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Free Vibration Analysis of Lattice Type Structures by the

Combination and Transfer of Stiffness Coefficient

D. H. Moon » M. S. Choi *H. J. Kang * H. S. Kang

ABSTRACT

Recently it is increased by degrees to produce complex and large lattice structures
such as bridge, tower, crane, and space structures. In general, in order to analyse these
structures we have used finite element method(FEM). In this method, however, it is

necessary to use a large amount of computer memory and to take long computation time.

For overcoming this problem, the Authors have developed the transfer dynamic
stiffness coefficient method(TDSCM) which consists on the concept of the substructure
synthesis method and transfer influence coefficient method.

In this paper, the new free vibration analysis method for large type lattice structures is
formulated by the TDSCM. And the results obtained by TDSCM are compared with
those obtained by FEM, transfer matrix method and experiment. And it is confirmed for
TDSCM to be the numerical high accuracy and high speed structure analysis method.

LM &

<A ge, &, 299, $F 728 53 gL
E3sa AdE #2229 Mo g a7 o
372 doh dutygo g o) d B AgP
Z22F M7 s FFasyel g Ag
Haok 2 o] e BaAsAY Ay 72
22 ANY Fodde B2 49 vz Aan
& YeR @ aln A4 S84 ge H=
Hel gesith adM g AL oYy v
e FE) s dgd g g

AzEL n& nHYEY AT Yd Agd
FATYE NLn, YUY 728, * P2 E,

s RAUET A7) AT
sx RAYEE & Aol ATt

d P8 5 FTHHOE Fad o8 FTRE
HEad 1 FE AL 49FH 4999 sxu,
AGYFAFY L HFE LB Hed 5= g
e A g B3 Ad FRE dary=
ol 71y A A=d AL a7 uey
AZAEL ol EAHEL #HAY & Y= A=
2 AM7IYY Aol A HYx 2 A,
Wi AFEE 2ASE BRpzgdgPe gy
I} FRAEAAT AL EATEA Ay Ade
EYT AZE sMUHA AL AS Y Ao
ﬂq’(ll)'

E dF7dME F FY Y AAEL =
Ad AAT2EL ASFRAATHez F4s
3 & & B 9% AN ARE 334
W, dg¥gEy a8n vxed 4¥e 53 Az
o wistd B #4riyge) FRAS AAS)

- 169 -



N
2
X0
2
¥o
2

N
2 2
xj-1 xj
2 2
yJ1 k é)
2
K5

J-1

Fig. 1
2. MesdAAsYel 71 Jid

2.1 M=

chokdt woke] AAY FREC dF B Fw
3 A4 ARAFTL A& Hsd, AAE T
ZE¢ Fig. 13 & SNy Az 243

M ede Fig. 29 22 HEA(subsystem)7t
A8 Mnl) ALE A48 Yok E F Utk
BEAL 13 2a(floor | member), 2% FA
(floor 2 member), 1~2% {AE QA= Ft
H A (middle member), 181 153 2%9 7|z
AR Q2(FWRE 2ZY by, IVTF 22 &y,

9 4 2y K2 748

N
2
ks
:
floor 2 member K

middle
member

floor 1 member I

ky

ku

Kj
AN

node j

node j—1
Fig. 2 Subsystem

AMude zHun S 18
=4

s
de 25 Ad(nodeoldt F2x, Fgd 8
o AA eAdez AR oFW), A4 1, -

" k}_'_,

i

Analytical model

k yi1
Kl

A n(Shelatn @ Al 13 AHj Aol
BEAZ A &AL o
gE, X EA WY 1E 2%, F3 FAE GH

B2 32 (substructure)2t 1, 7t R ETFERE
FAZ 1D, Fig. 33 o] RA(FETI)IE
oesle dATA A BE FAd o] dAW
M 2AM ¥E& 7]E2 8 A(Fundamental element)z}
3, pRFze F4EH 7E8L9 AFHE
W24 H(inside node)olgt F & FAFAA $5
o 24X #adez W44 0, 1,--olekx ¥,

ir Ac

(oor

Y'g,, g 3
l)e) floor 1 member l)e 3!
ZZ',,:‘_: ( l .'(/////A : %:'
e
Mg, o T
By
i %
- T EA EI,1,m ) i
ﬁ%‘ f e

