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CHAPTER I

1.1 INTRODUCTION

The stability of the simple truss subjected to the
single force P, shown in Fig. 1 was investigated by Mises
(1) as a basic model to illustrate scome of the buckling
plhienomena in structures. In this model, known as the Mises
truss, the buckling phenomenon is induced by axial thrust
only, the bending effect is neglected.

llerein, the effects of both bending and axial thrust
are taken into consideration. The structural response of
=uch a truss subjected to a vertical force at the central
joint is analyzed as a slanted column, as shown in Fig. “a.

The following two constraints are imposed on the
slanted column: (1) The top end B displaces only in the

vertical direction; and (2) The lower end A has a zero

\

displacement in all directions.

\\\Ba"

(a) (b)

Figure 1. Mises Truss Figure .. Slanted Column




Lzt x and v be the axial and lateral coordinates with the

rf

yricin located at the centroid of the cross—-section at the
lower end, A. Let u and w be the axial and lateral dis-
vlacements, respectively, and let o« ( Oéh(é‘l;l ) be the angle
batwe=an tha center line of the column and the vertical line.
End A. has no displacément while the upper end, B, may

have a displacement only in the vertical direction. Thus;

end B has a geometrical constraint that the total displacement

in the horizontal direction must vanish which 1is expressed

in equation form as

WUSINR ~+ WwCoSd -, O SOk e L (1)
If the effects of bending strain and axial strain are

considera=d the longitudinal strain component is defined as

€x = Usx "'2 — YWk (2)

‘in which a subscrint prececded by a comma represents the

b
p

apnronriate derivative. The total potential energy of the

svs-om consists of the strain energy of deformation and the

sotantial eacrgy of the appliad external force F, and is

written as
t :
2
V . I[EA(U. +.LH’ )—)-__ Jxx]dx
(-]
= [F("‘U.C.OS(K"-N‘S\ND()] (3)
total —gsotential energy fuaction -is coastrained. to..satisf
BN AEYON v utilizing the Lagrange nmultinlier technigue




in the form

. (AT J [EA/l ( U,y * 44 W, )z+ £1/, w;‘xx]dx

- [F (-—ucosd 2 wsmm” -;‘\(usm& - wcos«) (4)

where X is an arbitrary multiplier to be determined,
A = the cross-sectional ‘area, E = Young's
modulas, I = second moment of area, and I' = applied
vertical force at the movable end.

Noting the following  ‘dimensionless parameters:

1 = x/ L (5a)
U - w/L (5b)
WL w/L (5¢)
A - A/ A (5d)
. i F/Ae (5e)
L AL/T A (5€)

then, equation (4) is rewritten in dimensionless form as
1 |
2 Z z
V | J u + | + | e
V/AEL = /io(. 1 /ﬂw,.L)de /m[ \N,”dvl'
:"[‘Fcost —-Fsmo(W—)\(UslN & ~WC050()]_L=| (6)

where the quantity

‘P - UJ,L * g W:,L . ; (7)

is the axial strain produced by the dimensionless axial force.

For equilibrium the first variation of the Lquation (0) must be

I

2ero. Performing the individual variations on the parameters




l} and W yields respectively

. —(fcosek- >~S|Nu) (7a)
W. + ZSW,., - © . for 04y £ (7b
A o )
togetiher with the following Loundary conditions:
erther or
e vL.O W,.L W W“U. - Big (8a,b)
¥ .o Wi B W w0 (9a,b)
oWk
' /@‘ sshod 08 (10a,b)
& 1" w),L e M”u B o (11a,b)
Tl e Wy + 5 Wan = &R (12a,b)
M1 o
L o o /G}R'-“'(fcoso(—z\smo() - o (13a,b)
in which
o ‘( fsing + /\cosi) (14)

where the function & is the shear force in the column.
Integration of Lguation(7) yieclds the relationship
Letween axial deformation, bending deformation, and the

paranieter ? as
1
Up = ¢y -y.f w,%d-t (15)

Also, the dimensionless form of the constraint crquation, which

lust be satisfied, is obtained from Lquation (1) as




(8}

Usinat + Weos ot . © 3 at 2- ° (16)

The general solution of Equation(7b) is written as
W(vl') b c'z,sm/avl+ bcos/@vl~ .C‘z‘t-d, (17)

Applying the boundary condition U . 0 @ vL_o
implies that parameter /@ is nonzero. At vlgl ; since/S

is nonzero it follows that

/@l = -\*’Rz (183)
Applying the boundary conditions on the function VV.;MRoL_o

and » W) ue (L.e. w,,u.l-o-/é'wﬂl Es ¢R‘ ) yields

a partial solution of Equation (171)as
W(Q) - b(cosﬁz~ \) + CS\N/@?,- ¢Z/+ (18b)

Taking the function 4) as the independent parameter in
the problem, the three constants, b, ¢, and ¢ in Equation
(18b) are to be determined by the two additional boundary
at 1._ o and W - | on the functionW, together the con-
straint Equation (16). : 5

Solving for f and N from Equations(7a) and (14) and
normalizing them with respect to the Eﬁler buckling load for

the column at X _ o , one obtains
2 2
g -rR/IA: ~ —Ré:(q:cosu(a-cbsmu) (19a)
RV )\R’/F.ﬂ 3 R%z(tysmo(-q;cosd) (19b)




6

he coefficient ,/% , depends on the end constraints of the
particular column under consideration. Foro. O ,{‘_.-¢ ’
P~ -2, and/é‘= /g: which reduce Lguaticon (18a) to the form

2 2
ﬂ - fR . In dimensional form the latter equation is written
as Er-f{ebﬂf which is the standard form of the Euler buckling
equation (2,3). For any angle o <& <£Tp equations (17), (18),
and (l9a) are valid. TFor the special case e(_'@ﬁ the equaticns
are valid for another class of problems, namely the bending of

bheams.

