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PR AR 5 R R IR PR MR, A5 T MO REZRE T p. FERME o ROTRT,
A AR B, 3. HARBRRWHBREF A, FRKEEZEEACERIGH
KB EN B IR, TifE B. 3. FrhrRmERT, (R ERE AR BTN
BEH. EASERRE, ACHERARALKR B. 3. FRRiEREINk.
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JEtE RRIER, HEERE R EEIE KM Sy TR AR E, MARE I T R
FEXRTEEAEEE. ERENFERICEFAEEFRMN.

—. EEEEGER TR —8 O

£ FE— B DB Rl B AR AE AT a0, dyos Go0, 0, M40, Ma0y o do, mo FE
FATEAPEARRE,  RAE MR FEA TR R &, %0, Co, o, po, B
RAE No, Mwo, My, Bo, Ro. ARERITHE (1] 23X (9), (11) F1HRR (27), &, 75, -
Bo, Ro S5EA T A5 R A0l & p 28 R R

N ’ 1 ., i A o ’ 1,
EO = F(Co + 7 Eoz + 7 '7(,)2 + bt;'o 00 - a']o 00 ) + Sr(po + 7 902)’ (13)

Moo o 0 O +€,00) + Ty + 5 6), (16)
Mo = 1 (8] =7 6) — Ty + = 6), (1c)
%—- = — Juu 0y + Jur (P + % 6:%) (1d)
B Ny — (&) = 7,6,) = Iy (7, 4 €, 6) — Jor 0 +
+ (U =) (o + = O (1e) ¥
Ny = — qu, | (2a)
Moy — [(&y + 58, ) No — 8, Ma )’ = g0 — m,, (2b)
— Mo = [(7, — ab)) No— 0 Myl” = qyo =+ m.q » (2¢)

— B — (b8, —a7,) No+ (Ro+ G Ju) 0y — €, May — 7, My}’ +
+ mg O = mg + b; s (2d)
R;-“'GJ, p0= —do. (26)

BRESNBIT AR E -2 A, H A MRS, A SR
. B A BE/NR, AN, R BER AN A3k BRARER, B A M
KB, AR ERERERME—A, B EARE A —EREREEMPEIRE.
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BERMERE 2 WEHEMENE L., EHAERPEHREEHE -H—EREIHE
THE.
A BER A, B, R A REPERERNGE, R EMEAESER ERAIRER
K& &o, 7o, $o, Oo, po. FHILRMICIEEME BN B IR
Eo+& M+ Co+C Oo+0, po+ p; (3)
MERBA T T
Mo+ M, My+ M, No+N, By+B, R,+R. (4)
B 2 BER A, RREEREREA RS, ML £, 7,(,0, p, M,, M,, N, B, R &
B, HE A IR A, REMEBERE.
AESX (3), (4 RAZE [1] MR (9), (11) FhR (27), %6 A i
W Ay BIAS &, -0, M., - SEBRORE, EBEIIAK (1) 1 (2), BRIMFBE:

N ’ ’ ’ 4 4 ’
g = EE A 80,6 +6,6) —a (6,7 +7,6)] +

+ S, (0" + 6,0, (52)
M, 1’ -y Yy ’ ! g
ﬂ-‘»ETA:—]yy(?] +0°E +500)+Jyr (P +000): (Sb)
My ’ - "y ’ .y
E =Jxx(E —007]_'700)—.]"(}7 +000): (SC)
B ’” ’ ! qr
_Fz—waa +J¢ur(p +000); (Sd)
R . S, ’” LA ' e rr S !t
"“E*——_E?‘N_Jxr(g _"007]—'7700)—Jyr(77 +005 +Eoo)_
S? ’
- Jwr 0 + (Jrr - Fr ) (p’ + 60 0’); (56)
N' =09, (6a)
M, — [(&, + 80, ) N + No (8 + b§') — 0y M. — My 0’1 = 0, (6b)
— M = [(7,—al, )N + No (7' — o8') — 6, M, — Mo 8’} =0, (6c)

— B —[(b&g— a7y ) N+ No (6% — a7’) + (Ry+ G J,) 0 + 6, R —

_5;M,—M,0$’—7];My—My07]’]’+m00=o, (64d)

R—GJ.p=0. (6e)
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HHERR (6a) r7lvlfH
N = const. 7)

T FAR A Sk AR B RARFEHE M 7 A8, BUCREAIR N = 0.

