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Abstract: This study investigates the influence
of viscous damping on the load-carrying
capacity of an imperfect finite column. The
analysis is based on an established governing
equation for the lateral displacement of a
viscously damped finite column, which is solved
using the regular perturbation method. To
facilitate the solution, the governing equation is
first  non-dimensionalized  through the
introduction of appropriate dimensionless
parameters. This transformation naturally
introduces a slow time scale into the
formulation, and nonlinear terms of order
higher than cubic are neglected to simplify the
analysis. The resulting expression for the lateral
displacement, as a function of both time and
spatial coordinates, is derived analytically. An
asymptotic series expansion is then employed to
determine the column’s maximum lateral
displacement, from which the dynamic buckling
load is obtained. The actual buckling load
values are computed using MATLAB, and the
results are subsequently used to assess the
quantitative effect of viscous damping on the
dynamic buckling capacity.
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1.0 Introduction

In this study, we examine the influence of light
viscous damping on the dynamic buckling load

of a finite column supported by a quadratic-
cubic nonlinear elastic foundation. The column
is subjected to a step load applied immediately
after the initial time. The configuration of the
column was previously investigated by Hansen
and Roorda(1973, 1974), where they analyzed

the sensitivity of such a structure to
imperfections, assuming that the inherent
imperfections were  spatially  stochastic.

Elishakoff (1979) later explored the reliability
approach to imperfection sensitivity for a
similar column. Similarly, Boyce (1961) studied
the buckling of a stochastically imperfect
column on a nonlinear elastic foundation, while
Amazigo (1971) focused on the buckling
behavior of a column with randomly distributed
initial displacement. Other relevant
investigations in this area include Dumir et al.
(1987) and Kevorkian (2003), among others.
This buckling is a form of deformation which
are caused by stresses as the papers by
Egbuhuzor and Erumaka(2020) and Egbuhuzor
and Udoh (2023). The papers solved for
displacement distributions and stresses acting
under internal pressure.

However, while the aforementioned studies
primarily focused on the stability of these
structures under static loading, there were also
investigations that delved into the dynamic
behavior of these structures. Amazigo and Frank
(1971), Ette (1992), and others examined the
dynamic stability of these structures when
subjected to a step load. Additional research on
dynamic buckling in relation to columns has
been conducted by Ette et al. (2018; 2019),
among others. Some of the problems addressed
in this study involve two small non-dimensional
parameters, and the analysis employs two-
timing multi-scaling perturbation techniques,
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similar to the approaches used in Ozoigbo and
Ette (2019) and Ette et al. (2019), among other
references.

2.0 Formulation of the Differential
Equation Governing Lateral Displacement

1758

The dimensional differential equation
satisfied by displacement W(X, T) of a finite
imperfect damped column lying on a quadratic-
cubic nonlinear elastic foundation as given in
Ette(1992) is

2

w
mow'r'r + COVV,T + EIVV,XXXX + P(T)VV,XX + k1W - ﬁIWZ - ﬁk3W3 = _P(T)d_);’ T > 0,
0<X<I (1D
W=Wyx=0 at X=0,I (2
WX, 0)=W;X,00=0 0<X<II 3)

where mo is the mass per unit length of the
column, X and T are the spatial and time
variables respectively, Co is the damping
constant where the damping is taken
proportional to the first degree of the velocity
W 1. Here El is the bending stiffness where E is
the Young modulus and I is the moment of
inertia and kq, B, ks are spring constants,
considered positive, while g is the imperfection-
sensitivity parameter which is such that if the
column were lying on a strictly nonlinear cubic
elastic ~ foundation (ieif f; =0) then, B
would take the values § = —1 or § = 1. In this
case, the resultant column is said to be on a
“hardening” foundation if S = —1 and on a

3.0 Non-dimensionalization

“softening” foundation if f = 1. However, for
the case of a column on a quadratic-cubic
foundation, we still maintain g without
substituting the above values for it. We note that
the elastic foundation exerts a force per unit
length given by k,W — B, W? — Bk W3,
Equally of note is the term W (X) which is a time
independent  twice-differentiable  stress-free
imperfection function while P(T) is the load
history. We have neglected axial inertia as well
as nonlinearities higher than cubic. We have also
neglected nonlinear derivatives of W (X) and a
subscript following a comma indicates partial
differentiation.

