o) HEEIBREHEE T DISIERBBNE ndhiFRE
Rk B FiE

1, Froz

Biffo £ ABEDE 0 BEMCBBACI A>T BB 74 U RERIRE 713,
SVER 7 AN BE YR v 20) RG24 94D LR 3B B 12 00T $08YF
RHI5UH =53 LRI RB L7553, ZoRIRE 3 Fig- Q) RRLEBHR
Bt P %173 3Pt R 180> Beck 2 B 03 R LTV,

(3T BT BBAAF LI B0 B CHAIR: 0 KR 1w R A
(2765 C013e 20 3L kP AL FIL T B RS 0B 0B13 RI30E8173 R oud #aes
GRBEM o 2T 2T, LD LTS o dF £y BAS 2 s FESERI 1/ DI E R LT, 2D
nY dyjote e IFRBO TH 3L 21213, LIFC R dd B ey BRI 13 R RAD
TH3D, 20t ko RREIRFE 2 BEOR 1213 S0 6)FRHITNE pvaBtD L 2 d D,

o AR T Fig-1() 12 ALk Beck o o PRR 1739 L2 FHIRIOLE
i’bbP‘i%nsﬁiw#Xﬂt\ IFRURILIRT Fig-lb) o s> BthiRTI L2
JERERRE Y $neh R RAIZUE -2 AR L R,

/ —

(U L

(a) (b)

Fig-1 Beck's rod & P-& Curve

2. ERUBMEEFIL
Fig-l@ 5L RS RO oG N IERBRTEHLLINI LS
. 20R 0 AGRBEI IR BMD 73R YEDENFETL I~ AL B3 B
AT T3 T b romzsr? e FBARizHuct, koEFEEETH
3zLp 25 HBG v MFAIEIERIL AL LL D, aFEG R P 3
0 IEIRRNE 0 2GRIAE 52308 v bo b A Ay 1n R 23 Rapn

—207—



Fig- 21515 26mENRETILE
Bid, COETILICHEINT HENIE
RABMLFIRTIE 0, alf
TE-~FvF L IR R LATIC
vV dn T —RoMEPKI L LAt
TRBIL71 3, Tlobd oty
13, Fig-Ih) e ®T 71 - Baiiis
YBLTWILREL, 2ot Bk
§ 72703 BN s ABFTEAML S 1T HL
T.stnpay

P=c¢cS—-4d5

(¢>0 , d>0)

LIRBRTRINIINOLTSE, 22T

CediTEMTNEBRNIEH ¢

FEHLY NAER T, chSIF IR E
T BEEAS v\ D B iRY
e B ET b 9ERR Y ab B
KFIRLTW 2,

Fig-2
Two -degree-of-freedom model

oM TFASNAIBMLATE vV THAINEETFILE D RY
B oRRE2E], 2L EPEE L m, m LL ZNTNOB ML Toll
o, 0, taBicdts cozIERBAPOERLINI L2 0B85
NiKnd, Fig-2 2hnT 2P o tho kAo ph o3 idH
Ly ANCAR ﬁRmU’FFFWé CARELTW3 2%, T3 T1F Fig-1@ o Becka
PRE 3R §3 IO 4D L hp DT @ = { L’e;*%: 227 ABRA
wmont DEA A, S LT O XN o BRBME L S5=9, -4, (kKL

i=1,25%=0) T zoJEREBE T ILIEERFTEN 14 2

NTHSasmna.

(m &2+ o5, + mlagdy + 2e-PD Y+ (PL- )9 d (25,5, - 5= 0

mZQaZ '19| + 'mzai\QZ

- C'lgl + C\Qz —d(‘g|'—192)2 =0

(2)

2I0 R oto Ny MITERIMRA LR LTV 2,

—208—



3 @4 WRé&
T BBMfo o=, B]MBIEN(2) L FRTA LT PaN5+-F

2_ P&
=

> B =—‘é— (3

EANT i T KO3R5+ -9, B 13 FEREBREIRTI5+-9 T
B2, 252 @N12ENL B=0 L LEIBTHHS RBB EFBMLTHC
Kot REEIR G, , 5D EAVTRRIS €

[T RN ICHEY SR ALS D
. @)
L=-wh t B(C 3+ bt &ty

L3, 22T Wi, wiF B os Bh I d3REKTHY, FEN (21 H
NTARRRH B L EAB LT 312 B 53 IREKIEND 2R TH 3. LEN
2T Fig-2 = 77 3ERYR < HR T3IMER 4L % » 189 FRFAENAS
F2 M FEEN 2 LBl —aioTH3. TS i ho R30I RaB3p
Fro SR  BEAH R I EE 0o oK wi= Wit , wi= w)ikd

L 73, TGN AELS € ~ € (3 IR IR £ & m 3 AhIx 7 R IR
Fiko BRBon3005 3,

BN (W13 IERBATERR oD ke, BEEH 1o THEMTT 2,
ZITIERRA B INIF -G BB 2 WEBRHILaLLT, top 1 &%)
INSF-9 LLT BBoTs L

5 = AcosT, + (5§u “‘(5252 Tt
(5)

§2= focosTa + B3n + Bidp s
LRET 3, kL ejRMmia i=>n 713,
t|=91t+9| ) TZ=SBZ'C+92 (6)

LHnTHY, SR, 52, 2 Ihos Ko 3 IFRE R0 BAIRIIK TH 3. 3£ 6,,9;
SR BRAIIB BB, TILT, BN ZMERDNT ()0 iR 1B LA
N @) AT FEIEBIB LA R LE L2 o BARDIE KA T

