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? REPORT NO NCRE/R637
(Item ~~2)

PLM~E GRILLPLGE SUITE OF FROGRAMS

AB~~~ACT

The report describes a suite of programs for calculating defleotions
and. stresses, buckling loads and natural fre quencies of a plane gril]age.
The suite has additional facilities for generating and checking data , and
for larger problems, an out of core solution for stresses.
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PLANE GRILLAGE SUITE OF PROGRAMS
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~~~~~~~~ imons

1. A suite of plane grillage programs has been implemented on three computers:—

a. UNIVAC 1108

b. K D F — 9

c. IBM 1130
The features available on each of the computers are shown in the table below.

~~~~~~~~~~~~~~~~ Com~~ter UNIVAC 1108 KDF—9 IBM 1130

Stress Analysis (in—core) / / /
Stress Analysis (out of core) /
Lowest Buckling Mod e / / /
General Buokling Mode s / - /
Natural Frequencies - / /
Data Generation / /
Data Plot /

2. On all of the computers full use is made of symmetry to enable problem
size to be reduced.

3. The main text of the report is divided into two sections.

4.. The first section of the report gives a brief summary of the methods used
for the various solutions required, ie

a. Stress Analysis

b. Buckling
; c. Natural Frequencies

The second deals with the use of the program . This gives details of the ideal—

isation of the structure considered., preparation of the data for each of the
facilities available, a description of the control cards that are required for
each of the computers and details of the output produced for each of the
facilities. The detailed theory for the various analyses is contained in
Appendices A , B and C.

5. This report supersedes R4.81 by S B Kendriok and J L Moleeman, whioh
describes an earlier version of the program. It was originally developed on
a Pegasus computer programmed in aut code.
6. The program is NCRE number N21. 
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GENERAL METHOD
7. A plane grillage can be idealised into two basic types of finite beam
elements. These are:—

i. Double — ended elements — oharaoterised by the need to consider the
displacements, or forc es, at both ends.

ii. Single — ended elements — oharacterised by the need to consider the
displacements or forces at only one end (normally the second end is at
a boundary and. so ha~ prescribed. deflections and. stresses). Where two
or more of these element s meet, a reference point is chosen, called a

.4 hub position. Normally the finite size of the beam cross—section is
ignored , and. in this case the defleotions and rotations of the beam
are equal to those at the hub. The program, though also allows for
the general case when the beams are separated by a rigid area, (see
figure i )  or when one or more of the beams axes do not pass through
the hub.

8. A stiffness matrix for each beam is formed using Timoshenko beam theory (i )*
allowing for shear defleotions. Torsion is also included. The formation of this
stiffness matrix is detailed in Appendix A.
9. The stiffness matrices for the element s are then transformed to the global

- coordinate system and combined. See Appendix A. The resulting matrix is used
(and mod ified if necessary) by each feature of the program

a. Stress Ana]&sis (with or without in—plane end loads coupled to initial
deformations ) -

~ -

The set of equations built up and solved by the computer is

(P} = CA ~ {o} + {s}

[A] 
— overall structure stiffness matrix

{B} — loading matrix — can include:—

• i. distributed pressure loads
ii. point loads - 

-

iii. initial deformations plus in—plane end loads
{i} - force vector - externally applied moments and shear force

{5} — displacement vector — rotations and normal disp]aoement
This equation is solved for displacements, and. stresses are calculated
(see Appendix A)

b. Lowest Buc~r1i nR and General Buckling Nodes

[A] {6} a )~ [B1] {6}[~ ] — as~$~~z represent ing the relative distribution of axial. forces1 in the element . (see Appendix B)
— is the axial load factor at which the grillage buckles

( ) = References on Page 16
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c. Natural Frequencies

[A 1 ] {o} = (~ 2)
2

[M] {6}

(A 1 ] — reduced stiffness matrix after Guyan reduction (5) has been
applied to (A] (see Appendix C)

[N] — lumped mass diagonal matrix

A — natural frequency in radians/sec

USE OP PROGRAM
Idealisin& the Structure
10. The grillage must be idealised into a number of structural element s
connected at hubs.

a. Each hub is given a number starting at I and numbered consecutively.

b. Double ended elements are numbered. at each end using consecutive
numbers.

c. Each single ended element is given a label number, which must be
- 

.~ different from ~~~ other label number used for an element .
11. Different types of element are available as shown below.

Type No

Double ended I General beam between 2 hubs

2 Beam with symmetry about one end
3 Beam with anti symmetry about one end

Single ended 11 Beam elastically restrained at one end
(MB = _a

IVB, TB = _b
I~F B) SB = _c

IwB )

12 Beam simply supported at one end
(MB = TB = WB = o)

13 Beam clamped at one end
(vB = tB = W

B = 0)

14 Beam symmetrical about mid—point
4 15 Beam anti symmetrical about mid—point

29 A pillar support restraining transverse
deflections but producing no moment s at the
point of support

NOTES
• 

- 

a. Type 11 — The values of a1, b1 and o~ should be obtained from an
appromimate estimate of the flexibility of the support ing structure.

b. Types 2 and 3 — These elements are included to increase the size
of the grillage that can be analysed, so that only a half or a
quarter of the structure need. be considered. The loading must also
be symmetrical about any axis of symmetry and. antisymmetrica l about
any axis of antisymmetry. In using these element s, it is only

• permissible for them to have one image element. Every element of
* the complete structure must be accounted for in the idealisation

either as an element or as the image of an element • For examples
of permissible idealisatioresee figure 3.

- 3 —



c. Type 29 — The element produces a normal f orce to the grillage but no
moments. If the parameters for this element are set at zero the
program assumes a rigid simple support .

Data Preparation
12. A great deal of the input is common to all the programs but because of
minor variations individual specifications are given. The notation given below
is common to all the programs. Special notation for an individual program is
given with the notation for that particular program.

NT parameter to determine the version of the program
NT = 1:— stress analysis

= 2:— lowest buckling mode
= 3:— general buckling modes

4:- natural freq ~uer~oie~NBEAM total number of elements in the grillage
JOINT number of hub s

Kp > 0 prints element stiffness matrices
= 0 suppress such print ing

NI . label number of element (at end o)
N2 element type number

HI hub number to which end. 0 of element is attached

Nc if double ended element, hub number to which end. B of element
is attached, if single ended element Ho 0

A effective shear area of the element

I moment of inert ia of cross section of element
Z distance of the outermost fibre of the element cross section

from the neutral axis (positive if measured from the flange,
negative if measured from the faying flange)

b, f width of faying flange and flange respectively.
d depth of frame web
hb, hf , }~ thickness of faying flange, flange and. frame web

angle element makes with the x axis
J torsional constant (twist per unit length = Torque/G~J where

