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ABSTRACT

The method of extending the general bentding response code
(GBRC1) to handle ship vibration calculations involving coupled
torsion-horizontal bending is described. Instructions for preparation
of data for the extended code, designated GBRC2, are given and
several sample problems demonstrate some of the code's facilities.
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ADMINISTRATIVE INFORMATION

The work reported here was carried out under job order
number 1-843-343-01, Subproject SR 003 03 01, Task 10919,
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I",. INTRODUCTION

“~>T'he method of analys1s described in Section II of reference 1

<is applied to the set of part1al differential equations for torsion-

horizontal bending motion of a ship hull as represented by a moderately
nonuniform slender beam. The resulting set of time-independent
finite-difference eguations is formulated in terms of matrices and is
generalized for application to systems of beams connected by
springs.)

The set of difference eguations is solved, subject to free-end
cenditions on each beam in the system, for deflection, moment,
and angular twist at points alcng the divided beam {s}. If the motion
of the beam system is excited by a simple karmcric driving force,
the soluticn of the difference ecuaticns represents an appreximation
to the steady-state respcnse of the system for specific freguencies of
the driving force. If the beam system is nct driven by exciting forces,
the difference equaticns are solved for the apprcximate natural
frequencies and mode shapes of the system.

» GBRC2 retains the following basic provisions cf GBRC1:

specification of various types of damping including Rayleigh
(viscous' and hysteretic {structural) damping; automatic dalculation
of effective mass as a functicn of frequency; and frequency-propor-
tiocnal exciting forces and moments. The types cf tabular cutput
available with GBRC2 are the same as éese—deecrrbecbfor GBRC1,
in reference 1. - A surhmary table gives the absclute values of
deflection, moment, and twist at five (or fewer; selected beam sections,
for all frequencies computed. A second edit gives for each frequency
the real and imaginary components, and the absolute values of deflection,
moment, and rotation at each beam section, and the phase angles

of the associated vectors with respect to the
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%’% ' /vector(s) of the exciting force(s). The twist is given in radians.
=, The graphic editing facilities of GBRC1 are extended in GBRC2
to allow the plotting of calculated results (deflection, moment, rotation)
associated with particular components of the structural system such
as the hull, propeller shaft, etc. on separate graph frames. The
programming language for GBRC2 is a FORTRAN IV compatible
version of FORTRAN II. \The code is currently being run with the
IBSYS Operating System on\the IBM 7090 computer at the Applied
Mathematics Laboratory. | | . n do.Ship vilarakicn . &

GBRC1 and GBRC2 will ultimately be united under one program
title, providing the user with the option of selecting either code by
specifying an option as part of the data input.
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II. ANALYSIS

The set of partial differential equations derived for a ship hull

which is executing horizontal-torsion bending motion is (cf. reference 2;,
pp. 3-9 and 3-10):

(2.1) W - ()—l(iﬂ ofx) 2t (x)z(x)—ﬂ—x-hp(x 0
at at

'wcn:m:‘wmai?;:‘:m O 0 T TP el W - Pt el

(@. z)—”ﬂ&-tl ViR 41, (x)—J'E:—) £ Qx, 1)

(2.3) éyé-’i—g = y(x,t) - ;g{()}g() V(X t) '!x)l Z(X!TFx!tl

3y(x.t)  Mlx,t
(2.4) 3X EIxx

delx,t) T(x t) V(x,t) z(x
(2: ) X "LJ—(_P

2 2
2.6) 2R (360 LR 1 ) 20lul ugr,y
at at

with the following notation:

X distance in the longitudinal direction measured from the origin
of coordinates

time variable

1 distance f th is to center of ma includin
G TR 00 Ik B a3 fie center of mass (including

distance from the x-axis to the center of horizontal shear

(assumed to be the centroid of the area of the cross section
of the hull)

GQJ o effective torsional rigidity of a hull with respect to its
longitudinal axis

Nt Ny




:
;

i

e

) rotation of the cross section of a beam or hull with respect
to its longitudinal axis

T moment about the longitudinal axis of a hull due to all
shearing stresses in the cross section

I X mass moment of inertia per unit length with respect to the
B x-axis, including the allowance for the inertial effect of the
water
U external forcing torque acting about the x-axis
c damping coefficient
P external fcrcing function, force in y-direction

i ol

Q external forcing moment acting about an axis parallel to 2z
The remaining parameters and variables are defined in reference 1;.4
page 3.

