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Analysis of Dynamic Elastic Stability of Framed Structures Considering
the Effect of Damping and Forced Vibration

Tadayoshi Aipa and Akira Kusora

Abstract

In this paper authors deal with the dynamic instability of the framed structures in two cases, in which the

effect of damping is considered and it is supposed that the frequency of loads is close to the natural frequencies

of the structures, and show the method of analysis of them and the effect of damping and forced vibration.

In former case, it is supposed that the damping force proportional to a derivative of the displacement with

respect to time is considered and damping matrix can be diagonalized by modal matrix.

The boundary values of the regions of instability of columns and arches are estimated by applying the
proposed method, which agree with them of column simply supported at both sides.
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Boundary values of the regions of dynamic instability considering the effect of damping

Upper bound Lower bound

/" ) |A w[282 7 w282
i 1.164 1.114 (1.092) 0.686 0.649 (0.641)
0.802 1.203 (1.180) 0.628 0.710 (0.701)
Principal 0.586 1.114 (1.092) 0.525 0.811 (0.801)
— — 0.482 0.855 (0.845)
h=0.05 _ _ 0.445 0.896 (0.888)
2.076 0.484 (0.475) 0.699 0.094 (0.092)
Second 1.056 0.461 (0.452) 0.676 0.184 (0.182)
— — 0.643 0.269 (0.267)
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Table 2 Boundary values of the regions of dynamic instability considering the effect of damping

for column of case 11

Upper bound Lower bound

@ | w[252 7 w282
0.975 1.344 (1.328) 0.473 0.781 (0.772)
0.563 1.192 (1.178) 0.385 0.845 (0.836)
Principal 0.375 1.112 (1.099) 0.317 0.894 (0.885)
h=0.05 0.268 1.057 (1.046) 0.264 0.933 (0.924)
— — 0.225 0.969 (0.960)
Second 1.035 0.484 (0.477) 0.666 0.185 (0.181)
—_ — 0.568 0.341 (0.338)

Table 3 Boundary values of the regions of dynamic instability considering the effect of damping
for column of case IIT

Upper bound Lower bound

) w22 7 | w282
0.789 1.300 (1.303) 0.662 0.595 (0.597)
0.478 1.180 (1.183) 0.414 0.784 (0.787)
Principal 0.329 1.118 (1.112) 0.330 0.840 (0.842)
h=0.05 0.187 1.054 (1.057) 0.217 0.909 (0.912)
0.121 1.018 (0.121) 0.112 0.978 (0.981)
Second 0.994 0.486 (0.487) 0.654 0.197 (0.198)
— — 0.525 0.353 (0.355)
1.150 1.306 (1.310) 0.841 0.447 (0.449)
0.554 1.089 (1.092) 0.704 0.613 (0.615)
Principal — — 0.576 0.740 (0.742)
h=0.1 — — 0.472 0.837 (0.840)
— — 0.400 0.925 (0.929)
Second 0.793 0.433 (0.435) 0.668 0.191 (0.200)
— — 0.626 0.386 (0.387)

Table 4 Boundary values of the regions of dynamic instability considering
the effect of forced vibration for column of case I11

Upper bound ‘

Lower bound

0|28

I [ (282 7
0.132 1.066 (1.070) 0.103
0.263 1.124 (1.130) 0.206
0.522 1.133 (1.240) 0.314
0.873 1.367 (1.375) 0.506
2.027 | 1.735 (1.748) 0.798

0.940 (0.942)
0.884 (0.887)
0.820 (0.824)
0.694 (0.699)
0.435 (0.447)

Case I - i 47 B SE o #E

Case II---- —#HEMIE e v Y O

Case III------ e v Yok

72721, Casel 3L (X Case II 12\, A=0.10
DEE, BEHRIEKE L, %iBoRQ) P L (21
KLV BERBEHEERD 22 L BT EESH LT
5720, ZITHRERLTWEN,

BpiSZH4E (Case IID 0 3G HIRS) © % 2 E 010
ZER LB E OB LK EFIR O BERE %+ Table
4 TR LT,

Table 1, Table 2 3+ X (£ Table 3 1@ 0/22 D>
TR O BURIZ MBA D 11 & b 3R & 17z il i B