The heced shortening of the coiumn (I'ig. 2b) is
8§ _. =Veosu + Wsina , at 'L_ I

The general solution problem consist of formulation a plot
of ﬁ' (related to the apnlied force) vs. 8 {the head

shortening) Equations . (19%a) and (20) form a pair of para-

metric Equations where ¢ is the parametric variable.
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Critical Buckling load of Vertical Columns

2.1 PRuckling loads of a Vertical Column with a Spring
Support at Cne Fnd, The Other Fnd Simply Sunported.
Consider a vertical column subjected to the

loads P as shovn in Fig, 3

L EI
Q"

Figure 3, Vertical Column with a Spring Support

and a Simple Support.
Roundarv conditions for spring support at one end and

& simple support at the other end are

() 2’.. o TV(t) " o (2la)

M W) - —kth'() (21b}

@ v L W) ks
L [ y

M('l) e o (21:)

The general soiurion of the static displacement Fguation

WILLIAM F. MAAG%%QA%“

YOUNGSTOWN STATE UNIVERSITY

(7b), becomes




Substitution of the four boundarv conditions of Fauation

(21 a,b,c,d) into Fauation (22) gives

K o o o]l (a o

cos/at blN,éL l b o
t ¢

Eipcospl Erssingl o o c o

Ff' IA Ie P d o

Al i ° F

—

Fur nontrivial solutions of these four constants the deter-
minant of the coefficient matrix is set eaual to zero

piving

21[5‘( &N{QL—P‘LCO?@L +E_Ié. sw@[) IR (23a)

For the special case ki — o , it follows that

mnFL - o
pL - ol SR LR e TN
For the special case ki .. o0 ., ore ohtains
slN/aL - Iel,c.os/el. w | © o
‘fan/eL % /@L {23c)

Using numerical techniques and noting I'ig. 4 with 3,_1‘an{al,

le_/@L , and x_/bl_ i

4) Y b Ay, 00

(x)

R

Figunre 4, Geomaliic Plot of the Eguation I’anf(=/5(«




The lowest root of this Fauation (Z23c¢) is/@[ = 4 ,4935,

The gereral solution of Fouation (23a) satisfies

the equation

%%am(al, + /b((/b[sm L—COS/@L) R (24)

The solution of Lquation (24) is obtained bv letting

Z . RksinB + (BsuNB-— COSB)B

with /el - B and kil _ Rk
ET

and using the computer program Numbter 1 given in Ap-

pendix I, Tor particular values of gg% . The asso-
ciated values of ’ﬁzL , are listed in Table 1 and

a plot of the results is shown in Fig. 5,
TABLF 1, Critical buckling load for a vertical
column with spring support at one end, and simplv sup-

ported at the o:her.

-l I - A R .

ET EI EI
PATIA 0.02| 3.l4%0 0.1 3. 1747
3.14)a 0.03 3 .51 1.0 4. 4057
4.1411 0.04 3 .1543 0.0 4.1%24

4.1435 0.08 %.1874 | |00.0 4 .4494

3.143% 0.06 | 3.1605 |\000.0 4 .44490

4.144) 0 .07 3.16%6 [10000-0 | 4.4G%5

’,1444 0 .08 4. 1667

4.1448 | 0.09 | 3.(69%




oo 3 3 4 e 4 L | 3 -4 3 4 4 4 3 4 b R a—
3 T (e T T T T T v \ T * —t + r —

0.0 1.0 20 30 4.0 5.0 6.0 7.0 8.0 9.0 0.0 1.0 12.0 13.0 14.0 15.0 El

Figure b5.Curve ofj@lvs.%%_for Vertical Column with a Spring Support at One End,

The Other End Simply Support.



2.2 Buckling Loads of a Vertical Column with a Spring

Supported at Both Ends.

Figure 6, Vertical Column with Spring Supports
at Both Fnds.

Boundarv conditions for spring supports at both ends are

@ Z' o W('L) 8 o , (25a)

M(vL) - kWi (25b)

= v o L W) = o (25c)
1 1 ,

M('() - ktzW(z) (25d)

he general solution of the static displacement equation

becomes

W('B ot aan/e'L x bcos/@vl R d (26)

Substitution of the four boundary conditions of Equation

(25a,b,c,d) into Equation (26) gives

11




gl : o il lax' fe
/@ %,le‘ 1 ol o
singl coveé g5 <CP -<o>
t["_l;-%it/ze‘s.\tqlel + /@cos/al) —%f‘cos/al —/esmpt I ol \ci) \0

For nontrivial solutions of these four constants the deter-

minant of the coefficient matrix is set equal to zero

giving
/e + ( %f’sm/@(_—/ecos/e(_) ( | +EKI/'51[. —cos/eé )
+ ‘cospl +psinpl =i
(%a?COﬂ@ poiNg )(snve P )
L

+ (%l sni;ﬁé -/ecos/a(, ) 13 (o)
For the special case ki — ® and Kt, — 0 , it follows
that

Tan/@L . /@[ (27b)

which yields the same values as Fquation (23c).

For the special case Kkt — o and kt, — o , one obtains

z(coaeL— I)ﬁﬁlsnva[ at IE (27¢)

The lowest root of this Faquation (27c¢) is/QL = 6,2832,

The general solution of Fquation (27a) satisfies

the equation with kt, = <0 ,
Bl




(SIN{é‘.—/bLCO.S/@L)/@[— %i,_t [/@[HN/}L‘Q([~COS/3[,”= o (28)

solution of FRguatien (28%)
2 = ( 8inB = RcosP B -~

- NI

ke, L
E1
and using the computer pro ram

which /al = B a

I. For particular wvalues of 2%[

values Of/el. are listed in Table 2
4

2 -

results is shown in TI'igure

TABLE 2. Critical buckling

column with spring support at one end,

fixed.

obtainad by letting

i
bioie

e

2 given in Appendix

corresponding

nd a plot of the

ad for a vertical

and the othar end

8L %% 2l %{-L y 1

4.4935 | 0.30 | 4,71% 7.00 | B5.6005
4.8274 0.90 A7 (64 tb;oo 5.6¢17
A.3405 .00 4.749Lb q.00 | 5718
4.59¢6 2.00 b. 0\%\ 10.00 | 5.7957%
4.64%7 | 3.00 5.19¢1 | 100.00 | 4.22\0
4,559 4.00 5.5182 (1000.00 | 6.£769
4.6833 | 5.00 | B.443{ (10000.00 | 4.L825
471 % ¢.00 | p.5271 |l000000.00| 6.£93L




800 4

7.00 4

6 280 o o e e e e e e e e e e e e e e e e i e e e = e e = e e e
6.00 +

5.00 -/
4.4935 1

400 ¢

3.00 4
2.00 +

1.00 +

0.00

- + + + + —t + 7 +- + + + + ~+ + Ea kt‘
0.00 1.00 2.00 3.00 4.00 500 .00 7.00 8.00 9.00 10.00

10O (200 300 |400 {500 I

Figure 7.Curve ofﬁé vs. kt for a Vertical Column with a Spring Support at One End,
ET

The Other End Fixed.
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CHAPTER LT

v

3.1 The General Solution of I'orce-licad Shortening for
Slanted Coluran with Spring Support at One d, The Other

End Simply Supported.

1

Figure 8. Slanted Column with Spring Support

at One End, The Other Ind Simply Supported.

