W45 % % 2 W hF
2013 4 3 A

Chinese Journal of Theoretical and Applied Mechanics

=R \ol. 45, No. 2

M2013

DT

ZISE RS B EER T

g2 AR

(Abmiszim K2 L@z, bat 100044)

E LT Timoshenkd#: & Benscotefii BEFF (12 ig, HAL T 5 [EBIUIARIE « 25 HAR & LLLH it 551 ) 520 f
(AR R AT 1 S BRI 2 P e, L 5 I N AT N ARG s, 25 b 1y MGe il £ K =719 05 Lagrangedh 37 4 (i

(KIJ7id, 2558 T DY U1 AR b BT N ) RS Wi O 30E G 1R 17 B DDA L i) 7

B 1F I EE R Tz 2

SN, AEALAS RN AR J5 R ep 2% R T HURR A 10 5% . T8 R B0 S0 % s e i T 548 R S P e LA R v AT PR
TCHCAE RN HA SRR AP BB AR T X EERTEGAIE, 45 ) bh 26 W% 7 B 2 M ¢ AT LA RS B R ek
XKEER EERE T E T DRI, 45380, Benscoted it WIlEEAE I

hES RS TU323.3  XEkERIDAE: A

51 &

FEREGE 32 N AR AU B B S R &
TR, H Viasodt! Fil Timoshenko®: & DLk,
2 F R RE QAT T 2 IR B

L), BE B2 2 h 1) B T SRR T
Bernoulli-Euler 22 it , Bfi 5 — 263k 45 7ERFST
W2 8 T BRI () s A BR oG 5 RE B AR
JEIR 5T A 3 F: (1) Co LA Timoshenkaz: .
TG O71, VR ) 57 B8 RS i AR SR ) o A 1%
7t FEE YV IR L (2) 18 IR Hermit 46 iR
7k B9, s A7 B gy 11 i R 25 b 3 v
AN EITOR 2% & B DAL TR )%, (3) 2T Hellinger-
Reissnerl7 48 4y J BEL 1 5 oG B0, /R 3y
BRI NJST (R ) 3, LA T I LT HEZe 434

R L AR AT AN X BRI O Rl
TEHTIZHNTT 10 R ) VR R 255 R S AR G AR TR
SCHR [7,12- 13 AR 2 A 1 H T i 42 () Bk i iz 50
Br, JESL T 2% FE TS HIR & S W A R AN AR T R, S
Bk [14-15] K5 1X TRl 15 5% W A 0 e 305y 0 450, T
FU T RGN S R S RS,

EREGE R R )R N, kb s B N
SN I AT P An — 8 B . 3% 5 RE R it B Y

SO TR E A 3 Bl (1) R AL 3 o

J7 R () 55 R AAATE Ry R TG L £ ARt A 10%) 44 18 0B
20120806/ F 55 1 i, 2012-09-07 H1& i fi.

1) [ 5K AR R IE 4 % BT H (51278049, 90815021, 51078026).

DOI: 10.60520459-1879-12-218

H () gy v 1213161 25 s il 5Y N ) 1R g . IX AR A
B HIEFE AT FE 37 (FIFE A7 R 1 A $6 12 B8 2500 XY
e, HAR PR ITRE BELE, HHES 1% Wi FE A AR
2%, NHATE. (2) & 1E Hermit 4 i ek £ 1) 77

1% B, AR AL RS A s T 5N — AN B
2 15 I BY N ) R 2. (3) FET N )3 ok AR i 1) R
7% (Hellinger-ReissneRUz 4873 J5i FE B, 4> fit 5t
b2 N E WIORPCY - UTv N SUSY L e P S M TR
FESAE, ToVEH T D RE L, NI SRR, 1T
DA% Rt BY Y. ) s e T 2 1 v 38 T P
A8 28 o ) v R R R TG R L 3.

Y F b, AR SCEE TR T L RE R ST T
g AE28, N TR E R DI Y . AR A DL R
HH B 7 45 RT3 M 4 2 [ FF A 11 R T 2 G
SRJE R CHNETRE G il i3 FR T2 ? , X 451 F
ATBUE ST, WSS R SRR ) 2 R RE R )
SR B LA A RS A B TG A G A Sk v 1 2
EAAREAT X LG, 50k T Sl B 2 PR e R A A P R
SHPE.
1 RN A

AR T 2R, SRR 2 P ARBR &R TR
IREMMARR (XY, 2) FHTZEARER R (X, s n). ELAIAR

PR, x B0 N, y ANz R
T IEARRR AR, s n 23 i i

2) Felss, PRI, = BRFFE 5 [ WL My R 45 4. E-mail: wangxiaof@bjtu.edu.cn



4k

294 Vi

2 EiCd 2013 4 5§ 45 &

rp 2R R [ RV ) AR .
M SCRR [7,12-13) FRE GRS AR _EAT & —
P(x,y,2) WA = 0 i LS N

O={ug=ad-u (1)