Vol. 26 No. 1 (1975)

XEHEOBERREBOBEMMRC) L L URECD LY

ARLIHRTH .
ERREFER--

) 1 - 1
=142 2_ g2 l,d'i
20 \/ 2 \/'u + 4

5 2 ANHGE IR

w 1 S T F i
20 gV R =1 (1=

d=_. _2_5 -  e=ho,
‘”w/l—%’-
*

ZZT,



BB s L ORI RE O BEEE R U S OB T R BT

47z, Tabled H10 ©/22 OMOFEIA O BUHE I3 3 H
BHOYBrERLBEOERKONEL VRO
N7 B FE OB REHROEMERR2) LY
HELETHS.

(g) =95 Qtp£VA—BFFaR (22)
cee, p=(22)

op : EORIRE) O B A RSN

P=18246.2kg — E gg)ognd(z1)
w/20} .: h;_ozm}present results
A —
I ’°/° N
-0
Lo <° h=0.05
L 0‘-0\.0\0\\. h=0.10
L O\}o\
b \
0.5+
] e O h=0.05
\\\1me
AA\\
0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

¥
Fig. 1 Regions of dynamic instability considering
the effect of damping for column of case 111

(31) 31

Yokt gh, Case Il IZ0nT 0/29~p SEHEIZAR
R L, Fig. 1lo@BYTH 5.

Table 1, Table 2 &+ L £ Table3 L VL% LS
7, HEMERRCOFIURCDIZL ZEMEE 1%
DERYEFLEFITHD. LitiaT, BHFRRE
W% 0/29~p FETEDLTHA, HOHREH
RGBSR O B R AE % i i B S R 0 UK
O LUCDITIVHBLTIVWENVZ S, T,
WHEHORB Y ZRL12HE, Tabled I HHLH
X5 =2 YHoBHTRAC)DIHEMEIZL
AMEED BVEERDE LI,

42 7 - F

421 EAEET-F

FLEHEROBRMOHBEFHIROES L UT
% 2. Case I (fiHE7 —F), Case Il (—EH
e o7 —F) kU8 Case Il (flige o7 —
F) ORF 0/20~p THb L, Table 5 Table 6
3 & U8 Table 7 (27 L 7z,

Table 5, Table 6 3+ & U Table 7 1 ® /292 O D
FEAL P O O 1 7l o BB X A O BER B B 0 LK
COFIVCEDIVEHLIERTHE. IRLOH
Brbv#HbLrARLHII, T-FOHEMERIHEREAT
ML, REOPLIFCDIRE Z2EMEL 1 BERE
DERTETLRIT, BOLAREFEREL 0/20~p

Table 5 Boundary values of the regions of dynamic in plane instability considering the effect of

damping for arch of case 1

Upper bound Lower bound

) 0|22 ' o w282
0.610 1.262 (1.255) 0.588 0.656 (0.649)
0.509 1.219 (1.215) 0.488 0.730 (0.723)
Principal 0.433 1.187 (1.184) 0.370 0.808 (0.802)
0.327 1.140 (1.140) 0.261 0.873 (0.869)
h=0.05 0.257 1.107 (1.109) 0.176 0.917 (0.918)
1.754 0.503 (0.497) 0.698 0.079 (0.081)
1.111 0.501 (0.495) 0.638 0.226 (0.219)
Second 0.762 0.498 (0.493) 0.585 0.291 (0.286)
0.551 0.493 (0.490) 0.446 0.389 (0.386)
0.412 0.487 (0.485) 0.357 0.454 (0.450)
2.577 1.830 (1.812) 0.717 0.563 (0.556)
1.572 1.548 (1.536) 0.605 0.665 (0.658)
Principal 1.106 1.399 (1.389) 0.507 0.744 (0.735)
0.840 1.306 (1.298) 0.423 0.803 (0.796)
h=0.10 0.667 1.241 (1.234) 0.327 0.869 (0.862)
1.689 0.494 (0.488) 0.667 0.156 (0.154)
1.044 0.485 (0.480) 0.643 0.228 (0.224)
Second 0.687 0.472 (0.480) 0.597 0.294 (0.291)
— — 0.549 0.352 (0.348)
— — 0.506 0.405 (0.399)
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Table 6 Boundary values of the regions of dynamic in plane instability considering the effect of
damping for arch of case 1I

