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Oriqginal Research Article
DYNAMIC BUCKLING LOAD OF AN IMPERFECT VISCOUSLY DAMPED
SPHERICAL CAP STRESSED BY A STEP LOAD

ABSTRACT

This paper determines the dynamic buckling load of a lightly and viscously damped
imperfect spherical cap with a step load. The spherical cap is discretized into a pre-buckling
symmetric mode and a buckling mode that consists of axisymmetric and non-axisymmetric
buckling modes. The imperfection is taken at the shape of the buckling mode. The inherent
problem contains a small parameter which necessitated the adoption of regular perturbation
procedures, using asymptotic technique. The general result is designed to display the
contributions of each of the terms in the governing differential equations. We deduce the

results for the respective special cases where the axisymmetric imperfection parameter,

namely &,, and the non-axisymmetric imperfection parameter &,, are zeros. We also

determine the effects of each of the non-linear terms as well as the effects of the coupling

term.

Keywords: Spherical cap, step load, dynamic buckling, imperfection parameter.
1. INTRODUCTION

The analysis of the dynamic buckling load of elastic structures was primarily enunciated
by [1 - 3] .Other pertinent investigations include [4 —14], among others. However, a

cursory appraisal of all the investigations to date reveals that the phenomenon of
damping has been given very little or no attention at all in the dynamic buckling process.
We are of the strong opinion that since dynamic buckling process is a time dependent
process, the effect of damping, no matter how slight, should not be overlooked. In this
investigation, the presence of a small light viscous damping is therefore assumed.

The dynamic buckling loads of imperfection-sensitive structures from perturbation

procedure were analyzed by [15]in which he invoked multiple-timing procedure and

made use of Mathieu-type instability. The present study is an extension of [15]to the
case where a small light viscous damping is present. We however avoid Danielson’s
method, for, as noted by [3] Mathieu-type instability is always associated with many

cycles of oscillations as opposed to just one shot of oscillation that triggers off dynamic

buckling. There are five sections in this paper. Section two examines the dynamic




25
26
27

28
29

30
31
32

33

34

35

36

37

38

39

40
41
42

43

44

45

46

47
48
49

buckling load of an imperfect viscously damped spherical cap stressed by a step load.
Section three introduces the viscous damping to Danielson’s results. Section four

considers the analysis of results while section five ends this work with a conclusion.

2. THE DYNAMIC BUCKLING LOAD

Danielson, had, for simplicity, assumed that the normal displacement w(x,y,7) of the

spherical cap was given as
W, y,T)= & (T W, (x, y)+ & (T W (x, y) + & (T W, (x, y) (1)

where Wo(x, y) is the pre-buckling mode and Wl(x,y),W2 (x,y) are the axisymmetric and

non-axisymmetiic modes respectively. fO(T),fl(T) and fz(T) are the respective time

dependent amplitudes of the associated modes. Imperfection W was introduced

asVE’ =§;1Wl +§_2W
(@)

where W,,W, still have meanings as before and &,&, are the imperfect amplitudes

assumed to be small relative to unity. On assuming suitable forms for W, W,, W, and

substituting same into the compatibility and dynamic equilibrium equations and simplifying,
using his assumptions, Danielson obtained the following coupled differential equations for
step loading
1 d°&

2 20 + fo = ﬂf(T)
@y, dT
1 d’¢
@ dT’

51( 50)_ klélz + kzézz = 5_1 fo (4)

(3)—

1 .d%
@, dT’
5 £(0)=£/(0)=0;i=1,2.

Here, f(T) is the loading history which in our investigation, (as in Danielson’s case), is the

+E1-E)+EE =66,

step load characterized by

f)={r= (6)
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and, A ,is the load parameter, considered to be non-dimensionalized and satisfies the
inequality 0 < A <1.