G. is the shear modulus

0 the angle in degrees between element and. image
E Young’s modulus
G Shear modulus
B length of element (the element is considered to be labelled 0

at one end and B at the other end)

• Xf , TI I, T coordinates of end 0 of element relative to hub at the
same end

X2, Y2 I, T coordinates of end B of element relative to hub at
same end

a , b, c specified for elastically restra ined elements (type i i )
MB = aVB, TB = 

~~ B’ S3 = -oW3

- 4 . —
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A1 Cross sectional area of support , type 29 only
B1 length of support , type 29 only
Vx, Vy rotations about x arid y axis

W displacement perpendicular to plane of grillage
Mx , My moment s about x and y axis

j S force perpendicular to plane of grillage

stress at end 0 (or end B) of the element

SIGMAM stress at a maximum in bending moment distribution,
if any. (If there are two maxima the larger of the
two stresses is taken)

SIGMAP stress at point of application of concentrated load
if any

NB The values for the parameters can be in any unit s but they must be
consistent throughout .
1. Stress Analysis (wit h or without initial deformations)

Format
a • NT , NBEAM, JOINT , KP 1410

NLOAD 110
b. For each element

(i) NI, N2, Hi, HC, NX 4110, P10.0

f l - 
(ii ) A, I, Z , if I~1,0 3F10.0

• b, hb, a, hw, f, hf if NIcO 6710.0

(iii) e, J, 0, E, G 5F10.0
(iv) B, Xi , Yl, X2, Y2 5710.0

(v) p, w, in, for each loading
condition 3710.0

-, I (vi) One set for each loading condition

va, WO, VB, WB If NX ~ 0 4710.0

(vii) For type II elements only
- 

• A, B, C 371-0.0

• NOTATION NLOAD number of loading conditions

NX Axial force in the element, tension positive
p Uniform load applied to element, positive downwards
w Concentrated load applied to element, positive

downwards

m A concentrated load acts at a distance mB from
end 0 of the element

VO, VB initial out—of—plane slope at end 0 (and end B)
of element (in degrees)

WO, WB initial out of plane deflection at end 0 (and end. B)
of element

— 5 —
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9 NOTES NT = I for stress analysis
If an element has the same loading data as the one previous to it ,
set N2 negative and specify up to b (iv ) only
An example illustratingt~~s facility is given in Appendix D, numerical
example (i), figure 7.

ii. Data Generation

This routine cuts down the data preparation for t h e  common special
case of a rectangular grillage of othogonally intersecting beams
parallel to the coordinate axes. The data produced is suitable for
input to the stress analysis section of the program.
There are 2 sub—divisions in the data preparation.
Section 1 — Equal elements at uniform spacing.

a. NX, NY, XL, YL, NLOAD, NP 2110, 2Y1/.Ø,
211$, -

b. IB C1 , IBC2, IBC3, IBC4. 4.11%
o. NSI , NS2 1f IBC2 or : I B C 3 = 3 o r 4. only 211$
d.. For elements parallel to the x axis

• A, I,Z or b , hb, d, hw, f~, hf 671Ø.$
For elements parallel to the y axis
A, I, Zor b, hb, d, hw, f,hf 6FI$.O

e. SIGX, SIGY 2F1$.$

f. For each loading condition
ICOND , PLOAD 11$, PI$.Ø
for concentrated loads only
(ie if ICOND = — i)

WLOAD, XX , YY 3F1Ø.Ø
g. Specify only if SIG.X ,a~ 0 and

SIGY~~~O
AIAD(N), N = I , NLOAD 671%.$

Section 2 — Unequal elements at non—uniform spacing.
a. As for Section 1
b. As for Section 1

o. As for Section I

d. For elements parallel to the x—axis:—

As for Section 1, but if elements parallel to the i—axis
have different cross—sectional or frame parameters from
each other, set A or B negative and specify A, I~Z or
b , hb, 1, hiu , f , hf for each of the remaining elements
parallel to the x axis.
For elements parallel to the y—axis:—
As for Section 1, but if elements parallel to the y—axis
have different cross—sectional or frame parameters from

• each other, set A or b negative and specify A, I,Z or
b, hb, d , hw, f, hf for each of the remaining elements
parallel to the y—axis.

- 6 —
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e. specify only if TL is negative
ELX (I) ,  I = i ,N 671Ø.Ø

-
• 

f. specify only if YL is negative
6FiØ.$

• 
g. As (e) for Section 1

h. As (f) for Section 1
j. As (g) for Section 1

NOTATION
NX — number of beams parallel to x—axis

NY — number of beams parallel to y—axis

+XL — length of beam parallel tothe x—axi s
+YL — length of beam parallel to the y—axis

NLOAD — number of loading conditions
NP — parameter determining printing of stiffness coefficients

from stress analysis program and listing of nodal and
element coordinates from the plotting program

= 0 do not print coefficients

= I Print coefficients
= 2 print coefficients from stress analysis program and

list coordinates from plotting program
IBCI , IBC2, IBC3, I~C4 — parameters indicating the boundary

conditions for each of the four sides of the grillage
symmetry or asymmetry may only occur about the upper and
right hand edge of the gril lage

• IBCI refers to the left hand edge of the grillage
IBC2 refers to the upper edge of the griflage

IBC3 refers to the right hand edge of the grillage
- 

• 

IBC4 refers to the bottom edge of the grillage (see figure 4)
Parameters:— I for simple support

= 2 for clamped
= 3 for symmetry/asymmetry about centre of element
= 4 for symmetry/asymmetry about end of element

NSI = I if there is symmetry about the upper edge

= —1 if there is asymmetry about the upper edge
= 0 otherwise

• NS2 = I if there is symmetry about the right hand edge
= —1 if there is asymmetry about the right hand edge
= 0 otherwise

• ICOND = I f or uniform load
= — 1 for concentrated load.

PLOAD = uniform load
WLOAD = concentrated load applied, to the element, positive

downwards
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XX = x coordinat e of concentrated load
TY = y coordinate of concentrated load

SIGX = axial stress in beams parallel to the x axis, tension positive
SIGY = axial stress in beams parallel to the y—axis, tension positive

AMD = out of plane deflection at mid—point of grillage (see notes
below)

ELX (I), 1=1, N where N is the total number of elements parallel to
the x—axis

= lengths of all element 3 parallel to the x—axis . -

ELY (I), 1=1, N where N is the total number of elements parallel
to the y—axis

= lengths of all elements parallel to the y axis

NOTES
(i) the x aM y coordinates are measured from the origin where

the first hub is considered to be situated

-~~~~ (ii) For Section 2 (d), (e), (f) the data for all double ended
elements parallel to the x (or y) axis should be specified.
first start ing from the beam parallel to the x axis at
y = 0 (or parallel to the y axis at x = o) and specifying
the elements in order of x (or y) increasing. Repeat for all
subsequent beams parallel to the x ax is in the order of y

• increasing (or beams parallel to the y axis in the order of
x increasing). The data for single ended elements parallel
to the x axis (or single ended elements parallel to the y
axis) should then be specified for each beam in the same
order as for double ended elements.

(iii) The parameter AMD gives the out of plane deflection of the
centre of the grillage. The first hub of the grillage is
the origin of the coordinate system. The deflection at any
point x , y is determined by:—

WD = AJW Sin Sin ~(ç~
Yi)

XI is the distance from the left hand side of the grillage
to the first hub

Yl is the distance from the lower edge of the grillage to
the first hub

The out of plane slope at any point x , y is determined by
differentiating WI) with respect to the appropr iate direction.

iii Lowest Buckling Mode
Format

a • NT , NBEAM, JOINT , NP 4.110
b. MAXIT, ACC 110, 710.0

c. For each element

