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General Theory for Free Vibration and Stability Analysis
of Thin-walled Space Beam-Columns and Frames

A4 xR T+ 32" LI
Kim, Sung-Bo Koo, Bong-Kuen Han, Sang-Hoon

ABSTRACT

The general formulation of free vibration and stability analysis of unsymmetric thin-walled
space frames and beam-columns is presented. The kinetic and total potential energy is derived
by applying the extended virtual work principle, introducing displacement parameters defined
at the arbitrarily chosen axis and including second order terms of finite semitangential
rotations. In formulating the finite element procedure, cubic Hermitian polynomials are utilized
as shape functions of the two node space frame element. Mass, elastic stiffness, and geometric
stiffness matrices for the unsymmetric thin-walled section are evaluated. In order to illustrate
the accuracy and practical usefulness of this formulation, finite element solutions for the free
vibration and stability problems of thin-walled beam-columns and space frames are presented
and compared with available solutions.
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Astel, AVEAAE PASE 3% Hemitian t34e U wEdd o I35
Agstel AW, SHZ=RY, 20 ) ZEgde WP WUy wwe
FYFpM TR A4AF L FPAANG A SN ANPD 2R A3
AYelst vlm, AEE Fotel B o9 HYAR FFYL YW

we i fu

2.9y FAwgRAe sHgde 4de
Total lagrangian A 4]3}e] W&, 339 A&4A ] 3 7H3de g+ ollg) Zo] TAHD
[, 25 8% av = [, (b = 0'0) 68U av + [ ‘T8 ds 1)

714 ‘r; 9 ‘e; & ZZ second Piola-Kirchhoff §23 Green-Lagrange?] WHE wA;

U: o} 'U; & 2Z 7A&xe) doe; b, 8 T & X3 3wl Jehdd. ojm &

Aguee onig

AFAE L W SRANNE £Y3A7) ekl nEAL Ve ASHAS AFU 27EAE
A3 27189, 271849 Zeln BRG] AAZ BYL o|FE F$E TANY e Lol
AY8Y 4de AE devh

fv[pU,- + r;0e; + °7;8(n; + &) — °b,0U1dV — fs"T,-aUZais = f T,8U;ds  (2)

AN ey, 7y AR &) & 47 U;2 A% 4Y R w4y 9y
HEEE UEiE U9 U A0)e) ANtk 8 AdA AuAge seIiwgesel

$EUAE YT SHATE SANY UAE Yerdn. oo wald 2r]8Yez A
Jeted e HdY A¥Es HunduEe 2439 Age Py AT 2D
oA etge RAH) tese EAA duAe] sjec
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3. vty WYY FXAAIAS} &5

3.1 Semitangential Rotation¥} u}y F e A o] W9
2 d7dAe dade AW o, 0, w3 S Argyris?9] semitangential rotationso. 2
7}4 %l Semitangential rotationg 33 AAIAA FAEM AdBgel HFHXIL
FYsitte vlsiety Ade ztyl & V1EEE ud¥EHy 2 24N FLE
THAAGURE AAY ¢ Uk 9y FE woE SEe) deolde fXWE X o g
F#38 JAZD (w, vy, w3)d A% FFEFAAANA Argyriso] 2|3t )@ semitangential
rotation®] WEFHS Az 23R n3td HEWE, AW It HEH
AXE X & obefigt o] EAET
= TX, (3a)
o 71 A,
1—( 0+ 0d)2 —w;+ w w2 wy + wy w3 /2
T = w3+ wwy/2 1- (&} + 0d)/2 —o + wy05/2 (3b)
—w; + wyws/2 wy + wyws/2 1- (o + 0)/2
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Z#A2 02 semitangential rotation© 2 UF WYY T 49 Zo) BAY & Y&y, o
olde A7AN o WPYPA uAIPL W 2303Y7A TUHYE AL ¢ 4 Uk

X=TX, = (I+S+$5)X, (42)
o 714
0 — W3 ()]
S = w3 O — Wi (4b)
~ W W) 0

webA, wy FHWMUEAY RS x; AR SRR JHe) FHY Ue ZAolEHY
U, % 8889 (X — X,) o §o2 ()3} 2ol dojarh

