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Abstract: The bearing capacity and mechanical behavior of inner-and-outer flanges subjected to tension and
bending loads are studied. A semi-analytic computing method is derived based on plane-section assumption. The
results achieved by this method are compared with those obtained using nonlinear finite element analysis (FEA).
Mechanical characteristics of the inner-and-outer flange are revealed through investigation on the variation of
rotation axis, neutral axis and bearing capacity with the axial tension force. Finally, the bearing capacities of a
series of inner-and-outer flanges are computed and analyzed, and a calculation method is proposed for design of
an inner-and-outer flange subjected to tension and bending loads. It is found that the flexural capacity of the
inner-and-outer flange would decrease with an increasing tension force. Compared with FEA, the semi-analytic
method has sufficient accuracy and higher computational efficiency. The proposed calculation method for design

has higher reliability and accuracy, compared with the traditional method for computing the bearing capacity of
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rigid outer flanges. It can provide the basis for the design and calculation of inner-and-outer flanges.
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capacity; calculation method for design
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Table 1 Dimensions of the flange
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semi-analytic method, respectively

M1 4 FTRHL, AAMNE AR RS At 3
T, HREUNS, KRN 1) HEHEL

RN 22 A M0 25 2] e A= Bl AT, LE B P =2
NEBRZ5%7): 2) SN, E2REAREK
A, HVE R AL TR B, R far K-
LA I 2RI B 2R, FR T I A AR A N 22 il A
S5 TAE, 1E22 85 1R NI R A M BUE I
3) FREAVERT B, SRR o = A R A A, AT
W TR T R AR AR LR M RIS IG K, I ME 22 1)
AT B 5 2 B A
TEFAEM B, FTCUR A IR G/ Hr 4l A
Wt A Roe 4 — 5. X Tk 22 ARl
[ AL 22 P18 e ) 32 B IR SR i, 25 A R A Ak
TR B, IR RERAETE P AT 7 V2 R4S B T
PRI, TAEHLPERT B, 5 5208k JE IR 41, P
W 7R BR T AN J7 16 BT 3R A3 1 485 TR 22 98 A
Ko FEFIBTERBL, LLN=1300 kKN N, 44 L
AN 0.005 B, FIRITHITIREGINEZEER
1267 kN, TN 7k EE R 1211 kN, P
RZEANT 5%, FEH RT3 AT 1 45 FAH AR
o PLEAHTEREE, SRR 72t R ATt
PRBIE 2 52 hr 25 L [FAE IS 1) ) SRR
A BRI o At 45 B rp Mg A A T N 1 S g 4 A
AL, NET B AT TP 9% )18
RUEAL: (4~ 357 . 77 38 1) ekt R 5 58 B 4D 25 6 A 1%
TR B AR HE, K452 0B KR 1)~ 35 B AR (&
IRVERIAS)ILE] 0.1 I FE AR AR S 4E . R
ST RS UE B i 25 SR I LU IR LR 2 A S
A LRI RO VE SRS R IR S R R4, AR
TCIRAT ) Jee R 25 5~ T o B 8 R R
#2 ARTHEBTTEEROLE

Table 2 Comparison of FEA and Semi-analytical results

AN SERRHT U4 (KN« m) FEA %5 3/(kN « m)
JERASHE RS EIREE MRS

0 1084 1507 1160 1473

1300 725 1167 861 1217

2500 382 882 576 926

3800 187 488 303 579

5000 28 79 40 160

3 HEHRL AR

B 6 25t 1 AEAN R R a4 A 7K1 e
i B B AR RIS Ol EIEITT DL, el s R
5 M 2R/ RGN T ANk )  RIVEORG BT i >4
(g, FFUCSRT —NHEAUE . I 6 58RI A,
SRR TRTIRT , b 174 457 77700 R U v et A 5 v 125 il



82 T I
1600ﬁ T T T T
. —o— IR, LARHT
\\,.\\ e )H".Hﬁ'%"ﬂi, FEA
]2001i \::ﬂ\ "D"’fﬁli&%ﬁv iiéﬁéfé“li
. & s —m— WRZ54, FEA
E S
é 800
S
w
#4001
N,=5212 kN
0 L

o 1 2 3 4 5
I IIN/(x10° kN)

Bl 5 PEHTTHE T ERTE BR T2 4 45 SN bL R

Fig.5 Comparison of results obtained by FEA and

semi-analytic method

1600m|| T T T T
il N;=5212 kN _
il —— N=1kN
s s N=1300 kN
200Ry e N=2500 kN1
g e —-—- N=3800 kN
3 MR - — - N=5000 kN
- [EREAY
BT 800 MY\ _
= N
g SEURRN
H N ~ o
£ 4001 \.________‘_:— —— e~ 3