As in Elishakoff (1980), we shall nondimensionalize the equations (1) — (3) by introducing the

following quantities
1

1
ki\+ k3\2
x—(ﬁ) X W_<k_1) w,

b = (i) 1 2ot <m:21)% '

Af() = ——=,

1

P £ = (ﬁ)g T (4)

2(Elky)? Mo

(5)

0<a<1,0<l<1,0<§<1
On substituting (4) and (5) into (1) — (3) and simplifying, we get
W + 20W 1 + Woey + 2Af (OWax + W — kow? — fw?

= =2Af()éwyy, t>0, 0<x<m

w(x,t) = Wy (x,t) =0 at x=0,m

w(x,0)=w.(x,0) =0, 0<x<m
where

(6)
(7)
(8)
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ey = (kil%)

We note that ¢ is the amplitude of the imperfection, deemed small relative to unity, while the
damping is taken in the order of the amplitude of the imperfectiong. Here, f(t) is the time dependent

loading history which in our case is the step load characterized by

f)=11t>0 9
and A is the amplitude of the loading history whose specific value at buckling, namely 4p, is what
we are to evaluate. Normally, as a result of our non-dimensionalization, the inequality 0 <A1 <1
holds. We callA, the dynamic buckling load and it is defined as the largest value of A for the solution
of (2.6) — (2.8) to be bounded for all time t > 0. As in Amazigo and Frank (1971), we determine A
from the maximization

daA
aw, — 0 (10)

where W, as the maximum lateral (normal) displacement, is a function of the load function A. In
order to utilize this maximization, we shall first determine the displacement w(x, t) subsequent upon
which we determine the maximum lateral displacement W ,.

4.0 Perturbation and Asymptotics Analysis
In solving Eq.3,we introduce a slow time scale 7 as in Egbuhuzor and Mezie (2014)and is meant
to take care of the effects of imperfection and damping, such that
T=_¢t (11D
Thus, our d_isplacement w(x, t), will now be expressed as

w(x,t) = U(x, t,r,i)

we(,t)=U+ Uy (12)
Wt (x,t) = Upe + 28U + §2U (13)

By regular perturbation method, we let
U(xtng) =22, Ulltnd (14)

On substituting (12)-(14) into (4)-(6), and assuming term-wise differentiation we get
0(£): UL + UG + 2208 + UD = —22w,,, (15)
0(82): UR +UZ+20R +UP = 20 - 2aUP + k,(UD)? (16)
0(8): U+ 0P +22083) +U® = 202 - 200 P - 22U - U
+2k, UD U@ 4 g3 (17)
with initial conditions:
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Ui(x,0,0) =0 fori=1.2,3,.. (18)
UM (x,0,0) = 0 (19)
U (x,0,0) + UM (x,0,0) =0 (20)
U (x,0,0) + UL (x,0,0) = 0 (21)
The associated boundary conditions are
UDx,t,7) =ULM ) =0 at x=0,m,i=123,.. (22)
Based on the boundary conditions (2.2), we let
w(x) = ap, sin sinmx, |a,,| < 1,mis a fixed integer (23)
Ui(x, t,7) = Z UL(t,T)sin nx (24)
n=1

We now substitute (23), (24) into (17) and obtain for i =1, multiply the resultant equation through
sinmx and integrate over the entire column from 0 to 1, and note that the only non vanishing value

of U,(ll) is when n=m" Thus, for n=m, we have that

UD, + o2UP = 2m?2a,,  (25)

Ui’ (0,0) = 0,U51(0,0) = 0 (26)
On solving (25, 26), we obtain
U,(,P(t, T) = a,(,%) (r)cosp,t + ,B,(,}) (r)sing,t + By, (27)
2m2ia,,
Bn=—75— (28)
‘Pm
4’ (0) = =By,  B)(0) =0 (29)

Where (29) is obtained by using (28)
Thus from (24), we obtain the first component of the lateral displacement as

