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Restudy of calculation method of cross-section bending capacity
for preflex composite beams
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Abstract; To simplify the calculation method of bending capacity for preflexed composite beams in current
standard, the calculation method of plastic bending capacity was deduced based on the theory of plasticity, and a
simplified calculation method of bending capacity for preflexed composite beams was put forward from the aspect of
security. The bending capacity of seven experimental beams was calculated by the simplified calculation method,
the elastoplastic calculation method in the standard, and a deduced calculation plastic method. Nonlinear finite
element analysis was carried out on the preflex beams by the general finite element analysis software Abaqus, and
the calculated results were compared with measured results to verify the accuracy of the proposed calculation
method. Results show that the differences between the results calculated by the proposed method and those by the
elastoplastic method were less than 2% for the seven experimental beams. The calculated values were slightly
smaller than the measured and simulated values and showed good agreement, which could satisfy the requirements
of calculation accuracy and safety in practical projects. The proposed simplified calculation method of bending
capacity was simpler than the method in existing standards and the plastic method, which could be used in the
calculation of cross-section bending capacity for preflex beam bridges. Based on the research results, an example of
preflex simply supported beam bridge calculated by the proposed method was given, which could provide reference
for practical projects.

Keywords: bridge engineering; preflex beam bridges; theory of plasticity; bending capacity; calculation method

B AL B (R AL A R A AL A A ) KIS TR T R A S,
) RAETE TFIGMR LU —WIRSE+ O R0, B 55 Pk RS R 4 3 M MR 1G5 5
AL T4 26— TREE -, ORI AR I S B0 AE PR (02 R A IR 388 S5 M L, 4 LA R 4
Kb TR 9 — TR BE L W BUR R 77, RS (ol HORE K IR R 7S | ELPU AP R, 5 TR A
TR L 5 H AR H , PO R P, IE R TR
TN 2L 4 A 0 A TR 4 L B T

B 2021-01-28

BRI BEA (1995—) 5 Bi--WFet: JIIREE S5 AR Ho A HM R A D0 | I 75 S A
— E % @ . H N N . N, N \
e e e WER 2T IR DR 35, AT B2 T 2R

BEEE: W, mingyang@ seu.edu.cn jfi*]}.ﬁ/&ﬂ%i}ﬁﬁj%%*ﬁ[ﬂ .



. 66 - ®oR

=S N A N S

i 554 &

i GRJ2 20 20 40 ARACS W H LA TR U
A. Lipski (FE03E ) S48 A0 EAMNT B 4 A
B Ao OB SE % 1 F B2 H A, H A
P25 BRI ) SR FE TSR A S T i AT T
5T, A T3 B br e b s i
) 2 2 A R A T R o A T 1 TS 4
GEATR (0 SR P P R A5 TR T 5

TS AR X 55 AE NG, BN
VT FBHIT A D 7R 0 R i 28 TR 200 1) SE il
b RIS A R N ) PR R s &
BER FH DASA B o SE R A S T ek T B
V. FF 4 P 4 A R A AR A BR R L A T —
FICREL g (9 1 H 53 75 v, OF i I AT 00 0E . B AR
S SE I X 10 R G A e IR AR A 7 3 56 K T
TR EE - 18 SR P BB B AR B Ak 28y A T A
FC, PR E R T R T TR Bk
T S BTN S AR A IR IR 45 0L, 4R
THE RS EA R, T A IR T G R
S MEMGR B EA M TN GE b Sl A i R, 1T A2 R X R
SRR N S o0 A B, A — i 2 3
T 10 F P g Al kg, JE e Wl 41 5 i 4
PERE BRDRZS A B R HLBRAR 1 3T o 8 v B2 A T
LA UL AP B 50 B 0 SE TR vk, FOZaT
BONERIHRE SIS EY & BRI, ElLZ 5, H
PR O T 4 A TR PR 7 2 BB ) B 5 T S A
ELE 2018 4F, " EA Fr 53k & @i S aiAn T ( iy
TR 14 A RARE AR bR HE) (CII/T 276—2018) 17
PR TR v BS 45 T S 4 A R
RIS R R HZ AT
P 20 A BB AR IR B

r ] LA A AL A S5 AR, anAE s I 2 a
BERBAAT 1) 0 — TR Bk 4 20 & FF 2 Ve ) (GB
50917—2013) """ F #4544 % 3 BLTE ) (GB
50017—2017) "' 45 JHAMIR A & R b 2 R 2

TR T BT RN R SF AT TR E
(W BN A A R R AR UE) (CII/T 276—
2018) 7V A B AR A T T A S I ik S B
LR T BT A TR, 5 TR AN
SRR S AT IR RS, X S N
A BB KB R T g, 1 B
(TS TN ) A A R R bR HE) (CII/T 276—
2018) 7 R R R BB AT AR AR R A T
fai b, RIS S5 43 5 53k 2 I A A SRS
RIS A —2,

1 BB AR EIE A &
AEHE ARG EARK

AT 025 TR ) 240 A AR E R bR ) (CII/T
276—2018) " Hr g M T 3k T 9 0 M B A A
TRBIH AN, R E Ik R TS H A3
SSAPERY BRSO B R AL T B A, BRI TN
X7 H