Fig. 3 Substructure & fundamental element

22 XA P MO STAMASHA Heo
Z 7Y 94 AFASE 4 o, JEax
3929 Aupdee A9z, x5, s
(3L, 3B, et 8h, =4 ESOEN,
Avd( A 2 sae(Rt, #H= 74
5 ]

53, AWEE Fig 3% 2ok 4714 HR L,
‘& 7lEaxre #$5e E£dh /Eaz F

-170 -



$ao aguy 28R= £ 5 3} % 9w
8 R=Y F, F, M}""aoe nas

Doyle?] 2#ed E74398Y P(gpectral dyna-
mic stiffness matrix) 286 (1) o] & 4

itk ¢d7]4 3x3e] REuEL: § B 2A)
SRR AEHY, S 5B AU SRYATRY

olg} {tr},
=& 1% W
?L é‘c gs 21,
718248 298 B (Euler beam)2 &M A
Sol REMEY2E e o
n 0 0 n 0 0
§S= 0 g;z 353 SC= 0 52 23
0 3% 8% 0 S5 S%)
s 0 0 sh 0 0
fom Sy 85| &= S 8%
0 s% % 0 s3n sy
(2)
FAF AA 2 Ad R4AFE
s EA6 ~s
llz*“-__COSC? = —Sn
Isind (3)
c EAé\ — “c

11

. =—3
Isin & u

ola, wYNEF AN F Adl FRAHAFE

h=@ = -3
§3=—%(—"ﬂ> =385 = 5, = s
w="26D = -5y

@
S‘;Z:%(-Ty) = T S»
19 EI c ~c

ol AHEH 7IEE vg 2o

8= lw\/'%

a=(cos e sinhe+ sine cosh &)&’/ ddet
‘a=(sine+ sinhe)e’/ ddet

B={(—cose sinhe+ sine coshe)e/ddet
‘B=(— sine+ sinhe&)e/ddet 5)
y={(~ cosé&+ coshe)e?/ddet
‘y=( sine sinh &)’/ ddet

ddet= (1 — cos & coshe)
- A
& l\’ w\/ %l

A7NM i, u, EA R El & %39 o), 4 1
£ FA4 R ¥ BH0ln, ok 1% AWES
ot #Hug, AN L gl FRYVL) 24F
Z BYE Fol obd FAAMNG Feja 3y
o) giet,

23 Xt o Ao SUMASAHe x=F

ZNBRAdAM EEFTZZ AFRE e AZS
AgAgolel Fdoh 7]E_ A A Be] Yuesl W
AWE Atol9) FAE ADERE &4 2o
vEbd £ Q)

6

sda “A, B, C't
¥tk 22 A B AEFE A @
5 Y9 Wyozxy
22 AY F%3 R22& B $39) Auuy
£ 2% A%E 82 CY A$3e Ao
dAReg, de=a4, Ak=af 2 Fi= 15

C= Fholch. mety 4719 BANE o gt

R_
a=

-171 -



24 Co AM H AW FAHEAAF
Zo] 8 + Ao

yEe e

¢=— 88T 84 )

waty 72 eA A BE AFAFEHA oA
824 Cst 21 $59 82 DE ©A 84 A BE
Ha ZA#FY. o] #AAHE wEHow HK{IHWA
HEHoZ A E j+ 1A REFTZ(EAN) F
Szre] A R Ad FARAAAsREE OS43
2ol & # gl

fi=8jd;+ 8id;_,

fia=§;d;+ sid;,
€)

fin=8Sindin+ 8ind;

fi= §f+1dj+1+ §§+1d,‘
o} 7] 4

s?=t§f, ;'+1='§7+1

§?='§fv 3f“+1—,§;‘1+1 ©

g)?:"l;)c §1+1”" lgﬁ-]