AR (5) EREMESRBMABINERRAS (FERER) ZMB—RREIE.
HHE (6) REBEMELHN—RPHESE. EYRNEENERAGHRETR EH A
fl A FIYERAIEIE EIR AT TE .

BHRAR (1), (2) BIEpER, EAMRRIRGENPERE, SRE
PR T E %SRBI E M EMNEE. BTHEE—RE RMBATLESRE (1D, (2)
W FEAR TR 2 ARG

BeRAR (1), (2) PRI RE, EMEZS

EEQZFC;_!‘S"O;’ %LZ_Jyy7;,+Jer;: MEyO:JNE;/'—JnP:,, ®
8
% = — Jow 0 +Jur Py % =-I%;:NO—J,, & — Iy 7y — Jur 0 +(Jp— %3) Py
N, = — qu, (9a)
EJab) —EJapy, =dn—rmy, (9b)
EJu 2y = Eyp, =an+ mg. (9¢)
EJu0F — G J 0, —F Jurpy = mu + by, (od)

rrr

1 1 SE ’"” S,
— E J, Eo —E Jyr 7o —E Ja 00 +E(Jrr_7') Py —GJ, o= 7_ qzo_d()' (95)

AR 1), (2) BEBHE (8), (9), HF Co o, FHT ZHARMED,
HRMEHE (5), (6) HTZHARMED. I, £REA R RAEE
A, dEHR (1), 2) M (8), (9), WREH ¢, 7, - HHRIE, HIEREY
WEPA, BRPEREART ORI, AL UERIERAR (8), (9) TARM (1, @).

AT MRS po = p — O, THEATEER o0 &1 p WOFRE [l
(2e), (62), (9¢)] 7RG, 35 (BIIEL AL LTR80T FREBARARAF A . K3 IAi o
I

T RARE R RR R TR KA AP RSP, B 0o = 0. IAIRFAERRIRE
HIURRRERIR Y N RE, Bk LRI MUREIRA AL

ERRAR (52) TR, WAR (5h)--(5) Mifts:
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/4

Mx 17 4y ’
E = - Jyy (77 -+ 60 7] ) + Jyrp ) (103-)
M 17 ' s ’
*Ey = Jxx (E - 770 0 ) - Jxrp s (IOb)
"_g_z '—'waa’,_'--]wr P’, (IOC)
R ’r ' ar re " ar ’? SE ’
TZ — Jer (5 _;700) "'Jyr(" +506)—-]wr0 + (Jrr_?)p- (IOd)

TEHR (6) iy N =0, =0, KRB (10) KA, BHEZKIBRERMEH:

EJox 6% = E Jo p'" — [No(&' + 20")) + (M 0') — E Jou(7,0)" =0, (lla)

Ely 7" —E J, p"" — [No(7' — a0’))" + (Myo 6') + E Jy, (£,6")" =0, (11b)
EJow 6V —E Ju, 07" = [(Ro + G Jo) ') + mo 0 + [(Ms — &No) €7 +

+ (Myota No) 7Y +E[J e Tg &7 —Juy €0 1"+ (Jyo &0 — Jur 1 ) @17 =0, (11c)

— E ], (8" = 7,0 —EJyy (7" + £,6°)" — EJo, 6’ +

2
+EW,,— ?)p”—GJ,p=0. (11d)

B. 3. 4FhrFRF A8 AT T B 0 A T 5B T AR AR A SR A48 AR AR RE AR
EHERY. M AREASCRAR (10), (1) RE. AREEERT ARG E—E
BREBME 0 256, BERBETEHENMEEERF. HHERE Hwff
ARy AR (10), (11) il B. 3. FFhRRMARE.

