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On the Discrete Vibration Model with Three-
Stress Equation for Flexibility

by Kimiteru SApo and Sumio G. NOMACHI

For calculating the natural frequency of a structure, it is convenient to substitute
a discrete vibration model for the structure under consideration. The object of this
paper is first to show the accuracy of the natural frequency for a straight beam, when
the three-stress equation is taken as flexibility of the discrete vibration model. Secondly
the coupled vibration of the beam is also treated by the same method.

The three-stress equation coincides with the three-moment equation for the bending
vibration and with the compatibility equation of the rotational angle for the torsion
bending vibration.

The bendidg moment M, and the deflection ¥, on the nodal point » are unknown
values for the bending vibration, and the torsion bending moment B, and the rota-
tional angle 0, are for the torsion bending vibration. The' equilibrium equation of the
shearing force and the torsion bending moment at 7, and two three-stress equations in
which the inertia force and the inertia torque are put as equivalent concentrated ones
at the node are corresponding to the four unknown values y., 0,, M, and B,, thus the
natural frequency can be found from the matrix of the coefficients. ’

Numerical results are as follows:

(1) The method of the three-stress equation gives more accurate value than the
method of the finite difference equation for M= —EIij or B=—EC.f.

(2) When the radius of curvature R increases in the curved beam, the effect of the
bending vibration increases and that of the torsion bending one inversely decreases.
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2 L ERSA, WEOMFHEE L MR U IREE OHRIRE 2 H 52, 4F TLRAKD
HETHITTEADTE 2 ClREKT 5,

4. BEFHESH

4.1 BEXHEWHEESCO FRE
1) 3EEHREILFIVEUT (LT B5E
(2-4), 2-3) HREENPARTEDLLY — ) = EMPERETICS &

EI _ (6—Dy)
= D;S;ly.] = 6

S [M,] (4-1)

22
DSM] = T4 8. 1u.) (4-2)

D; = 2<l—cos %)
7 — Y TERHBERCOWTIISE LMY 2], 4-1), -2) XL

D, |6 [ Elg
m:nFiJG—& A 3
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(4-4), (4-2) WA X D
=208 [T (4-5)
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(4-6)
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Dl b R-6 CEERBE S ORBELDER 2L, 1 KK L 3 KIREE CTRT

4.2 EHMERBREXFET-OfIFRL OIRE
1) 3EEARZILFIOEUT 4 ETBHES
(2-21), (2-19) AKX ERRTED LT — ) T ERALHRE TS &
”;Pz (I, +¢4)] (8. [B.]

—D; —GJD; +
GJD, S.[0,]

—2(1) D;+2(®(1)—2(0) B2

N
a; B, sin —
1Dg >
. i
¢(1)a; By sin w3

[ (1 for %f s # B
= lo(e1p-1 for BRI

4-7) R X b Si[B,], S:[0,] kDT — V) T EMPUEHEAR L D
——ZS [ﬁ]smT

i o

; ;| B ]sin—n 5

§|N

=01k (2-17) KX D
(4-9)

iR & 00/oz), -
Elok g =0

By#(0)— B, (1)

(4-8) X% (4-9) Mt fRA L TIRB B TR
[@i +eq) {GJ - 77‘2 (I, +eA) pZ}] sin? %

20(1)- 75 ay
_¢(0)+7‘z:1 Al kA
EC,k 2 2} ‘g L
y £Cet 275 o {s0<0>—s0<1)} sin? % — ¢ (4-10)
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Gt +{-ew D20 -0} {GaDi- T 1,480 )
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The torsion bending vibration for
the simple beam.
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Fig. 6. The bending vibration for the simple beam.
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The torsion bending vibration for
the fixed beam.
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dy=—BCD _ ayp, 4. T g, +ea)p
M-7em Licdcic oW CTEBERBE f OBELX B HEOGHE Y K-Tc, BELHEo5A
% K-8 e,
4.3 LEENEPREFMOMMBRTEE (ROFELCDONHT)

EHNE R, hREBOLERCRF-RMEH TS PRC 5 — 2, Ky o 2BiHEMHRT
OB ARTH S, BEi#LEy £-11CrT, & TRERER R ZEFRBIECRIETH
Brrsicy, EEIEHREMEZEESZFOANBRTCE LT, n=12, 2,3 [=48m
—EWLTR%20m »5 1,000m ¥ T I CTHE L,

g1 LE)IHKEHE T

Table 1. Cross sectional quantities of Kamihimekawa bridge

J6m S D i P L =

1 2 3 s & 3 7 8 ¢’7
Ar ) 5.2977 53263 &§.8460 §.5730 4.8520 4.1797 3813 3457¢ 3.4574
ey (m) 0.1728 0.2275 0.4973 0.352¢ 02043 00556 0.098) 01425 o0.1425
Lpy (nf) 24,438 25.940 z¢8. 437 25781 21066 18.04f 16400 15592 5592