289 @A e AH; 'e A A
7li SE

(#e72)9) BeFe derin, 59
g e 2 ge

24 HY SLHATHHS HYo A W

HH suyATHYel Yol
el WA AN 137 23 WA AES Y
B Abols) wAE 34 FAYASFLLEx6)°1%
LT

(10

7] 4
D]‘ — l{ tdl, ldz}j
= ’l xl,_yl' 01_, xz' yz' 62};
Fj — I{ ‘fl, th}i (11)
= {FL FL M, F% Fi M),
Fj = '{ ‘fl, th}j
=Y F} Fl, M', F%, F’ M},
oln A&z 1, 2 Z(floor)E %3t
EH S2MA%e HE By

—

L 2% ¥4 #5e Y} wslwEAtols) B
As 4@ AA D o FRYALAIZRE,
EEEL!

5_9.
OE

7“,"; S‘;D,"' S,?Dj_l
12)
Fi\=siD;+s;D,_,
o714
SS= [ §S Os] sc= [ §L‘ OC]
0 8 0 8 (13)
[ie) -l
0 s°¢ 0 s°
oty &4 ;¢ HG £ HAH—-19 -?é-‘?] &
BRAATFRE S; BEHY BEA 9 S F A
9 A& EAAAFYE §,;&8 Fus U=
AL 10y A24o A& j-12 ¥
g Nz 122 FE g3 Zo] FaA
S=Si+S{ V., V=G
(14)

G="'G= S;.1—si (j=1,2,,n)

-172 -



ﬂﬁ EZtklz!I*Ol gole x1t:=!A|

pa%a 7] 2} %] AH%B.*-Q} 1-2% FAE 94
e F A7 sich 2 #9309 Y9
FL 1n8dtd g g T

F;=F;+P;D, (15)

7| 4
P'_l P+ & 5S¢
s§ Pi+ s
s__ s T ¢ T
5i=R SR Si=R SR (16)
si=—RSs{RT =—RSsIRT
0 —1 k, 0 0}°
R=|1 0 0’ P}'Z—’o k, 0]
0 0 1 0 0 Kl ;

A FEol oiNe) AY ERAASY T
E AYAL 4(10) R HA1DRE ey 2ol
"o,

Sj = _§,+ P,' (j=1,2,"'y n) (17)

=HH SUMA Lo WE-golE ek

AUDA HOUHE AYAN 5,5 A9,
S,’-]i“?‘a s,% Z‘;\(j Alﬂ's“"& %«‘—:—“Eﬂg il
g2jo] Fazich,

I

X

¢

S; =P+ S+ S{V, (j=12,-,m (8
25 AE5WY4
oo AAZBCI2NA 2EZgoz N3
F2 FA A R 4o $FLYV2 Y Fo
9 AY FAYAFEY S8 T,
Sy= P, (19)
1% olgste] WY 1¥H FxE
4 ERYAS Age

9 w2
18 ol @t 18

I 9 F,= 00122 A(10)9A
S.,D, = 0 (20)
wetd AFFgFALe

det S$,=0 2n
olth. 23y A21)E olEHor Ay AL A
AZ( A Fo] BAIEZ o)|F AAR Fo
H 2k, A2 dytHow dPye L=
AR A PP Ae] Qo] E w wAFich

AAZE #A2d7] dalMe SRHAATE A
e FY FoA 09 F5Y G T a9 8™
i sind, ddetd] LT E FAFA €} u
A AFgrRAdE 98543 o] dr}

sign(det Q) = sign{ sin - ddet - det T, -
(22

(Illa’et Gj) . det s,,}

S uruw e %ﬂﬂ,ﬂ-a— A Ay,
bgez 415 4012 2 H(10e hYst,

F, ¥ F;& 27389,

( S,’“ P,')D,'= S)?D,'+ S,?D,'_] (23)