Assuming that the fcrcing functions are simple harmonic

functions of time,

Pix,t) = e® P(x)
' i
Qx,t) = e“" Qx)
ulx,t) = e®t Ux) |
then ;
Vix,t) = elwt V(x)
it
y(x,t) ~ e %" y(x) ‘
i
olx,t) = % Hx) :
Mx, t) - el@t M(x) :
iwt ;
ylx,t) = e¥" y(x)
Tix,t) = @' T(x)
e
Substituting these into Equations (2. 1) through (2. 6), one obtains: é
|'_.‘
B




2.1 T8 - L wu?y) - tetwy) - u) Eixdp(x) + PG)
2.8 B8 v - W1y + Q00

(2.9) _ﬂ_lr y(x) - Vx) _ Vix) E(x)!2 . )T
5 GJe(x) G
d M
(2. 10) _ﬂi‘l ﬁ'&%

2.11) do(x) _ _ Tgx% _ Vix) z(x)
dx GJ \x GJ \x

(2.12) dT(x)‘_

- p Ex)wy(x) + Lx®) w?plx) + U)
Eliminating T(x) from (2.9) and (2. 11) gives,

1 dy(x) _ do(x) _ y(x) __ V(x)
z(x) dx dx z(x) Z(x)KAG(x)

This equation can be used with (2. 8) to eliminate V(x),

1 dy(x) 1 \ dM/x) 1. @ I (x)
=) l: dx *(KAG(xS/ dx ] z(x) [ ] (x)

1) Q(x)
+ [ =
(z) KAG{(x
Solving for y(x),

-1
2
Q w I (x)
- (QX)x] [ KAGzlxs ] :
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Multiplying (2.11) by - Z(x) and adding it to {2.9) gives,

G . gy Sl - Y

Eliminating v (x) between this equation and (2. 8),

B+ o710 l:%x‘L"’ - Z(x) %}—"9} = Vi) -1 () ey + QW

from which,

2
wl (x)
(2.14) V{x) ’{%ﬁ“’zlpzw(%i&'g(")%&) -Q(’%E ] KAGZM]

Substituting (2.14) into (2. 11) and solving for T(x),

& (2.15) Tx) = -GI,(x) 98X - E(x)E‘%’-‘hwzxnz(x) (ﬂdtx@ - 5lx) 9%1}1)

2 (x) | -1
-%‘i’ L- %r] '

With the beam subdivided and numbered as shown on p. 5 in reference 13,

Equation (2. 7) is integrated from X 1 /2 tox .4 /2 for n=1,2,3,...N,

giving
1/2
Vne1/2” vn-l/2= f @(x)wz-ic(x)w y{x)dx
n-1/2
n+1/2 n+1/2
= f Q;(x)'z'(x»g,(x)dx-r f P(x)dx
n-1/2 n-1/2
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This is approximated by

€10 Vo sy Vi1 [0t (a0, | o u ) g, + P

where X n+1/2

(uax) = f p (x)dx

Xn-1/2

X
n+1/2
(ch)n = f c(x)dx
Xh-1/2

) An+1/2 )
(uaxd)_ = f bxEx)dx

- 1/2

xn-r-1/2
(PAx) = f P(x)dx

a- 1/2

Using Equation(2.14), an approximation to V /2 fcrn=1,2,...,N-11is

n+l
1 2

2.17. Vv = - e

( ).4 n+1/2 ‘Ax;n,ml [Mml Mn+“’ q“z)n,n-l-l (yn+1 yn)

I
2 re 2
- L (1“41 n+1(z)n,n+1(‘pn+1"’n)- Qn,n+§ [1'“’ (K_“A—zdl n+1] )

Xn+el
Qn,n-t»l i f Qlx)dx

where




2o |

n+1
(IpzAx)n,ml / I“z\x)dx
X

n
< ) jml dx
n,n+l KAGK)
x
n
- xn+1 _
Ot = [ T
X
n

For the ends of the beam. the conditions

(2.18) Vl/2 =0 . VN+1,~’2 = 0 are imposed.