As in (3)-(5), we note that @.;i =0,1,2 are the circular frequencies of the associated modes

&,,¢& and &, respectively while k, and k, are constants considered positive

3. THE USE OF VISCOUS DAMPING IN DANIELSON’S RESULTS
In our guest for solution, we are to determine a particular value of A, called the dynamic
buckling load represented by /11) and which satisfies the inequality 0 < /11) <1. Relatively,
recent investigations that have tended to incorporate damping include [17 —20].For

simplicity of analysis, we assume the existence of damping on the buckling modes. Since

491 g ¢, %2

this damping must be only proportional to the velocity, we add the terms ¢,—— and ¢

2 dT
to (4) and (5) respectively and the formulation now becomes
1 d*¢
2 dTO fo = ﬂ’f(T)
1 d* d p
Lo g 1-g) -k kg =E
@ dT’
1 d°¢ dé p
(8);22 dT22 +c, d_Tzfz(l - §0)+ 9‘319&2 = fz fo
9)
where ¢;,i=1,2 are the damping constants and which satisfy the inequality 0 <c; <1.
Using f(T)zl and substituting (6) into (7) we have
1 d%,
— +&, =4 10
)} dT* 2 10)
1 d* d p
LS B g 1-8) -k k& =6, (1)
@ dT’
1 d° d
e - E) e =k (12
Now using,
t=aw,T,
so that
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a0)_, d0) &0 d()

dr " dr T dr* 7 drt
Then (10)—(12) become

d’é
m£+é:l

dzé:l _Cla)oa)l dfl 12_
dt2 +_ wg }dt L’JJ fl( fo) {0} ké {;0} 252—{ 0} é:lé:o

dzé:z Cza)oa)z d¢g, o, 2 _| D "
dt2 wg :| dt {a)(l 52( §O)+|:Eo} 5152—|:a)0} 5250

Next, we let
2 c,ar @ w |
2 =" 2a,e =22,0= G R=2L 5|2
0 a)O a)O a)O a)l
where
2
o,
e=10" =4 —| ,
a)O
And

O0<e <1, 0<a, <1, 0<Q<]1, 0<R<land 0<e<l1
Substituting (16) into (14) and (15) yield

d’é
m£+é:
d’é

18)
( dar’

B0 (1-8)- k0 + 08 =076

+20,€

(19)

d? d -
dtfz + 2“2‘9% + R2§2(1 - ‘fo)"' R2§1§2 =R’ ‘52 50

0£(0)=£/(0)=0;i=1,2.
Asin [1 - 3], we neglect the pre-buckling inertia term, so that from (18) we get

é:o:/l

(21)
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On simplification, using (21), equations (19) and (20)

251 ds,

y|eId T+ 20— +Q 2 —eb -k QE +k,Q°E

(22)
and

2 _
D5 s oae®r 4 RE —eSE + REE =5 €
dt dt
(23)
E(0)=¢/(0)=0;i=1,2
Where,
R 2
5 H |
o
We assume a small time scale 7 such that,
T=¢&
And
é‘/ =6, t&,;
é étt+281r‘r 117’1_12

We denote our perturbation parameter by £ so that

&)=Y ¢ o0k

&(6)=2 1" (t.7)e

i=1

_851

(24a)

(24b)

(24c¢)

(25)

(26)

Substituting (25) and (26) into (22) and (23), using (24b) and (24c), equating terms of the

orders of £ we get,

Wil =¢

27) G,(rf) i Q2 g(z) =2¢, g,(rl) i g(” n lez g(l)z _ szzﬂ(l)2

(28)
and

77,(zlz) + Rzﬂ(l) =S 952
29 7' + Ry =—2a,n" + s —2") — R2c W)

_2g:t

(1)

T



19 (30)¢"(0,0)=7"(0,0)=0,i=1,2
120 (31)67(0,0)=7"(0,0)=0,i =12

121 (32)6"(0,0)+¢"(0,0)=7""(0,0)+79(0,0)=0,i =1,2

t N
122 (33)
123  The solution of (27) using (31) and (32) is
124 ¢W(t.7)=a()cos Ot + b (z)sin O +§

125  (34a)a,(0)= —é—l-bl (0)=0

126  (34b)
127  Similarly, the solution of (28) is

86,
2

128 "(r,7)=a,(r)cos Rt +b,(z)sin Rt + o

129 (35a)a,(0)= —SR—(’};b2 0)=0

130  (35b)
131 Substituting using (34a) and (35a) into (28), we

132  have g(zl)t +0’ g(z) =20, [—Qa1 sinQt+ lecoth]+ a, coth+b1sith+%

2

1 : 1
133 -k, QZ_E[aZZ +b; ]+ a,b, sin 2Rt+§[a22 —b;]COSZRt}
-k, Q% + 24,86, Sziz cosRt+ 25,56, Sziz sinRt
134 R R
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152

+k, QZB la} +b7]+absin2Q t+%[af —bf]cosZQt}

+k, 0 +22—12§100th+%§1$1th +2Q[a'1sith— b'lcoth] (36)

