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Analysis of Dynamic Elastic Stability of Framed Structures
Subjected to the Periodic Follower Loads

Tadayoshi AIpA and Tamotsu ABE

Abstract

When the Structures be lacking in stiffness are subjected to the periodic loads, the parametrically
excited vibration occur in it. Therefore, examination of dynamic elastic stability for these structures
results in analysis of stability of the parametrically excited vibration. One of the authors, Aida, has
presented a method of analysis for dynamic elastic stability of framed structures subjected to the
unidirectional periodic loads in Ref. (10) and (11). In this report, a method of analysis for dynamic
elastic stability under periodic follower loads is proposed.

Hsu’s instability conditions are applied in judging the stability of solution of the differential
equation with periodic elements, i.e., variational equation of motion by which stability of phenomenon
are discussed. In last chapter, instability regions of columns and parabolic arches which are calculated

by the proposed method are shown.
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Fig. 2 Nodal follower forces and torques
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Table 1 Coefficients of Eq. (33) for columns under the periodic concentrated load

T~ Kind of Case | l Case 1 ‘ Case I ‘ Case N
Type of column Pyx=10.48 Px=10.80 Py=5.230 | Px=21.46
. - w;=174.0 w,=398. 9 w;=315.7 w;=491. 8
instability
region I a ‘ b \ a b } a b a \ b
Principal 0.163 | 0.058 0.3131 0.076 | 0.253 | 0.063 | 0.368 | 0.089
(for 1st mode) 0. 162) [€0.050) | (0. 308)| (0.076) (0. 363)! (0.090)
Principal 1.0 0.132 1.0 0.084 1.0 0. 061 1.0 0.116
(for 2nd mode) (1.010) 1€0.153) | (0.989)| (0.088) (0.995) (0.122)
Sum type (between | 0.418*% | 0.124* | 0.656 | 0.015| 0.0 0.0 0.0 0.0
1st and 2nd modes) 0. 418)*(0. 113)* (0. 649)| (0.010) | 0.0) (0.0)
Sum type (between 1.445 | 0.106 1.178 | 0.010 ! 0.0 0.0 1.143 | 0.034
1st and 3rd modes) (1.403) 1€0.081) | (1.168)] (0.011) (1. 143)| (0.032)
Unit: Py and Pxx kg, w; rad/sec.
( )-+-values from Ref. (7) and (8). -
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distributed periodic loads
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Table 2 Coefficients of Eq. (34) for columns under the uniformly distributed periodic load
Kind of Case | Case [ Case 1 Case N
Type of column g++=0.3500 | @#x=0.5157 | gux=0.1678 | gusx=0.7337
. .. w2=174.0 w;=398. 9 w:=315.7 w;=491. 8
instability
region c l d c d c d | c | d
Principal (for st mode) | 0.163| 0.010 | 0.313] 0.013| 0.253| 0.010| 0.368 | 0.015
Principal (for 2nd mode) 1.0 0.022 | 1.0 I 0.017 ‘ 1.0 0.010 | 1.0 0.019
Difference type (between
e e oy 0.418 | 0.20 | 0.344 | 0.004 | 0.627 0.004 0.316 | 0.002
Sum type (between Ist
e tedess 1.445 | 0.013| 1178 ] 0.005 | 0.0 | 0.0 | 1.148] 0.005
Unit: g«x kg/cm, w,--- rad/sec.
Fereen Sum type between st and 2nd modes.
ZOBERET, OECHEHIIIBU)DHET X » FHEMNTEREL DA E 2 5.
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Fig. 5 Skeleton of parabolic arch subjected to ( b)
the periodic follower loads Fig. 6 Cross sections of arch
Table 3 Coefficients of Eq. (35) for in-plane deforming arches clamped at both ends
Kind of Rise=20cm Rise=40cm ' Rise=60cm Rise=80cm Rise=100cm
h
Tuoe of are Pax=2.099 Pux=2.444 Pix=1.930 Pix=1.392 Pix=1.009
Lype o w,=265.7 @, =177.3 0, =122.3 0, =73.73 w,=51.43
instability
region e f 1 e l f e f e f e f
Db modey | 0-510| 0.125 | 0.455 | 0.120 | 0.438 | 0.119 | 0.432 | 0.120 | 0.430 | 0.119
f?}gf‘gz; mode) | 10 | 0.141| 1.0 | 0.141| 1.0 | 0.139| 1.0 | 0.138| 1.0 | 0.134
?;fg;ggigbggggg 1.094 | 0.025| 1.060| 0.009 | 0.626% 0.018% 0.642*% 0.023* 0.647* 0.025*

Unit: Py kg, w; rad/sec.

...... Difference type.
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Table 4 Coefficients of Eq. (35) for in-plane deforming arches hinged at both ends

\(ind of Rise=20cm } Rise=40cm Rise=60cm Rise=80cm ‘ Rise=100cm
Tyoe O arch Pye=0.0048 | Pix=0.8067 | Pix=0.6414 | Pxsx=0.4388 | Pxx=0.3077
ype o w2=199. 1 w,=127.5 @, =78. 86 w;=51.37 w2 =35. 60
instability
region \\\\\\\ e f e | e £ ] e | £ | e f
Principal
oAt mode) | 0-421 | 0.109 0.381‘ 0.101' 0.368 | 0.100 | 0.363 { 0.100 | 0.361 | 0.098
Principal
Tincipal ey | 10 ] 0105 10 | 0102 1.0 | 0.9 | Lo | 0100 10 [ 0.00
Sum type(between ‘
T e madesy) 1-100 \ 0. 003 \ 1.100 t 0.012 | 1.120| 0.017 | 1.134 | 0.019 | 1.140 ] 0.019

Units are the same as Table 3,
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Table 5 Coefficients of Eq. (36) for out-of-plane deforming arches clamped at both ends
\ Kind of Rise=20cm Rise=40cm Rise=60cm Rise=80cm Rise=100cm
\\
~ h

T }\ A Pu=1.311 Pyxc=2. 602 Puyc=2.088 Pu=1.375 | Pyx=0.9538
RN ©:=141.9 @,=63. 32 @, =59. 13 w,=41.27 w,=30. 81
instability

region | @ h € | h g h g h g h
Principal ‘

cipal e | 0.353 | 0.086 | 0.362| 0.053| 0.305 | 0.027 | 0.283| 0.064 | 0.264 | 0.078
Principal

Chor md mode) \ 1.0 0.148| 1.0 | 0.252| 1.0 | 0.235| 1.0 | 0.191| 1.0 0. 164
Difference type
(between Istand | 1.155% 0.034¥ 0.891 | 0.124 | 0.793 | 0.195 | 0.734 | 0.203 | 0.684 | 0.199
3rd modes)

Units are the same as Table 3,
Kiveves Sum type.
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