The gencral solution for the column talkes the form

given by Equaticon  (18h) as

W(z) " b(cos/evl’—l) + ,c,sm(a»z_- %I
with W,Z = —/ebsm/ez -~ L/bCOE‘a/éz - %
and Wyl.L e —/é’bcos/éz - L/@‘sm/evz/

3 7

$he constants b and € are determined Ly noting the two

POundary conditions

M) — -ktw’"L(O) — -EIW,, (o) (29a)

0

M1y o) (29b)

15
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32 DeCome

b keser [—c/P + %’P‘ J (30a)
and i el (%) k%-t(a coss [ %c%’;_/awﬂ] (30L)

S b = 1 \ O« s N R U - T A IS P
The lateral displacements takes the f«

WY’) - (%):_g_r?e[_ Cos’;b.sml,%z:s;;f;zfg snié] - (.%) 't (31la)

COs

:: Cosp-ps51Ng

st

Er

CO?B'({ *"E‘—;;b

with W,l o (_:‘) [%Ié

N

(32a)
b bl e ‘

B we it
ET

/6

1@CDSA

E—;Coﬁe —/asm’&

(32h)
it fcllows from Equation (31L) that
W)Z — (%)(Scos/ml+ﬂsm[ez—|) (33a)
2

-W,-( & ($)¢( R;INc/‘l_,,gf\Sc,os?gzsmﬂ— Qf\sm‘ez +§2:os1[az
—-lScos/ez + )

NOLing Equation (15), the axial displacement becomes

(33b)

U('l) e +1-(L4,6)(%)1 [/e K‘% -ﬂlsmﬂcos/az +z§§sm;av[+42co7ez
+§;£Z -~ %.sm’azcos/az — Aﬁ -Agsmléz

4»2/42 ] (34)
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RE C&:‘.ling the Chax ac t\.,'ri 5 '.,.I_' (& l;'ﬁ'ua!'_i.t)f; {LG) ’ i o f'OllOW S L_llat
q’ —‘___l HQ_ l A - ASINRCOS +IA§.3N +4AC0S3 —4A . B
t \
+ 5 NPCOSP —AB3SIN 113,
-1} /é -

‘*(i) " $IN'p kg =\ ]Cd“ = 0 (34)
Y IE;(O‘I"'/‘smP Exp
Letting S = (A‘le) [276 -'I:fsm/ocos,c * z’A"Sa\N'/A -ARcos/a-.t’k
: ¢ (35a)
*'?5/6 +’$‘sm{ﬁ c.os/a —4@3»4,5 + 4/6]
T ~-8INg ke «i
ktcosp-poinp|BIs (35b)
Efcotprpomp
onc obtains
{ : ot o
e - = o
: . o B (36a)
Using the quadratic equation, it follows that
¢ ;2 ‘k
. ¢l_s+ [-Tcou t(Tco‘(.e(+4sq,) ] YL,

Numerically it is found that for T <o , the minus sign
in front of the radical in Equation (36b) must Le

Used, while T >o the positive sign is necessary.

3.2 The Solution of Force-llead Shortening for Slanted

Column with Two End Simply Sunported.

. Lettinq l(t = 0 ,Equations 32a and 321 become

% Sk | | - (37a)




S = 3 (37D)

otting Taquation (20), the hesd displacement becomes

8 '(Q‘ 2% ~Rainacoss + eAfenls +4hco

= | = - — -+ S
4) AP Y lﬂ '/5 F P 76
+/53‘+ 'étsw/eco?e ~aR - A%sm{b +z/g, Cos
) v

ke (___"_‘“,é._ = (?)snud (33a)
e

ki ¢os, SIN
Rt oo
ting Equations (35a) and (25bL), ti licad displacemant

+

"

1).1.’&,|-‘:’.;Lif is written
] Q‘,
l \l) Q15 | cosx ()SlN“ 38k

The corresponding load' paramete: is given Ly Eaunation

%) as

—~
o
~—

L _g;(q,wsd * ¢3\No()

"

he Load-uisplacement diagram 15 cobtained by plotting

- D " TGNy &1 ” o " B G . = 3 Fyvn €S 81 e o Vg
{ V5. S given LYy the latter two eguations. Lle range ol
’

the parametric scalar quantity \P is predetermined by noting

BRe conditions that

® T_6.0 s o (39a)

2
BT . o - (S—T)coto(
(320)
The curve I versus S shown in ¥igure 9 for
& %2> and R = 50 is obtained from program Number 4 in
+

“he range of tha parametax 4: is determined

RS T X £Y e

=




19

3.3 fhe Solution of Force-liead Shortening for Slanted Column

With sower Lnd Pixed and Upper bnd Singply Supported.
Let ting “t - %, lLguations (32a) and (32b) vields the following

raations

Ts = "%(/6-*0",6) (10a) ‘
5 = (4)[¢( - tgnp)tarls | (400)

The corresponding head-sho ctening parameter is given

S Lr—q,+(%)s]c05d~T(%)smo( (41a)

‘e following equations are also applicable for the present

casee

- - 4%(¢cosd+bsmu) (11b)

°

BT . 8. o a8 (42a)
s _ o N (S—T )cotzo(

The curve ¥ versus 8 shown in Figure 9 for « _ se.5"

@nd R = 50 is oltained

from program .iuwLer ¢ in Appendix I.
The ran e of the parameter is determined utilizin yrogran
¢ g ]

Nambor 5 in Arved




Al

7 4
0.'5 -
CURVE EQUATIONS COMPUTER PROGRAM
026 + 5.5 s 57a,57b,48b agc 4
6.F abb,4oa a0baia,4\b 6
0.24 T
o 823
0.22 R = 30.0

0.9109

©.0(09

e e e e e et e e T

. “ + - ISR IO N + e N
B o0 + + + + t + + + + - as
B 0.05 0.0¢ Q.07 Q.08 Q.09 o.l1o

o
o -
o
o
N
o
o
("9
[+]
(o]
IS

; Figure 9.Curve of{ vs.$ for The Slanted Column with various

end condition.
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3.4 The Solution of Force=ilgad Shoruvening fer Slangted Calumn
PO T ¢ > a1y BV Yy S} v . I Y3 R My on
Wit LOWer Liilu S1LApLy R G L D ol TS B g X DI E J1¢C Flad 4n WO
tation.
Figure 10. Blante slann with Lower Lnd Simply
Bupported and Upper End Fixed 1ia ta
oy this egiumn, the Louandary condill are
e
)'Cl (o) = o \a2a)
(431)

Bnd W O e o
[

Noting Luguatioas (7L) ana (150) the transverse and axial dis-

placements become, respectively,

W(VL) g xyp(%é%é% /6?. )
- U(?,) o +2 Alecos/e.( )[/Aq(lﬂcos’b)
- (4cos,e - cospy ).sm/avl

Betalliig the characteristic bquation (16), it follows that

T
*5N
wa

-—e—

|
|

(45)

b~ _L[ (I—‘%_A)+TGY\/0]( ) (_)l!_b(fanle—{a)cofu e
Letting ) #(/e,-—fcm,b) ' (46a)

B 2L [5(1 -.t;néﬂg) +'|'an7é]

(46L)
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one optains

¢ — s(%)l- (%} Teotw

== L]

or using the quadratic equation

¢ - ilgqa["Tcoto( «:(T‘cot‘eHAqu)J‘J L

Equations for this case are identical to the latter case with
the end boundary conditions interchanged.
Thus, these two types of columns have the same curve Y

versus o  curve.