UD(x,t,7) = U,Sll)(t, 7)sin mx (29)
Where a,(,? (1) and ﬂ,(nl) (t) are yet to be determined in full

Next, we substitute Eq.(24), for i = 2 into Eq(16) using Eq.(23), multiply the resultant equation by
sinmx and integrate over the entire column from 0 to =

8k,
Upnte + Ol = =20 = 2l + 5= (U ))*(30)

Ui?(0,0) = 0, UL(0,0) + US2(0,0) = 0 (31)
Meanwhile we note the following, using (25, 26)
Ur(nl)tt = §0ma( 'sin Pmt + §0m,3m CoS Pyt (32)
where ( ) = @
U(l) <pma( )sin Pmt + <pm,8m scos (pm (33)

(Ur(nl))2 = S + 01nc0s 20t + a VBV sin2 oot + 2 Bycos gt
+ 289B, sin @t (34)
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1 2 1 2
where m(r)zia,(,%) +§B,(nl) + B2 (35)
2 1 2
O(0) = 7l — 2 B0 (36)

Using (33), we obtaln from (35,36) S,,(0) = %BTZ,“ 0,,(0) = %BYZH

We now rearrange (35) in terms of sin ¢,,t,cos @, t, sin 2¢,t, and cos 2¢,,t, to obtain
U(Z)tt + @2UP = Rycos gt + Rysin @t

8k
+ Smjz {Sm t Omcos 2¢mt + “r(r%),gr(nl)smz (Pmt} (42)where Ro
1
: 16k,a'B
(1) (1) 20m Dm
=2 -2 — 37
16k,5VB
Ry = 20mds + 2agpnall) + 16kaPm B 38)

3mm

Now, since we are dealing with a real life situation, for us to obtain a uniformly valid solution of
(38) in terms of t, we must equate the coefficients of sin ¢,,t and cos ¢@,,t to zero. This will result
to

B + @By = wnarly (39)
(1) +aad = —y g (40)
Wm = 38:lzaim7t (1)
Solving (39, 36) simultaneously, we obtain that
ﬁg)(r) = —B,e *sin w,, T (42)
a,(;)(r) = —Bpe % cos wy,T (43)

Thus with (48, 49), we have determined Ur(nl) (t,7) in full

From (40, 41), we also obtain that
- (1) .
ﬂ (0) = —wpBp , ar(r%) (0) = aB, (44)

Now, the remaining equation in (42) is

8k,
2) 2 17(2) _ (1) p(1) n
U mtt T Pm U, = 3 {.S + 0,08 2¢0,t + B SIN2 <pmt}(45)

we obtain that
U,(nZ) (t,7) = a,(,f) (T)COS(pmt + B (2) (7)sing,t

8k, S_m_ 0,,cos 2<pmt (l)ﬁ(l)sm 2¢0mt (46)
3mm (@i 3¢i 3¢i
32k,Bz
2 2
a2 (0) = —W (47)
abB,
BD(0) = . (48)

UP (x,t,1) = U,(n)(t, 7)sin mx (49)
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We obtain, for i=3,

> {uf+ iuPsinnx = 202 - 200 - 2aUL - U
n=1
+2k,UVY@ 4 ,B(U(l))3 (50)
Also, we substitute for (34) and (55) on the right hand side of (56) obtaining
Z {U,(ft)t + <p,21U,(13)}sin nx = —2U%) sinmx — 2aU,(nZ‘)tsin mx

m,tt
n=1
—2aU,(nl,)Tsin mx — U,(nl,)nsin mx + 2k,UPUPsin?mx + B(UD)3sin*>mx(51)
This in linear form gives

Z {U,Si)t + (p,ZlU,(f)}sin nx = —ZUT(,i)thin mx — 2aU,(,i)tsin mx
n=1

—ZaU,(,i)Tsin mx — U,(,i)frsin mx + k,UDPUP (1 - cos 2mx)

BUW)?
T

We multiply (52) in turn by Sin mx and Sin 3mx respectively obtaining

(3sin mx — sin 3mx) (52)

