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Some Studies on Non-linear Problems

Yoshio Saxgarl

Contents

The following three items on non-linear problems are studied.

1. A general solution of the non-linear equation for large deflection is derived by
assuming the plastic relation between bending moment A and bending rigidity of beam £17.

2. The non-linear vibration is studied by assuming a function of restoring force.

3. The rocking vibrations of building models which have one-storey, two-stories
and eight-stories are experimentaly investigated.
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{sec) (sec) (sec) (see) | (sec) (sec) (sec) (see)

Bu 0.98 0.55 0.45 0.43 041 039 | 0.38 0.37
ﬂ:%ij‘l {0.56) (0.82) (0.96) (0.95) {0.95) (0.97) (0.97)

A

MG, P 1.02 0.58 0.49 0.43 0.39 0.35 0.32 0.30
te o {0.57) (0.85) (0.88) (0.91) (0.90) (0.92) (0.94)

1.14 0.51 0.45 0.41 0.38 0.36 0.35 0.33
R; B~ (088 (0.88) (0.91) (0.93) (0.95) (0.97) (0.93)

B L 098 0.66 0.54 0.49 0.45 0.41 0.38 0.34
1 H ol (0.67) (0.82) (0.91) (0.92) (0.91) (0.91) (0.91)

V.G I 1.16 0.64 0.56 0.51 0.48 0.45 0.43 0.42
B ‘8 - (0.55) (0.88) (0.91) (0.94) {0.94) (0.96) {0.97)
R 1.48 0.80 0.60 0.52 0.45 0.40 0.37 0.36
° - (0.54) {0.75) (0.86) (0.87) (0.89) (0.93) (0.97)
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Bio 0.60 0.54 050 | 047 . 045 0.43 0.42 0.41
H - (09 (0.93) | (0.94) (0.96) (0.96) (0.98) (0.98)

MG, | R 1.22 0.81 072 | 065 0.60 0.55 0.51 0.49
L - (0.66) 0.89) | (0.90) (0.92) {0.92) (0.93) {0.96)

: !

> 2.05 | 0.80 0.65 | 057 0.56 0.54 0.52 0.5
' - (0.39) 81 | (0.88) {0.97) {0.97) (0.96) (0.96)

Rio 127 070 051 | 041 0.34 030 | 027 0.26
- (0.55) (0.73) (0.80) {0.83) (0.88) | (0.90) (0.986)

MG R 0.90 0.47 0.40 0.35 0.31 029 | 0.27 0.26
o s I~ (052 (0.85) (0.88) (0:89) 094 | (0.93) {0.96)
- 1.24 0.57 0.45 0.40 0.35 032 | 029 0.27
Pt o {0.46) (0.79) {0.89) {0.88) (0.91) (0.91) (0.91)

o 0.86 0.60 0.49 0.45 0.42 0.39 0.37 0.34
wo o 070 (0.82) (0.92) (0.93) (0.93) {0.95) (0.92)

MG R 0.89 0.65 0.53 0.46 0.43 0.39 0.37 0.36
e 8 oo (073 (0.82) (0.87) (0.94) (0.91) (0.95) (0.97)
R 1.20 0.70 0.59 0.53 0.48 0.4 0.40 0.38
' B~ (058 (0.84) (0.89) (0.92) {0.91) {0.92) {0.95)

P 0.58 0.54 050 | 047 0.43 0.40 | 037 0.36
- Ho— (0.93) 093) | (0.94 0.92) (0.93) {0.93) (0.94)
MG > 0.74 0.70 063 | 053 0.45 0.40 0.37 | 036
2 e B’ - (0.98) 0.90)  {0.84) {0.85) (0.89) (0.93) (0.97)
P 1.10 0.66 057 | 053 0.50 0.47 0.44 0.42
o ke~ 0.60) (0.86) = (0.93) (0.94) (0.94) (0.94) (0.95)

| R 078 | 050 0.40 0.37 0.34 0.32 0.31 0.30
1 K- (084) (0.80) (0.91) (0.93) (0.94) (0.95) (0.97)

MG | R 1.00 0.57 0.49 0.44 0.40 0.38 0.36 0.35
ST B i (057) (0.86) (0.90) (0.91) (0.95) (0.95) (0.97)
| p 116 063 0.46 0.40 0.36 0.32 0.29 0.26
' o (054) (0.73) {0.87) (0.90) {0.89) (0.91) {0.90)

R 0.72 0.54 0.44 0.40 0.37 0.35 0.33 0.32
v B~ (074) (0.82) (0.91) (0.93) (0.95) (0.94) (0.97)

MG R 1.08 0.63 0.49 0.42 0.38 0.36 0.35 0.34
82 s H - (0.58) (0.78) (0.86) (0.91) {0.95) {0.97) (0.97)
. 1.41 0.76 0.60 053 | 049 0.47 0.44 0.42
' It~ (053 (0.79) 088 | (0.93) {0.96) (0.94) (0.96)

2. 099 = 076 0.58 0.50 0.46 0.43 0.41 0.40
o B = (077 (0.76) (0.86) (0.92) (0.94) (0.95) {0.98)

MG R 115 | 0.64 0.53 0.50 0.49 0.48 0.47 0.46
g ¢ B~ {0.56) (0.83)  (0.95) (0.98) (0.98) (0.98) (0.98)
2. 1.28 | 073 0.61 | 056 0.52 0.50 0.50 0.49
s - (057) 0.84) | (0.92) {0.93) (0.98) (1.00) {0.98)
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Rio 026 | 1.45 | 092 | 080 | 074 | 0.70 5.6 3.5 3.1 2.9 2.7
MGy Rs 026 | 160 | 095 1 075 | 0.68 | 0.63 6.2 3.6 2.9 2.6 2.4

i 026 | 1.65 | 0.89 | 074 | 0.65 | 061 | 6.4 3.4 2.8 2.5 2.3

Ry 0.38 | 1.45 | 1.04 | 078 | 0.60 | 0.50 3.8 2.7 2.1 1.6 1.3
MG, Ry 038 | 1.78 | 1.08 | 092 | 085 | 0.80 4.7 2.8 2.4 2.2 2.1
R 038 | 220 | 110 085 | 073 | 0.65 5.8 29 2.2 1.9 1.7