(i) NI , N2, HI, HC, Nx 4.110, 710.0
(ii) If NI>0, A, I, Z 3710.0

If NIcO, b, hb, d, hi!, f, hf 6710.0
(iii) ~~, J, $, B, G 5710.0

— 8
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(iv) B, XI , Yl , X2 , Y2 5710.0
(v) For type II  element s only

A, B , C 3710.0
NOTATION

MAXIT = maximum nuix~ er of iterations
ACC = accuracy test f or the buckling load

Nx = axial force in the element, tension positive

NOTES
(i) NT = 2 for the lowest buckling mode .
(ii) Under in—plane end loading ignoring buckling, each element

in the grillage will develop a longitudinal force Nx. For
a given set of end loads these forces can be calculated by

— other programs. (eg NCRE Program N22) . If all the end loads
are increased by a constant factor the values of Nx will
all increase by the same factor. For a given relative
distribution of values of Nx this program will calculate the
actual values of Nx (having the same relative distribution
as the specified Nx) at which the grillage will first buckle.

• 
The associated buckling mode shape is also calculated.

(iii) An example illustrating this facility is given in Appendix D,
numerical example (ii), figure 8.

iv. General Buckling
Format

a. NT , NBEAM, JOINT , NP 4.110

~A. b . GP, G~ , M 2710.0,110

c. For each element

(i) NI, N2, HI, NC, fix 4110,710.0

(ii) - If N1>0; A, I, Z 3710.0

If NIcO ; b, hb, d, hw, f, hf 6710.0

(iii) e, J, 0, E, G 5710,0

(iv) B, XI , Yl , X2, Y2 5710,0

(v) For type II elements only
A, B, C 3710.0

NOTATION
GP, GQ — these are the limit s within which buckling FRet ors ~~i)are required (order immaterial)
M = number of buckling loads to be calculated within the

limits GP, GQ
mode shapes are also calculated if )L>O but not if McO

NOTES
i. NT = 3 for general buckling modes
ii. An example illustratin~ this facility is given in Appendix D, 

•

1 ~; numerical example (iii), figure 8.

~~
=,

- 9 -
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v. Natural FreQuencies

Format
a. NT, NBE AM , JOINT, NP 4110
b. C?, GQ, M, El, GRkV 2710.0, 110,

2710.0

o. For each element

(i) NI, N2, HI, NC 4.110 - 

-

•

(ii) If N1>O; A, I, Z 3710.0
-

. 
If NicO ; b, hb, d., hw, f, hi’ 6710.0 -

(iii) 9, J, 0, B, C 5710.0

(iv) b, XI, Yl, X2, Y2 5710.0

(v) 
~, 

w , m 3710.0

(vi) For type II elements only
A, B, C 3710.0

NOTATION
GP, CQ — Limit s within which the squares of the natural frequencies are

required (order immaterial)
M i. If McO ; up to M natural frequencies are calculated., but the

mode shapes are not calculated..

ii. If M>O; up to M natural frequencies and their associated
shapes are calculated

El — A scaling factor , (if left at zero a value of 3 x I ~7 is set
within the program) Its value must be of the order of Young’s
Modulus

• (~ AV — acceleration of gravity eg 386.4. in/sec2

IL — Mass/unit length of an element

w - Lumped mass
m — Lumped mass is positioned at a distance niB from end 0 of the

element

NOTES

i. NT = 4. for natural frequencie s
ii. An example illustrating this facility is given in Appendix D,

numerical example (iv), figure 9.
vi. Stress Analysis. Normal Loading. Disk Solution for larger Problems

a. NBEAM, NLOAD, JOINT , NP 4110
b. (i) IBAND, MAXIB 2110

(ii) KBAND(I) , 1=1, IBAND 6110
c For each element

(i) NI, N2, HI, NC 4110

(ii) If N1>0; A, I, Z 3710.0 
•

If N1~0, b, hb, d, hi!, f , hi’ 6710.0

(iii) e, J, 0, E, C 5710.0

1’ ~~~~ - — 10 —



(iv) B, XI, Yl, 12, Y2 5710.0

(v) For each loading cond ition
p, w, m 3110.0

(vi) For type II element s only
A, B, C 3710.0

NOTATION

NLOAD — number of loading conditions

IBAND — number of bands into which the grillage is divided (see below)
MAXTh — largest number of hubs in a band

ICBAND — highest hub number in each band

p — uniform load applied to element , positive downwards
w — concentrated load applied to element , positive downwards
m — a concentrated load acts at a distance mB from end 0 of the

element - —

NOTES —

1. The equation solution routine uses banded matrix techniques.
- 

- Storage of the equations on disk backing store enables solution
of up to about 240 degrees of freedom (3 degrees of freedom
per hub)

- 
ii. The hubs must be numbered in bands such that a beam in the nth —

band can only link to hubs in that band or hubs in the (n+1 )th band.
iii. The program is most efficient for smaller bandwidths. For example ,

a reotagular grillage would be most efficiently banded if the hubs
were numbered in strips taken along the shorter of the two sides.

-
• iv. If an element has the same loading data as the one previous to it,

set N2 negative and specify as far as c (iv) only.
vii. Plotting of a Plane Grillage

The input for this program is in the form of data used. for
i. and vi. At the end of the data the following parameters

• 4 must be inserted.

a. + -PL 710.0

b. If PLcO
A, IT A8, 110

NOTATION
PL — The length in cm. to which the user wants the grillage plotted.

This length does not include space for notation on the plot which
takes up to 4. cm. of the usuable paper width.

A — Name of the file which will hold the plotting instructions
IT — The plotting time in minutes

NOTES
i. This program is used. chiefly for checking that the data is correct.

13. There follows some general comment s on data preparation.

• 
•
~ ~ a. In order to specify the minimum amount of data , use is made of the

sign and value of N2, the type number.

— 1 1 —



i. N2 = 0 is specified for an element which is identical in all
respect s to the previous element (either double ended or
single ended). In this case only NI , 0, HI , HC are specified
for the element.

ii. N2 positive is specified for an element whose data is in the
normal form,

iii. N2 negative is specified for an element which has some of its
data the same as the previous element. The loading conditions
must all be the same as the previous element if this facility

-

. is to be used. It is necessary to specify only up to and.
including the last value which is different from the previous
element with the exception that A, I,Z or• b, hb, d, hw, f, hi’
are considered as groups and if any of the group is different
from that of the previous element then the whole group must
be specified. A special case of this is to specify only NI,
N2 , HI , NC where N2 is negative. This gives an element which
is identical in all respects to the previous element but has
a different type number.

b. If required certain standard values are set in the program, The
standard value of a parameter is used. in the program if a zero
value of the parameter is specified in the data. The values used
are :~

H E = 3 x l O 7 psi

G- = I .154.xlO 7 psi

0 = 18 0 0

J~~~O
XI = X 2 = Y1 = Y 2= 0
A 1 =  10 sq in

• B 1 = I i n
Control Cards
14.. A description of the control cards for:—

a , IBM 1130

- 
- 

b. UNIVAC 1108

c KDF—9 follows

a, IBM 1130

i. Control for stress analysis, lowest bucic1{ng mode, general buck11~ g
modes or natural frequencies

//‘bxF~qb KCHThbbbbf
•LOCALKCH1,CSEI,CSE2,CSEII,CSE12,CSB14.,CSB15,CSE29,CS1!~I,CBI~~,CNCso

. Data

.

ii. Control for data generation 
•

/j’bXEqbDN2I D

• Data
.

— • .

.

— 1 2 —
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fl b . UNIVAC 1108
i. Control for stress analysis, lowest buckling mode, general

buckling mo5.es or natural frequencies

~~UN Jobname, Acc No, Project No
T., U9, X)0(XXR

• ~~SC,T Z.
GLOVE T., 6

~
COPIN T.,Z.
©PRBE T.

• @ASC, T Fl., 740 / 1/ 1000
@ASG, T 72., 740 / 1/’ 1000
@USE 2, 71.

~VSE 3, 72.
@XQT Z.ABS

: ~
• Data

.

0. KDF—9
i. Control for stress analysis (in—core solution), and lowest

buckling mode
JOE 

•XEQ
IODTJNITI/DISC/300

*IODJJNIrJ~2/DI5C/3ØØ
I0DUNIT3,’~EAD

*I0DUNIT6/PRINT
•