Now, to ensure a uniformly valid asymptotic solution in t, we equate to zero, in (36), the

coefficients of cos Ot and Sin O t to get

b +ab, = a,p (37a)
And
a +aa,=-b (37b)
where,
(y=2U

dr

(p:i[HZkléﬂ

Simplification of (37a, b) yield

2 /
b/ +ab| = —(p{b{(p + a—l} + a‘—bl}
4 ®»

aZ
b/ +2ab] + (ubl[(er —1} =0
¢

,(0)= 0:1 (o)=—Q—fl 370

And

{ ; } 1 1/
1 1 1

+20{a1 + (m{qwr—}

a,(0)= —i'af (0)= ad (37d)
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The remaining part of the equation in the substitution into (28) as obtained from (36) is

G,(rf) +0%¢" = q, + k,0*[p, (r)sin 201 + p,(t)cos201]
- kZQZ[p2 (z)sin 2Rt + p,(z)cos 2Rt + p,(r)cos Rt + p(r)sin Rt]

§(0,0)=0;6(0,0)+¢2(0,0)=0

Where
_i 2 _ 2 . [ B 2]
%_Q2+le I’O(T) k,Q rl(’[), () abl,pl al—b
_2a,§ 2b,5 &
(380)172() a, 2’173 [612 b], aZ 52, 5(7)= ;252
(38d) 1, (¢ [a2+b bn(2) [al ]
_2
§*¢,

o ei o _
(38e) p,(0)=0;p,(0)= 2Q4,pz(0)—0,pg(0)— R

2

278 010 (0 L ir(0)= S
g Pl0)=0(0)=- 7 (0) =

(38f) p,(0)=

(389)
The solution of (38a), using (36b)

|sg ( 7)= ( )coth+b (z)sin Qt+%—%[p6(z')sin 20t + p7(2')c0s2Qt]

- kZQZ[p8 (z)sin 2Rt + Do (r)cos2Rt + Do (r)cos Rt + Du (z)sin Rt]

_ _2 _2 S 2 a 5
a;(0) = &1y + k, & 1+ k, fz[_z} 12253(0)2—%
R Q
Where

Lt t,_1r 1 2
AT AT AN T s rawT
(39¢) pﬁ(T):albl;l%(T):azbz;ps(f)_ Q2pi( ) 2 ;pg( )_ Q2p3(4)R

l,=

(38a)

(38b)

(39a)

(39b)
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185

186
187

188

g2
S°E
0)=0;,p,0)=—=—;p.(0)=0; ; 39f
pé( ) p7( ) 2Q4 ps( p9 2R |Q 4R2| p10 R |Q _R2| (391)

Substituting using (34a) and (35a) into (30) we get

77(2 +R 77(2) — 20~ Ra sinRt+Rh cosR]—~2R—a, sinRi+b, cosk]

+5[a2 CosRt+b, sinRt+§_§z}
28&1 (22 2a2 (:1 cosR#—22L 2(:1 sinRer ——=2 Séz cosQt+——22 2 (22 sinQt
[ORP o’
RZ
) +la,a, —bb,]cos|Q—R]t+[ab, +ba,]sin[Q+ R]t (40)

+la,a, +bb,]cos|Q—R]t+[ba, —ab,]sin[Q—R]t

Now, to ensure a uniformly valid asymptotic solution in t, we equate the coefficients of cosRt
and SinRt to zero so that

b, + a,b, = a,® (41a)
and
a, + a,a, = —b,d (41b)
where
g Kea|
2R 0’

Simplification of (41) yields
b! + a bl = —d[Db, + aa, |

b + b = —cp[cpb2 + % ! + b, ]}
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205

b+ 20, +b,| D + a2 ]=0

b,(0)=0:04(0)= - 2552
R (41c)
DS &
b, (0)=0:04(0) =~ 25

al +a,dl, =— CID[CIJa2 - azbz]
a.
al +a,a, = —CI{CIDa2 + ;? [aé +a,a, ]}

al +2a,a, +a, [CIJ2 + 0(22]: 0

S SE
a,(0)=- R"’ZZ ;a;(0)= _%R_chz (41d)

The remaining part of the equation in the substitution into (30) as obtained from (40) is

(2) 2,.(2) R2 |:p12(T)COSQl‘ + p13(1')sin Qt t Py (7)COS[Q + R]t :|
77n +R 77 =4, —— . .