Substituting Equation(2. i7) and Equations{(2. 18 into Equation2. 16)
gives for n=1, 2, ..., N:

M) -y )-g' cen )=
@.i19) t7‘n;n+1(anr1 M+ Bn,n+1(yn+1 Yy) pn,ml(‘pml @’ %, n+lQn,n+1

- ' -
"% (M Mn %5 n-l,n(yn yn-l) * pn-lgn(‘Pn wn-l)

o1 n Qn-l,.n “8y¥n - Fren* Py
where (1) [ 2 (I ) -1
ol - w? [ Yz
_{\AX for n~%,2,3,...N-1
°‘n,n+1 = n.n+1 KAG o 3 @59,

0 otherwise

w2t z) 1
- BZ 5 el On,n+1 for n-1,2,3,..,N-1

3n,n+1
0 otherwise




@%

: N (z)n,n+1 5n, n+1
Bn, n+l T 1
0 otherwise for n=1,2,3,...,N-1
61’1 = E“AX)“ wz - {w (ch)n] for n~.,2,8,..., N
= w2 (uaxz -1,2
Fn = W (“sz)n fOl'n-, ,3,000, N [}

Integrating (2. 10) from Xn-1/2 to Xn+1/2 for n=1,2,...,N gives

Xn+1/2 -
_ M(x
n+1/2""n-1/2 B v ﬁ"i)_ dx ,
n-

which is approximated by

AX
(2.20) "n+¢1/2 " Yn-1/2 T (_ET) M,

n
( fm-l/z &
X

-1/2

where

From equation (2. 13), Ya+1/2 is approximated as follows;

1 /1
(2.21) 4 = Y..1" Y. Y n (M
n+1/2 ZAx)n,ml n+l “’n \KA

I -1
= 1 2 A
n,n+.1 n+l *n’ |KAG n, n+1 n,n+1 KAG h, n+1

for n=1,2,..., N-1 ,
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The end conditions M1 o= Mn + 0 determine vy 1/2 and 7N+1,"2

(see reference 1 ).

Substituting Equation(2.21) and these end conditions into Equation(2.20)

gives for n=1,2,...,N-1;

- (ol = ' T
(2. 22) an,n+1(yn+1 y )+ ‘n,n+1(Mn+1 M) “n,n+1(¢’n+1 )

“n, n+lQn, n+1 "~ %p-1, ey 1)"n-1, nMp~My _q)

' - =
hn-l,n(“’n on-1) * ‘n-l,nQn-lsn LMy o

- <K;&G> %, n+l
‘n,n+1" n,n+l 7

0 otherwise

where

)

S]]

(

' —
%n, n+1

.. [AX
Cn ™ (E_I_>n

n.n+1 %n, n+l
0 otherwise

forn=1,2,...,N-1

forn=1,2,..., N-1

forn=2,3,..., N-1 .

: " . \
Integrating Equation(2.12) from Xh-1/2 to X+1/2 gives for

n=1,2,3,... N)

Xn+1/2
(4 () 2 () Dy(x)dx

Tn+1/2'Tn-1/2 = .x
n-

Xn+1/2

1/2

* (qu(X)wzhp(X)dx +

-1/2
which is approximated by

Xn+1/2

n-1/2

U(x)dx ,

X
N

'

!“
»,

N
¥

£X%

A [

B b

¥ 3

"R,




| 2. 2
(2.23) Tn+1/2-Tn-l/2 = -w (paxz) ¥, +w (IyxAx)n‘pn *Uy o

where | +1/2
(uaxz)_ = w0z (x)dx

n-1/2
Xn+1/2
(I _Ax) = I _(x)dx
SV
Xn+1/2
U td U(x)dx.
n 21/2

From Equation (2. 15), T 11 /2 is approximated for x =1,2,...,N-1, by

-1
= . [8x o~ 1 .
(2.24) The1/2 (Gle ) (e ~0p) (z)n,m-l (ax) ’m_leml M,

n,n+l

P ) - Wi @ e - e

n,n+l Hz n, n+1
I -1
2 uz
) Qn, n"'l] [1 Y (KAG)n n+1 ] ’
’
where xn+1
BX . dx
GJ = QJ elxs
n, n+1
For the ends of the beam, the conditions
(2.25) T1/2 =0 and Tn+1/2 = 0
are taken.