3.5 The Solution of Force-!ecad Shortening for Slanted Coluwmn

with Both Ends Fixed.

Ny

Figure 1ll. Slanted Column with Both Ends Fixed.

For slanted columns with both the lower and the upper end

fixed in rotation, ELquations (8a) and (lla) are applicable

with
WJI(O) - o
W,'l( YR s o

™ y .3
*4C resulting displacements are
g P




il ‘,gi[s'"/"l'/"l*{'fmcﬁ'é('*c""‘/“'l)}] (45)

Yo \”z*-s;($)'{~—ﬁ';:;‘ (15502 (gpp-omson

%, bCOS/eZ—fcos 2/92]
4-4,/@1_ ss:N/ez+6w¢/6vl} (19)

Lguatlions (19a), (36b), (38b),

apiplicakle for this case except

- W [( |—cos/e)(/6 —/ecoslé ~3sinp )J
—zsm’c (cosc'ev - cosle —/esmp) (5Ca)

3 - W[/ebleé*Z(l-cos'A” (50L)

- il 3 "/%: (+cosd + CbSINQ() (51a)
RS [-qa+(%)‘3]cosu( - T(%)smu (51b)
R T R - e : (52a)
A b = [5-T]eotx (52h)

The ;:.u:\rc_-T vcrsu:xS shown in "igure 12 for X o 82.5

and R = 50 is obtained from program lunmber 7 in Appendix
I. The range of the paramcter ¢ is determinead utilizing

Program Nunber 8 in Appendix I,
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1
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L}
1
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—
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1
: X .~ B2.5
]
045 1 | B = 0.0
i
!
|
' 5.5 S.F F.F
0.40 1 '
i Tmax| ©.103 0.2119 0.7773
1
- 8 ©.0839 0.0109 0.014¢
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!
I
|
1
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|
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1
1
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|
|
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Curve of{ vs. § for The Slanted Column with

Various End Condition.
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4.1 The Eigenvalue IMethod

In addition to the nonlinear “orce-displacement
method in the dterminaticn of the buckling loads of
slanted coluuns, the eigenvalue method presents a more
Jirect and efficient method of determining these
critical loads.

: The total potential enerqgy of the system con-

sists of the strain enerqgv of deformation. The potential
energy of the externallyv applied force is neglected.
The energy function becomes
ke ¢
A " 2 E £ d
V = -E;-‘- U")X i-w.;xx) % II_W_‘,V. X
-]

The constraint aguation at the upper end takes the form

P x _ L WOINX + WeoSK o g

& The dimensionless form of the total energy, utilizing

the Lagrange multiplier technigue, is written

Wo- ""‘L{*f [y -4l H ”':u""
—/o[u.(l yond + w(i )cosukJ (53)

¥Where the nondimensional nctation given in Equation

r ¢, d, e, f) is utilized. The parameter /0 is
VEe Lagrange multiplier constoant.

The variational operations cn Iguation (52)

4l

J;ld the equations




W,u:&*-(iW,U’:__ o , for Oézél "~ (54a)

and WSINY + Weosk _ o 3 al 7_’ ) (54b)

Equation (54a) in solution form is written

W(T,) = acos/av[+bs\u,evl+,c>(+d (55)

Equation (55) contains four constants a, b, ¢, and 4,
which together with parameter/o (included in the boundary
conditions) yields five constants which must be in-
vestigated. Four boundary conditions on tlie function

(two at each end) as given by Equations ( 8,9,11 and
124} (with ¢ - -7ocosx ) yield four homogeneous
equations. These four equations together witli Equation
(54b) produce a family of five homogeneous equations
from which the variable/e relating the critical buckling

load and the slope of the column is determinable.

4.2 Eigenvalues for a Slanted Column with Two Ends

Cimply Supported

The boundary conditions for simple supports at

both end are

Wial Bl o L (56a)
-W)VLV(/(O) s O 4 3 (56b)
Wagi) = O

IL p (56c¢)

~V\Bv(‘u’(l ) "'PQW,Z(I ) “'/ﬂthom( — o)

(564)
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~]

with UW(t)SINY + wW(I()cos - O
Noting Equation {(53) znd Equations (56a

on2 obtains the five equations

a.+-d .- (o]

2

a/e, — - (w
a]&mf— t}:co% —/eaa.smf; +/b%<‘.0762+ c/ea-&/oezcosog - O ‘
/USINza( + acoauco.'}a * bcosxsm(e +c,/ec_oset +deosw _ o |

with a matrix form of these equations written as

@ b5 w o hap 1 5 (AR
l o (o} D (0] b J (o} L
“ﬁﬂ Sing o o o JL f" o
0 B /; o Rlc.os« d o

. coslbcosak oosn\sm'g /ocosd €0Sd, smlo( I IpJ C J

Investigating the possibility of curved forms of equili-

brium. we observe that the only way to have a nontrivial

Solution of these five equations is to have the deter-

" Minant of the coefficieats ecual to ~ero. This determinant

is

| o o | (o}

| o 0 (o} o

Los SIN 0 0 o = (@]
0

(o} 0 /A 0 RCOSA

coslacnse( !.o.ﬂcosle /éa,osnl L0SA 5|de




S\N/a(/gslﬂte(-/aRQCOB‘u) . - (58)

Soiuvtions of the latter Ecuation take the form

SIN /a — o (59a)
and Rcom—/s - o (59DL)

The roots of Equation (5%a) represent the critical bucklind
loads for tie special case of a vertical column (u¢. ¥ O ).
The roots of Equation (59b) vield the critical buckling
loads in term of the variable &« . The numerical solution
of the latter equation are shown i» Tabhle 3. Computer pro-

gram umber 9 used to determine these values is contained

in Appendix I.