—209—



Bért oS- T i8R (5) o Rﬁ;n; 521 K 2R B flz,fzzﬁ\
1B5m3emedic. BRIRIE R, $2; K RAFII2155m3,

2 A2 A
2 _ wz_ 2 ezAz + &€e5A,
|Q" l @ {4'{(1)2—' (.9(+522)2} 2 {wzz"' (52”.92)2} W
e; 2 A €€ A: ezh:
T z 7 T 2 .00
AW =@ | 2 {Wi— (-5 | 2w 45i)
+ e;eq-Azz E,ZA.z + e.e,Azz + eze4A|2+ €, e&Ai }
4 (w7~ 452) wf 2wy
> (7)
2 2 AZ
622:. wz_ 2 zezqul + es i
g - ¢ {Z{w.—(SB.«»SBz)l} 4{w§—(52,+582)2}
- e el &A b Gt
UJ (\Q $23) } {wz_ (SB,—S&)Z} 4(‘0,2“452:)
+ GZAi e egA| + egegAz e‘re‘Af* efAi }
2 (W;~482) 2wt wy ’
4. TRBRHM

(MXTHSIE ERYZ BB R, 52 » Tt 3 T3L0
Ci, C EE# L T,

SBI=wI+C,(g+.... , Saz=wz+02¢5+""

LBo FRIBLASHELLT (DN 0B o FRESBD 0 A8 1ITANLTHS
LBADDITIAYEYIT 2RI RAGE L I,

— W QW+ W), =Wy (W +2u,), Wy (2w~ W), W (2w, - W),

=3 W, (Wy=2u YW, + 2w, (W~ 2W,) (W, + 21,0, - 3w; (%)

IS ENH0 T R wl>€ wz>(g 2HT (1) o3EeR
Iéqu w, ,U)z,-i/ﬁ‘@'l AT Ialj' H3— i_””@_i&‘) #Fﬁirgrpm.r; LLz K3
fJ?’iélE;erno Lol w':‘\"'ﬁ) W, "’(g Ll 3 L BTNV RE L3S)
R75 Y FFIRHBP T BRI/, 2518 W=0,W=0 LI NN
13 .‘?-‘Wsll)]x’i(?‘,( J. :mh\'@"zﬁ%Ié'JaFﬁ@raq’Z“ﬁfﬁﬁ?"}r4</‘,r,§2°

—210—



TaLE(MNd>T, Q2o 8T v Kac 73, zors ER o5 BaEA e RAYLE:
L2oFR o5 RFR IR Mook L3 THB, LEDS T It 3 oBERIRENIK
A

wF

w'= o (1
IRV BN R o EREEEFMB IS 3. cofG @I 2= BRRIBMA T
IR AT A (YN -V VA E FRIN TH3,
B L AG (3) 1520 THT W) L, 2R o IRENFTEA SV

4 W = wi (o)

1E32M3, 2okt q0) = FLTERR BN < ATI OB EBR (75 DEK
123

wf = wj an
THhoto L2321, (10) :\’\w'y“'zn%pmﬁ‘g‘::::»&ﬁnwwm

5. Beck o FiRE~on B M
Fig-1@) ic5 2= Beck n SRR 0B 11371713 Beckiz (1D
R#83 ISROIEAF 1SS TRRE [0 g
El

Pr = 20. 05% 20.05.,

17.01
T AT EIRTE = AISLERLE,

2hid Fig-3 odRérika iz ok
123YRIIB H3., 2atT 123 LTI
SRFMHTALTAI LS REIEEH
K> TT(10) ik E T ESFAE(E
AT, Juns Fig-3 o-§
ARER TR IAE o

Pcr=|7.01E—]2:— (12) Fig-3
1 Frequency curve

TAFIRE IR 1T $NEYRFE(D 90 T) RN 3,
25T 1) Beck,M: Die Knicklast des einseitig eingespanmten--, ZAM.P.vol.3,1952
2 Herrmann, G. % Jong, I-C., J. Appl. Mech., vol.32, p592, 1965.

—211—



Flexural Buckling of Non-Linear Elastic Column

with Follower Forces

Yukio Yoshikawa*

In the problems of non-conservative elastic stability, the study of Beck's rod
has shown the buckling of column to be in kinetic instability —-"flutter'-. On
the then analysis, the change of the natural frequency with the system played an
important part in his approach. And such a kinetic criterion is at present the
basic method of investigating non-conservative problems in the theory of elastic
stability.

Now, the developments of structural materials in recent years have been remark-
able, and the non-linear elastic materials have been introduced. The force-
deflection relation of their materials is not linear any longer, but non-linear.
The method of investigating non-conservative problems in the buckling of columns
with such non-linear materials will not be the static one. Thus the kinetic
criterion is used for our study.

In analysis, the column of continuum is replaced by two-degree-of-freedom model.
We have to introduce a perturbation theory to analyze the equation of motion in
this non-linear system. Thus we lead the natural frequency characterizing this
non-linear system and investigate the conditions of frequency giving the stability
criterion. Comparing the conditions of frequency for non-linear system with the
ones for the corresponding linear system, we recognize that there were certain
conditions characterizing the stability of this non-linear system. These condi-
tions lead the systems to kinetic instability, and to reduction of the critical
value.

Finally, we adapt these conditions of frequency to the column of non-linear
elastic continuum with follower forces, and get the result that reduce the critical
loads for those of elastic column.

* Ministry of Labor
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