Substituting Equation (2. 24) and (2. 25) into Equation (2. 23) gives, for
n=12, ..., N: '

11
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(2.26) -I.n’ n+1((pn+1‘¢n) n n+1(Mn+1 ) BI;,IH’I (yn'i'l-yn)

- ' -
* Hn,n+1'(“’n+1 @) * %, n+1 Qn, n+1 ¥ In-1, o~ @n-1)

i °‘|'1-1 nMpMy )+ 8] 1, nVn¥n-1) - I'In-l,n oy - @p-1)

|
n-1,n - Tpn*tKpentUp

Q

.
%h-1,n

I - [ox -1
n,n+1 GJ

e
n,n+l

where .

Hn,n-c-l = (z)n,n+1 ﬁl"l,n-!-l

K. = w?(

n qu Ax)n *

Multiplying each of the equations (2. 19), (2.22), and (2.26) by -1
and rearranging terms gives respectively,

(2.27) 'ﬁnln n-1 °'n1n n-1 Bnln‘pnl (Bnln n,n+l1 * 07,

t
H (an-l,n+°‘n, n+1 My - (Bn-l,n Bn n+1* Fpen

Q

' =
y n,n+1Mn+1 * Bn, n+1°n+41 " %n-1,n%n-1,n

ntl ~ @

= By, el

Q -P

" %, n+l *n,n+l

12
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- - ]
(2.28) un-l,nyn-l ‘n-l, nMn-l s °'n-1, n%n-1 i (°‘n-1, n+ C’n, n+l)yn

9
* (‘n-l,n * €n, n+1 * cn)M (a'n 1, nt %, n+1) “n
- ' =
%, n+1¥n+1 ~ €n, n+1Mn+1+°'n, n+1%n+1 ‘n-l,nQn-l,n
" €n, n+l Qn, n+l

- <(a!
(2.29) pn 1,n Yn-1 “n 1,n n- +(In 1,n Hn'lpn)'pn'l (ﬁn,n+1+ﬁl"l'1»n

+Fo)v - (op g w¥on net™o* By o By i Tg 0l et

M +(I

’
+K o, + 5n n+1¥n+1 ¥ %n n+t

%n-1,n Qn-l, n* %o n+l Qn, n+1 "~ VUn

For n=1 and n=N, these equations will incorporate the previously
indicated end conditions.
In matrix notation these equations can be written
AZ= P
for n=1,2,...,N. A, z, and P are defined by Equation (2.21)
an d.-;::{(zz-.-azz),, on : pp. 8-9 of reference 1. For GBRC2, En and i’.n

as defined by Equation (2.23) in reference 1, now become

P
(2. 30) - Yn = n
z = P = 3
n Mn ’ n ;n )
®n n
where
Py= n-1,n Qn-l,,n " %, n+l Qn, ne1 " Ppo

13

n+l "~ Vp,n+l” Hn, P41 =
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~v =1
n ‘n-l,n

Q - ¢ Q 1’ and

n-1,n “n,n+l "n,n+

Q

gt

Lol g Q

+q -U
n-1,n “n-1,n" %n,n+1 “n,n+1 ~ "n

The submatrices of A which are defined on pg. 9 of reférence 1 become,
fOI‘ ns= 2,3,--0,N-1,
|
- (R '
By-1 ,ntPn, ne1t0n) (2 g ,nton n+t) - (Bn-1 ,n'*Pn, ne1*Fp)

A =1 ( +o
n,n he1,07%,ml) (e n+¢n,n+l+cn) (81, n*%'n, net) ?

?
'(B;m-l,n+pn,n+l i ) (an 1,n"% n+1)( n-1 n+Hn,n+1'In-1,n
] 9

B In, 1 * Kp)
i
® ' U
¢ “Bn, n+1 "%, n+1 An, n+1
- - ?
An,n+1 =| “%p,n+l n, n+1 %n, n+1 .
5;1, n+1 “r'x, n+l (In, n+1'Hn, n+1) - :
- ' ¢
'pn-l,n %n-1,n Pn-1,n : 3
-
= - = ! - !
An,n-1 %n-1,n “h-1,n %n-1,n Ap-in |
|
?
pr'x-l,n ®n-1,n - 1,n n-1 n)

and for n=1, n= N,

((3*’ 14

BB = e aliels o s s m e e |

k- ¢
[
»
»

|
[
®
®
e
.
]
®
]
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e
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8y o+ 8y % 3 -83 2+ Fy
Ap1T| %12 (e 5 +8) "0] 2 !
' -
-(8] 2*Fy) =R (Hy 51y o*Ky)
By.g, NN | on-i,n B NN
[
= S
AN, N on-1, N COvr, NN ON-1,N
(] . -
-(By-1, N FN) odn-1, N (En-1 nIn-t, N KN

Cl and (N incorporate the end conditions, respectively, for moments
at the ends of the beam.

