 43 A1 L ok B3R 5 B 610 Jea 3 A e i ot 2k
N A G O A R G B B R R DA

TE R BT, R X =3 17 S T R 3E 2 )R
PR AR TR BE R T TR Al o A o B A R S T R LA 1
TR, A In SH A 1 SRy 3 e e 1 R R 3 2% S &k
Jed 8 et ot AL Je 0 B A A AP Y R L K AR i

5 JR HR A SE AR E WS R S ml . PRI L 2B T /b
i st B v 2 R 1 ) B % J B 2 R kAT il e O
T H E 56 UE 19 A B o0 B AL 3 — 25 23 B A 56 52 i
RLZ, OF 88 10 X 1 A T H 3807 vk, O T IR i £ il 3 2%
52 FE A 2 Wi 2%
1 BEZBEBREEAR
1.1 R Ei&it

T Bl o 20y Al 48 R 255 % 08 T H AR H
P49 AT K 30 i R B A AR S ML B 16 mm, ik
B LR 2 B 5 R AR R B 10 mm, &5 A (O B A 45
Mg A5 B2 B HLTE ) (JTGD64—2015) " v i 2y 4z 119
RS HLSE , 56 J5 Fe 39 UK 20, Lk 5 i B 45 A 25 A
2 0I5 L N B2 3 S BRAE T 4 L B/ B R AR 4k,
DI 5% 38 2% 1) Jmy 3 R AR e 3R o i1 K B S IR Sk
(14 ]rb iy £ 08, B K7 MR 5 B 7 3 4% . Ha otk BT
BT 3 2 ey A8 e a1 AR A G A 1 T el
Gt e AR DL ORS00 1 W
A RHE B A e [ S0 1 R F Y Q345 AT Q420
Vo040 A 5 B

%!_ b, !_ b !
E1 BZBEHBEXGEET

Fig. 1 Cross section of local stability specimen of flange
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Table 1 Parameter of local stability specimen of flange

KR4S by,/mm t,/mm F K /mm BomSh A 58 = L b, /¢, M TER L A/, B TERL b/t
Q3-hyll 80 8 240 12.5 20 10
Q3-hyl12 100 8 300 12.5 20 12.5
Q3-hy13 120 8 360 12.5 20 15
Q3-hy21 120 6 360 12.5 20 20
Q3-hy22 120 10 360 12.5 20 12
Q4-hyl1 80 8 240 12.5 20 10
Q4-hyl12 90 8 300 12.5 20 11.3
Q4-hyl13 120 8 360 12.5 20 15
Q4-hy21 140 10 360 12.5 20 14
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Fig.2 Boundary constraint condition of stiffened plate
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Fig.3 Displacement limit device of local stability

specimen of flange
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Fig. 4 Schematic diagram of loading
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Fig.5 Test point layout of specimen
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Fig. 6 Schematic diagram of description of component

deformation direction
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Fig.7 Failure modes of Q3-hy11
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Fig. 16 Average stress-displacement curve of local

stability specimens of flange
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Table 2 Test results of flange specimen

B JE

Ew A Eji]:; W By o, oo, o/f,

Q3-hyll 12.5 20 10 295.0 390.9 0.755 1.023
Q3-hyl2 12.5 20 12.5 283.3 379.0 0.748 0.992
Q3-hyl3 12.5 20 15 267.5 369.0 0.725 0.966
Q3-hy21 12.5 20 20 245.4 360.9 0.680 0.945
Q3-hy22 12.5 20 12 294.4 382.8 0.769 1.002
Q4-hyll 12.5 20 10 359.9 451.6 0.797 1.019
Q4-hyl2 12.5 20 11.3 332.8 441.8 0.753 0.997
Q4-hyl3 12.5 20 15 315.9 421.7 0.749 0.952

Q4-hy21 12.5 20 14 333.1 435.7 0.764 0.984

1 R o, A T bR & 2B TR S 38, MPas o, ik
50 e 5 1 B BT 249 B T3, MPas f, A S0 Je R 58 B, Q345 58 B2 i
I 382 MPa, Q420 i Ji i {1 Bt 443 MPa.
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Fig. 18 Comparison of test failure modes and finite element failure modes of different specimens
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Fig. 19 Comparison of the average stress-strain curves of locally stabilized specimens of flange
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Table 3 Comparison of finite element limit average stress oLt | %
and test results %[ 0 )
b2 | b, | b, | b2 |
RS R a, Clea [(61,—0,)/0,)/ % - ' ‘ ‘ -
E20 EZBBREHTEEREHT
Q3-hyl1l 390.9 374.6 —4.17
Fig. 20 Cross section of flange local stability
Q3-hyl12 379.0 368. 6 —2.74 calculation model
Q3-hy13 369.0 364.3 —1.27
4 BBREBBEEI IS T
Q3-hy21 360.9 347 6 PP *4 BERBBENHERSHTUR
Table 4 Parameter of flange local stability specimen
Q3-hy22 382.8 369.7 —3.42 - -
M b/ 4/ bt b/ ot/ WK RETEE
Qé-hyll 4516 s T %% mm mm mm mm mm mm L/mm b/t
Q4-hyl12 441.8 416.5 —5.73 Y-10 600 20 300 10 80 8 240 10
Q4-hy13 421.7 410.0 —9.77 Y-15 600 20 300 10 120 8 360 15
Y-20 600 20 300 10 160 8 480 20
Q4-hy21 435.7 410.2 —5.85
Y-25 600 20 300 10 200 8 600 25
ZMHT B —3.88 Y30 600 20 300 10 240 8 720 30
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Fig. 21 Comparison of stability coefficients of different