Z {U,E‘?t + <P721U,(l3)}sin nxsinmx = —2U%) sin®mx — ZaU,(,f')tsinzmx

m,tt
n=1
—ZaU,(nl,)Tsinzmx - U,%)Trsinzmx + ke, UDUP (1 - cos 2mx)sin mx
BUW)?
+ 1 (3sin mx — sin 3mx)sin mx (53)

and

[00]

2 {U(?t)t + <,0721U1(13)}5in nxsin 3mx = —2U7(,f,)“sin mxsin 3mx

n
n=1
2) . . 1) . . 1 . .
—ZaU,(n)tsm mxsin 3mx — ZaUT(n_)Tsm mxsin 3mx — U sin mxsin 3mx

m,TT
BUM)?
k,UDUD (1 — cos 2mx)sin 3mx + — (3sin mx — sin 3mx)sin 3mx( 54)

We integrate (53) over the entire column and notice, as in (24), that the only non- vanishing value of

U,(f’) is when n=m. Thus for n=m, where values of m are odd, we have that
U, + o2UtP = —208, — UL, — 2aU) - 2aU)
16k; @ _3F L
—= U, Uy —— (U )3 55
US(0,0) = 0,U%)(0,0) + Uyzr(0,0) = 0 (56)
We note the following
U,(,f)r = d,(,})cos Pmt + B,(nl)sin Omt (57)
U,(nl,)n = d,(,})cos Omt + [?,(,ll)sin Omt (58)
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U(Z) (pm( @) gin Omt — ,(,f)cos Om )
16k, (0,,5in 2 cos 2
+ Pmk2 { m - Pmt _ ar(r}),gr(nl) ;Pm } (59)
3mm 34 3945
U, = —gm(a2 sin gt — B cos pmt)
N 16¢,,k, | 6,,sin 2 @, t ( (l)ﬁ(l)) oS 2 ppt 60
3mn 32, 3¢z (60)
1) (2 1) 5(2
yOy®@ = ay oy ﬁ() ) 8kyBpnSn
2 2 3mmez,
€) @2
8k2am Hm m )
+ W Sm—?—T + Ba,,” ¢ €OS @it
€] (1)?
8k25 O Am ( )
Sp+———"—|+B in @t
{Smngom ™6 6 m St @m
s (1) (2) (1)'3(2) 8szm9m ros 20t
2 Immp2, $m
. oD ﬁ(Z) o o
2 ImmpZ, $m
2
8k2a(1) O B ot
3mmp?, 6 6 €05 3¢Pm
2
8k2ﬁ(1) _Om_an sin 3@t (61)
3mne?, 6 6 Pm

@3 _ Bm, @2 1)2 3ay) (7 | 2
U, =7(3a’m + 3B, +ZB,2,L)+ T( m B +4Bz) COS Pt

3B (W2, 12 3Bm (12 _ 2
+T(am + By +4Bz)sm<pmt+ > (m )cosZgomt

€Y
a 2 2
+ 3Bpall BWsin 2p,t + %(ag) —3pWM )cos 3¢t

,3(1) 1)2 1)2
+ %(Safn) — B )sin 3t (62)

We also integrate (3.40) over the entire column and notice that, the only non- vanishing value of

U,(f’) is when n=3m. Thus, for n=3m, where values of m are odd, we have that
16k, B
Usmee + wgmu(” =~ 2 U U — 7 (UR))? (63)
u$(0,0) = Ul (0,0) =0 (64)

where @3, = 81m*—18m?1+1 (65)
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If we substitute for U and U in (69) and simplify, we get