Upper bound Lower bound

/" } (282 [ | (28
1.789 1.666 (1.659) 0.480 0.730 (0.726)
1.228 1.487 (1.483) 0.437 0.760 (0.755)
Principal 0.921 1.379 (1.377) 0.397 0.785 (0.782)
0.725 1.306 (1.305) 0.362 0.807 (0.804)
h—-0.05 — — 0.302 0.842 (0.841)
1.091 0.501 (0.497) 0.581 0.292 (0.289)
0.752 | 0.499 (0.496) 0.521 0.346 (0.343)
Second 0.545 0.495 (0.494) 0.458 0.389 (0.387)
0.414 0.491 (0.491) 0.398 0.423 (0.421)
0.315 ! 0.484 (0.486) 0.299 0.472 (0.469)
© 2661 | 1.879 (1.863) 0.492 0.739 (0.740)
1.605 1.579 (1.571) 0.449 0.770 (0.764)
Principal 1.121 1.421 (1.417) 0.408 0.796 (0.792)
0.852 1.327 (1.325) 0.374 0.820 (0.815)
h—0.1 0.676 1.261 (1.259) 0.312 0.857 (0.854)
o 1.682 0.497 (0.492) 0.699 0.080 (0.081)
1.050 0.491 (0.487) 0.637 0.229 (0.228)
Sccond 0.707 0.484 (0.481) 0.588 0.294 (0.292)
: 0.480 0.465 (0.464) 0.534 0.350 (0.348)
0.445 | 0.447 (0.452) 0.481 0.399 (0.395)

Table 7 Boundary values of the regions of dynamic in plane instability constdering the effect of
damping for arch of case 111

Upper bound ; Lower bound

It i 7 |20 - ! o | w[282
0.675 1.284 (1.282) ‘ 0.509 0.710 (0.707)
0.513 1.221 (1.219) | 0.384 0.793 (0.792)
Principal 0.404 1.174 (1.174) 0.295 0.849 (0.848)
0.331 | 1.144 (1.143) 0.205 0.901 (0.900)
h-0.05 0.202 | 1.087 (1.086) 0.149 | 0.932 (0.932)

- 1374 0.500 (0.497) | 0.690 0.118 (0.110)
0.759 0.495 (0.494) 0.635 0.227 (0.223)
Sccond 0.476 0.490 (o 190) 0.565 0.318 (0.315)
— 0.464 0.387 (0.386)
— — | 0.377 0.436 (0.436)
i T - 0857 | 1315(1.312) | 0.682 |  0.582 (0.587)

0.608 1.219 (1.220) 0.523 0.719 (0.719)
Principal 0.466 1.164 (1.163) 0.400 0.809 (0.807)
0.370 1.123 (1.123) 0.273 0.890 (0.891)
h=0.1 0.253 1.072 (1.071) 0.195 0.942 (0.942)
1.317 0.489 (0.487) 0.691 0.118 (0.113)
Second 0.694 0.474 (0.473) 0.642 0.228 (0.223)
— — 0.571 0.322 (0.318)
— 0.498 0.401 (0.395)
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Table 8 Boundary values of the regions of dynamic out of plane instability considering the effect of

damping for arch of case I

Upper bound Lower bound
I |28 e | w]252
o 0.433 1.177 (1.172) 10479 | 0.743 (0.737)
0.263 1.101 (1.099) 0.341 0.835 (0.830)
Principal 0.181 1.065 (1.062) 0.248 0.891 (0.888)
h=0.05 0.130 1.031 (1.036) 0.144 0.949 (0.948)
0.098 1.008 (1.018) 0.093 0.980 (0.982)
i Second 1.949 0.500 (0.495) - 0.600 0.277 (0.274)
0.436 0.473 (0.479) 0.408 0.457 (0.449)
0.697 1.195 (1.186) 0.905 0.340 (0.337)
Principal — — 0.703 0.600 (0.599)
0.1 — — 0.517 0.771 (0.769)
: — — 0.384 0.887 (0.882)
| Second 1.835 0.485 (0.479) L0625 0.283 (0.278)
| 0.657 0.435 (0.429) | 0603 | 0.417 (0.408)
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