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Theory of Thin-walled Component Stability
Based on Finite Rotation and Its Application
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(1. College of Civil Engineering, Tongji University, Shanghai
200092, China; 2. College of Civil Engineering, Southwest Jiaotong

University, Chengdu 610031, China)

Abstract: To overcome the default of the classic theory,
semitangential rotation was introduced as the spatially
rotational parameters. Based on the second-order rotation
matrix, the expression of the second-order displacement of
beam element was deduced. According to the finite
deformation theory, the strain-displacement non-linear
relationship for the thin-walled structures were presented.
Based on the Bernoulli plain section assumption, the relation
between rotation and transverse displacement derivative was
derived. Thin-walled component stability theory was adopted
to duduce the total potential energy of flexural-torsional
buckling, which verified the traditional formula and overcame
the defects of traditional theory. The analysis results show
that the proposed theory is suitable for flexural-torsional
buckling analysis of beams under any boundary conditions and

loadings.

Key words: nonlinear analysis; buckling analysis; thin-walled

structure; semitangential rotation

WeRs B 2015-05—07

1 NEIRESTH

FEHEERR AR E HL b, A S B %
e TR 2R BY U 7 AR BB RRTIE IS A SIS T
FEAS By X L) T R A BRI BB  EL TR R
WA B AR R AW, 3 HiF 2 HEM
R LB AR i A2, B n 3R E CR S5 B 1T
FM (GB50017—2003). SCHR[2-3 I B4R B T
SFHECTIRE, S DERA SIS BB E R,
EATS SR WA (fe s - R T 4540 A AR T A, R AR 45
PR B TN 55 Bl R BB 4% — 8 IR P R AR TR R s 5t
B 0 A —2

xR ANFEZS MM R, 28 M A R R &
RESFR BN sc A, Argyrist™® %23 [B1 4 FE% 3)
IR e Bt R 3T, TR X5 WS (BB 2 1D i &2
FEEMNEDEN IR SR EE TP #igsl
A RN S B RS A BER R, X T
PR M O i, IR FH T M 4A 408 10 A8 3l 1 TR PR
RSN A RRI A, fRR T R BREE S  A  RE T
YRR RS, Kim M Y, Chang S P ,Kim S B,
BN AN LRI R B S I TS AR
% 18 LR A A R R Y V) R £ R R TN B S A R
R EAE 1Y s B S R 1) — B F — By SR AR IR i =
IR AN [R] (1. S50 JUATIE L o 1A BROC 15 7 12
5 B AT TR B30T R B, Bathe™ 47 T K&
BFIE @ T =4 R on B K sh /NN AR
U. L. 51200 T. L. 515047 0 . BRBUED DL =4
BRI R E TR IR, BT S 4R R
BE IRV N A1 4040 UL L. 53Rk, 38 0 T 8 i LA R
MR, BGE T Bathe FYAELR PR BT, AT IR
AT U L SR A B AL A SCH AR M K
B ARA R, B3] B shdE 2, it
S HBRITH RS IR A IR AR TS HE . 5 H

HfrE: RAOFATF WA, REBRIT W 2 EEH i 2 A4, E-mail: yushaolel0@163. com
WIVEE: A 00825, T, JHW, ERFEIr 1M K25 [0 454 et FROT I 8. E-mail: suzhouzhouyi@163. com



508 Gl PN Q= S )

Bus

MPEALRS 5 AR AR R MR R L 12 I R R A2
b2 b Y A G Rk W VDRSS PR e g
FIH B SEEA R, 5 B SCER o A 5 R BEAT LU AR
2R B FA SCHY 7 % 225 SOk i e £ 3 Y
EFAB R 2R/, B BUS AR m IS .

2 fRERERIBHIERME

SRR 5t B A SR B B R T A
M2 A R, (AR I R R R TR i
PR — R B S0 W = A

AR AR L 1 7= AR 9 S8R O B _EAT—
s P, ) BB KRBT RIPTR RAR K15 OB
FeLRIEBT YT R R Bh 0., SRS P B SR BT U s
Ehhar e sh —U.. . U,... QR Yo 5 55 V1A Y
FHNFER —U... U, RIS R BT ) 10 Rl
ol B SIRFE R 0. — U, Uy 5
TR BENESHKITR 0,,U,.. —U.... AR
WRETR A P(x, ) A