U= U+ (X~ X,)= U+ (5S+3S)X, (52)
7)1

X: = (o, %, x) (5b)

U, = (U, + ¢, Uy, U,) (5¢)

AGodA fe vuEs P& dehde dAREoL ¢ AEAH osd el
FYFolT oA, $49 UAA aasteng 1489 2348 24 U;, Ul o2 BN,
Aedse] FASE A$(wr = ~U/ ;03 = Uy i f=—a = —6°) w3
HEYEY AAge e ol B 4 ok

U= (U + Uy, U+ Uy, Us + U3) (6)
714

Uy=U — U'xs— Uz — 6 (72)

Uy = U, — 6x4 (7b)

Uy = U + 6z (7¢)
ag:

Ui = 51-6U % + 60U/ 5] (7d)

U= t-(F+ 0% - U U m ] | (7e)

Ui= -0 0%~ (F+ U] 79
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o] MFRXSE Atole] W TAAE UEH 2T
x5 = x5 t e , x5 = x3 + e
= xjcosa — xjsina + ¢, , x = x5sina + xjcosa + ¢ (8)

Xy =
A71M, ¢, c3E (22, x3) TN =AY R, ep, g3 & (a3, 25) FAA FdFTH HES
39, 499 FEE x,, 2,0 it FPE vRAYSSE e Lok

SEER TN
S; = szdA= A, S, = foga’A= e A

I, = Lx32dA , Iy = fozsz , In = fozx3dA

Iz¢=fo3¢dA , Ig¢=Lx2¢dA , I, = fA¢2dA

(x5, 25) & (x5, x3) &) ¥ HEANAN Fose dUPFELS LEF 94FA ¢, sE 4099
A sigtoe, gdagd dldxE HLHE Res

L A
2 ©=

©)

zol AUstel BAES @th o FHE
gk oldl AB)E LAY e ol AHREANN FYHE THAF Aol BAY

F At
I, = Lsin’a + Kcos?a + A

= —Isinady + I;cosad,

I = Lcos’a + ILsin’a + c3A
Ly = —Icosady; — Isinad,

= [#dA = I, + Edi + L}
AT JPS oz AGFAAA Y
A% x] ol tsto

(10)

Iy
Ly = (E— L)sinacosa + ¢, A
ANM, dy, dzt (22, 23)F LAHAAM (x5, x
AgE Uehdch ¢ 99 F x o td FYFoln, TAF x & ASEF
zZtzt Holg H@dE ¢°, ¢° o] AL & 2o
¢ = ¢ — x5dy + x3dy (11a)
¢° = ¢° — x5e3 + x5e (11b)
AanelA FY Fg57 @dol sl normalized Ho U AR oteie] Qg
HEA
S¢=L¢dA=O,S$=fA¢‘dA=O,S¢’=fA¢‘dA=O (12)



o] ZAATIAE 71 W ANEYE(en , ey, ep)E GO PFEn vudd
WolX BASH YR E 7R3, FE SUY L ofg g} Zo] R

Fi=[tdd, F= [mdd , F; = [ ryda

M, = fA(mez“ X)) dA , My = fATuxadA r My = ‘fATuxsz (13)
M, = fATu‘i’dA , Mg = L (12,2 + 1136,3) dA

Mp = Lru(x% + x2)adA

A7IM, Fy, F; 283 F3& 2474 %83 dagolch M, & M & 2 09 wio] dig
YEAEC M, & x Fo dF vIEEAE, My & M, € A7 u Zd gy 723
HEEES vo|RRlEoty; Mpe PAFoM HE Wagner effect”’& elle dugoln.
A@)& 2SE gEF 2ol MAEANA HsE BAY Alo]e] BAYL 4L 5 AUk

F; = Fjcosa — Fisina, F3 = F;sina + Fjcosa, M, = M} — Fjd, + Fid,
My, = —Mssina + Mjcosa + c;Ff , My = Mjcosa + Mjsine — ¢, Ff (14)

s
[

My + Midy + Msdy, , Mg = My — F3dy + Fid,

B, wHdd ue B Fa9 WS A8, WY-A¥E BAYe Wos
Hdsted BEel st AR YaY o) P-de wANE deg.