HRERE o =0 TEARE (10d), (11d) AMAE, HREFTEAFRE (8) M
TR TIREFARIBIE & 0 70 BEMNE. ERERMAH:

My=—EJ,7", My=EJ.&", B=—EJ..0", (12)
EJox &7 — [No (8" + 801 + (M 0) =0, : (132)
EJ, 7" — [Ng (7' —a0')] + (M, 0') =0, (13b)

EJoo 0" —[(Re+GJ,) 0') +mo 0+ (Myy—5Ny) &'+ (Myo+aNg)7']’=0. (13c)
T MEFEH L (132) — (13c) MIZERB M LT AI=IH:

(MxO 0), » (Myo 0)1 s - (M,:o 5, -+ M;o ']l) .

1) RACRk [8] HHE.
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EEEMER
EJ 8" — [No (8" + 80)) + (M) =0, (14a)
EJyy 9" — [No (5" —af" )] + (M 0) =0, (14b)
EJou 0 — [(Ro+ GJs) 0') + mo0 — 5(N, €'Y + a(No7')" +

+ M8 + M7’ =0. (14c)
EEE B, 3. FhFARHERNEAR SR,
EER (13) MIAHETERMA_REETE M= AR e — 2 MR A,
E Moo F1 My BREEEGEE, EZHEESNE, WSS mESREH,. EE
B BBEMERE & =17 =0 —RETEHEM, BF

-

EJee (1,6 %0 (Mo 8),  Elyy (£,6°)" %1 (My00')',

EJe 7,8 F1 My &', Ely &0 0" FI My’

AR BRI/ HEIELR, H K IBA OB 2, A HE RS 58— (R 4% 88 55 1|, o
A W AR

Bt 4 B, 3. b SRR e EER B AR R EREE (B) So="0=00=0)
RRREN:, B EARE Y LA BEE, W] CUEAREAR GRS BT AE i BT
ERRBREEN. FESH B, 3. frhrRkniE, TUBER RN gD
BRI RMREETERN” E—RE.

=R HERER
P B B — R A TR R

p P
> A B SEMETHRERE. RE—EY4,EMEE
L. L W B L EmREEEY PRSI
M1 B 1R, BEEARBERNNESRME
BRE:
Co='_—;;Tz', Eo=n=0,=p,=0. (15)

BHARARR (8), RMBIIRXBENMBERA T :
S,

No= —P, My =My =2B,=0, Ro=—-f- . (16)

1) Hzusk [81 48 209 EH#R (37). BRMATIR.
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BERPRIIBEBMHER AT F/A T, HF (15), (16) RAFR (11), BRiM
33

E.]zx EIV_EJ.W P,” +PE”+bP0” = 0: (173)

EJ,V.V ,]lV —_ EJyr plll + P’]” . ﬂPG” =0 , (17b)

EJou 0 — EJ., p'"" — (GJ, — —fv—' PY@' +bP &’ —aPy'’ =0, (17¢)
. 12

—EJo € —EJy 7" = B1 0" + (J, — ) 0~ Gl p=0. (17d)

EEREHGBRETREMEN—BRFR. H8 (17) FREEM0SEFEN5,
BE SRR B P AR RE A% A i
H# (17) 8 B. 3. FrhrFREm haE A BEZEIER I B EEEEER
SRET — B RIRBOAE 0. BT RER T MWERFIERD MR ER, AR
# B. 3. #rhi#ERpsEREaa k.
BRI A X R, EIFERE L
E=7=0=0, M, =M,=B=R=0, (18)
BIK BRI
oz=0F z=L &,
E=7p=0=0, &' =7'=0"=p =0. (19)
BTHMESLERES, RFTE £,7,0, p Haor FRIER:

7 = Bsin—2 0=Csinjzi, P=D% cos—?{; (20)

7z
L
Hrr 4, B, C, D WHEH. AMEBHEXNAFRE A7), WEAETFHE, RMESD 4, B,
C, D MyM{ABERE 4T :

(P, —P)A—bPC—p,D =0,
(Py—~P)B+aPC—p, D=0,
S (21)

}; (PW—P)C—_?MDZO:

— P d~pyB—p,CHp,D=0;

& = Asin

—bPA+aPB +

Hrp
EJ:,\'WZ EJ 7r2 F Equﬂl'z .EJ*' 2
*=T’ PS’:_L".ZL’ P"‘=_‘§< LZ +GJd): pxr=_L—27r:
EJ,n? EJo 2\ 72
Por = Lyz s Por = 12 ?rr=E<Jrr— F )F'}‘GJV-