[
Iy (") 3.3781| 4.2307 | 53z73 ,45:4041 5.7627| 33877 | 17871 | J.0394 | 0.737/ | 0.6577

7
Jr (mh)|| 7.1180 | 8.5867|/0.316 /zo% | j0.022 | 6.974¢ | 4. 1360 | 2.4088 | ] 9220 | 1.7306

Cur(n*)|| 24325 | 2.8/64| 3-1087 | 3.2603 3.0305Ji.3442 16568 | 11505 | 0.9866 | 0.9546

R = 4oom G =141 x10% Uy
E = 32¢5/0%t: VY= 2.5 tUn3
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Fig. 9. Influences of R on the effect of the bending vibration.
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Fig. 10. Influences of R on the effect of the torsion

bending vibration.
R oZbic X 3 PR ELEO B AR > K-9 i<, MR U HkBhEkoE AR
% M-10 e zhZh 5 RIKE £ T T,
4.4 LiE)I 3 ZEERAMEHRTC
LW ST - DR & LT, RE)IE % 3 RS AR e & AT L £-1 Ol
T AV, hREE, NUEMEzhZh 12, 458 L GHR L,
E AR, EAREAINA TR,

"R R MR T b R B
KM 2 " ® OB X I " OB K
o (sec) (c/s) (sec) (cfs)
1 0.2329 4.293 0.0998 10.02
2 0.1119 8.935 0.0600 16.68
3 0.0525 19.04 0.0361 27753
4 0.0365 27.36 0.0294 34.05
5 0.0209 47.84 0.0197 50.88

Ll Eostes s cdbk, AMEE#+ 2 % — o FACOM 230-60, FORTRAN Tf7 - 7z,
T CHIEAETNY v 2 AR AERUMCLEAEILIA > TLHDOTHEEDIAT I Y -
2 feus, F o CEEEOBNIE, ¥ X4l (Increment) % ¥, Determinant O Ff5 H%
b5 2EOEXRBL, 202 AMTEIAEY 1Tk e LT (HERX LT E2%) Deter-
minant DBV EHLERELYRD S, FENRELLOXEIAfHY 1FEEL, 5
PRETHEAEHEEYRD TN, ZhERELCHEOREEDEAMEL KD, n—1LOMIL
FBRAXMATEAENZ hvikRdie, 70 -F v — MIIFEHICEMCIL2 D TERT 2,
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5 % 2

F4A ) - VREBHREBETHELE, J1 or b)) OBHWREL S 1 KTV F Y
Y5 4 BT ARNBDN, oTLFLEY T 4 LT3HIGHREAVE 2, Tk
Bicxt LTk M=—Elj o5& (FR U iREicH LT B=—-ECH 0EFR) AV
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B, #iFR U iESc M= —Elj (or B=—ECH) 0#HRE7L*> Y7 4 LT 2T
2, SHIGHRIC X B HEL VEBREHCREVCTEENRKE L, HRPEEI DR TH3HE
BHRETILF L EY 7 4 & LEEA, BERZThEEE DRV, RICHBRT o546 K-9,
10 2B CHERRERE R 23T ieoh, HMTEREELOEARBBMML, HiFRal )ik
BAOBEBRBEIIMCHS L, R=400m TIRIF—E LD, ThbbRAKICKD L, H
BAIRE) O P B EIRE I U e b, MTRUVEBERRBIECE LD EBT1%,

EHEIEIE R=400m TH % A E TR & LTHFIRE ROk U IRE % £ h £hilsr
CRDTHAERL, EBCBELM2) TR ROFBYEUTELZ LxBITVD, Fi
RHEIG % 3 RS T  E LA L, hREMOARE 1 A0 OEESZF#RT L
LESaTiE, BEFEBRIEEDHREL k- THY, MECHLVAILBEN THD L
x5, MBFCHTEABTEES TN, 29 VA FHRT S ROZELT 2RI
CHIZHTH S,

BRBCHRERELOBBETHSN, FRERECIZX)OMPTTHIE MY v 7 R
3, X hoMUSRR Elj=p 0XSREMES 2 itk ), ERHhx M=—-Elj oK
ILFUEYTF 4 &L, NOHAVREMAEDLRETVDE I LS,
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