’ 2 | + ps(7)sin[Q + R} + pjs(t)cos[0 — R} + p,,(7)sin[Q - R]
7(0,0)=0;7(0,0)+7(0,0)= 0 (42b)
where,

S2E SEE 2a,S & 2 S E
) = R—gz _%; 12(7) = ;ezé:z ;Pla(f) = }ezfz s Pia (T) =a,a, —bb, (42c)

Pis (T) =bb, +ba,; 1716(T) =aa, +bb,; p; (7) =ba, —ab, (42d)
2SE & SEE
pal0)= 285 0)= 00, 0)= T2 0) =0 (20
i
Pi6(0)= 66, pr(0)=0 (42f)
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The solution of (42a) using (42b) is
plg(r)cosQH plg(f)sith+

n(z)(t,f) = a4(f)coth+b4( )s1nRt+ g 1 pzo(f)cos[Q + R]t + pZI(Z')sin[Q+ R]t + |(43a
pzz(f)cos[Q — R]t + p23(1')sin[Q — R]t

0,(0)= 2 &1+ RS & & 1,:,(0) = — 2252 (43b)

R3

where

oot -2 ~ 1 N 1 .
14_{[R2Q]2 2{[RQ]21R2—Q2] o[ROT[2R + 0] Q[RQ]Z[ZR—Q]H 9

13=—%;p18( )—RP‘Z(Q)Z,plg( )= Rp”(Q)z,pzo( )—Q[%(i)Q] (43d)
ple)= o) = L ()= P "
pul0)= Q—jf[,fgf—zgz];plg(o>:o;pm(o> % (30
p2(0)=0; . (0)= %pm 0 430

Next, using (34), (35), (39) and (43) we deduce the displacements as
E()=c"1,0)e+cP(e,7)e* + ...

(442) &, () =" (1, 0)e + 72 (e, 7)e? +..
(44b)

We seek the maximum displacement for both & (t) and ¢, (t) To achieve this, we shall first
determine the critical values of tand 7 for each of fl(t) and é‘z(t) at their maximum values.
The conditions for the maximum displacement of é‘l (t) and fz (t) is obtain from (24b)

fl,r + 89{:1,7 ) (45a)



227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245
246

247

248

249
250

251

252

Gru + Sy (45b)
We know from (44a, b) that

E()=c"t,0)e+cP (e, 7)e* +... (46a)
&) =" 2)e+n2(,7)e* + ... (46b)
On applying (45a, b) to (464, b), we get

s, +e5. =[5V, 7 )e+ 6,7 ) + .

ve |0,z e+ <0, 7, )e* +..]=0 “7a)
And

n,+en, =T, )e+n2(T, 7)€ +..

ve g1, )e+nPT . 7)e +..]=0 (47b)

C

where, (ta,T ) and (TC,TC) are the values of t and 7 at the maximum displacement of

g(t,f) and n(t,t) respectively.
We now expand (47a, b) in a Taylor series about 7, =1,,7, =0 and 7. =7;,7, =0 ,and

thereafter equate to zero the terms of the same orders of £.

sW(r,,0)=0 (48a)
160(1,,0)+ 1,6 (1,0) + 6(2,0) + ¢ (1,,0) = 0 (48b)
and

n(1,,0)=0 (49a)
Tn9(T,,0)+ T,7')(1,,0)+ 7'2(1;,0) + n(7;,0)= 0 (49b)

Substituting for g’(,l) from (34a) in (48a) and simplifying we get

sinQt, =0 (50a)

A further simplification of (50a) gives
ty=— (50Db)

A similar solution for (49a) is
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272

273

Next, we deduce from (48b) that

1=

m[togzr t0’0)+Gr (to’o)"‘gT (to’o)]

Simplification of the following terms are however necessary in this analysis,

Q',(tZ)(to’O) = 51 s+ k, 51 le— k2S2 52 L G,E‘l)(t()’o) = 51 A
g,(;)(tO,O) = 51 lg;G,(i)(fo,O) = 51 ; g(l)(to,O) = 251 llO

S
¢O(1,,0)=2& 1, +k, flllz+k é[ﬂ 13:6(t,,0) = 0;

where
p oL _Sin20t Q’Sin2Rt,
5 QZ’ 6 3Q2 M7 R3lQ2_4RZJ
a 1 1 1 1
I :g;L) =——73k :E;lll :E;llz :E_@

l,=|-1- ! + ! -0’ I 2
B 2l0? -4R*| " R*|Q*-4R?] 0’ -4R> Q*-R’

