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Maps = kaas (2928 + dzan) —AaB(29:8 + (hzaB),
Myap = — 25kyan?®ys. Mysa = 28kyan ¥y,
Mzap = keas(YeB + ¢za8) —2aB(P2B + QaaB),
Mepa = keaB (2928 + ¢zaB) — AaB(292B + (zaB).
Wi BC :
Mapc = 2f8kznc (P28 — Pac), Macs = 2Bkspc (Pac — Pan),
Mysc = kysc (2%38 + Pyc + ¢aas — ¢zcp) — e (2P + Paxc),
Mycs = kysc (P8 + 2P5¢ + Gzan ~ ¢dacn) —~ Asc (P28 + 2oxc),
M:pe = kenc (2928 + Puc) — 2B (2938 + Cyc + @aap — ¢zcd) + Cepe,
M:cs = kec (Pen + 2€z¢) — Asc (Pym + 2Pyc + ¢zap — ¢acp) + Cich.
{0 CD
‘Mazcp = kacp (292¢ + ¢racn) — Jcn (2Pec + ¢zan),
Mzpe = kacp (P2 + ¢acp) — Zep (Pop + (PzaB),
Mycp = 2Bkyco¥sc, Myoc = — 25kycpPsc,
Mecb = kzco (29:c + ¢zaB) — Acp (2P2¢ + ¢acp),

M:pc = kzcp (Pec + ¢=aB) — Acp (Pac + dach).

vtk A1
XaBA = — ‘; (Mzap + Mapa) = — ]l“ [keAB(3P:B + 2¢0ean) — AaB(3%2p + 2¢zaz) ],
Xacn = — L (Mzcp + Mzpc) = — Lr Ckecp (3920 + 2¢0a8) — Zcb (3%ac + 2¢zcp) ],
14 -
1
Xegn = — } (Maag + Mazpa) = — 2 [%2a8(3Pan + 2¢2aB) — /AB( B -+ 2¢zaB) ],
Xene = Xuc = — } (Mysc + Myc) = — ,}, [kyBc (3Py8 4+ 3%yc + 2¢hcns — 2¢acD)

— Z8c (3% + 3%:c) 7,

Xecp = — } (Maco + Mapc) = — ,Zl, [kacn (3% + 2¢acp) —Acp (3P:c + 2¢r:a8) |.

AR
1) XYM = Mepa + Mapc = 0, i) 2Mac = Maucs+ Mzcp = 0,
i) XMys = Mysa + Mysc = 0, iv) XMyc = Mycs + Mycp = 0,
v) XM = Mssa + Mec = 0, vi) XM = Mece + Mecp = 0,
vii) =B = XA -+ Xevc = O, vill) 2Xec = — Xecg + Xecd = C,
ix) 22Xz = Xasa + Xazcp = 0.
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@yp = 0. 048 3( Canc — CucB, ),
Cep = — 0.425 1 Cenc + 0. 112 6 Cucs,
¢dzas = 0, 0550 Cene + 0. 226 4 Cecs,
¢z = 0. 234 4 (C:pc + Cecs) .
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$23 = —0.431 1 Cepc + 0. 124 5 Cucr
¢dzap = 0. 052 8(Czsc + Czcn),
dzap = 0. 223 9(Czpc + Cecn).
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$2c= — 0.124 6 Cenc + 0. 208 7 Cucg,
$yc = — 0.029 8(Cepc + Cacn),
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‘ = s | k
Ty szr LR AT 1
(m) | x ¥ ! z
g E}EE iz | 44 | 0.444 1000 0.000
oo P 6 56 | 0.789 0.760 = 0.263

T ARTE DS H/J\fa DRED A EET, BHELD EOEIEMEIMICELEL L,
A H—FT LW 2 ROWURENFEH £=0
Pop = — @IH) ©yg == @vH> YPeg = — @72}1) AR = — ¢)xDH)

OpF = ~— Pac/s

Cyr = DaBF = — (JaCG
VCZD 70, d\fx_l\‘i,[l/f\/{! J': 7)
dyEr = 0, 75¢za8 — 0. 7T5¢znr, ¢yrc = 0. 75 (daBF — acs) = 1. Bznr

Ein%. 4 Poisson $t m=6 L35 &ut— AV rRIROX DT 5.

#MT AE, DH :
Maeae = — Mapu = 0. 456 (P2 + ¢zap) — 0. 263 @.x,
Mzea = — Mzup = 0. 456 (24 -+ ¢zag) — 0. 526 @5,
Myag = Mypu = — 0. 169 @4k, Myea = Myup = 0. 169 @,5,
Mear = — Mepu = 0.760 P& — 0. 263(%aE + ¢zar),
Meea = — Mzup = 1. 520 P& — 0. 263 (2PzE 4 Qzar).
¥4 BE, CG :

Mapr = — Macc = 0. 456 (Par + ¢unr) — 0. 263%r,
Marg = — Mace = 0. 456 (2 Par + danr) — 0. 526 Per,

Mysr = Mycc = — 0. 169 @yr, Myr= Mycc = 0. 169 @5,
Mpr = — Mzce = 0.760 Por — 0. 263 (P27 + anr),
Mepp = — Mzcc = 1.520 Por — 0. 263 (2 Par + Qanr).