~~~~~~~~~~~~~~~E//26z~.oo
• •DISCPROGRAMNCREN2I/NCEEUSEI

DATA
.)

Data

ENDJOB

ii. Control for stress ana lysis ( out—of—core solution )

•XEQ

IODUNITI /DISC/300 
•

IODUNIT2/DISC/300
*IODTINIT5/RSAD
*IODUNIT6/ffiXNT

~
NLIMITED
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S’ P.AG!//264.OO
DISC~~ 0GRAMNCB~~21 B//NCR!IJSEI

‘DATA
.

• Data • -

.

ENDJOB
iii. Control for Data Generation

XEQ
IODUNIT5/RLAD

DUNIT6/~ Wft
*DISC~~ 0G&AMNCREN2I D//NCREUSEI
‘DATA
.

Data-a
• .

.
ENDJOB

iv. Control for Data Plot
•JOB

IODtJNIT5/READ
IODUNIT6/PRINT

‘DI SCPROGRAMNCBE2I WmCREUSEI
‘DATA

• Data

~~~DJ0B
DesoriDtion of Out put
15. i, Stress Analysis (In Core and Out of Core )

a . Displacement and forces - for each loading condition the hub dis—• placements (Vic, VSP , W) ar e printed precede d by their appropriate
hub number. Next follow the internal beam forces at hubs (Mx ,
My, s) preceded by the approp riate hub and element label numbers.
For each loading condit ion a similar table of displacement s and 

•forces is given, For hubs on one or more axes of symmetry or
anti synimetr y the hub forces and, moments due to the image are also
included so that , for example , moments about an axis of symmetry

• • appear zero (or very small) even alth ough the moment s in the
beams on each side of the axis of symmetry are non—zero . Tb.

- 14.. -
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shear forces at such Ions a r o  i f  - - _ _ _

single beams. If moments or shear forces are required at
such positions they are easily calculated from the forces and
moments at the other end. of the beam and the loads acti ng on
the beam , At axes of ant isymmetry the situation is reversed

• and moment s are doubled whereas shear forces appear as zero
- 

I or very small.
b. Stress — After the tables of hub displacements and forces

for ever~’ loading cond1~~Lon ~ t’~ah~e o: ~-tr ~ -;se.~ (t~ n~do~
positive) is given in ?ive columns as follows

Eii~M~NT - the label at end 0 of the beam

SIGMA 0 — the stress at the end of the beam corresponding
to the label number

SIGMA B — the stress at the other end of the beam
SIGMA Max - the stress at a maximum (dM/dx = o) in bending

mom ent distribution,if any
- 

- 
SIGMA P — the stress at the point of application of the

• concentrated load, if any
ii. Lowest Buckling Mode

The lowest buckling load is printed, followed by the associated
buckling mode shape.

iii . General Buckling Mode s
• Up to M buckli ng loads are printed, each followed by its associated

shape.
iv, Natural Frequencies

Up to M natural frequencies (rad/sec ) are printed , each foll owed by
their associated shaves.

v, Data Generation
Line printer output of the prepared data is produced for use with the

* 
• stress analysis (in core ) program. The IBM 1130 version also produces

a punched tape of the data.
vi. Data Check

a. Line printer output:— If the parameter KP in the initial data
4 is set equal to 2, the nodal coordinates (x, Y ) and the

element coordinates (xØ , YØ, XB, YB) will be listed.
X — X coordinate of a hub

Y — Y coordinate of a hub

X0— X coordinate of end 0 of an element
TO— Y coordinate of end 0 of an element
XB— X coordinate of end. B of an element

TB— Y coordinate of end B of an element

b. Plotter Output:- Lines, denoting the beams , are drawn with hub
numbers and element type numbers at the boundaries. Unif orm
loading is shown by 2 small ‘v ’s positioned at each end. of the
element , and. a concentrated load is shown by one large ‘v ’ at
a distanc e mB from end 0 of the element .

— 1 5 —
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CONCLUDING REMARKS
16. Sample problems have been run and timed on the various computers and. the se
running t imes can be found in Appendix B.
17. There are different limitations for the different computers on the size of
problem that can be analysed. Restrictions on the size of problem are set out
in Appendix F. Certain element s are not available for certain facilities and
details of this restriction can also be found in Append ix F.

j 18. Appendix C gives a general flow chart for the suite of programs, giving
details of stress analysis, lowest buckling and general buckling loads and.

• modes and natural frequencies.

r~. 
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APPENDIX A
THEORY FOR STRESS ANALYSIS A~1D FORMATION OF STI FFNESS MATRICES

Element Stiffness Matrices
1. The equations to be solved are as follows.

{Mh} = [A l ) {~} + 
~~~~ 

{~} + {B~} — — — — ( 1)