F, = EAU; - ES; U’ — ES,U;"
M2 = ES3 Ux, - EIZ Uz” - E123 Uy” - EI3¢0”

My = —ES; U’ + EIyU,” + ELb U/ + EL;0" (15)
M¢ = —E13¢ Uz” - EIz¢ Uy” - EI¢0”
M, = GJ¢

33 TEXAAANA 9} &58 4
A2 EA-3¥x: BANE didstn ddge] FJA(13)8 n et G4 e HRE
S F XdAAYRA [T € L3} go] FEH}
I = _HM + HE + HG - ext (16)
oy = %*pwsz[A( U+ U+ U+ L+ LU+ LU +1, 6% (17a)
—2S,U, U —2S3 U, Uy +2I,U; U, +2L,U,; 6

+ 2.[3¢Uy' 9’ + 283 Uze“ 252 Uy 0](1961
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Iy =+ [[[EAUS? + ELU? + ELUS + GJ02 + EL 6 (17b)
— 2ES,U; U/ — 2ES,U; Uy
+ 2BIy Uy U/ + 2EL,Uy 0 + 2EL, U 6 dx,
Mo = 3 [[FUU P+ USD + “Mp0? + MU UY ~ USUY)
+ M, (US6— Uy 6) + My (U0~ U; 6°) + °FU; 6+ Fy Uy 8ldey (170)
.= UTF, (17d)

474 U8 F, & 2z $A%e 9d96s 2AG4HE dehin 4062 449
MAYR(U,, U, U,, 6)o thstel AEe Aste woggamusade 59948 d¢
4 gloh

4 fR22WE oge A%

g 2 AAG 779 AHFEE Ze 283 Hermitian W848 Bo3t}d Hermitian
oatd 2 APugARrsz A" dEE o da7% w9t ¥AgSd
APdspdEz 28HE A9 A(16)d) ddstd BEAggold Watd FXHEL FPstn
APyl o3 FBAPL $3F F Gymg TR PF L5 PHAL =k

MU + [Kz + AKU = 0 (18)
A7 Ke % Kge 22 HAFEZE wAZE R JSFE 9w e
daggbelt. U= “Hadx Agsad o 18 ©ed 2o oFTAANEAE

AZE.
®MH = (Kg + AKQ)H (19)

q714 0 & FEES YHRAF4E Yepad

¢ : Centroid
o : Shear Center

13 2 237 Hermitian Wt 8.5
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5. #AH 44

51 ¢&AAR vren ol AFPHY
E dAdAe 2w 35e won HyIdde e veEAAE Hyne AN
Fygd. 283 L 2 hermitian B34 G¢RE AP o 679 84F AHESAD
e Ade g g
E=10'N/cm?, G= E[2, A= 30cem?, L= 100cm, I = 100cm®, I = 800 om*
L=150cm*, J=10cm*, e, = 6cm, e3=10cm, B5="5cm, B5=—10 cm,

dwe gol vidiFolng § HIH WE FHIol JAHC HAHA Hn o FA}E H1d

UERT  El1olM Methodle =4dZdM 7719 @ANES

ARE W AFpoln

Method2& B AEE =428 (10050)7HF o|FA7 12 F5L 1 radianthgF 3 AHAIAA
ML FY§ Aot (F,Cy, = 10com, C; =50cm, a = 17ad.).