YoM, <M, (1)
Ao M, R EGRE AR T VE RN AL A
(AR I 25 R TR T, M, R AT e IR A S P e
PATEPUE RS THE, v, ATFRESH E

BT RS DU EARBET 1) AR
FEE ke , R 92 5 1R BE £ (Rl o 8y % #2040 %
R H W, RS W BRIERN ZE BN &, =
3 500 we;2) —WIREE -+ I T WITREE+ A SZ R IX T
JEEHR AR, 2 7 AR 3) AN R A
MR AR A H A ] IR 8 i AR, DO B RE A L A7 e
DI, A A0 o3 Ak 21 et IR , I g 43 A1 SR o
JE, BN 3 ¥iR BN B 0P B et 4) —01R
&+ 32 TR IX N 1534 I LR T BB BEA

FRAE AR , T 3 S R e 1) TS 4 A
P RE S E R A WE 1 s pE R,

£ —
= | * ] /RI
= - o BREEH
fi

1 EBEEREAEENTEER

Fig.1 Schematic of calculation of elastoplastic bending capacity
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Fig.2  Schematic of calculation of plastic bending capacity
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Fig.3 Schematic of simplified calculation of bending capacity
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Fig.4 Schematic of cross-sectional dimensions of experimental beam
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Tab.1 Dimensions of seven experimental beams
Py Bte/m  ISEEERE/m b /mm b, /mm h /mm h; /mm by /mm h\ /mm h; /mm
W3-3 3 2.8 320 250 230 60 85 20 70
W3-4 3 2.8 310 250 220 60 90 20 65
W5-1 5 4.8 375 305 260 55 90 35 70
W5-3 5 4.8 360 305 280 60 90 30 70
W5-4 5 4.8 365 305 270 60 90 35 80
W7-2 7 6.8 450 350 350 70 105 15 75
W7-3 7 6.8 460 350 350 60 115 25 80
g b, /mm hy /mm h, /mm b /mm ¢/mm by /mm by /mm t/mm h, /mm t, /mm
W3-3 50 10 78.00 150 40 117 117 6.3 140 6.5
W3-4 60 10 72.60 130 40 121 121 6.5 140 6.5
W5-1 55 10 78.20 195 40 177 178 8.1 175 6.5
W5-3 62.5 10 77.95 180 40 180 180 8 178 6.5
W5-4 60 5 84.02 185 40 179 179 8.4 177 6.5
W7-2 55 15 87.64 240 50 199 199 10 246 8
W7-3 60 10 88.29 230 50 199 198 10 246 8
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Fig.5 Loading elevation diagram of experimental beam
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Tab.2  Comparison between measured and calculated values of x, and M,

%, /mm M, /(N -+ m) R TIXT EE
e S eyl %fﬁﬁ %%f&’@ ?ﬁﬂ:ﬁ if}ﬂﬂ‘{ﬁ/#%’ﬁ %?ﬂﬂ@/%% i@ﬂ{ﬁ/ﬁ%
WHEE  HEE A TR AT HHE
W3-3 55 47.29 65 750 63 803 63 804 63 802 1.031 1.030 1.031
W3-4 51 59.26 68 130 63 714 63 845 63 451 1.069 1.067 1.074
W5-1 — 62.93 148 600 126 681 126 858 126 325 1.173 1.171 1.176
W5-3 72 64.68 135 400 128 953 129 178 128 504 1.050 1.048 1.054
W5-4 75 71.13 146 200 129 375 129 792 128 541 1.130 1.126 1.137
W7-2 104 96.54 270 550 260 076 261 609 257 011 1.040 1.034 1.053
W7-3 84 69.01 276 400 275 250 275 334 275 086 1.004 1.004 1.005
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Tab.3 Influence of elastic core height on cross-sectional ultimate bending capacity

e by /mm M, 7N+ m) IR
S YT R 2218 ST
W3-3 0.991 877 63 803 63 802 -1.6 -0.002%
W3-4 12.758 1 63 714 63 451 -262.7 -0.412%
W5-1 14.834 1 126 681 126 325 -355.6 -0.281%
W5-3 16.681 3 128 953 128 504 -448.9 -0.348%
W5-4 22.729 5 129 375 128 541 -833.9 -0.645%
W7-2 38.889 2 260 076 257 011 -3 064.6 -1.178%
W7-3 9.011 83 275 250 275 086 -164.6 -0.060%
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Fig.6  Models of experimental beams in different stages
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Tab.4 Comparison between measured, simulated, and calculated cross-section bending capacity

- M, /(KN - m) ARSI
’ e ARG e S e AROTH R e R

W3-3 65.75 66.47 63.80 1.03 1.04

W3-4 68.13 65.33 63.45 1.07 1.03

W5-1 148.60 149.86 126.33 1.18 1.19

W5-3 135.40 150.20 128.50 1.05 1.17

W5-4 146.20 148.70 128.54 1.14 1.16

W7-2 270.55 293.37 257.01 1.05 1.14

W7-3 276.40 310.14 275.09 1.00 1.13
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Fig.8 Cross-sectional dimensions of preflex beam (mm)
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