{Mc} = [A3] {8h} + [A4] {ôc} + {82} - - - - (2)

~~~~~

_ ajj = ~~~.

i = 1 ,3; j = 4 ,6
A
3 

(b~~) i = 1 ,3; j  = 4 ,6 
•

i = 1 ,3; j= 1 ,3
B1 = (a~ 7

) i = 1 ,3
i = 1 ,3

(aid
) and (bij) are the stiffness matrices whose coefficients are formed from

Timoshenko beam theory (see i). The coefficients are as follows.

a11 = b11 = El (4+12~)/B(1-i-12~)

a12 = b 12 = 0
a13 = —b13 

= 6RI/B2(1+j2~)

a21 b
21 

0

- a22 = b 22 = GJ/B
a
23 =b 23 = 0

a31 = —b31 
= a

13
* 

a
32 = b 32 = O

* a33 = b33 
= i2EI/B3 (1+12~)

• a14 = b14 = 2E1 (1—6p)/B( 1+12~ )
a15 = b 15 = 0
a16 = — b 16 = — a 13
a~~~=b ~~~= 0

a25 = b
25 = 

~~22
• a26 = b26 = 0

a
13

a
35 

= b
35 

= 0
a36 = b36 = _&

33
a17 = — (pB2/ 12) —WB (1 — m) m[ ( 1—m ) +6~]/(1+12~ )

b~~ = (pB2/ 12) +- WB ( 1—m) m [ m + 6~ ]/(f+12~ )

a27 = b 27 0

a
37 

= —(pB/2) — W( 1—m ) [(1+2m ) (1—rn) +12~)/(1+12~ ) 
•

b
37 = —(p3/2) — Wm(m(3—2m) + 12~]/( I+ 1 2~ )

• where = El/B2 
~~

• 
NB The B matrices are the loading conditions on the grillage.

U - -~~~~~~• ••-• •~~~~~~~~~~ i~~ •__ —- - ••.-• •~•’_ - • - - •-
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and 1M O} are the force vectors at ends b and. c of a beam element . They

consist of the bending force, the torsional force and the shearing force.

{6h }and {6. }are the displacement vectors at the ends h and. c of a beam

element.

Forces and displacements specified so far refer to the local coordinate
system of each element. The local forces and displacements must be transformed
to the global coordinate system. See figure 5.

Equations (i) and (2) can be combined into

• 
Mhl = 

[A 1 A21 ~h1 +
M
cj LA3 A~J ~

flefine { iç} as being the force vector in the global coordinate system and {6x}
as displacement s in that system. -

• ~efine a transformation matrix

- 4  -‘ Cos Q S i ng  0
—Sin e Coa C 0

0 0 1
Q is the angle that the beam makes with the x— axis of the global coordinate
system.

.F~1 [TA 1 TA21 ~ 
oh 1 F ‘~~ ]

L~ZCJ = LTA, TA
4J L OC J ~L ~~2t::1 = 

~ E’ ~-~] E:]+[: :J [:~
j

The equations are put in a form which can be solved by equating to zero the
4 sums of the moment s and forces at every hub. This provides a sufficient set of

equations to find. the unknown hub rotations and displacements. •

If the hub positions are not at the end. of the beam it is necessary to
transfer the origin to points distance x1y1 and x2y2 from ends h and o respectively.

Define force vectors at the offset hub as

{JL x~~} and {MxC }
Define displacement vectors at the offset hub as

and~~~~~
• 

• Define a transformation matrix for the forces at the ends of the beam

Ti =

Avpendix A2
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Define a transformation matrix for the displacements at the ends of the beam,

0 0
T =  1 0 1  02 

~~~x _ y  i
These transformations are then performed on equation (3) which gives.

MXII T1 T [A 1 A21 fT ~~~
_1 

0 1[°’~1 [TIT 0] B~
- - 

MxC 0 T1T LA, A
4] 

0 (T~r)][8xcJ 
+ 

~~

0 T
1TJ B2

See figure 6 which illustrates how the hubs can be offset .
This equation is again put in a form that can be solved by equating to

zero the sums of the moments and forces at every hub.

Appendix A3
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.~PPENDIX B
THEORY FOR BUCKLINQ

i, The Differential Stiffness Matrix

The equation to be solved for buckling is
• -

a11 a12 a13 a14 
a
15 

a
16 vXh

a21 a22 a
23 

a24 
a
25 

a26 Vyh
a
31 

a
32 

a33 a~~ a35 a36 w
h 

—

41 4.2 43 44 45 4.6 xc
4 a51 

a
52 

a
53 

a~~ a55 a56 vyc
a61 a62 a63 a~ a65 a66 wc

-

~~~~ 
-
~ 

-
~ 

-
~ 1~~~ -

b 11 b 12 
b 13 b 14 b 15 

b 16 V
,th

21 b1
22 

b1 
23 

b1 
24 

b’ 
25 

b126 
Tyh

1 1 1 1 1 b1 hb 31 b 
32 

b b b 
~~ 36 Tx0

~ b1 b1 b1 b1 i,1b 41 42 43 44 45 46 V

I I I I I I wb 51 
b

52 b
53 

b~~~ b
55 

b 56 c

b1 b1 b1 b1 b1 b1

- 
61 62 63 6~. 6~ 66

(b1ij) is the differential stiffness matrix. For details of how it is

formed see (6) . The coefficients are as follows

b1
11 = 2NxB/15

• b
1
13 

= Nx/10
— 

b1
14 = NxB/30

b”
16 =“ Nx/l O

b1
31 = Nx/10

b1
33 

= 6N~ç/5B

= Thc/i0

b 6 =“ 6Nx/53

b”
41 =.NxB/30

b1
43 = Nx/10

b 1
44 

= 2NxB/15
1 -.-.~~~

_ _
~~_.a—r •- -• -b 46 .N,~/1 0

b1
61 ~~~~~~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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b”63 = —6Nx/5B

b1
~~~~=~~Nx~’10 

- 

—

b 66 = 6Nx/5B

bh
l2 = b 1

IS = b 1
21 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ b 1 0b 32 = 35 
— 41 = 42 

— 4.3 — 4.4 — 

4.5 
— 46 — 62 — 65 —

where Nx is the axial force in the eleme nt , tension positive and
B is the length of the element.

Errors in the Critical Load (see 7)

a. Beam simply supported at either end:—
If only one element is used to model the beam an error of approximately
2~$ is present in the critical load. In the case of this program this
problem is academic because of the facility of single ended elements.
Two element s are needed to model a simply supported beam and for this
case ~the error is less than 1%,

b. Beam clamped at one end and free at the other.
For one element the error in the critical load was found to be O.73~~
(according to (7) the error is 0.75~~ ). For more than one element
the error was found to be less than 1%.

- 4

Appendix B2

- ~~~~~~~~~ ~~• .  •~~~~~ ~~~~~~~~~~~~~~~~~~



~w-~-

~~~~ ff ~~~~iluation of Lowest
I The equation to be solved is

(
~1 [o] = Xl[B D) [8] - - - (1)