On substituting (51, b-d) on (51a), we have
t=al+k EL—k,SE L +1,0,+1,

Similarly, deducing from (49b) yields

I =gl T,O+,T,0+ 7,,0
1 77 (%’0)[077rr 0 ) n (o ) 77 (o )]

We however note the following simplifications

77,(1‘2)(7;) ’O) = a2S 52 ll4+ SZ 52 llS+ S 51 52 ll6;77,(tl¢?(T0 ’O) = S 52 ll7

n,(;)(To’O) =S’ é:z 118;77,(;)(7;)’0) =-S5 52277(1)(T0’O) =28 é:z lzo

(50c¢)

(51a)

(51b)

(51¢)

(51d)

(51e)

(51)

(53a)

(53b)

(53¢)
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288
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294

nNT1,,0)= S &, 1, + R*S & & 1,y;n'(T,,0) = ; (53d)

where
L, = —CO;%ISTO;I15 =—RI, sin RT; (53e)
2sinQT,  cosQT,
. R*| OR’|R* - 0’| [ROF[2R + 0]
l.=—R’Sl,sinRT, —— 53f
1 e S _[o+RIsin[o+ R, [0-R]sin[0 - RIT, (530)
olrol'l2r+0]  0O[ROT[2R-Q]
o} a 1 1 1
L :E;IIS = _R_é;lzo :F;ZZI :F; 21 :F (539)
L, :{_lﬂ_l{ 22c2:oszQT0 . cos[Q2+R]TO N cos[Qz—R]T0 ﬂ (53h)
2 O°R*[R - 0| olrOF2R+0] " OIROT[2R - 0]
On substituting (53, b-d) on (53a), we have
Ti=a,l,+ 51 Le + Tl +1g (54)

We, now, determine the maximum values of g(t)and ﬂ(t) say ¢, and 77, respectively by

evaluating (46 a, b) at the critical values namely 1 =¢,,7=7,and T =7,,7=7,.

¢, =¢"t,.7)e+c,.1,)e* + ... (55a)
7. =T, 7)e+n?(T,7.)e* +... (55b
Expanding (55 a) in Taylor series using,
o=ty b+ T, =8, = el e, + e+ (56a)
we have
¢, = el (t,.0)+ ¢Vt .0)er, + 7, + .|+ cV(t,.0)elt, + 1,6, + .|
+¢9(1,,0)e* + .. (56D)

Regrouping the terms in orders of € yields
5. =25"(1,.0)+ £2]16Y(1,,0)+ 1,6 (6:0) + 621 0))+ .. (560)

On substituting the terms in (56¢) from (51, b-d), we have

- — _ _2 _2 S 2
ga :2§IZIO€+ tO é:l l9+2§1111+k1 51112+k2 fz[?} ll3j|82+"‘ (57)
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311

312

313

314

315

316

317
318
319

Similarly, expanding (55 b) in Taylor series using,

T =T, + €l + €T, +...7, = T, = |, + €T, + €T, + .

we have

0, = £ln"(5,.0)+ (7, 0)eT, + €T, +...|+ n(7, 0)elt + &7, +..]|
+7(T,,0)e* + ...

Regrouping the terms in orders of £ yields

7. = en" (1,.0)+ & [ (1,.0)+ Ty (1,,0)+ (7.0 + ..

On substituting the terms in (58c) from (53, b-d), we have
1 =25 Elye | 176l 5" Bl + RS E Sl e ..

The net maximum displacement & is

¢, =¢,+n.=¢lt,.7,)+n(T.1.)

Substituting for terms in (60) from (57) and (59) we get
E =Ce+Ce™ +...

where

2 2 2
— — — — S — —
C = lzz;cz = fl lz3 +5° fz lz4 +k1 fl 112 +kz 52[?} 113 +R? 61 flew
Ly =28 1y +28 &, Ly lyy = 2L, +tlys Ly = 1y + Tl
As noted by [1 - 3] and [21] ,the condition for dynamic buckling is

a_
dg,

As in [23 — 24], applying the method of reversal of series of (61a), we get

0

e=dé +d,E+..