0 ' -5 ' -5 ' -5 ' —4 —4
0.0 3.0x107 6.0x107 9.0x10™ 1.2x107" 1.5x10
i

Ko rhitihfs R th %A1k

Fig.6 Position of neutral axis varying with curvature

R JUAHIEE SHTes th AL Gk 2211 5 5%
FEA—H DL B i 2 A B BT ORI
5E) (DL/T 5254-2010, LUR RIFRBEE) ), Hm
SE 1R 2R B S I A e K MR A L T VA%
AT, A
MY, N _ .,
Mm_iﬁ?rng (19)
Rt N, NZIE KRR Z i i
BHH: N IR R . M ORI
M BEREAOLE Y R M /N (e, %
ZEHE R T 0.8rg, I, WY =0.8rg, , #HixLE /)
T 0.86, I, MY =0. BimR, FLpd
ety B 5 EAR, Hlin Gaggiiiit
BFE) R E R AR Y =0 1R, — HA%
A (19) i 5 5 I 32 I R e I, T e R Al H
Y =1.0rg,, » N(19) IR, 2550 7K 3 A ) 7k
BN EAELL N 7 B TER R

5E A4 S MRy

Yo=Yo—&n /@ (20)

i ep B A RRAE AR, g H N Z

HAEMAAMFELA A B, g, =N/(ZAE,) . B4
EEN R OL s = i i e ok € R I S PR
T 1) Rl . B (20) 3R AR 45 R T 7
FH AT I, 0 R AR R 77 5 0 5 6 e A AR A
BAEARRIITR SR P ZHAE S, 2B
A T R 5% 22 52 A D R e A R R
A5, REPEZEZH . 2 ILFEE R igseh )
T I £ B B 0 A2 AN A2 S I R IR . X
kb, BIFEERR, WNEZEERX
SRS, TR XU R AR R A IR AR X K2
JIW AR, TEIX RS R 1 aFEE . Ptk
JANE, 2 TTHIA X R4S 4 SO il o 1 il e
il BIR TR, kA R A R ik AT
8 8 R N S Al E A, X ANEERTER T

/)
(CE NG
400 r T
N,=5212 kN
=
£ _
= 300F ===
o -
W | e eemAmiTIN
el -7 SLREEET
200+ 7 o
e /
S / z —— N=1kN
= ! O N=1300 kN
o 100 F! /e N=2500 kN
> | —-—- N=3800 kN
A - = - N=5000 kN
0L 20 1 1 1 1
0.0 3.0x10° 6.0x107° 9.0x107° 1.2x10™* 1.5x107*
i)

Bl 7 4 SO il b v B T AR Al
Fig.7 Position of nominal neutral axis of bending varying

with curvature
W7 A OV Y P b ik 2 a2 I e A e i
SO, AU HEANGE— P s, M SRE TS
S il [ b ) ANV R e A . R

Ntbmax = Ntmax _; (21)
M =R(19)F -
MY
N = ZY-IZ (22)
i
[ 1
n’\?2+(22\7i— M th\?f— M v o
Ntmax Ntmax
(23)
|
~ 1 M _
Yl,Z _ﬁ{ Ntbmax _22Yi i



T %

VA 2 83

2
\/{NT —22\7& 4“'{2“%2%\5}}@4)

U n' YRR 5 e e Tl o B T 5 TE N B B2 R AR 4L
Ho xF2hn, SIEMTFMEE, HHEY>0.
HI SRS 0 R e il T 7 Gz X)) [ A
111 e A b o7 B SRR AN, DR e AE B 3R (24) 15
I, %R S IEAR T LA IERTY .

AR5 (24 T FRATE 2 e e i i 25 R A48 A0 )
2, Wk 8 . mERTIL, e i BAE NS HE
RFEAAL, SR IRRR R AR, RS A,
— LR A o U T o 2 PR 2 P A (ELS
RIS, R ) R /N, R i AR AT
SRR R R R A, VAR Lk ) e e Al i
A S ORFFANAR, 1T 2 B 25 48 0 17 5% 12 A 25
B, ELEMERRIA B . MR IR O e
i 12 A SRR 52 h o KRR R A S R,
FLAIORFEANAS, AR I 56 5 25 R0 A B v AH 44k
BEN R ARBTBG, 852 7 B ORI AR A B BR N AZ AT,
TR T RS S ES AT

600 T
. N,=5212 kN
] .-
450 ! /.
£ ! .
g 1 /
1;_ I /'
Eﬁ"ﬂi 300 " - -
= | e ——N=1kN
e DY S LT N=1300 kN
P4 150 pr=———=% N=2500 kN
—-—-N=3800 kN
- — -N=5000 kN
0 : 8 ! 8 y 8 9
0.0 3.0x10 6.0x10 9.0x10°  1.2x10
5 i # M

K8 e e = My 338 1L

Fig.8 Position of rotation axis varying with bending
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