TABLE 3. Iigenvalue for a slanted column with

two end simply supported. e
o 3 ot e ol yZ) % /3
oo | 3.1413 a6.o| %1415 260 | 5145 | 98.0| |.700
13.0 | 3.14185 60.0 3.\415 6.5 | 4.05%8| 44.0| 0.97¢27
40.0 | 4.1415 75.0 | 3.1418 $7.0 | 2.6200 | 90.0( 0.0000

R.3 Eigenvalues for a Slanted Colu n with Spring Supports

at Soth Cnds

<2 .




Boundary conditions for SPring supports at both ends are

— (o)

@ ] =0 W(-l)

(60a)
@ ‘l- [ 'W,n('l) el ‘_tjl.g(‘lj) (60¢)

e -

with Winsma + w(eosd _ o (60e)

Ecution (54a) in solution form is written

W(v() = acps/evl - bsm/oz - évl*d (61)

Substitution of the five boundarv conditiens of Eq

uation

B60a,b,c,d,e) into Eouation (61) gives 3
[ | 0 o | o ‘ [a [o‘

/3 ': _%? °© o b °
(/Qcosla +_ké‘smlg) (/Asmp -:_g,wy) —}:_%, o o Jc f = J o r

o o /é o Rl |d o

¢osBos« toss SiNg pLosd s sm"uj /J °J

Por Noatrivial solutions of these five constants the

determinant of the coefficient natrix is set scual to

eero 9iving
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etlileotegoots o e igtots ' o

s e R

+ (_}itj;)/oa‘co;d -/é?S\Ntd -*/;cho:v( +/3Rl(:_§t)loslﬁ

+;(%§.)(:_t;)am‘« —/6121(_:_1%) cos + R‘(_)%‘)(%,) wsz-(smp snB

4—( Kt )( kt) REcos o i 0

For the goecial case of a f

wed sunoport at the lower end

ani! a simple support at the upper ena, that is,

( ~fan )a.oée( ~ 5NN L 621,)
prionpesds - ol (521,

se of Loth e

inds f£i: . that is, kt, )

Poy tho g

3 e 2 2 2 2
| SINMSINA + COSNURLSA — 2C050420SH — BLoSHSIN
| ool ticolicafl s i
2 2 z
i +cosdsm{& + OS5 =5 o (62¢)
N
& The roots of Lcuations (621 ¢) yvield the evitigalibuckl i

19ac5 in term of the variable ® . 7o numerical solution
OF

the latter equation are =shown in Talle ! aad Table

Com

~Onputer program 10 and »rogram 11 are used to determine

Blese values is contain:? in \ppen: |




k % 3

TABLE 4. Ligenvalues of a slanted column fixed at lower gends

and upper end simply supported for various inclination angles.

o ye (V4 /8 o /8 o/ ] ‘
0.0 | 4.4988 | 77.0 | A.A545| 95.0 | 3.8535 | #4.6 | |.(\50
15.0 | 4. 4a% | 7.0 | A.4403 | #4.0 | 4.5728 | #4.L | | .40%0
2.0 | 4.49¢8 | 7.0 | 4.4350 | 9b.5 | 4.0%18 | 49.7 | |.9%49
A5.0 | A.4aq1, | 20.0 | 4.A196 | 97.0 | 2.74%%|%4.9 | | .6750
bo.o | A.4979 | 8.0 | A.%G70 | $3.0 | 7.2150 | 84.9 | O0.4144
75.0 | 4.4456 | $5.0 | 4.¢355 | #-5 | 1.Ge00 90.0 | 0.0000

76.0 | A.ALIO | 94.0 | 4.1454 | 4.0 | .7556

e

TABLE 5..FEigenvalues of slanted column fixed at both

ends for.various inclination angles.

0.0 | 6-2831 | 0.6 | £.£4%1 | 47.0 | 4.92\9 |49.% | 4.14%4
5.0 | (.2948) | 2.0 | L.2950 | 48.0 | 4.5156 |49.9 | 4.1%3
50,0 | 6,295 | 95.0 | 4.1864 | 41.0 | 4 .14%3 |%4.45| 0 .54%%
A5.0 | L.4g8) | 94.0 | 55465 | 34.5 | 5 .\b6L |90.00| 6 .0000
60.0 | L.29% | 95.0 | A.9415 | 29.L | % 1544
75.0 | L4481 | %6.0 | A.4L7¢| 49.7 | A 1483




I
Ly
o

CURVE EQUATION COMPUTER PROGRAM
5.5 vab q
= 5.+ e2b 10
E.FE 62C 1
6.5 T
——————————————————————— - F.F R _ 50.0
: 4
60 T ; : EIGENVALUE METHOD
1
' /8
55 + E
1 5.5 S5.F F.r
I
]
1
50 : £.2%90
.
]
1
45 N : 5. F
|
I
4.0 !
1
1
1
]
35 E 5.5
| ; /
: : 5
3.0 1 :
H
1
1
1
25 i
I
]
1
I
]
1
1
1
1
|
1
:
]
1]
1
;
1
'
1
:
\

82 83 84 85 86 87 8s’ 89 90 X

Plots of Cridical. Buckling Lead wersus

Inclination Angle

7

14)]




33

CHAPTER V
DISCUSSION AND CONCLUSION

5.1 Discussion

A comparision of the critical buckling loads of the
slanted columns for = 82.5’using the load-deflection
and the eigenvalue method is given in Table 6. The value
of critical buckling load for a column with simple supports
at both ends is greater using the load-deflection method
than using the eigenvalue method. For the case wherxe both
ends are fixed or for the case with one end fixed and
the other simply supported, the load-deflection method

yields a lower value of critical buckling load than the

eigenvalue method.

TABLE 6. Comparison of The Load-deflection and

Eigenvalue Methods.

Lot o= 825 ,r = 50 s.5 s.F F.F
From Load-deflection wmethod 3.764 49 1.54059 3.84772
From Figenvalue method 5. \4l6 A.3256 6.9992

This condition may be explained by noting Figure 14.

For the case of simple supports at both ends the critical
buckling load remains independent of the angle X up to
approximately 861 The two methods differ by only 23%‘which
is a reasonable difference sinceJthe firs£ method' is-
nonlinear and the second linear. For the fixed-fixed . .
and fixed-simply. supported  case  the,value of critical . .

buckling.load is moreicriivallyreffected by-aighange
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in ¢ for o greater than 80. In neither method is the change
in X accounted for directly. Thus, there is no restriction

that one method is more accurate than the other.