US,)I e T <p3mU§fr)l Ty + Ticos oyt + Tysin @t + T3c08 2¢,,t
+Tysin2¢@pt + Tscos 3@t + Tesin 3¢p,,t (66)
where
16k, [l as  BWBE  8keBumSm| BBmf, 12 . o? 4 oo
=~ Tomg 2t 2 Bmer |8 {3 +3p0" + 282} (67)
832k2B3 58B3
mrem) 8
(1) 12
16k2 8k2am Hm m (2)
T,(1) = — Sp———-""_14+B,
1D = T ) 3mrez \°" "5 6
€)
3fa
b " (@ + D" + 482} (69)
352k2B3,  158B3,
() = 45(mme,,)? + 16 (70)
2
16k, | 8k,B 0 a'b @
T,(7) = — S+ ——-"—|+B
2(7) 15mm | 3mmeZ, mt g 6 | T Pm
€)
3 2 2
_3Fbm” f;’" {2+ B + 482} (71)
16ak,B?
(0 =I5 (72)
m
. 16k, (alaly  Bw'B%  8kiBumbm)  3BBumbn e
T 2 2 Immz, 4 (73)
64k?B3,  3BB3,
L0 = - 45(mme,,)? -8 74)
. ( ) _ 16k2 ar(r?ﬁ(Z) r(nl) r(rf) 8k Bma(l)ﬁ(l) 3ﬁBma(1)ﬁ(1) -
H= 15mm 2 2 Immez, 4 (75)
8ak,B?
10 = ~ {5 (76)
m
2
16k, |8kl [ 6  BS B 0?2 12
T-(7) = — _m g fm U -3 77
5D = " o 3maz| "6 T 6 6 (an —36) 7
32k3B3 BB3,

Ts(0) = = 135(mme,,)? (78)
) - 16k, (8k,80 [ 6, o’ BB (3 w2 (1)2) o
o\ = T 5mn |3mnez | 6 6 16 (79)

T,(0) =0 (80)

We now arrange (61) in terms of cos gpt, sin gpt, cos 2@t sin2¢  t, cos 3p,t and sin 3¢, t
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and obtain
U(gtt + <me(3) So + Sicos ot + S,sin @t + Sscos 2¢,,t

+S5,5in2¢,,t + S5cos 3@t + Sgsin 3¢,,t (81)

©) @) _ 5 L, 16k, By,

S.(0) = —2(pm( + 2ap;, ) iy —2ad,,” + T
™ 9(mre, )2\ ™ 6 6 16 af” + £, m)( (82)
S,(1) = 2 ( @ . 5 (2)) 50 _ gD 4 16k, By,
2\T) = 2Pl aa B 3mn
2
| 128k3 Op  al

m

Smren)?\ "™t 6 "6

B w2, )2 2
+16(m + B +4B) (83)

W2 op@? | oro
2B2)) (84
2 2 3mu?, 5 (3" +385)" + 2B} ) (89)

832kZB3  15BB3,

16k, (aPa®  pPpE gk p S 38B,,
So(T) 2( ﬁ ﬁm + 2Pm2m + ﬁ

S (0) =
32kz (1 ), @ (1)
S3(1) = mﬂ(pm{( P )+aa B }
16k, aﬁ)ag)_ﬁu)ﬁ(m 8k,B,,6,, +9,8t9mBm 86)
3mm 2 2 Imre3 4
448k3B5,  9BB,
S3(0) =
(0 = o2 T (87)
w = IMI Py, > )T 3mn 2 2 9mn<pm
(1) (1)
9 B,
40ak,B2,
S,(0) =——
§(0) =g (88)
m (1?2 €))
Ss(7) = 6 -3 89
5(7) = 3mm | 3mmnez 6 + 6 16 (am Bm ) (89)
32k2B3 38B3
SS(O) = 2 m ﬁ m (90)

27(mng,)? 16
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2
16k, | 8k, [ 6,, a¥ 3655 W2 (1)2
_ _m_ 91
Se(1) = 3mn | 3mme?, 6 6 T 16 (3 ) O
S5(0) =0 (92)

Using Si(t), i=0,1,...,6 at T = 0 above.
Now, to ensure a uniformly valid solution in terms of t, we equate the coefficient s of cos ¢, t, and
sin @,,t, to zero and obtain the respective equations

1 |16k,a®B,,

(2) _
_.|_
ﬁ @m 20, 3mm
[ _128k3 [ Om W\ op 2y B2 ()
MR I Tea vl e +1_6(am B+ m) ~ %m
—2aaV (93)
6 4 qa® = _ ! 16ks B By
+ aa,,
 20m 3mmn
m\ Smmg,Z (5T 6 "6 | T\ thm ™
_ 20f® (94)

2

Since explicit values of ﬂ(z) anda are not needed in this analysis, we shall omit determining

them. However, values of ﬁm (0) and d,(j)(o) will be needed and so from (93, 94), we get at
=0