(22)
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EHRE (2l BEXAERFNER, BHENTAREE:

P,"‘P, 0, —st = Pxr
0, P, —P, aP, — Pur
S =0. (23)
*bP, aP, 4 (Pw—-P); — Por
F
= P> = Pyrs — Pur, Prr

ERE P WM—E=RFE, it P BB, Hbh& ) —BEEREEE R RS .
AR E R BRI, IR ARR (23) FHRARIMEM.
i x SEEE R, BOK
6=0, Jy=Ju=0, p,=p.=0. (24>
HREAFRE 2D 1E:
(P.—P)A—p,D=0, —p,d+p,D=0. (25a)

(P, — P) B4 aPC =0, aPB+3;'

(P,—P)C=0. (25b)

H# (25a) R RP 4, D, WHR (25b) HupR3 B, €, R EMEH MM .
B HRMAERF EAEA THAMETRZ—:

S, —P) (Pu—P) — P =0, (262)
Prr(Px_P)_Pi,zo- (Zﬁb)

H# (26a) FotRER B. 3. [ RKEHADMLEME. EEAROBERE (H
Hop=dF[S,):

_ P,+PotV (P,+P.) —4(1—p)P,P.,

27
d 2(1 — p) (27)
K% (26b) 8 B. 3. HFHERMAR. HILRMEH:
P=>r,— Per , (28a)
Prr
Bp
_ EJ.n? J5
P——T{l— e N GJrU)}. (28b)
J.z.t (Jrr F Eﬂ'z

EEEES B B, 3. HhZRKM, EH L &, ERMEES.
i« WAy BREREARE BB e, 3R (24) RAEA:
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a=20, Jer =0, P =10, (29)
Hit P =18 ' :
P=P,, P=rP, P=P,. (30)
SRR EME B, 3. FRrR <RSI AR
o BRSO B, K
a=b=0, Jo=UJ,=0, Per = Py = 0. (31)
R P M=EERE:

- - — _F' Par
P=P, P=P,, P=P, S (32)

RO IEEBRDL RS, 228 —1E i B. 3. W RAER P HBEMERE S, BT
T/, L &, AFENRES.
T RAR R R I R AT, ARRERBRER:
E z=07%0 z=L )&,
E=7=0=p=0, & =79=0=0. (33)
RAITWRBEERGEN, RMAR £, 7, 0, ¢ Huw PRIER:

£ = A(l—cos n z), U—B(l—cos z”z)

L L
(34)
0=C(1—cos LN s P=D-2i£singz—z;
M 4, B, C, D BEH. MURRAFRE (17), WHELAETFHRMEI:
(P,—P)A—bPC—p,.D=0,
(P, —P)B+aPC—py,D=0,
35
— poD =0, (35)
— P Ad—pyB—po,, C+ p, D=0;
Hr
== M — EJ}’ n.Z EJuwﬂ' FJ:,',RZ
Pr—(L/Z)Z’ y—(L/g)z: P, ((L/Z)z + GJls ), ?xr—(L/z)z, 6

__ EJj,=? E]u,,n' _ S
= @i T Loy f’"‘EO" F) T+ I

HH (35) R EHAE (21) B4 EBAR (22) 0 (36) TR, #
TRER RTINS, W SR AR B R — <2 5 JEE T A s O S AR,

TERZ B 9 — BT, RIES B—EATRBE MR, wE 2 FR. RE
mESEEN (FBES &), MAREMILS 3:5. EEEIE U B B sk
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—

o

3
& 2

3727 — P, 0,
0 200.40 — P,

1.258 P, —1.084P,  6.333(0.1684 A — P), 0

— 71.54, — 633.7,

e
- PL?
P="mr>

Z

%ll

A
]

5 0.561 Fu 1.561, WiMMHE » EhIL—RERIEC A
B a=20°57". MEHOEARERKEE. @
W 0=0, Bl Juo = Jur = Joy = Jo, = 0. H
Al B AR ek Bk F
a=—10841, b= —12581, )
F=81Ik, S, = 50.67 AP,
Jrr = 6412455, J.. = 3.776 ki3,

v (37)
Joy = 20.305 B, J., = 7.249 1%,

Jor = 6421 k1%, ], = 202.6 4,

Ja = 2.667 #1.
R R AT, WIRE G = 0.4E, M
& (23) FREMERWT:

1.258 P, — 71.54

— 1.084P, — 6337
= 0. (38)

0, 3161+81.07 u

h2L2 L?
A== B=p (39)

= (8 A= - w. BEFAR (38), RIEH

#%(3.459 P* — 822.0 P + 25830) — 1£(289.9 P° — 9200 P* + 384900 P —
— 325000) -- 11300 P’ + 1807000P> — 48250000 P = 0. (40)
MBCEESBRRMAE P R L WEFEQE 3 Bedi 1 R,
R RE B, 3. FR&RAMER, HORGERMRR:
p(3.459 P* — 822.0 P 4 25830) — 290.0 P° + 92760 P> — 3834000 P = 0.

BERABRAEN P B L BIRIE,

TR 3 A BT S R A B A AR I TR 5.

R 3 AR E T AR R 2R T E Y AR 1L
R IEGIF T LRE N T aoksin: M RBNE o BB 7 RHRAMEE. B

WA ET i EE R RIS 0.
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S !
Ex 0.020
- \

0.015

\&
0.005 N
\\F L

50 100 150 200
B 3

MW, "o EBE#HENEE
RA W XAIRG, EWNWMAZTEE Mo, My FIEBH No=-—P BfEA.
RAEFRG S EERGMNREE. STHHEMGEERR, RMBKIRELHE. 8%
BRFAIE po F1 p, BHAENIERR B. 3. FriERHERZINEELIZERM
£ RIVR AR B R A,

B AR R
fom =g s(L—2), M= sl —2). (41)
WA AR A
N0='—P; M, MyO’ BO=O, Ry = — -;:' P—'}" y0+ jy' %0 « (42)
RN o WEGET, A2 (1) HR:
ELo§% + P& +607) + M0 = TR (L= 2) 01 =0, (432)
EJyy 77 + P(7" — ab”’) + M, 6" — J”Z’J L[(L—22)01" =0, (43b)
E Jow 0" — (Ro+ GJ) 0" + (Meo + 6P) §"" + (Myo — aP) "' +
Jyy Jyyi¥y0 yr Jux My — 1 —
T [((L—22)7") + T [(L—122)€&") =0. (43¢)

BRI EM XN, BERRBELIRZ A RENRMA, RN HERR
T8, FARRBAR (10) ERGES
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M x0

=7=0, E”'——‘——(L—Zz)a'=0, 7)"-—“‘%0—(11—'22)0':0,(443,)

2E]yy ZEJxx

0=0"=0.

(44b)

HAEAR (43) FEERGEH (44 PHRTHERRERMEE, ErERRBR

#AHR (43a), (43b) RESRK, RIS

EJoc 8+ P(E + 80) + Mao 0 — M0 (1L — 22y 0 = 4 B,
yy v

Ely 1"+ P(1 — ab) + My 6 — 200 (1 — 22) 6 = ¢ + D

xx

FRARGM (44) BBETEW 4=B=C=D=0, @ (45) 1L5:

EJo € + P& + (Mxo+bP)0—lg7Af*—°(L—zz)e'=o,
EJyyr/"+Prz+<Myo—aP)0—%%9@—2;:)0'20.
BEEARFRILE (46) 1 (43c), AR ER AU TTEUS:
e fle=L jB: 6=7=0=06"=o0.

BE &, 7, 0 FLEERIHIERA T A

5=Asin—"Li, 7 =B sin 1;‘ 0=csin—"Li.

HRD], HEHABHRMAAAIMESSE (BT ESRIESE A ERERERLE) Rk
FALR.

(45a)

(45b)

(46)

(47)

(48)

AMHREWETERESF (7). HEMRASRE (46) 0 (43c) K&, Fl

sin 7~ HHAHE = 1E D 3| L H, BRAFTRNHRBE, RIUTH

(=P, +P)A+[(1—a)My+8bP]C=0,
(—Py+P)B+[(1—ay)My0—aP]C=0,

[(1 —a,) My + P14+ [(1 —a,) My, — aP] B + (

r Sl'
+(*’_‘§5“Pm+TP+ZBsMyO—ZBnyO Cc=0.