2 B B A B AR A I S 58 R BT U AP0 B 4R
gl P53 5 58 85 UL K P A0 3 e sh A B B 1 7%
LR R AT S 58 BY V) A3 B T 2 o A % 5, 2B
DIep OB sh S B AL A A AE R B LUAS [R] B e
SHURF TR R ALRS LA ). 313 AR 454 F) i il 2
SRS P A RN, SRR L i i AR S e sh i
AR WP TG R I AR T 7 i i F) e A i R A ol
e S R TR Bk A R FRR ) AR I R P A LA

BRI 1 AL e AR e BV o A T b4
RBIBH SHMT A LR 1—cos 0 R T R IF%
BT, WORRETE BAE— R P, ) Wi A2 5%
JERH 1—cos 0~0 RYEIL TS B K, B LR £tk
IO BE AR £k P B 1) B AZ BR A LR Y 1— cos 0~
0. SRARLRAESN I BEERS AR 1— cos 00" /2 HIT
k. FER—AN S At 1—cos 6 KA T BIFA R %
BRI,

3 FUIEER

Xt RIS K A [R1RE, R R 8% AR e sh A2
B 5 24 SR B AR 7 A K R e sh i, HL A
RETE ARG L. R, & LA B s &
FEREEM. PG T L CRTERE TR F shik dtar
A BRIGA A, PRR A AR e 5 B 44 £ i 4 2 £ BT
DR R B R AR AT R XA » DA T 263 455 4 B AR RO 2 A6
e ER) A7 fif AU TS8R e AR T AN A B R W)L o bk B
PR B0 5T 11 2 W JBE A P AN X AR T 415 R ER BRI, Argyets
RE T R BB B AR B, 5 58 10 52 [T E OB R e B

WAL EREICH 6,6, G AMBERETRR
N

e =0+0—6, X0 ey

01 =6 +6—80 X 2
oA, 012, 0 S BRIE ST B BN R UK B £, i 2f
DIEREE A1 N3 WA (R T B sh e /9S4 4E. I
AL R RN ARE 0.0, Z M. BB EIE
S AR RE HE AT ok B B0 I vk 18 IR . 258 S0k
[7]9&%193’92 %%*@%ﬁﬁ%ﬁ%&,&w&wﬁ
Xof o7 e s R hy

— 2 -
1+ 8EE 00y 4 00
R=| 0.+%0: 1-G&Fe _, 00
i 2 2 * 2
—g,+ %0 g 400 1 BTG

(3

SRR R B LUT LM -

(D&M R—IERZM, ) R'R=L.

(2) th T ESE R sl L U1 e 7 M BAT vl sc ek
P AR shFE R S R s ¥ oK.

(D HPERT 2 WA, SRR R LA M —.

4 BENMGERAREATHREER

AICRAMEABE R ORZFE)SHEE
REHE; QBRI G P &L R FEHEm;
QZ S HAM TR v, = BEHh AL QKRBT , K
A /NSAR s ©BME 35T, & 1a] W] A R

TERHITI 45 SRS PR A A, AR AN R A
TEHRRTINAIE. WIE Co AT ARZIERA,
FJE C R ST 2 WA IE P RA . WE G &
R AT RIS, BRHST A SHECo, G MG
¥ i bt e din i 2 B R R & E Es S Es,
Yers' eyt €5y Pyt eps? e, Horh Co WTE AL
B FR R 5 B M E R REARRRE TR, T
ECRMCHES, A SMNERE X (x,y,2),
Xa(xsy )M TmN

Xi(zsy.z) = X5+ yle, + 2les (4a)
Xa(z,yiz) = Xe+ ey + 2%e; +U, (4b)
A X5 X5 2B S A C G, I AL
BRE U, A2 R
B DOF AL KR e, F1%e; FIXLRN

161' = Rzei (5)
A JABRE Ua WIRRHN
Ur=Xi— Xk (6)

4O GHUA ) AT 78



Eal

IR B TR T B R e R LR 509

Ur=U, —(y—30)0.+ (z—= )Hy—l—% (y—3006.8,

+ 1 (=—2)0.0.+U., (7a)
Uy =U, —(e—2)0,+ (z—2)0,0.—

S =5 (=38 (7b)
U,=U,+ (y—yo)<91—|—% (y—0)0,0.—

5 ez )~ (=20 (7

ﬁ:':F' ’U.a’ U,)y ’ U;zﬁ%ﬂ%—gg‘l:‘ S )f—i?‘éﬂ:x, N %ﬂ z
HRIWIEAI RS, I 1 PR,

1 HEMHEEERNLBIA

Fig.1 Force and displacement components of thin-

walled structure’s cross-section
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