L@ 368k2B3 453 B3
B, (0) = — 2n_ T (95)
27§0m(;nn(pm) 32¢p,
56ak,B
2 0) = 2Dm 96
ayy (0) 9m7T§0_12n (96)
The remaining equation is
U,(:)tt + <me(3) So+53¢08 2t + Susin2¢@pt + Sscos 3t

+Sgsin 3¢t (97)
On solving (95), we obtain the following
Ug)(t, T) = a,(,f) (0)cosp,t + ,Br(rf)(T)Sinq)mt + ;_g _
SeSin 3@mt m
8

S3€0S 20t SpSin2¢@m,mt  Sscos 3@t
3¢ 3¢ 8¢
(98)
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3) ___ 2036k3Bj  1958Bj

(0 = = g o 12802 9
3) _ 40ak,B3,

B (0 = 27(mne)om (100)

We obtain the following
T, Ticos ot Tysinp,t Tzcos 2¢,t
3) 3) 3) , 0 1 m 2 m 3 m
Uy (t,T) = as,, (T)cos@smt + B (T)sings,t + +
om o e T O Pim— PR P — PR P — 40R
Tysin2¢@pt  Tscos 3t Tesin 3@,t (101)
Pim — P Pim — 9% P9I — IPH
(3) 0) = 32k2B3, { 26 33 6 1 }_ ﬁB?n{ 10 15
SMAS T 13s(mnem)? 9y im0k OIm—40h  9im—99h 16 Wi  @im—on
6 1
(Pgm_‘l‘@rzn B ¢§m_§012n (102)
) __ 16ak;B% _ 1 1
Bim(0) = 15mn<p3m{ Pt | <p§m—4<p$n} (103)
Thus, the expression for the third component of the lateral displacement is
UB(x, t,7) = U,(,f)(t, 7)sin mx + US,% (t, 7)sin 3mx (104)
we obtain the expression for the lateral displacement as U (x t, T, g) = UD(x,t, r)§ +
UP(x,t, 1) + U (x, £, )&% + -

= (UL DE+ UD€ 1 + UD (61§ sinm + UG (t, ) sin 3mx + -+ (105)

a

5.0 The Dynamic Buckling Load

The maximum load, sometimes called the critical load causes a column to be in a state of
unstable equilibrium, that is, any increase in the loads or the introduction of the slightest lateral force
will cause the column to fail by buckling.

We can determine the dynamic buckling load Apof the damped imperfect column by
maximizing the load parameter A with respect to the maximum displacement U, (A)as in (13). This
can be achieved as in Elishakoff (1979), by reversing (121) and obtaining {as an asymptotic series
in powers of U, (1), that is, setting

£ =eU,D) + eUs(D) + e3Us (D) + ... (106)

and determining thee;'s, i=1,2,3,..., which are functions of A. Substituting and higher powers

we obtain

iz €1C1§ + (€1C2 + ezClz) §2 + (€1C3 + 26261C2 + €3C13) §3 + .- (107)
Equating the coefficients in order of ¢, we obtain the following

1 —C, 2C,% — C,C4

=—, e=—, e3=——" 108
The dynamic buckling load 4, is obtained from the following maximization using the modified
form as

€1

al =0 109
dUa - ( )
On differentiating (109) with respect to U, (A1), we obtain
el + ZeZUa(/lD) + 393U§(AD) = 0 (110)

where A = Ap at buckling
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Evaluating (110) we obtain

1
—e, & (922 — 3eye3)2

Ap) = 111

Ua 25) " (111)
__1 64k,B2F,\° - 3BBF,\|  —1 (3BF,  (64kyF;)?
% = 3285 |“ \ omnez, m\ "z )T 16B, | 9%  8lmipin?

S 1 112

16¢2,B,, (112)

where
64k, F,)?
Y =1— ( 2 1) (113)
243BF,m? @2 m?

