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Analysis on influence factors of stability ultimate bearing capacity of

U-rib stiffened plate of steel box girder
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Abstract: Steel box girder was widely used in bridge engineering due to its high stiffness, light
weight and other advantages. In order to investigate the stability ultimate bearing capacity of U-

rib stiffened plate under compression, finite element method (FEM) which took geometrical and
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material nonlinearity into account was used to analyze the stability ultimate bearing capacity of 9
specimens of stiffened plate, and the validity of FEM was verified by comparing the FEM results
with the experimental results. Furthermore, a detailed parametric study by using the verified
FEM was carried out to determine the influence of width-height ratio, the stiffness ratio between
bending stiffness of stiffener to the overall centroid and that of parent plate to the overall
centroid, initial geometric imperfections and residual stress on stability ultimate bearing capacity
of U-rib stiffened plate. The results show that finite element calculation results are in good
agreement with test results, which verifies the correctness of the finite element simulation
method. Width-height ratio and ratio between bending stiffness of stiffener to the overall centroid
and that of parent plate to the overall centroid, affect the stability ultimate bearing capacity of U-
rib stiffened plate significantly and have a good regularity. Influence of initial geometric
imperfections on the stability ultimate bearing capacity of U-rib stiffened plate has correlation
with the first order buckling shape of U-rib stiffened plate. For U-rib stiffened plate with the first
order local buckling of parent plate, when initial geometric imperfection value reaches to 1/100 of
the width, the stability capacity of U-rib stiffened plate reduces by 28.3%. Residual stress also
influences the stability ultimate bearing capacity of U-rib stiffened plate significantly. The
stability ultimate bearing capacity of U-rib stiffened plate maximally reduces by 11. 1% after
considering residual stress. The research results can provide reference for further research and
application of U-rib stiffened plate of steel box girder. 9 tabs, 14 figs, 20 refs.

Key words: bridge engineering; U-rib stiffened plate; stability ultimate bearing capacity; initial

geometric imperfection; residual stress; finite element method
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Fig.1 Configuration of model
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Tab.1 Numbers and cross-section dimensions of specimens

. BEAR | 2y | il | | mEh | n#h W | s
;jg JEE | REE | ¥ | R&SE | F&TE| M | MR
t/mm |tw/mm| h/mm | b;/mm |b/mm | B/mm | n/%
SP1 2 3 95 | 100 55 200 6
SP2 4 3 95 | 100 55 200 6
SP3 6 3 95 | 100 55 200 6
SP4 6 2 95 | 100 55 200 6
SP5 6 4 95 | 100 55 200 6
SP6 6 3 85 | 100 55 200 6
SpP7 6 3 105 | 100 55 200 6
SP8 6 3 95 | 100 55 150 7
SPY 6 3 95 | 100 55 250 5
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Tab.2 Material properties of steel

i J5 SRR | RO | RS | AR PRSER B | AR BR N AR
t/mm E/MPa | fy,/MPa ey fu/MPa €u
2 1.94X10° 379 0.002 0 526 0. 145
3 2.00X10° 350 0.001 8 502 0.197
4 1.96X10° 311 0.001 6 440 0.190
6 1.91X10° 378 0.002 0 486 0.198
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Fig. 2 Finite element model and boundary conditions of

specimens of stiffened plate
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Tab.3 Comparisons on finite element results and
test results of stiffened plate
7 B
W P./kN P4/kN P./P} WIRE
SP1 2314.1 2 148.0 1.08 Iz
Sy f ke SP2 3016. 6 3103. 6 0.97 A
SP3 3740.3 4 065.0 0.92 B
SP4 3190.3 2 802.7 1. 14 B
SP5 4314.1 4.300.0 1.00 izl
SP6 3 740. 3 4 .090. 0 0.91 A
SP7 3 864. 1 3 850.2 1.00 B
0¥ e P SP8 4139.1 4 400. 0 0. 94 A
B b A R SP9 3364. 1 3473.0 0.97 B