X, u NRHAIRS s & DI ALAS;

b, 1 0 0 0z -y —-w
D= = (2)
ady o0z
@D = — 0O 0 O
¢ Js 0s P

o, w A EARRR, sk HARAAKR;
U={Up Vs Ws 6x 6y 6, 6} (3)

NS () RERE AL R 1) F 5 o DAy ARk TR /o Ak FE) i i)
BEAZ 5 v AT ws 70 A h AT B Lo y A Z SRS A% 5
Ox» Oy 1 6, 73 NI SE x, y F 2 S S5 0 D5t
Ay, LT RS, PRI N A [ R A

ou
&x X
€= “lou ee |
Vsx — 4+ =
s 0X

ou
D, —
oX ] )

oD, ou
-u D, . —
as TP 5%

N ex M ys 209000 PR IE AR MBI AR, o P
NI CTE &

o={oy o) =D& 5)
1 D kg R
Tsx = Tsxbt 7B + Ty (6)

A, 1o AL HBIN S35 7, HRUAHBIN T 18 4
BredtBY Y Jy, XTI 75 = 0.

2 TR EFERE

R 1 & 1T TR RO 5 1A 1287230, 5 | N B pAy
g5, IR AT RS SR P45 54 Lagrangelifi i 5 f 1)
57 B RIS £11 5% T PR 45 05 Hermit 1518 pR 8 25 ih
oA A7 R H =45 51 LagrangeffifE ki L. X HF,
PG RS T 4 IS SRR N

u=N-up (7)

A N NIEREFERE. uo ML B &, JFrlk
SRy ls21]
Uo = {(UE) 14t (UD)gr}" 8)
A, ug AN AL, uy NS AR
L (8) A (4) 14

e=B-ug (9)
A, B U HERE. K38 (10) AR (5) 14
oc=D-g=D-B-ug (20)

3 BTN EsERE
R K2 T J5U H AT 75 BT 45 w0 (RSPl 5 FE A

K-up=Q (11)
Kb, KO ITHIEERERE, H
_ T.pD.

K—j\;B D - Bdv (12)

Q MG sk s . K2 (1) PR IT T E
FEHER 5 13

k-ug = f (13)
bk A Z3 0l A R 2R S ) R TG N B R R AN B T
s ) L 3K (13) 2 TR T B0 B NI FE AR
B, (0B HERAARR Z T I VOl I H R A Je i
A, Horp

Ar  Opng

A= (14)
Oz A1

A1 = |7><7 + Ag (15)

I 747 j‘J =7 H@%’fj%ﬁ|1$, (A2)2,4 = —Zs» (A2)3,4 =VYs»
;H;%fﬁ%‘%i/}jy‘j 0, Ys %D Zs y‘j%'t}ﬁé*ﬂ?

48 B

R P T R RERE G, SRA] CHINET S 1
AN BROCRER, T8I S v 545 R S Ak
SERIHERERF A ) 22 1 BV LA i HIAT FROC AT AN
A SCHR RSB PRI T PRI

4.1 Hl 1

H T BUEA SCRE IO IS B YA T S S
e KA VIBOL ) B, X H B2 My =
1kN-cm {1 H (4 KB R EAT 4l 7t (R KA
400cm) AN SF WK 1(a) Fios, #EEEE E =
210 GPa yHfalt u = 0.25.



* 2 M

RIS : 2% PSR i) AN B D) A TR 1) 2% ) i BE e s 295

z z

IR
| !
|

]

|

- |
= 3 || +——>

o 0

1 Yy | Yy

_J i

S E
10 350

(a) (b)

1 #i ) (em)

Fig.1 Cross sections (cm)
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Fig.2 Torsional angles
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Table 1 Torsional rotation and warping function

Methods Elements Oy/rad 6/(radem1)
Benscoter — 7.278410° 3.644%10°8
Shell181 1952 7.281710°¢ 3.675%10°8
present element 4 7.27%80°% 3.644 %1078
Beam189 4 6.9070106 2.7035¢10°8
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Abstract Based on the Timoshenko and Benscoter’s theory, a new spatial thin-walled beam element with an arbitrary
open or closed cross section is proposed in this paper, accounting for the influences of shear deformation, flexural an
torsional coupling and warping shear stress. With introduction of an interior node to the element, three-node interpolation
functions are adopted for bending angles and warping angle to consider shear deformation and warping shear stress, a
to avoid shear locking simultaneously. Through a kinematic description of the cross section of a deformed thin-walled
beam under loads, the flexural-torsional coupling is included in the displacement and strain equations. In order to verify

its accuracy and convergence, some numerical examples

elements presented in other documents.

ong Universitfeijing 100044 Ching)

are analyzed and their results obtained from the present elem:
are compared with theoretical solutions and numerical solutions of the commercial finite element software and other
literatures. Comparisons indicate that the present element is free of shear locking and more accurate than those bea
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matrix

Received 6 August 2012, revised 7 September 2012.

1) The project was supported by the National Natural Science Foundation of China (51278049, 90815021, 51078026).

2) Wang Xiaofeng, lecturer, research interedtsin-walled structures and th

in-membrane structures. E:nwéingxiaof@bjtu.edu.cn