The generalized form of the GBRC2 A-matrix which is derived
for application to systems of beams with elastic connections is
analogous to the GBRC1 generalized A-matrix described on pp. 10-11
of reference 1. The various forms of the 3x3 submatrices of the
generalized GBRC2 A-matrix are as follows:
for a rigid connection between sections n and m,

- - '
An,m %, m A, m
A = |- ] '
n, m %, m ‘,m  %n,m ’
[ ] | 4 I _H
Bn, m %, m (n,m n, m

for a linear spring-like connection between sections n and m,

15




n, m

+
~
Eg.‘."..
€
(¢]
5
B
L=
o

and ¢\ m 2Te respectively the spring constant and

where kn ,

m
3
damping coefficient for the connection.

I
The general form for diagonal submatrices is

N
An,,n =T EAn,m+Dn 2
m=1
#n
where
6 0 -F,
D= |0 ¢ 0
-Fn 0 Kn
16




III. INPUT PREPARATION

This section is given as a supplement to Section IV {Input
Preparation) of reference 1. Therefore, only those parameters and
options required for torsion-bending problems which are not already
described in Section IV of reference 1.will be discussed. It should
be noted that GBRC2 data preparation is within the data specifications
for GBRC1 except for the following:

a) Number of beam sections .

At present the GBRC2 divided beam system can haf?e" -
only 53 sections. This number is completely adequate for the problems
which have been run thus far, since these have included at most 20
beam sections. A later version of the code will handle an 80-section

s

beam system, as does GBRC1.
b) System Numbering
In designating the system to ‘which each beam section

belongs, i.e., whether to the hull, shaft, etc., any integer between 1
and 80, inclusive, may be used if plotting of results is not required. If
plotting is required, only integers 1-5, inclusive, may be used for
designating systems. (See Secticn IV of this repcrt.)

The additonal options available with GBRC2 are specified on
‘the Option Control Card which is described on p. 16 of reference 1. These

options are:

Columns Contents | Description
13 to 16 0001 Op 2: ‘Selects A-matrix and

P-vector setup for tcrsion-

bending prcblems.

17




@ Columns Contents Descripticn
21 to 28 Op 4: Selector for plotting.
g ' 0001 Used if plots of the edited tables
for each frequency are required.

0002 Used if a plot of the summary
edit is required.

0003 Used if both types of plots
described above are required.

29 to 32 Op 6: #0 Plot displacements
and/or moments and/or twist
versus sections for each

frequency.
&&3 0004 Plot twist only.
Y 0005 Plot displacement, moment
and twist.
33-36 . Op 7: #0 Plot displacement and/

or moment and/or twist versus
frequency for selected sections.

0004
0005 Same designation as above.

Additional Parameters for Torsion-Bending
a) The integral over a section of gz . GBRC2 nctation is
(MZBAX) .
b) The integral over a section of the mass polar mement of
inertia with respect to the x-axis.- WBRC2 notdtion is {IMXAX}H .

Ch 4 " .‘A'- .;'\‘:’ ) ’ .(. .

5 m

Fe ® ® ® ® e e e e e e ® o o 9 °o.




€0

c) The average value of the distance cf the shear center
from the x-axis taken from the midpoint of each section tc the midpoint

of the next. GBRC2 notation is (z1313)n el
b

d) The integral from the mid-point of each section to the
midpoint of the next section of the reciprocal of the torsional rigidity.
GBRC2 notation is (-(—;J‘l .

5 n, n+1
e) The integral over a section of the externally acting torque.

GBRC2 notation is Un .

N A =l b e L R, A e e as 1 WY

.