5.2 Conclusion

This thesis presents the solution of a class of
large deflection problems of slanted columns. The buckling
loads determined from the load-deflection solutions are not
the same as those obtained by eigenvalue method. The latter,
nevertheless, érovides a simplified method for determining
the critical buckling loads for a given column. Intfact,
the eigenvalues are practically applicable for column with
small angle (i.e.oZM{?) and large slenderness ratio
(i.e. R=50).

The comparison of the load-deflection method and
eigenvalue method shows that the effects of thehchange
in angle X must be taken into consideration. It is a basiec
principle of elastic stability. that the equations of
. equilibrium are derived in a deformed state. If the original
state is used as the reference as it was done earlier,
Equation (19a) yields the solution. If the deformed state
is used as the reference, the angle X , at the load point

g
becomes & where

/

* _ oL+o =d+‘}a;'(—|}“’u—)J of v -

The potential energy is written in dimensionless

form for the load-deflection method as




AEL

\'s ! I s
\ [U, + LW, J _'_fw
e 1t Zl*zR‘xo "Z'Z"L ’ !
+[f- (Q.OSOL/U ~SIN o('W) - A(Usm& + Wcosd )'L"]
/
/
The corresponding values of 9 and % denoted by T and =

are obtained from Figure (14) as

s fr a ;g‘(q..coso(/+d>SINd./) (63a)
A 2 ,
U/ -= AR & E(q«gm el/—dx.os&) (63b)
~* @}uf
B

W
Vg @ (6
Figure 14. Correction Factor for the Angular Change.

The potential energy fuction for the eigenvalue

method is written as

U=y [ e~ & [

7¢[u.(|)smu/+ N‘(l)cosecJ} (64a)

/ 1
with & = d+ta(2) | Equation (54a) is satisfied.

Equation (54b) becomes
f
UsiN oL+ wr_o.sa\/ - e k ot *l ae ) (64b)

with Y (64c)

which may be utilized to perform an extended comparison

between the two methods.

Equations (63) and (64) define a new dual set of equations

35
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Computer Program Number 1

Solution of the equation

10

20
30
50

100

Kel smI@L (/6(,S|N/@L -c05/a(_)/9 ik o

DOUBLE PRECISION RK,Z1,B, Z,Bl
RK=0.1

Z21=10.0

DO 50 I=31416,62830
B=I1/10000.0

Z=RK* (DSIN(B) )+ (B*DSIN(B) - -DCOS (B) ) *B
IF (Z.LT.Zl) GO TO 20

GO TO 50

IF (Z2.GE.0) GO TO 30

GO TO 50

21=72

Bl1=B

CONTINUE

WRITE (6,100) RK,B1l,2zl
FORMAT (3F1l15.5)

RK=RK+0.1

IF (RK.LE.200) GO TO 10

STOP

END

37




(_START )

poveLs

RK,21,B, =, B

PRECISION

Rk—+ RX+O.\

_LNRHE Rk lal,ZI/

2

TRUE
1 —»3146
I > 62832
T & 6185%¢
I & beps?
T = T4\
y
[ B = 3/10000.0 l
50

[

[z = rk# (Dsin () + (B¥ Dsi NCBD ~Deos(eN* 51

FALSE
FALSE
T -~
Bl —»8
"'low diagram for computer program Number 1.
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=

ymvuter Program Number 2

Solution of the eqguation

(5\N{0L-—'Alc05’é( )/at - %L—(/@LSIN,@['—Q("COSIAL )) .

1 DOUBLE "PRECISTON RE AR, 7, Bl
Rk = 0,1
10 a1 = 200000000.0

DO 50 I = 44935,62832
= 1/10000.0

% = (DSIN(B)-B*DCOS (D)) *1-RI* (B*DSIH(B)
-2% (1 =PCOS (B) } )

TF WE. LT 7R CO 170 20

GO TO 50

20 ITH (2 .GEI0VNGO TO 30
GO TO 50

o W) 24 - I
o [ 415" RO

Bl = B

GO g
50 CONTINUE

MRIHE (6,100) RK,BL,%
100 FORMAR" (3F]15.5)

RK = RK+0.1

IF (RRSLE.260) GO TO 10

STOP

END

Flow diagram for this computer program is the
same as flow diagram for computer program Number 1
with the changes
21 —= 400000000.0

T e 4GS

Z — (DSIN(B)-B*DCOS(B))*p5 RE* (B*DSINCB)-Z* (1-DCOS(B)))




Computer

Solution

[SS]

b
<

S

()

40

FPrecgram Number 3

of the equation
e
¢-(s-T)eot's _ o

DOUBLE PRECISION X,ALPHA,XTNCR,B,T,S, 71
X = -0.00000001

ALPHA = 1.4398966

XINCR = -0.001

DO 18 1T =%, 108

DCOSA = DCOS (ALPIA)

DSINA = DSIN(ALPHA

DCOTA = DCOSA/DSINA

i

T =1.0

S = 0.5

21 = X = ((DCOTL**?"(SwT))
WRITE (6.100) ALPHA ,X,21

X = X+XTINCR

FORMAT (3F15.7)

STOP

END

.




START

DOUBLE PRECISION
RALPHA ;X INCR B, T,5, )

X -0.00000001
ALPHA —» 1.42q89L¢
AXINCR>~0.00)

T~

1>10
I4&\O

-(_STOP )
1&\0
T+T*|

DCOSA —= Dcos (ALPHA)
DSINA — DSIN CALPHA)

DCOTA —» DCOSA  DS'NA
Y —= 1.0

S de 0.5

l Ko X +XINCR I

[:—- x— ((DCOTA## 2) ¥ (s—-\-))j

Y
limn ApHA %, 31 |

B gure A2.

Flow diagram for computer program Iumber 3.
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Computer Program Number 4

Solution of the equation

19

A

bdand [.Tcotd+(T’co£§z *45})"]
¢ R —_E_:(L},cosd-o-c};sma()

A (-4 +[&] Jeew (&) roina

2

. s B

DOUBLE PRECISION XX,R,ALPHA,BO,X,B,ROBZ,T,
S,TOTA,0,XINCR,Y,00X, 2
XX=-0.0000001

R=50.0

ALPHA=1.4398966
BO=3.1416

DO 21 I1I=1,10

X=XX

B=R* (DSQRT (~-X) )
ROB2=R*R/ (BO*B0)
DSINA=DSIN (ALPHA)

‘DCOSA=DCOS (ALPHA)

DCOTA=DCOSA/DSINA
T=1.0

S=0.5

TCOTA=T*DCOTA
O=X*(-TCOTA+(DSQRT(TCOTA*TCOTA+4.0*S*X)))/(Z.O*S)
XINCR=-0.0086/10.0

XX=XX+XINCR

WRITE(6,19) T,S,0,XINCR

FORMAT (4F15.10)
Y=—ROBZ*(X*DCOSA+O*DSINA)