constitutive calculation models
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Fig. 22 Simplified distribution form of residual stress of

flange
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Fig. 23 Verification of simplified residual stress

distribution of specimens
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Fig. 24 Influence of residual stress on stability coefficient
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Fig. 25 Comparison of the results of the average

stress-strain curves of Y-30 model
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Fig. 26 Influence of different initial defect amplitudes on

stability coefficient
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Fig.27 Comparisons of local stability fitting curves of flange
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Fig. 28 Comparison between local stability coefficient

reduction curves and national standard curves

MNP 28 R, o [ R L H A BT 8 AL
T 04 JRy RS S il £k B 7 WL I St £k 69 R 7, SR
X S8 LI AN FR VN il 22 18] B B A e A R T e
DY R VL i 2 T T 08 F) B JRE LB A A X 5 R
FER T 1. 20 AR 28 JOR T MRl 5 i £k, 15 W R
YR SR 2 1 22 8] 8 A ke A DR e e e, 2 5
JE= BRI ] LU A 2 ) e o 5

22 T AU, 10 3 2 iy A 28 50 2 7 9 I L 4
PR DS A D 0SS s A e S (@ B/
£ b AT gL . FTLUA i, 2000 a 1Y ih 20T i
1 980 IR 14 A S 9 JE BE /N T I R T B 2 s e Y
FHXT ST L o Bl A A X 8 L3O, 20
4 2 T IR N, 2 T v T RO AL It £k

Perry 24 2XCHUL A A9 38 2% ) 1k 2% 3l 48 304 A
JeEk B S R DALt R G ) S R L 5% R
I H A KL i e AT L . Perry 24 045 19 a7 16
25 2 ZR T IR e AR A s B AR X S JRE L R T R
v RN RSN TR WD MR i DO N N E A N RS EE B
A A HL T i 2T 46 37 B IR (9 A X S )R L . Perry
2 A B AL 2 2 2B AR A T B 5 5
Pl KLSE 2 1], 55 5 [l JL3E S 40T

5 #ie

DT IR 3 2 5y i i e ol g £ 0 e r st b,
Jit A A0 1 3 % 3 5 T IR AR R I h Bk AR AR E
HE TSR A IR, 5 38 5 S0 H R T 10 0, Bl
G TR O R R R B R AR T
e B R 2 RE 7 AT BB Jey R il 2 s 8 R Y 4R T

Z3 ) K

2) A BRIT T 55 A8 Y SR T L AEL 5 290 P A g 465
BEALL, I TH A B 5Tk 5 5 A I 8 A 2 A, T AR A
SR SR A A R I, e R A A JLART ke B B
B FE 1) 1/200, 218050 3 Uk, 1% BROCHE U7 3% Al LA
AT T msh A= 8 A8 %2 734

3) Bt 3 2% G )5 LU A O, BRAY I T B T AR AR
RGP Bl PR R T R L Ol 30 B, B E R KK
Wl /N 5. 405 BT A AR X T AR B ) 4 ke B A AR
RE FR KR /0N B A R R PR 3 R R AR KRl 3R
G VL J5 LU M R SR B ST R s i

4) Bt A R o8 58 )RR LB R, 2 U4 A 9 T 3
% Jr W Fe E AR BRI A SOt Ze P g Bl T
DR RV i £, 5 08T AR P S 5 5 T Perry 23
AL 1 Jm AR E 2R BB AL 2 U R iR T
AL 5 Se e =z 8], H5 S e A N R,
AN gAY T i SR

5) AN [l 5 A 5 B2 4005 1 2 3 2k A e AR —
B, B R BN SEGAR 1 I JR AR E AR BB
T 78 F BT U 6 A T 08 A AR X 5 JBE LB /)N AT L g
%2R perry 28 AU A O TR #EAT IR .