Card Format for Additional Torsicn-Bending Parameters

The parameters just described are placed on continuation
cards which are piaced behind the appropriate cards identified as type
41", "42", "43", "61", "52", or "53" (see reference 1, pp. 19-21).
No card-type identification number precedes the data on the continuation
cards. At present, the GBRC2 code will expect a continuation card
behind each "41", "42", 43", "51", "52", and ""53" that is used,
even if the continuation card has no data.

¥
é
4

The card formats are:
~ A. Continuation "41" card (Real Parts of Scaling Factors for

Section Parameters)

Card Columns Contents é
1-16 blank R
17-24 scaling for (uz ax) g

N !

25-32 scaling for (quAx,n }3
~ £

33-40 scaling for (z )n, i1 !
AX h

41-48 scaling for [~ X
GJe) n,n+l %

49-56, scaling for Un ;
19 S
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B.

C.

Continuation 42" card (Imaginary Parts cf Scaling Factors:

for Section Parameters)
Format same as that for A.
Continuation 43" card (Secticn Parameter Cards)

Card Columns Contents
1-16 : blank
17-24 (nzax),

|
25-32 (Iprx)n
33-40 (z)n, nel
41-48 _Ax
. (GJe ) n,n+1

49-56 U .

Continuaticn "51" card (Real Parts of Scaling Factors for

Parameters in Special Connections)

Card Columns Contents
1-16 blank
17-24 scaling for (2 )n, m
25-32 scaling for EAJL
e/nm

Continuation 52" card (Imaginary Parts of Scaling
Factors for Parameters in Special Connections)

Format same as for D.
Continuation ""53" card (Special Connection Parameter Cards)

Card Columns Contents
1-16 blank
17-24 (z )'n, -
AX
25-32 e
&),
20
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Formats for preparing remaining data such as ﬂg;) :

AX .
<—Kﬁ) , (I“ 20 x) , (Ax), etc. are described in Section IV of

reference 1.

Note 1. When specifying the option and data required for automatic
calculation of the effective mass as a function of frequency it should be
kept in mind that the pax‘ameter z (distance from x-axis to center of mass
of a section) as used in this program takes into account the effect of

added mass.

Note 2. In listing the numbers cf each type cf data card used on the Data
Control Card as described in reference 1., Section IV, page 16, only
. the number of each type of data card which actually has an identification
t‘,@‘} number (columns 3 and 4) should be given. In other words, disregard
the continuation cards.

St
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IV. MULTI-COMPONENT PLOTTING

To obtain multi-component plots one must specify an cption 6
as described on page 18 and assign the same system number to all
sections of the beam system which are to appear on the same graph
frame. A maximum of five systems can be handled at present by the
code. This means that each section of the beam system must have
assigned to it a system number, which is an integer 1 through 5. The
code will then generate the type of graph or graphs designated by the
sub-option under option 6 for each system and for all frequencies
computed. If the same system number is given to all sections of the
beam system, then the multi-component feature is nullified and the

graphs obtained under option 6 will be exactly the type produced by { W

GBRC1 ¢ (see reference 1, page 63-64).

It should be noted that GBRC2 will not generate graphs for any
system comprising 2 or fewer sections.

An example of the multi-component facility of GBRC2 is given in
Sample Problem 4, Section VI. The multi-component facility does-not
apply to the option 7 summary graphs, because for this option one

selects particular sections for plotting, regardless of the system to
which they belong. '

It should be especially "noted that the system numbers (see
Sample Data Input Forms - Section V, Figures 4 and 5) assigned to
special connections do not affect plotting. These integers may always

be in the range 1-80.
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V. SAMPLE INPUT FORMS

by
ip, I
1)
d
i
g
"

The data forms for GBRC1 (see Section V of reference 1) have
been revised to include the additional parameters required for
torsion-bending problems. The revised forms are presented here in
Figures 2-6. The data form in Figure 1 is the same as the one used
with GBRC1, and has been included only to give completeness to the
set of forms for GBRC2. The revised forms are completely consistent
with those for GBRC1, and in fact may be used to submit data for
either GBRC1 or GBRC2.
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VI. SAMPLE PROBLEMS

Four sample problems illustrate the types of vibration calculations
to which GBRC2 can be applied. The first three problems are based
upon the simple beam structure shown in Figure 71 In these problems,
the use of the code for calculating the steady-state damped response
and/or undamped natural frequencies of the sample structure and plotting
of results is demonstralted. The fourth sample problem shows how
multi-component plotting is obtained for a coupled beam structure.