Wi EF, HG:
Maer = — Manc = 0. 224 (P28 — @ar), Mare = — Macn = 0. 224 (Por — Par),
Myer = Mync = 0. 444 (2938 + Por + 0. 75 ¢ear — 0. T5¢nr),
Myre = Mycn = 0. 444 (Pye + 2Pyr + 0. 75 ¢zar — 0. 75 ¢anr),
Mer = — Maug = 2% + Per ~— 16, Mg = — Mg = Yg + 297 + 16,
b FG :
Mapc = — Mazgr = 0. 448 Y.F, Myrc = Mycr = 0. 444 (3Pyr + 1.5 ¢zmr),
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M.rc = — Macr = P=F.

v AT
Xeea = —Xeup = — 0. 228 P25 + 0. 131 5 Y25 — 0. 152 ¢hza,
XorB = — Xecec = — 0. 228 Pzr + 0. 1315 P2r — 0. 152 ¢rzzF,

Xeer = Xork = Xonoc = Xeon=—0. 166 5 Py& — 0. 166 5%yr — 0. 083 3¢h2ar+0. 083 3¢.xF,
Xerg = Xegr = — 0. 333%,r — 0. 166 5 ¢rznr,

i R
i) M. = Mega + Magr = 0, i) SMar = Mere + Mars + Marc = 0,
) Mo = Mos o+ Mone = iv) XMy = Myre + Myrp + Myrc = 0,
v) XM = Mwa + Mwsr = 0. vi)  2Mer = Mzre -+ Mers + Marc = 0,
Vi) IXer = Xega + Xerr = 0, viii)  2Xer = — Xere + Xorn + Xorg = 0.

e — AV bak, AT R IR TR AU U e R R 08 8 IR L T

WeW WM U T R

s il
Tt H
(230 Par Py Pyr Pzr Par PzAE GuF
1 1.136 |—0.224 —0.526 0. 456
2 —0.224 | 1.584 ’k —0.526 0. 456
3 1.057 | 0.444 0.333 | —0.333 7
4 0.444 | 2. 38‘; 0.333 | 0.333
5 —0.526 k 3.520 W 1.000 (—0. 2637 16
6 —0.526 1.000 | 4.520 —~0.263 | ~16
7 0. 456 0.833 ] 0.338 —0.263 0.471 |—0.167
8 0.456 |—0.333 | 0.333 —0.263 |—0.167 | 0.804

W8 O AR M < &, RDEERAD.

Por = + 1. 979, Pye= — 0.982, Peg = -+ 6.454 (4 5.923),
Par = — 1. 124, Pyp = -+ 0. 059, Por = — 5.161 (— 4, 850},
¢xaE = -+ 1. 962, ¢apr = — 1.076.

P DET () Z2O2FTHHDILBHMHTH 5.
X DM OUE — A v MEIEBIRDOX 51D, HWMIiLE— 2 v FRET R
R offEzR L.
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WOk M E — £ v b (t m)

¥ ol AE BT EF FG
i A B B | F E | F P G
M= | +0.10 | —0.70 | +0.85 | +1.20 | +0.70 | —0.70 | —0.50 | +0.50
My +0.17 | —0.17 | —0.01 | +0.01 | +0.17 | +0.63 | —0.64 | —0.64
M- +3.87 | +8.25 | —8.34 | —6.97 | —8.25 +12.13 | —5.16 | +5.16
M +4.50 | +9.00 | —3.69 | —7.87 | —9.00 |+12.22 | —4.85 | +4.85
(M-M/Me | +16 | 49 | 4+10 [ +6 | +9 |+1 | =6 | =6 (%
# # GH Gc HD
" ¢ | =® G | ¢ i D
M + 070 | —0.70 | —1.20 | —0.835 | 4+0.70 | —0.10
My +0.63 | +0.17 | 40.01 | —0.01 | —0.17 | +0.17
M —12.18 | 4825 | +6.97 | +3.34 | —8.25 | —8.87
M —12.22 +9.00 | 47.37 | +3.69  —9.00 | —4.50
(M=M/M2 | + 1 +9 +6 | +10 19 +16 (%)
IM J&rhf
COFEBOLEIIET — A VINOIT T~ A Y DS HilHEFL D RE BN

FeORREART BT E— A P &M FG i<~ 2v +Th5. i
JEoETEAsItwE— AV b (M, My) 5% fedkE WX BF o)
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Summary

Analysis of Rigid Frames Subjected to
Unsymmetrical Bending

Takashi Kusama

(Department of Civil Engineering, Faculty of Engineering)

In practice, the rigid frames which have the members of unsymmetrical
cross sections are occasionally constructed. In such cases, it is neccessary to
consider the outside displacements to the frame plane together with displace-
ments in the frame plane. But their stresses are conventionally calculated in
neglecting the effects of these outside displacements in the practical design.
Then the writer fears that this conventional method of analysis is to lead
errorneous results.

The writer has tried to analyse these frames exactly by taking the
deflections of the members in all directions into consideration. The funda-
mental formulas are referred to the slope-deflection formulas, and the method
of analysis is shown by giving illustrative examples. It has especially been
noticed that the magnitude of product of inertia of cross section is the most

effective factor.