ZEx A18)E diYgstn §,8 AASW ey
& deo
D= V; D; (j=n,-,1) (24)
o] & ol&3 Hurxe RE HYe w9

HEE TE $ gk W9 HEE AN T 4
<10)3i-ﬂra Zt dde ¥y F;, F,8 7%
of, REFZY 249 WY Ao Auge R
T2 F9-EQ Ade AuwEe H1)e A
g o] 43 Ty

-173 -



3. XA R A7

AAY Fx2EL AW F 59 944 A5
AGEF A AT H(TDSCM), ALY (TMM) L
g3 $IQAHFEM)LE FAAYL P33 &
v Aedd, Jgn 3dd AxTFRE diE
ANe BXAYE P

3.1 24X PxEEo FAAA U MY
2d1& Z 50mm, F7 4.36mm, Zo]7F 500mm<)
At T A FzEolth AAZAL G A
ot UM (Fig. 2= Rl AA $T 1364
400mn golR Rl nAHE AR U AzE
Z2BAASFI 2.06x 10N/ m?Q B F2Eolxn
W 7.7523%10%kg/ m®, TebgHlE= (.30t

le— 500 —sfe— 500 —

é
|

fe— 400 —=
00070

Fig. 4 Numerical model I

_

Table 1& E2d 1o sl cda zzaha 2y
3 HAFE F 01~100Hz BN n{HAFSF
g 38 ZAdolth ME FHl M Zzayq
NISAE o] &3 3843 FEM), #HAFH2
A4 AGHYRAY(TMMI(SC), #HAd HAFEHR
A AGEFAAFH(TDSCMIE EF M2
AR dv 22y dAxd HFEE A
TMM(PC)& 0.1Hz 294 #2d n{AFFE
TFae FAFel xEHAW F1EZ FEMGB)E
449 F71 HHAFES 3M4X3A FHLLE
=
Table 2= Zd 0o tiat AN ZAolvt 2d
T TFEEQ Fd ¥est A Hol EA
DR olEFH R TTMH 2xgoa 7
22 57E AA=Ho At ¥  gleng A9
Zgyel FAYY T%mw st 1078

e

[>

_\:rl_
3

g AA A TMMEPCE A4te] AH
E7bs @, TMM(SC)E TDSCMeoly FEM|
3l zgq]zjgg BetAR D, 12 n/AFFE A
78 F ANk

Table 1 Comparison of computation accuracy
of natural frequency for model 1 [Hzl

okl 0. 2012 skl | oloolopiokok
18.25 | 18.25 | 18.25 18.5
21.93 | 21.93 | 21.93 22.5
41.06 | 41.05 | 41.05 41.0
52.24 | 52.23 | 52.23 52.6
68.35 | 68.33 | 68.33 69.1
81.08 | 81.06 | 81.06 81.6
92.42 | 92.37 | 92.37 94.5
92.44 | 92.40 | 92.40 95. 4
99.33 | 99.30 | 99.30 101.6

Table 2 Comparison of computation accuracy
of natural frequency for model O [Hz]

| 4.264 | 4.264 | 4.264 | X 4.2
7 13.04 | 13.04 | 13.04 | 13.57 13.5
8 15.95 | 15.95 | 15.95 | 14.48 16.5
4 43.08 | 43.09 | 43.08 | 43.07 44,0
54.09 | 54.09 | 54.08 | 54.09 54.0
16 60.59 | 60.60 | 60.59 | 60.59 6.0
7 73.66 | 73.68 | 73.65 | 73.00 227
| 87.93 | 87.96 | 87.93 | 88.00 22?
13 92.39 | 92.43 | 92.39 | 92.39 96.0
H AL
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Table 3 Computation time [sec]

1659 sec
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Table 4 Comparison of computation accuracy
of natural frequency for model M [Hz]
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