(A] is the same as the [A] matrix derived in Append ix A.
-

~~~~ 

[BD] is the differential stiffness matrix

To solve the equation pre multiply throughout (1) by [A] ’

([I] — Eu] X1) [8] = 0 where [U] = [A]~~ [BD]

and [i] is the unit matrix

Let ~ = 1/) then we get1 - 
(~ [I] - Eu ]) [8] = o - - - (2)

- 
I This has now been reduced to the standard eigenvalue problem.

The root of interest of the equation ~ [I] — (U ] is the dominant root since
- this gives the smallest value of X~. The dominant root can be fou~d by• repeated by pre—multiplioation of an arbitary columi-i.by [U]. (For theory see (2))

- 
- iii, Evaluation of General Buckling Modes

- - Again we are solving

[A] [8] = x~ [3D] [8]

This can be transformed into the standard symmetric eigenvalue problem
- - - [E] [ x] = X [ x ]

by carrying out a Cho].eski decomposition of B into B = LL
T 
(see 3) and setting

E = L~~AL
_T 

and x = LTO. This standard problem is solved in the program by an
11GW type of method (see 4),

- -A

V ‘ Appendix 33
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APPENDIX C
• THEORY FOR NATURAL FREQUENCIES

1 • The vibration problem can be written in Matrix form as follows.

W2 [M][8] [A] [6] — — — (1)
The [A]matrix is the same as that derived in Appendix A

The EM] matrix is the same as the [B] matrix derived in Appendix A
except that:—

p = mass/unit length of an element

w = lumped mass

in the lumped mass acts at a distance mE from end 0 of the element
The equation (i) can be written in the followi ng form.

f o l  1 A l  Fe
I _ i i i  2 i  i~~I—~wI= I I I W where A = A T

A3
A
4 3 2

where 0 is a vector of rotations and ! is a vector of displacements.
Rota ry inertias have been negl ected because they are very small compared
to translationa l inertias.

A 1 e + A 2 W = O

- 

= — A 1
’ 1 A2

also a + [A4 
- A3 A 1

1 A2) y~ = 0

- - j Rotations have been eliminat ed and the final equation to be solved is

( E— w 2 .)}= O

[E] != ~2

This is the Guyan reduction (see 5)
The ~ vector now defines the relative displacements in the vibration .ode

corresponding to the natural frequency , w
2. As in the buckling case we can factorise [El by Choleski Factorisation

[El = EL] EL] T

£ ([L ]’~ Em] [LI T) ((1J T (w]) = 1/w2 (E L ) T [w] )
Therefore the matrix has eigenvalues Xi = I/wi

2 and elgenvalues qi such
-• that qi = [LI

T [wi]
• The eigenvalue probl em is now solved using a standard 14GW method . - •

- 

- $ UNLIMITED
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APPENDIX D
NUMERICAL EXAMPLES

1. Four numerical examples are shown:—
- i. Stress analysis for gri].lage

- 
- ii, Lowest buckling mode for a grillage

I iii. General buckling modes for the same grillage as in ii.

iv. Natural frequencies of a fre e—free beam
— - - 2. Figures 7—9 show the id.ealisation used for each of these . Listing of the

data, and the result s obtained from these examples are as follows :—

-- I I

• I 
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1

1
3 2
S

1
S
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180
60
1

1
6 13 1

2.7 7~ ... 3
270
50

1
—

1
7 ?

A 3
14 1
75 ~3

U 90
H - —- -- - So

1

1•1 10 0 2
11 14 3

7.7 7c
90
50

I
0 1 o ,c
1 1

-

• 1 9 3 1
3

i, Data Input for Stress Amlysis

Aj~pendix
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Hue vx VY w
1 0.108687541—04 —0 .915540111—05 0.537L172~ L—03
2 0.607933541—05 —O .182114071—0’ 0.107250961—02

-• 3 0.000000001 00 —0.212649971—04 0.124754711—02
HUB ELEMENT MX MY

1 1 0.152439901 03 0.000000001 00 —0 .366630811 02
1 5 —O.15246231E 03 0.000000001 00 0.394238271 02
1 6 0.000000001 00 0.615654171 03 0.244392241 02
1 9 0.000000001 00 —0.615652581 03 —0.250000031 02
2 ~ —0.604366331 03 0.000000001 00 —0 .211349221 02
2 3 0.604339371 03 0.000000001 00 —0.27514713! 02
2 7 0.000000001 00 0.143699401 04 0.737196501 32
2 10 0.000000001 00 —0.143699291 04 —Q .25000003E 02
3 4 —0.539441631 03 0.000000001 00 —0.3241529~E 32
3 8 o.00000000E 00 0.170351801 04 0.898310701 02
3 11 0.000000001 00 —0.170551611 04 —0.250000031 02

LOADING CONDITION 2
HUB VY W

1 0,136539321-07 —0.629190381—08 0.3691.30301—06
2 0.25140016E—07 —0.275582221—07 0.161674961—05
a 0,000000001 00 —0.761213811—07 0.290714701—OS

PIUS ELEMENT M X NY S
1 1 —0.24476511E 01 0.000000001 00 —0.206580031—01

-• - I S 0.244764751 01 0.000000001 00 —0.133185141—0 1
1 6 0.000000001 00 0.566280721 00 0.33976601E—01
1 9 0.000000001 00 —0.566270571 00 0.00000000E OC
2 2 0.1208 16751 01 0.000000001 00 0.206380791—0 1
2 3 —0.120817751 01 0.000000001 00 —0.169472661 00
2 7 0.000000001 00 0.24S024171 01 0.148814461 00
2 10 0.000000001 00 —0 .248023981 01 0.000000001 00
3 4 .0.896011411 01 0.000000001 00 0.169472661 00
3 8 0.000000001 00 0.600930211 00 0.161055711 00

• 3 11 0.000000001 00 —0.600923451 00 —0.300000121 00
LOADING CONDITION 3

HUB VX V Y
• 1 O.100824071—04 —0.916169301—05 0.337486281—03

2 0.61051760E—O3 —0 .1S30S9651—0’ 0.107412641—02
3 0.00000000E 00 —0.213411181—04 O.123045421—02

HUB ELEMENT MX MY S

1 1 0.150010741 03 O.00000000E 00 —0.368857491 02
1 5 —0.150014251 03 0.000000001 00 0,394124831 02
1 6 0.000000001 00 0.616219351 03 0.244731821 02
1 9 0.000000001 00 —0.616218071 03 —0,250000031 02
2 2 —0.683159301 03 0.000000001 00 —0 .211142611 02
2 3 0.683151121 03 0.000000001 00 —0.277541381 02
2 7 0.000000001 00 0.143947511 04 0.73S614141 02
2 10 0.000000001 00 ‘-0.143947311 04 —0.250000031 02
3 4 —0.541401731 03 0.000000001 00 —0.322~ 5I72t 02
3 S 0.000000001 00 0.170611911 04 0,899921261 02
3 11 0.000000001 00 —0.170611691 04 —0.255000031 02

• i ELEMENT SIGMA 0 SIGMA 8 SIGMA MAX SIGMA P
1 0.1018391 01 0.4362421 01 0.6031371 01 0.0000001 00
1 —0.1631761—01 —0.8054441—02 0.0000001 00 0.0000001 00
1 0.1000071 01 0.45S4361 01 0.6040401 01 0.0000001 00