These problems were run on the IBM 7090 computer with
IBSYS Monitor at the Applied Mathematics Laboratory. Automatic
plotting was done by a Stromberg-Carlson 4020 Microfilm Recorder.
The average computer time, including plotting, was 2 minutes for

each sample problem.
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SAMPLE PROBLEM 1: DAMPED HORIZONTAL TORSION-
BENDING RESPONSE OF A BEAM WITH SPRUNG
MASS

L e e I Y R e e iR i B S R g T N N R T N

c a, 5™ damping

k is the
4,5 ’—\ —lj associated with N

S spring constant L
':,il for this connection [ the epring connection

Unit
Force

Figure 7
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SAMPLE PROBLEM 2: UNDAMPED NATURAL

FREQUENCIES AND MODE SHAPES OF HORI-

ZONTAL TORSION-BENDING FOR A BEAM
WITH SPRUNG MASS

The structure shown in Figure 7 is again used for this
problem. The SAMPLE PROBLEM ! data is revised by remeving all
damping from the structural system and also removing the forces
which were acting upon it. To accomplish this, the value of P(N)
becomes zero on the first ''43" card, the Rayleigh damping constant,
-0.03 is removed from the "42" card, and the damping associated with
the spring connection, ’cv(4, 5) = 0.2 is removed from the first "53" card.
The '"70" card which now must be included indicates the number
of natural frequencies to be calculated. The "'30" card indicates that
the frequencies are to be in the range “’1(. cps) to “’2( cps) and that the

frequences are expected to be separated from one another by at least
Aw(cps). The values Wy » Wy and Aw may be arbitrarily selected

according to varying requirements among problems.
Calculated results are normalized with respect to the deflection of
the first section which is assigned the unit value.

70
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a0 3

SAMPLE PROBLEM 3: PLOT THE DEFLECTIONS
CALCULATED IN SAMPLE PROBLEM 1

The data for SAMPLE PROBLEM 1 is revised to include
Option 4 = 0001 and Option 6 = 0001 on the "20" card and to include
the "'60" card which specifies the plotting characters which the program
will use to label the indi,.vidixal curves plotted. It should be observed
that the scaling printed at the bottom of the graph is in exponential

form, 10, E-3, which corresponds to 10~ 3
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& \
SAMPLE PROBLEM 4: MULTI-COMPONENT PLOTTING

In this problem, multi-compcnent plots are obtained for specific
components of a structure which is represented by twc beams coupled
together. One component ccnsists of the beam secticns numbered 1
through 5, respectively. The second component consists cf the beam
sections 6 through 9, respectively. To obtain separate plots of these
components, .one assigns the same system integer (1, for example) to
sections 1 through 5; and assigns another integer (2, for example) to
sections 6 through 9. In additicn, for this prcblem Option 4 is specified
as 0001 and the sub-option under Option 8 is taken tc be 0001 for plctting
of deflections.

Unit
Force
6 7 8 9
Unit
Force
1 2 3 4 5

Figure 8
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VIil. COMPARISON OF RESULTS

GBRC2 was run using data from the U.S.S. SACRAMENTO in
order to compare its calculations of the first ten natural frequencies
and mode shapes of coupled torsion-bending with similar calculations
from two other computer codes. One of these codes is designated
AML code 173. B; the other is MacNeal-Schwendler Corporation's
digital computer program, SADSAM III.

The comparison of results for frequencies calculated is given
in Table 1.
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(t. §} ' Table I - Comparison cf Calculaied Frecuerncies
Mode Code MacN. -SCHW.
Number 173.B *GBRC2 SADSAM I
1 1.20 1,20 1,195
2 2. 5§ 2.51 2. 481
3 3.97 3.97 3.902
4 4.56 4.56 4.541
5 5.97 5.98 5.904
6 7.20 7,20 7,140
7 8.14 8,15 7.977
8 ' 9.50 9.50 9.240
9 10. 89 10.90 10. 90
G | 10 11.67 11,68 11.39

* GBRC2 uses a tdtal of 6. ! minutes of 790 c.omi.:ut'e'i' tim€Tc calculate
the ten fresuencies. - N
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