00X=0/X
Z=((-X+S*OOX*OOX)*DCOSA)—(T*OOX*DSINA)

- WRITE (6,23) BO,Y,Z

FORMAT (F12.4,2F30.15)
STOP
END




(START)

DPOUBLE PREC\SION XX RJh\-P“A_,bo/i_,t
kos2, T, TOTA, O, XINCR 4 00%, ¢

»* % -0. 0000001

R 50.0

ALPHA 1. 439846k

BO 4.141

T\ 70

T14£1\0
I&\0

I3+t

STOP

]

X —= XX

B — R¥ (DSQRT(-x))

ROP2-> R¥R /(RO 4+ DQ)
DSINA —»» DSIN CALPHA)

DCOSA —= DCOS (ALPHA
bwfi & 2

—= Dcosh /DSINA
T — 1O

S —

0.3
TcoTh = DCosA/Ds'NA

0 x¥ (-TcSl A +(vserT (TcoTA ¥ coTA +4.0

*S*x))/ Z.ows
XINCR —= —0.00%6/10.0
XX —a XX &= X1NCR

[write 7,50 xincr ]

v —RoR2 ¥ (X ¥DCLoBA +O ¥ DsINA)
OOX — o/x

& —» ((-x +5 ¥OOX ¥ 0Ox)¥ DCOSA) ~ (T¥0ox ¥Dsink)

lwm-r- Bo Y, 2 ]

Figure A3. Flow diagram for coputer program Number 4.




Computer Program Number 5

Solution of the equation

same

Vil p(/‘_h"/‘)
s _%[,(.-%5,4)4“;4]

IP—(S-T)co'l‘o( — o

DOURLE PRECISTON X,R,KLPHA,XINCR,B,T,S,ZI

X' = ~0I00000001
R= 50,0
ALPHA = 1.4398966

XINCR = =0.001
DO 10 1T 4% 10
R = R*(DSQRT(-Y))

DSINE DSIN (B)

il

DCOSR DCOS (B)
DCOTA = DCOS(ALPHA)/DSIN(ALPHA)
DTAND = DSINB/DCOSL

T = (B-DTANB)/R

S = (3.0*(1.0~(DTAND/B))+DTANH*DTANB)/4.0

21 = X - ((DCOTA**2)* (£-T))
WRITE (6,100) R,ALPIA,X,Z1
X = X+XINCR

FORMAT (4F15.7)

STOr
D
Flow diacram for this computer program is
as flow diagram for computer program Number 2

i

the changeg

T —= (B-DTANE) /B
S—= (3.0*% (1.0~ (DTANB/B) )+DTA
D— R* (DSQRT (-X) )

TS

ida

the

*DTANB) /4. ¢
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Duter

,

Program Nunber

~ = b= T P 3 v
- tie eguation

() r3
] it
M- B~
fr——— —
¥ S
= ]
I =
% 4
+

-

H

S
e

e -.‘l’g [—-Tco‘h( “* {Téo'lfx +asy ){J
y Sp “?'(«kcosd -~ ésuue&)
§ - - + 5(_‘?)‘ stc( - T(%)smog

T : T
,f\.»".‘.f.\.,(-“,.'fI;JC.'\L,' r \NIA 4
L = ~-0.0000001

JQUBLE PRECISION XX,R,ALFIA,RO ,X,B,ROB2,T,
b

B=R* (DSQRT ( 0 )
ROB2=R*L/ (BO*10)
DSINA=DSTI (:‘“z A
DCOE; :I)C(\.C: (r\.‘.A .,:\)
DCOTA=DCOSA/ DS T
DEI:N=DSTA(R)
DCOS 3=1C08S (B)
wzrr~‘trub/bhm 2
m_(v- *771*)/n
8= (3.0% (1.0% (D27ain,/m) ) 4007 AND*DTANL) /¢ .
4 Ml ‘r’.‘\— P DC’ ".".71
=W * ( :dx(:\-or'i);‘:: g;,l- |/ 2] ‘(\y -;:A(_\) A+ 4 r\,.‘]‘,:-T ;.:\ ) \/. (:‘. :}*:::)
XE=XX+XINCR
WRITE ((;_.l“’) T,8,0,XINCR, X

FORMAT (5F15.10)

i

Y=-~-ROB2* (\'*r\ VQ(‘\_;_/)-"..r"I In)

Di AT L)/.‘\-
(\-‘x+::*ocwx*rv“”) *DCOSA) - (T'*00X*DSIHA)

WRITE (6,23) BO,Y,Z

FOT?;:_J\T {210, 7. 7124, 'E30.15)

~E T
SO

TVRE

o
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Flow diagram for this computer program is the
Y

same as flow diacram for computer program Number 4 with

the changes
o

T ——= (B-DTANB)/B
& —— (Y 0% (1.0~ (TR B) ) +DTAIB*DTANR) /4. 0

20— 1.19734
XINCR —» ~0.0023/12.0

46
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Computer Program Nunber 7

Solution of the @quaticn

i B pﬂﬁp [/oam/o —z(«-cosp)]
- S W [(hcosp”/b./acoae—sswle)::gsm/a(r.ou/e~Co7a-[a.sm(e)]

¢—(5—T)mﬁk - O

i DOUBLE PRECISION X,R,ALPIA ,XINCR,B,T,5, 21

X=-0.00000001

R=50.0

ALPHA=1.42928966

XINCR=-0.001

Dol T=1: 10

B=R* (DSQRT (-X) )

DSINB=DSIN (P)

DCOSD=DCOS (B)

DCOTAzDCOS(ALPHA)/DSTN(ALhnA)

DTANB=DSINB/DCOSD )

T=(E*DSINB—2*(1.J~DCOSB))/(D*DSIND)

S§=((1.0-DCOSRB) * (B~-B*DCOSH 3.0*DSINB)-3.0%
DSINB*(Dcos(2*3)»DCOSB~H*DSINB))/(4.0*3*
DSINB*DSIND) e

Zl=X—((DCOTA**2)*(S~”))

WRITE (6,100) R,ALPIIA, X, 7

10 X=X+XTINCR

100 FORMAT (4F15.7) |
STOP
End

Flow cdiagram for this computer program is the

Same as flow diagram for Computer program Number 3 with

the changes

T-—»(3*DSINB~2*(1.0—DCOSW))/(G*DSINB)

S — ((1.0-DCOSB) * (B-B*DCOST 3.0*DSINB)
~-3.0*DSIND* (DCOS {2%n) DCOSB~-B*DSINR) )
/(4.0*B*DSIHB*DSTHU)