We consider only the negative square root since the positive part is of no real physical significance

and obtain
1

1 <18,8F2 : (64k2F1)2)5 64k, F,

1
—e; — (e, —3eje3)2 = — —

8B,, P2 Immez, Immpz,
3JBF,R
= — 114
N (114)
where
1
5(64k,Fy)? 2 64k, F.
R = < _ ( 2F1) 2) _ 2f1 (115)
1458BF,(mey,m) 27MT P/ 2BF;
By substitute we obtain
4¢,RY1
Uy,(Ap) = —/—— 116
a D 3m ( )
We however evaluate at 1 = A, to obtain
1
o = (m*=22p,m? + 1) (117)
e Uy (A 2e,U2(A
93Ua3(/1p) - _ 1 a( D)_ 2 a( D) (118)
3 3
119
= a(-5) @
3¢ = 203 RY ! ( 32k, F,RY ! )
—  3Apm?a,,/2BF, 27mu P, 2PF,
Leading to the expression of dynamic buckling load as
YR~ Apm?am 2BF,§ <1 32k,F,RY ! )‘1 (120)
P = -
" 2 27mu @, 2PF,
On substituting for ¢_ , we get
s YR 'Apma_\J2BF5¢ 32k,F,RYE |7
(m* — 2Apm? + 1)7 = e A S 2R (121)
2 27mme, \J2BF,

Where we have retained the original form of ¢~ on the right hand side.
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6.0  Analysis of Result.

In computing specific values of dynamic buckling load (1) at different values of viscous
damping and imperfection parameter using MATLAB computation platform.
The computation was done by setting damping factor at 0.01, 0.02 and 0.05 and a case where the

column was not damped, hence damping factor becomes 0.00

For Figs. 4.1 and 4.5. In each case, the load required to cause buckling increases as the damping
level increases and reduces as the imperfection increases.

Fig.4. 5 shows that below the imperfection level of 0.05, the load required to cause buckling in

an undamped column is less than the load required to cause buckling in the column at 0.01, 0.02
and 0.05 and buckling load imperfection levels increases with increment in the damping level.

At imperfection level of 0.05 and above, the load required to cause buckling in the undamped
column becomes bigger compared to that of the damped column at damping levels of 0.01 and
0.02.

Buckling at dampireg vl of 000

gyniame; buckbng load

i 0.1 i e 0.3 04 0& 06 oF

II'II|:‘-I|.II =1T-4]

Fig 4.1 Buckling of damping at level 0.01

buckling at damping lewvel of O.02
T T T T

o0.99

0.95

o097

096

0.95

dynamic buckling load

0.94

0.93

o092

[u] [ | oz 0.z 0.4 (= [m =] a7
imperfection

Fig 4.2 Buckling of damping at level 0.02
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buckling at damping level of 0.05
T T T T

dynamic huckling load

0.94 L L L L L L
u] 0.1 [ = 0.3 0.4 0.5 0.6 o7

imperfection

Fig 4.3 Buckling of damping at level 0.05

buckling at damping level of 0.00
1 T T T T T T

dynarnic buckling load
—_
(L]
[n3]

0.94

053

092 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0k 0.7

imperfection

Fig 4.4 Buckling of damping at level 0.00
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buckling at varying damping levels of 0.01,0.02,0.05 and no damping
T T T T T

1771

0.99 -

0.9 -

0.97 -

0.95 -

0.95 -

0.94 -

dynamic buckling load

0.93

092 -

091 -

damping 0.01
""""" damping 0.02 |
— — —damping 0.05

— - —--no darmping ]

0.3 0.4

imperfection

Fig 4.5 Buckling of damping at level 0.01, 0.02, 0.05 and no damping

7.0  Conclusion.

We deduced from the observations made in
chapter four that, if geometrical impurities
otherwise known as imperfections are
reduced, then a more stable column will be
produced. Also, we determined that damping
makes a column to become more stable. It is
also deduced that a column can still buckle
even after damping it. It is of utmost
importance then, that we should know the
level of imperfections of the column so as to
apply the exact level of damping that will
produce as table column. For optimum
stability of a column, we use high level of
damping on a column with high imperfection
level.

Though damping strengthens a column
thereby preventing early dynamic buckling,
the stability or otherwise of a column on the
other hand depends entirely on the ability to
determine the exact imperfection level in
order to apply the appropriate level of
damping that will produce a stable column.
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