£ 1 ¥Ee] y-uE F235F [N]

Mode | #}4s]%¥ | Method 1 | Method 2

1 279.897 279.901 279.902

2 1308.45 1308.57 1308.57

3 36513.6 36517.2 36517.2

52 @& AAE ue] A{FAF Y
£ dAdAe U 35S ron udyIddE e SEAANE HHEY AR{IF
S +YP3ct
E 2 wene Y-uE 2/AFF [ (radian/sec)’ ]
zero axial force Fi= 20N
Mode at { Xz, x3) = (-5, 7)
Snalyie, | Method 1 | Method 2 | APWHS | Method 1 | Method 2

1.17287 1.17287 1.17285 .290794 .290794 290824
n= 5.46156 5.46156 5.46155 5.11979 5.11979 5.11979
136.963 136.963 136.963 134.184 134.184 134.184
5.50341 5.50342 5.50676 2.32697 2.32697 233032
n=2 821628 82.1633 82.1633 80.4626 80.4632 80.4632
1621.25 1621.26 1621.26 1612.80 1612.81 1612.81
14.2024 14.2025 14.2423 7.20439 7.20450 7.24393
n= 404.560 404.573 404.574 400.665 400.678 400.678
5835.63 5835.82 5835.83 5822.04 5822.24 5822.24
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UEne AY 2 4PRAEDYL 519) oo $YaH HHAFE E2o) YERAT H201
Methodle EAZolM 7708 @H4EE AWE we AFolm  Method2e 2AZL
SAZ02 R (10050%F o] FA7L F5L 1 radianF HANAN e 9% Aot
2,C=100m, C; = 50cm, 2= 1rad.). 2719 %o QA& A% 2 =yo] Heae
Aol tated, 74s WANES SAZANN NS Bt Aols] AN Feye W) A%t
gUPE 430N Holstn MEUNE AUFTAZAN FYs 7 ol Ao 1%
oz T AT BT

6.8 &

B =RdAe oI Bo)ed FawoFRY ARE 2 AFEAAT S A7) A3y,
AGAFEAAE FAste ZF4o vgIdEE Ze FUHATRY SFUAFYE fxde
Yuto]go] AXEAY UL TRt FAFH F /e AAFHEE =Y, of Fol g
uEgdHe] o] FWe el semitangential rotationd] wW-E3dtE XYY oz FoE A
HEHHE ES13td d&5A9 HA¥E duAdEs HEFe=EH, uyI AWz
SEAYA, gAHYPNYA, 183 semitangential momentd] W-E3= 7] G@AFH| o3
ZAdAYAAE FESFAL. AAE ol HTF8L: FAIARE IRV Y34, 3x
Hermitian o348 4542 ALE3l AFPY, GAZ =R, 283 7883 F=38S
ARFEFAT v A GHs e s Tz AAAR @ AFAT N AN Fae
g EIEY AnE vn EAIdAT. 53, E=FdAM AANG FF2LFAFJAqME FE
Z3std 7709 EoAgedEE SRR g9 & HelA AHAIRAr] WEA AME CUE
3L Atold] AFEA 2 @24 Y AldE {834 FEE F Yoz godn

7. 3058

ﬂZJ_ll

[1] V. Z. Vlasov, Thin Walled Elastic Beams, 2nd ed., Islael Program for Scientific Transactions,
Jerusalem, 1961.

[2] S. P. Timoshenko and J. M. Gere, Theory of Elastic Stability, 2nd ed., McGraw-Hill, New
York, 1961.

[3] M. Y. Kim, S. P. Chang and S. B. Kim, Spatial stability analysis of thin-walled space
frames, Int. |. Numer. Methods Engrg., 39, 499-525 (1996).

[4] J. H. Argyris and Sp. Symeonidis, Nonlinear finite element analysis of elastic systems
under non-conservative loading - natural formulation. part 1. Quasistatic problems, Comp.
Meth. Appl. Mech. Eng., 26(1), 75-124 (1981).

[5] Y. B. Yang and S. R. Kuo, Frame buckling analysis with full consideration of joint
compatibilities, . Eng. Mech. ASCE, 118(5), 871-889 (1992).

[6] H. Chen and G. E. Blandford, Thin-walled space frames. I: large-deformation analysis
theory, J. Struct. Eng. ASCE, 117(8), 2499-2520 (1991).

[7} W. E. Chen and T. Atsuta, Theory of Beam-Columns, Vol. 2, Space Behavior and Design,
McGraw-Hill, New York, 1977.

—~246—