B 050 | 118 | 095 | 0.89 | 0.84 | 0.82 2.4 1.9 1.8 1.7 1.6
MG R 050 202 135 110 1.00 ! 0.95 4.0 2.7 2.2 2.0 1.9
Rs 050 | 2.90 125 | 110 | 102 | 0.98 5.9 2.5 2.2 2.0 1.96

Ruo 027 | 190 | 095 | 0.64 | 050 | 0.45 7.0 3.5 2.4 1.9 1.7
MGy Rs 027 | 135 | 070 | 0.60 | 055 | 0.52 5.0 2.6 2.2 2.0 1.9
Es 027 | 1.70 | 085 | 0.68 | 0.57 | 0.54 | 63 31 2.5 | 21 | 20

Rio 042 | 1.34 ) 1.04 | 085  0.73 | 0.65 3.2 2.5 2.0 1.7 1.5
MG Rs 042 | 150 | 093 | 082 | 0.76 | 0.72 3.6 2.2 1.9 1.8 1.7
Rs 042 | 1.84 | 1i5 | 093 | 0.78 | 0.67 4.4 2.7 2.2 1.8 1.6

Rio 0.54 | 113 |} 097 | 083 | 072 | 0.65 2.1 1.8 15 1.3 | 1.2
MG, Rs 054 | 1.45 | 1.10 | 087 , 0.75 | 0.67 2.7 2. 1.6 1.4 1.2
R 054 | 175y 117 | 095 | 0.856 | 0.76 3.2 2.2 1.8 1.6 1.4

Rio 030 | 1.60 | 0.76 | 0.65 | 0.60  0.56 5.3 2.5 2.2 2.0 1.9
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MeGs B 084 | 280 | 1151 09 | 0.93 | 0.89 3.3 1.4 1 1d 1.1
Rs 084 | 295 | 1.18 | 1.03 | 0.98 | 0.96 3.5 1.4 1.2 1.2 1.1
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| i |
§ Vo : V1 YR2 VR3 VR4 YRs
i |
Ry 1.07 1.7 1.2 1.3 1.2 2.0
MG, Ry 1.07 1.8 1.4 1.2 1.3 1.3
R 1.07 1.4 1.3 1.3 1.3
Ru 1.09 1.5 1.3 1.2 1.4 1
MG, R 1.09 1.8 1.4 1.1 1.0 1.2
R 1.09 1.8 1.3 1.4 1.1 1.1
3
Rio 1.1 1.9 1.3 ] 1.2 1.3
MG, R 1.1 1.9 1.1 1.3 1.2
R, 1.1 17 1.1 1.2 1.3
R 1.08 1.8 1.7 1.7 1.3 1.4
MGy R 1.08 1.6 1.5 1.0 1.2 1.3
R 1.08 1.8 1.3 1.5 | 1.3 | 1.2
| |
Rio 1.1 1.8 1.3 1.1 1.4
M,G, R 1.1 1.7 1.2 1.2 1.3
B 11 1.6 1.2 1.2 1.3 1.3
R 1.1 1.7 1.2 1.2 1.0 1.4
M,G, R 1.1 1.4 1.1 1.5 1.1
B 1.1 1.4 ‘ 1.2 1.1 1.2 1.3
Ruo 1.1 1.7 1.4 1.5 1.4 1.6
MG, Rs 1.1 1.8 1.3 1.3 1.1 1.1
R 1.1 1.8 1.4 1.6 1.4 1.3
Rio 1.1 1.8 1.4 1.3 1.3 1.3
MG, Rs 1.1 1.7 1.2 1.1 1.3 1.2
R 1.1 1.7 \ 1.3 1.2 1.2 1.3
R 1.1 1.4 ~ 1.3 1.3 1.2 1.3
MGG Rs 1.1 1.4 1.2 1.1 1.2 1.2
R 1.1 1.3 1.1 1.2 1.1 1.1
vo: FEREREEREOMEER

vre: Rocking U0 i FH ORI L8 (1) BHORII O



27 =, EOYRMTIRENIZER T 45

O LK A~5 JHHE O RIRTne o &, L0

’! %J/J\\/\/Jl E)

KD R DR D T B,
B b OISR Uikt xR L, RM,G, Tt
L LTS,

Fl& 7o D b B © B8 O R
Rocking o BT i &8 0% L G0 MR Uiens, TOMBERAN 0L <, whnic
A B AL WS, B R T
TREE L, HAERORE O 4 MME S D X0 Bl ST & AEER
PERZ RS, W, M Towili S &, MomMERL v WA Z8 Ly,
OR fsdin <, Hi I b ORECHRHIC U Cane T RE o R T <,
O¥Ociif #mncyy,  HiERRe Rocking %4k U L VER B & 80 e+ 58 4 vl f

g

178 o 15 T

I

TH Do e LRI, SR8 B G EC T LT o8 R R G o R &

TR H, MPNCAE 3 DRI 5 R IER S 2R RET 5 L0 ThH D,

¥, §2 QEBRERGEHAM O —8 AR, RARTERER SHR L 0 He e b O T
WEHLTUERBEL2HEIHLOTL S,
[3x]
(1) Plastic Bend 4 2 B (55 140, WIE B (RHEATITEMLE, 4583 5, 1955 4:10 A).
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