3 0.4362391 01 0.3596271 01 0.7098781 01 0.0000001 00
3 —0.1054511—02 0.3973451—01 0.0000001 00 0.0000001 00

• 3 0.4354331 01 0,3453991 01 0.7121971 01 0.0000001 00
3 0.1016411 01 ‘0.2675391 02 0.0000001 00 0.0000001 00
3 —0.18)1768—01 —0.1099021—01 0.0000001 00 0.0000001 00
5 0.1000098 01 —0.26764S1 02 0.0000001 00 0.0000001 00
6 —0.2442811 02 0.7423221 02 0.0000001 00 0.0000001 00
6 —0.2263121—01 0.43)0231—0 1 0.0000001 00 0.0000001 00
• —0.2484171 02 0.7429751 02 0.0000001 00 0.0000001 00
7 —0.3747971 02 0.139939! 03 0.0000001 00 0.0000001 00
7 —0.9920968—01 0.1~ S419( 00 0.0000001 00 0.0000001 00
7 —0.5751091 02 0.1401571 03 0,0000001 00 0.0000001 00
$ —0.6822071 02 0.1614411 03 0.0000001 00 0.0000001 00
• —0.2403721—01 0.29S074E 00 0.0000001 00 0.0000001 00
• —0.6824471 02 0.1617391 0) 0.0000001 00 0.0000001 00
9 —0.2462601 02 —0.2462601 02 —0.3712601 02 0.0000001 00 . 

-

9 0.2265111’01 0.2265111.0l 0.0000001 00 0.0000001 00 -•

• - 9 —0 .2464071 02 —0.2464071 02 —0.3714871 02 0.0000001 00
10 —0.3747961 02 —0.3747961 02 —0 .6997971 02 0.0000001 00
10 —0.9920931—01 0.~92O95E 01 0.0000001 00 0.0000001 00
10 —0.5737091 02 —0.5757891 02 —0 ,7007891 02 0.0000001 00
11 —0,6322061 02 —0.6822061 02 —0.0072061 02 0.0000001 00 1’
11 —0 .2403491—01 —0 .2403611—01 0.0000001 00 —0 .3240361 00 —

11 —0.6024461 02 —0,6824461 02 0.0000001 00 —0.8124461 32

Ruul ts for Str.ss An~1ysis

A~p.ndix D3
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2 ~4 9 0
H 20 .000 1

1 1 1 2 1.0
200 4.745 .125

0 1
24

3 0 2 3 1.0
5 0 4 S 1.0
7 0 5 6 1.0
9 0 7 8 1.0

11 0 8 9 1.0
13 1 1 4 1.0

• 
- 200 4.745 .125

90 1
- - 24

15 0 4 7 1.0
17 0 2 5 1.0
19 0 5 8 1.0
21 0 3 6 1.0

H 23 0 6 9 1.0
• 25 13 9 0 1.0

200 4.745 .125
0 1

24
26 0 6 0 1.0
27 0 3 0 1.0
28 13 3 0 1.0

200 4.145 .125
270 1

24
29 0 2 0 1,0
30 0 1 0 1.0
31 13 1 0 1.0

• 200 4.745 .125
180 1
24
32 0 4 0 1.0
33 0 7 0 1.0
34 13 7 0 1.0

200 4.745 .125
90 1
24
35 0 8 0 1.0
36 0 9 0 1.0

ii. Data InDut for l.~~ est Buok1in~ Mode p

Appendix D~
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I
BUCKLING LOAD COEFFj(1Er~r = U. 6 2 75 t .  ~;o

BUCKLING MODE SHAPE
THET A X T H ET AY T ’ i ET AX TI~E T A yC.16 33 E—o 1 O.164~ E—Q 1 .25j9F C~ ‘C .j173L— ,.~- ,  ~~~~~~~~~~~~ ~) .49e~~E ~~— O .1625 E—Q] . — -) .1625E—o] . C.~ ’.81E ~C ~.-~‘24 1E—J1 —U .i1’ ,E—~~ .5~ 47E ~C—O.25 11E--03 —O .25 12 E—03 O.I000E O~ — . . 3 2 2 5 E — C 1  —~~.1 . 74 E — c ~ ~~~~~~~~ 3i.O.1653E..ol O . 1653 E’— oj  O.~~536E C~ —~;.~. 17 3 E— ~,3 

~.~ 241E— c~ ~~~~~~~~ ~Q“-O.1645 E—O 1 O. 1633E—.O1, Q.2 5~ 9F :~

k ~
Lowest buckling mode of grifla ge
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3 24 9 1
—10 100000000 10

1 1 1 2 1.0
200 4.745 .125

0 1
24

- -- 3 0 2 3 1.0• 

- 

- 

- • 5 0 - 4 5 1.0
7 0 5 6 1.0
9 0 7 8 1.0

11 0 8 9 1.0
13 1 1 4 1.0

200 4.745 .125• 90 1
24
15 0 4 7 1.0
17 0 2 5 1.0

• 19 0 5 8 1.0
• 21 0 3 6 1.0

23 0 6 9 1.0
25 13 9 0 1.0

~ 200 4.745 .125
0 1• 
24
26 0 6 0 1.0
27 0 3 0 1.0
2.8 13 3 0 1.0

200 4.745 .1~ 5270 1
24
29 0 2 0 1.0
30 0 1 0 1.0
31 13 1 0 1.0

200 4.745 .125
180 1
24
32 0 4 0 1.0
33 0 7 0 1.0
34 13 7 0 1.0

200 4.745 .125
90 1
24
35 0 8 0 1.0
36 0 9 0 1.0

iii. Data Input for General Buckling Modes

A~~~ndix D6
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General Buckling of the grillage with only the first 5 modes shown

• Appendix D7
B U C K L I N G  LOAD COEFFICIENT ~.~~27 5E  C~

• B U C K L I N G  MODE SHAPE
THETAX Tr~ETA ’~ 

- • .  N~L T t - X T~’L’~~Y
- - —O.5~~10E— 04 0.5310E—34 —C.812b~ —O3 ~.~~7 E—1~ 3.1C’47L—,

~ 3 —
~~

0,53~~QE—Ij4 3,531~~E—~ 4 ‘~~~1~~~E— ..3 U.~~~67L .~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~
0,144CE—39 . .37 6~~E— C9 —~~.~~2.39E —C2 . i -~” 1 L— ~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—0,5310F—04 —O .5310F—04 —~~.812bF—0i —~ .~~2~~~E—~ 9 —~~~. ‘.7 r —~~~~ —~~.io Z ’ L — ~~
O.5310E—04 —~ .5310E—O 4 —0 .8i2~ E—C3

BUCKLING t.OAO CO~ FFIC IEN1 = ~.1143E ~~

BUCKLING MODE S~- IAP E
THETAX THETAY w T?IETAA TtI ET~~Y 6

—0 .3935F—04 ~.5O25E—O 4 —~ .88~19F—03 ~.47 71 E —~ 4 C.1~~ 9E” 1 4 ~~~~~~~~~~~
O,890]E—05 —0.3249E—04 O.~~3~~1E—O3 —0 .~~~7~~E—C 6 ‘- 3.~~7b 6L ’C ’ . .i2~ 2 E - ~~
0.1O42E— 0~ —O.6077E—04 O.~~468E—~.9 —0.3273t~—C4 —3.27ø6E—~4 ..i24~?L— ~.~2
O,8901E—05 —O .3249E—34 —O.2321E—03 O,4777E— .J4 0.1909E—U’. ~..f247L—~ .
—0.3935E—04 C.5025E—04 J.8820E—03

BUCKLING LOAD COEFFICIENT = 0.1143E 07

BUCKLING MODE SHAPE
THETAX THETAY w THETAX TtI ETAV

0.3233E—04 0.9099E—05 O.2287E—03 O.2805E—04 — O. 3 2 b~ E — C 4  3.~i2. 9L— ~ t
—0.502]E—04 —0.3948E—04 0.8829E—03 —0.]922E— )4 0.47~ 6E—O4 —L .7~~9(L—~~
0.6118E”04 0.1039E—03 0.3820E’ C8 —C.19~~Zt.—C4 0.47(~~E— 0’+ ~,.7296L”w3

—O .5021E—04 —0.3948E—04 —0.8829E—03 Q.~~8C5E—~ 4 —3.3~~~5E—C’e — .1239L— ~~0.3233E—04 O.9099E—05 —‘J.2287E—03

BUCKLING LOAD COEFFICIENT = C.1316E 07

B U C K L I N G  ~4ODE SHAPE
THETAX THETAY w T-IETAX T~ILTAY

• O.2505E— 04 —O .2504E—04 3.909]E—03 — .7760E—C4 —0.3b 6]L—1Q C ..3910E—ub
0.2504E—04 O.2504E—04 —0.9091E—C3 —0.6973E—]0 0.7(60E—04 —~~.~~391L—~ 9

—O .9565E—10 0.4211E—09 —0 .2895F—08 0.13~37E—09 —O.77b9L—04 —0.~~~48E—~~’
• O,2505E .04 —O.2504E—04 ‘0.9091E—03 0.77~~9E” 04 0.2163E 09 ‘ 3.6521t.”-ue

—O.2504E—04 O.2504E—04 O.9091E—C 3

BUCKLING LOAD COEFFICIENT = 0.]917E 07

BUCKLING MODE SHAPE
THETAX THETAY W THETAX THETAY

—O.6553E—05 0.7871E—05 “-3.9093E—03 O.4309E—04 —O.8281E—05 ~.26u7E—U3
—0.2517E—04 0.2555E—04 -O.2361E—04 0.7~~62E—05 —0 .4b39E—04 O.2474L~ v~
—O.2235E—04 0.2355E—04 —0.9060E—08 0.7863E—Ob —O.4b39E—04 —3.247~~E— .3

• 
. 

—O.25].7E—04 0.2555E—C4 O.236].E—04 O.4309E—04 —O.8~ b2E—O5 .~~6O6L—c .
—0.6554E—05 0.7S70E—Ob . O.9093E—03

~~—~~ - ~~~~--~~~~
-
~~~~~~~~~~-- .• ~~~~~~~~~~
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4 10 11 0
—1000000. 10000000. 11 10000.0