Fig. 3 Constitutive relation of steel
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Fig. 4 Comparisons on failure modes of SP5 specimen
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Tab. 4 Detailed dimension of stiffened plate mm
fmEhtss | B t by by h ty R, R,
ST1 600 | 24 284 | 167 | 290 8 50 50
ST2 600 | 20 284 | 167 | 294 8 50 50
ST3 600 18 284 | 167 | 296 8 50 50
ST4 600 16 284 | 167 | 298 8 50 50
ST5 600 14 284 167 300 8 50 50
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Tab.5 Finite element analysis results of stability ultimate

bearing capacity of stiffened plate

5 8=0.5 W2
EL BB R /1 /KN
” A/ %
e
p=0.5 | p=1.0 | p=2.0 | p=1.0 | p=2.0
ST1 32599.7 | 32341.9 | 32 087.3 0. 80 1. 60
ST2 28 013.3 | 27 619.8 | 26 922.5 1.42 4,05
ST3 24 635.9 | 24 284.5 | 23 654. 3 1.45 4,15
ST4 21 921.5 | 21 506.6 | 20 928. 2 1.93 4,75
ST5 18 810.9 | 18 590.5 | 17 954. 8 1.19 4,77
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Fig. 6 Comparison on overall process curves of

load-deflection among stiffened plates
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Fig. 7 Relationship between stability ultimate bearing

capacity and width-height ratio of parent plate
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Fig. 9 First order buckling modes of U-rib stiffened plate
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Fig. 10 Overall process curves of load-deflection of

ST1 stiffened plate
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Fig. 13 Relationship between ultimate bearing capacity of

stiffened plate and initial geometric imperfections
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Tab. 6 Stability ultimate bearing capacity of stiffened plate with overall buckling

& 25 SR [ 490 iy JU AT S e st o 50 A 0 A B 7 3 /KN Y5 T G JUART B B 1 25 (E 1 4y b/ 6
ETRE 0 a/1500 | a/1250 | a/1 000 a/750 a/500 a/1500 | a/1250 | a/1 000 a/750 a/500
ST1 32341.9 | 32 168.8 | 32 134.8 | 32 082.2 | 31 995.6 | 31 821.7 0. 54 0. 64 0. 80 1.07 1.61
ST2 27 619.8 | 27 465.0 | 27 434.9 | 27 390.1 | 27 316.0 | 27 168.6 0.56 0. 67 0.83 1.10 1.63
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Tab. 7 Stability ultimate bearing capacity of stiffened plate with local buckling

IESIE 5 JE AN (AW A JU A S5l B o 50 A 1) 43 B R 27 /KN 55 JE ) 0 TUAAT I B B9 22V VT 23 b/ 4
%7 0 b/300 /250 b/200 b/150 /100 /300 /250 b/200 /150 5/100
ST3 24 284.5 | 24 270.1 | 24 266.2 | 24 261.1 | 24 254.9 | 24 245.5 |  0.06 0.08 0.10 0.12 0.16
ST4 21526.4 | 21 519.4 | 21513.6 | 21518.3 | 21 515.1 | 21 507.7 |  0.03 0.06 0.04 0.05 0.09
ST5 18 590.5 | 15439.7 | 15012.7 | 14 562.2 | 14 004.5 | 13 321.6 | 16.95 19.25 21.67 24. 67 28. 34
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Tab. 8 Parameters of stiffened plate mm
NI R B t be b h Ly R, R,
HZW1 600 12 300 | 170 | 280 8 30 24
HZW2 600 14 300 | 170 | 280 8 30 24
HZW3 600 16 300 | 170 | 280 8 30 24
HZW4 600 18 300 | 170 | 280 8 30 24
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Tab. 9 Finite element analysis results of stability ultimate

bearing capacity of stiffened plate

A B/e FE M IRAR 1 /KN e PR 3%
%5 TIRARBLSY | ATERARBIS | IR/ %
HZW1 300 14 407. 6 12 801.9 11.1
HZW?2 257 16 799. 1 15 238.0 9.3
HZW3 225 19 299. 3 17 529.3 9.2
HZW4 200 21 412.3 19 919.0 7.0
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Fig. 14 Influence of residual stress on stability ultimate

bearing capacity of stiffened plate
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