Hrp

A

EJ,. n? EJ,, n* F (EJuor®
Px:- JE » Py=-—z:2_': P.= S, L2 +do 5

__]xx ___va B;__J-L ﬁy___JW‘

a, =

=275, T2l = 20’ ~ 21,

EHBR (49) HREENFNMR, HAENTARRE:

(49)

(50)
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P—-r,, 0, (l—ax)Mso+bP

0, P—P,, (1 —a) My, —aP =0. (51)

S,
(l—ax) Mx0+bP’ (1_ y) Myo_“P, _F" (P_Pw)','zﬁxMyo“z.Bnyo

BB AR
(P =P (P = B,) [ = P) + 28, M0 — 28, M|

- (P'—Py) [(1—-(1,) M:0+bP]2—_(P - Px) [(1'— y) Myo_“P]Z":O- (52)
EERERSRIERST P, Mo, My FREEWE WA

AR E B. 3-‘ Fror SR Rl , IARBRMERE:

S,
F

~ (P —P,) (M + 6P)* — (P—P,) (M, —aP)2=0. (53)

SEMERIEHR (52) BIEE @ =a, = 0. HEEAR (50) TYURD, acay =+,

R EMA TR RIS 3

RERMKREAE (52) FrmBHEERREPRHGR.

1 A -FREMERETPHARNRE.E y» FEARKZEE Mo=M i1
e, BEoE M MIERRE.

REEOR ol 4 FiR,. BREEEBEY o =0 nhRBEREEIE,

(P - Pw) -+ Z,B.r Myo - ZBy Mxo] -

@—Anp—mﬂ

a=b=0, Ju)w=Jxr:Jyr =0. (543)
AR ROE I RO E TR 8k T
F=2(1+a), S,=2h 1A+, Jo==21+a),
(54b)
J =£ﬁl3a3 J =—2~}zl3 J =£/z3l(1+a)
xx 3 > vy 3 H d 3 .
AR (50) 33
_ 2 mEKP _ 2 mPEhB Se 2 s
px_.3_. s P},_3 77 > F-P,,,—3Gﬁl(1+a),
1 1 (55
ax='2_a3> a, = 2a3> ﬁ»’:By\=0'

EHR (52) ra=b=0, Myy=P =0 Fl Moo =M, RMBI M —~E=-KF
BT

S p.p,P.=0.

P, (1—a)? M2 — -

B S M B AR T
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_, V'GP,
| M= (56)
AKX (55) fRA (56), BEBIBIGH
_ . 2 aVal+a) mERP [ G
M=x2-""vo L VE- (57
3.0 i
A
i 3]
2.5
ny
M~ F
2.0
2a’l : | /
' I .r 1.5
 — e ;
N JI
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ON THE STABILITY OF THIN-WALLED BEAMS OF
OPEN CROSS SECTIONS

Hu Har-cuang

(Institute of Mathematics, A4cademia Sinica)
ABSTRACT

In this paper the non-linear theory of thin-walled beams of open cross sections proposed by
the author!!l recently is applied to the investigation of the stability of such beams. Fundamental
equations of the previous paper[1] are firstly linearized and simplified for the determination of
the critical load and the mode of buckling. In the case of eccentric compression, the fundament-
al equations of this paper differ from those in the theory of V. Z. Vlusov!® in the following
two points: 1) A new generalized displacement p is introduced. 2) The inital bent state of the
beam is taken into account. A numerical example (an angle of uncqual legs) shows that in the
case of central uniform compression, © has little influence on the magnitude of the critical load.
Therefore p is then neglected in this paper. In the case of beams loaded by pure bending mo-
ments, two numerical examples are carried out (a cross beam and an I-beam, sce Figs. 4 and 6).
Critical moments are ploted against a dimensionless parameter @ as shown in Figs. 5 and 7
(curves I), where a is the ratio of width to depth of the cross section of the beam. Our
critical moments are greater than those given by V. Z. Vlasov (curves II in Figs. 5 and 7).
This is because in this paper the initial bent state of the beam is taken into account, It is interest
to point out that according to our theory, beams may lose lateral stability under pure bending
moment only when the ratio of width to depth of the cross section is less than a certain critical

value. This fact 1s in agreement with common experience.