Solution
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rogram Number 8
of the equation
T - ,as:NP[/A St 2('—(:0576” :
B Zp—slm";[{'—Coslé)(/b~léc°5/b—35'"/6)—55"*/0{‘“4/&"co'r-la‘m/e}J
- ¥ [—Tcoﬂ t{r‘coi‘x“sq,)*] :
25

= ‘ﬁ; ( Ycosy + psinsk )

4 o

. [-up +5(%)1]C05d & T(%)smok

DOUBLE PREC ISTION XX.R “*“T“ BO,X,B,ROBE,

7,8, TCOTA,D, XTNCR “,OOY

Y"—~O 0000001
=50.0

A’rpr Lo A3080:’,r\

B0O=6.2335

DO A1 Xe) 210

X=XX

R=R*(DHORT(~X))

ROB2=R*R/ (BO*BO)

DSINA= DSIN (ALPIIN)

DCOSA=DCOS (ALPIA) ,

DCOTA DCOCA/D‘INA -
SINDB=DSIN (B)

DCOSP =DCOS (8)

DTAE=DSINB/DCOSE

T=(B*DSINB- 2.0%(1.0-DCOS I))’(“*D%IW“)

S= ((1 0=~ DPOSQ)*(B-“*DCO“P 3.0*DSINB) -3, 0%
DSINB* (DCOS (2. 0*B) - DLO.L~B*DSIHB))/(4.O*D
*DOI’FT";*DL I“TT))

TCOTA=T*DCOT2
O=X*(—TCOTA—(D°0‘m(”F“TA*m”OTA+1 O*S*%Y) 1 /42, 0%*5)
XIHCR=~0.0068/10.

XX=XX+XINCR

WRITE (6.19) 1,6,0,3 KINCR, X

FORMAT (5F15. 10)

Y=~ROB2#* (X*DCOS SA+O*DSINA)

00X=0,/X

"—((-?+Q*OO\*OOX)*DCOSA) {T*00xX {*DSTINA)
VIRITE (§,23) BO Y. 7

FORMAT (“10.7,2F3Q.15)

STOD

TN
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Flow diagram for this computer Program is the
Same as flow diagram for computer program Number 4 with

the changes

T — (B*DSINB*Z.O*(l.D"DCOS?))/CB*DSIND)

S — ((l.O-DCOSD)*(?—D*DCOSB 3.0*DSING)
~3.0*DSINB*(DCOS(2.0*H)-DCOSB“B*DSINB))
/(4.0*B*DSINB*DSIN8)

B0 —s 6.2335

XINCR—»> ~0.0068/10.0




Computer

Soly

10
100

Program NHumber

tion of the equation

/e-Rc.o'foL - o

DOUBLI PRECISTION R,ALPI:;
R=50.¢(
ALPIA=1.5G6206%¢
B=0.436699
DO I = Al
BINCR=0.0001
DSINB=DSIN (B)
DL,()SB-—DCO ()
DSINA=DSII] (ALPIIA)
BEOSA=DCOS (ALPH[‘;)
DCH T'\—DCOSA/D?ITJA
a R*DCOTA

r

0-)
'JT‘I ) (fz,lOn) R,ALPHA,D,Z

A -i

FOP”X (4F20.7)
ulUP

T D

daida

’

44

+ BINCR




(START D)

DOUBLE PRIEFCISION
R,ALPHA, B, T, ®INCR

R —= 80.0
ALPHA — 1.8499¢36i8
® — 6.18%0

=1

. STOP

I-=ls)

DSIN® —= DSINC®)

D(oss —= DCOSLBD
DSINA—= DSIN (ALPHA)
DCOSA —= DCOSCALPHA)
DCOTA—— DCOSA/ DSTHA

D= B-BINCR |

[;—.- B —R¥ Dcoﬂ

[write R Aews & 2 |

Ficure 24. Flow diagram for computer program Number 9.



52

Computer Program Humber 10

€olution of the equation

2 (3
(é-—*ang )co.sol ~ siINd 3 o
I R?

1 DOUBLL PRECISION R,ALPHA.B,Z
=50.0
A’\I:PIL.\:], £ 30 6633
B=4.3550
Do 10 I=1,50
BINCRk=0.01
OUT"‘D"IJ(”)
DCOSL=DCOS (B)
DSI.‘IFF:DSIN (ALPHA)
DCOSA=DCOS (ALPIIA)
TANB=DSINB/DCOSD
DTANA=DST \A/DCO‘“ )
DTAIIA2=DTANA*DTANA
=((b"DTAh3)/(«*kJ))*DCOSA*DCOSA"(DSI?A?
DSINA) / (R**2) :
WRITE (6 ,100) R, ALPHA ,B,Z

]

DINCR

10 B=R-DINCR

100 FORMAT (4F20.7)
STOP §
END

Flow diagram for this computer program is the
same ac flow diagram for computer proarar Number 9

with the change

Z —e=( (B-DTAND) / (B3*%*3))
= (Df,"-L AXDSINA) /

/

*DCOSA*DCOSA
(T\ *2)
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Computer Program Number 11

Solution otf the eqgquation

> st fucos, S e .
/ﬁ_‘sm sm's ~CO% o.sla—-zmeo( oﬁe —ldcasd.sm/e

+cosol sm';a + cos 9, o
1 DOUBLD PRECISION R,ALPIA,B,Z,BINCR
R=50.0
ALDIA=1.569223662
B=6.2830
DO 10 I=1.:

DCOSD=DCOS (1)

DSINA=DSIN (ALPIIA)

DCNEA=DCOS (ALPIIA)

DTAND=DSINB/DCOSD

DTANA=DSINA/DCOSA

DTANA2=DTANA*DTANA .

= ( (DSTNA*DSINA) *DSINB) * ((R**3) / (R**2) )% ( (DCOSA
*%2) X (DCOSH*¥*2)) -2, 0% ((DCOSA**2) *DCOSB-B*
((DCOSA** ) *DSINR) + ( (DCOSA**2) * (DSINB
*%2) J+ (DCOSA**2) g

WRITE (6,100) R,ALPHA,B,%

10 3=R-BINCR

160 FORMAT (4F20.7)
SToPr .
END

Flow diagram for this computer program is the
same as flow diagram for computer prooram Number 9
with the changes
Z —=( (DSINA*DSTINA) (DSIIIR) * ((B**3) / (R**2))
+ ( (DCOSA**2) * (DCOSP**2) ) -2, 0% ((DCOSA**2)

¥DCOSE)~B* ( (DCOSA**2) *DSINB) + ( (DCOSA**2Z)
*(DSINB**2) )+ (DCOSA**2)
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