Substituting for fm from (61a) in (63) and equating powers of orders of £, we

getd, =—.,d, =——

1
c’
(64)

(58a)

(58b)

(58c)

(59)

(61b)

(61c)

(63)

The maximization in (62) is better done from (63), thus implementing (62) using (63) we

have



320

321
322
323
324
325

326

327

328

329

330

331

332
333

334
335
336
337
338
339
340

341

342

343
344

— Clz

&)=

(65)

where, fm (ZD) is the value of the net displacement at buckling. In determining the dynamic

buckling load, we evaluate (63) at

A=A,
to yield
&= ém (lD )[dl + dZém ](ﬂ,:ﬂn) (66)
On substituting for terms d, and d, from (64) and fm (/1[,) from (65) in (66) and simplify to get
e, =S (67)

4C,
The expansion of (67) gives [using (61b, c)]

_ _ 2 2 S 2 -l
Iro- . §l+52§l+k§l+k§{—}l
/?,D :%|:&:| |:2§1 llO +25 52 lzoj” 1723 2724 121712 292 Rz 13 (68)
@

+R* ¢ 6,81,

Here, (68) gives the formula for evaluating the dynamic buckling load 4, , and is valid

forR #(1,2,0,20,1- 0,1+ Q) and Q # (R2R,1— R1+ R,0,2R — 1)

4. ANALYSIS OF RESULT

The above results indicate that dynamic buckling load increases if the structure is less
imperfect. The results also show that dynamic buckling load increases with increased
damping. In addition, the results confirm that the only condition in which the effect of the
coupling between the buckling modes is felt is if none of the imperfection parameters in the
shape of the mode coupling is neglected. Once an imperfection is neglected the coupling
effect of the mode that is in the shape of the neglected imperfection, with any other mode is

neglected. For a graphical view of this phenomenon, we use the following values. k;=0.2,
k»=0.3,&,=0.01, &,=0.03, 0;=0.01 and 0,=0.03. By varying &, and a; while keeping

&, constant at 0.03 and o, = 0, the corresponding values of Ap were computed from (68).

The plots of dynamic buckling load against the imperfection parameter and light viscous

damping of the discretized spherical cap are shown in figures 1 and 2 below. We represent
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Figure 1: Dynamic
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buckling load of a spherical cap against the imperfection parameter
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Figure 2: Dynamic buckling load of a spherical cap against the light viscous damping o (o =
0)

We note that the results display all the imperfection parameters stated in problems (3)-
(5).This is unlike Danielson’s problem in which the axisymmetric imperfection was neglected

for easy solution. In fact, the method is such that we can adequately account for all modal

imperfections allowed in the formulation .The contributions of the quadratic terms klff,szzz

and the coupling term flfz are respectively given in the denominator of (68) by

2 2 S o
k &L Lk, f{ﬁ}ln and R* & &, SL, . Thus if we assume that the axysymmetric

imperfections are zero then fl =0, and the dynamic buckling load /1,) responsible for the
buckling in this case is obtained from (68) as

2
1| o -
ﬂ’D = Z{E(j {25 ng lzo}

-1

_ _2 S 2
{52 ng lz4 + kz 982 [F} 113:| (69)
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We note from (69), that, the effect of the coupling terms & &, , &&, and k& are zeros. The

effect of the quadratic term szzz is non-zero and it is this term that dominates the buckling

process. Neglecting fl is sufficient to completely nullify the effect of flz where the converse

is not necessarily the case. However, if the non-axymmetric imperfections are neglected

then 4;2 =0, and the dynamic buckling load A, following (68) become

il

We deduce from (70), that, the effect of the coupling terms £&, , £,&, and k&, are again

) -1
{51 Ly +k, 51 112} (70)

zeros. The effect of the quadratic term klff is non-zero and this singular term is the only

non-linear term that influences the buckling process. Neglecting é‘z is sufficient to completely

nullify the effect of 522 where the converse is not necessarily the case.

5. CONCLUSION

From the above discussions, we note that while neglecting the imperfection parameters

fl and é‘z automatically implies, among other things, neglecting the effects of the non-linear

terms klflz and szzz respectively. Also, we observe that the only condition under which the
effect of the coupling term flfz would be felt, is when the imperfection parameters & and

&, are not equal to zero. Moreover, our results confirm those obtained by [2 1]. Finally, we

notice that we can determine the value of the dynamic buckling load /11) for whatever

number of modal imperfections.
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