(1] akgdesiy, 25 & W% BER/R & 4487 19 i1 56 T
(7). B2, 2012, 40(2): 6-8.
ZHANG J X, LI G H. Design and construction of
Viaduct in France [J]. World Bridges, 2012, 40(2): 6-8.
(in Chinese)
(2] FLEREL, P&, A, 55 S50 KO 32 0 A 40 22 v I
B[] B i, 2012, 42(2): 66-72.
KONG Q K, XU C R, ZHU B, et al. Design of deep
webs for steel box girder of main bridge of Chongqi
Bridge [J]. Bridge Construction, 2012, 42(2): 66-72. (in
Chinese)
MA B, LIN Y P, ZHANG J J, et al. Decade review:

—
w
[

Bridge type selection and challenges of Lupu Bridge [J].
Structural Engineering International, 2013, 23(3):
317-322.

CHOU C C, UANG C M, SEIBLE F. Experimental

—
e~
[

evaluation of compressive behavior of orthotropic steel
plates for the new San francisco-Oakland Bay Bridge [J].
Journal of Bridge Engineering, 2006, 11(2): 140-150.
[5] BATL H, SHEN R L., WANG L, et al. Experimental
and numerical study on buckling behavior of a rigidly
stiffened plate with tee ribs [J]. International Journal of

Steel Structures, 2018, 18(2): 582-595.



78 A5 TR TR

FAmOF % L)

% 45 B

[6] CHOI B H, HWANG M O, YOON T Y, et al
Experimental study of inelastic buckling strength and
stiffness requirements for longitudinally stiffened panels
[J]. Engineering Structures, 2009, 31(5): 1141-1153.

(7] 2, A%, M, 45 32 M98 IR BE - T n 2

Wit 5 AT, AR 24, 2017, 38(11): 49-54.

FU X Y, WU B, DI B, et al. Research on T-shaped

stiffener design for concrete-filled rectangular steel tube

column [J]. Journal of Building Structures, 2017, 38

(11): 49-54. (in Chinese)

SADAMOTO S, TANAKA S, TANIGUCHI K, et

al. Buckling analysis of stiffened plate structures by an

—
o]
[

improved meshfree flat shell formulation [J]. Thin-

Walled Structures, 2017, 117: 303-313.

GRONDIN G Y, ELWI A E, CHENG J J R. Buckling

of stiffened steel plates: A parametric study [J]. Journal

of Constructional Steel Research, 1999, 50(2): 151-175.

[10] BBk, FRERME . F B i b e ith B2 55 i S5 e it 1 )
SAT[T). SR 5 TR A4, 2016, 33(2): 48-55.
ZHAO Q, ZHAI Z S. Analysis of buckling modes and

critical buckling stress of open-rib stiffened plate [J].

—
©
[

Journal of Architecture and Civil Engineering, 2016, 33
(2): 48-55. (in Chinese)

[11] MUKHERJEE K S, YAO T. Buckling/elastoplastic
collapse behavior and strength of continuous tee-bar
stiffened plates [J]. Journal of Offshore Mechanics and
Arctic Engineering, 2006, 128(2): 145-155.

[12] SHIN D K, VAN DAT B, KIM K. Compressive
strength of HPS box girder flanges stiffened with open
ribs [J]. Journal of Constructional Steel Research, 2014,
95: 230-241.

[13] 2% B #0945 F 17 52 B 1 F LY : TTG D64—2015 [S]. Jbat:

N RS AL, 2015.
Specifications for design of highway steel bridge: JTG
D64—2015 [S]. Beijing: China Communications Press,
2015. (in Chinese)

(14] BREE 3 . HE Bl a0 5 00 AT 10 JR 3 — 4 44 4 O i ith [J].
S EE I BERE , 2013, 15(2): 1-5.
CHEN S F. Stub-column test and interactive local-
global buckling of steel compression members [J].
Progress in Steel Building Structures, 2013, 15(2): 1-5.
(in Chinese)

(15] < Jm b kL 2 R fr ok 56 5 % GB/T 228—2002 [S]. b
AU AR E R, 2002,
Metallic testing  at
temperature: GB/T 228—2002 [S]. Beijing: Standards
Press of China, 2002. (in Chinese)

(16 B AL . I 10 o 20 B0 42 35 A 7 7 38 55 5 2 i 452 40
WFFE[D]. A - A M K2, 2018.

CHEN J G. Experimental and numerical simulation

materials:  Tensile ambient

study of welding residual stress in stiffened plate with
open ribs [D]. Fuzhou: Fuzhou University, 2018. (in
Chinese)

(17] BAIE p& W <> . 3 B W78 J7 45 - I i 1d C 11 AN ) [S].
P 144E 3 5
Japan Road Association. Road bridge in the sense, with
explanation (I steel bridge) [S]. March 14 years.

[18] AASHTO. AASHTO LRFD bridge design specifications
[S].2007.

[19] Eurocode 3-Design of steel structures-Part 1-5: Plated

structural elements [S]. 2006.

(% A%)