1 1 1 2
.9610 10.3308

4.7244
10.1727

3 1 2 3
2.5885 77.1206 - - •

0.0
• 5.3150

24.7420
5 1 3 4

2.5883 94.8991
II  0.0
14 s.oooo

38.1394
7 1 4 5

2.0925 78.8023
0.0

7.0079
20.2122

9 1 5 6
2.5885 96.1004

0.0
7.0079

16.0439
11 1 o 7

2.5885 70.1533
0.0

:- 6.4961
16.7310

13 1 7 8
• 2 .5885 68.7118

0.0
5,5118

• 15~~4391
15 1 8 9

2.5885 62.4652
0.0

6.4961
18.3430

17 1 9 10
2.5885 68.7118

0.0
5. 0000

23.6552
19 1 10 11

.9455 6.7270
0.0

5.0000
10.9347

iv. Data Input to Natur al Frequ.nci.a
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APPENDIX B
RUNNING TIMES

~~. IBM 1130
a. Stress Ana lysis:— 3 hubs, 9 beams — 5 mins 20 seca
b. lowest Buckling:— 9 hubs, 24 beams — 37 mins ~6 seos
o. General Buckling:— 9 hubs , 24. beams — 15 mine
1. Natural Frequencies:— 9 hubs, 24. beams — 6 mine 34. eeoc

j 2. UNIVAC 1108
a. Stress Analysis:— 3 hubs, 9 beams — I CP sec

• b. Lowest Buckling:— 9 hubs, 24. beams — 1 .5 CP secs
c. General Buckling:— 9 hubs, 24. beams — 2.5 CP secs
d.. Natural Frequencies:— 10 hubs, 11 beams — 1.3 CP sees
3. _____

a. Stress Analysis (in—core):— 4. hubs — 38 sees
b. Lowest Buckling:— 9 hubs — 23 seos -

o. Stress Analysis (out of core):— 30 hubs — 2 miii 24. sees
d. Data Generation:— 12 hubs — 20 sees
e. Data Plot:— 18 hubs — running t ime — 2 mm 23 sec

plotting t ime— 11 mm
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I
RESTRICTIONS ON THE SIZE OF THE PROBLEM AND RESTRICTIONS ON THE
ELEMENTS THAT CAN BE USED
I. Restriction on the Size of the Problem

a. IBM 1130 -

a. 1. Stress analysis, lowest buckling, general buckling,
natural frequencies
Maximum number of hubs = 20

Maximum number of’ element s = 4.0
Maximum number of load.un~ cond.it ions 6

a u .  Data Generation -- -

Maximum number of hubs = 12

Maximum number of elements = 30

Maximum number of loading conditions 5
• b. UNIVAC 1108

b.i. Stress Analysis, lowest buckling, general buckling,
natural frequencies

Maximum number of hubs = 30

Maximum number of elements = 80
- Maximum number of loading condit ions = 6

0. KDF-9
c.i. Stress Analysis (in—core solution)

NBEAM (21+I 7NL0AD ) + i 8NLOAD + 3JOINT (3JOINT+NLOAD) < i 600

c.ii Lowest buckling mode
20 NBEAM + 2(3JOINT )2 <1600

o.iii. Stress Analysis (out of core solution)
NBEAM(56+ i 9NLOAD) + 6NLO.AD + 9JOINT + 2IBAND +

3MAXIB (9MAxIB + NLOAD ) <1 60c
and
3JO INT (3JO IN T + NLOAD)< 200000

o4v . Data Generation
26NBBAM + 7NBEAM NLOAD + NLO.AD + 2JOINT <16000

c.v. Data Plot
7NBEAM (3 + NLO.AD) <16000

_ _ _  - - - • 
UN IMITED 
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2. Restrictions on the Blemen ~~1- oan be Used.

-—- — — — — — — — —Element

i~oi1ity 
Type 

-

~~~~~~

Stress Analysis / J / / / / / VI /
Lowest Buckling Mode ~ J / / / / / /
General Buckling Mode If I / I / I
Natural Frequencies L L — L... L.. L.. — — .LJ

-1

.

1’ S

I— ..~~ 2 —
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APPENDIX H

NOTATION

a1, b1, c~, End restraint constants for single ended in plane element
(MB = —a

1 VB, TB = _b
~ r B, 5B = _ 0WB)

width of faying flange
depth of frame web

width of’ flange
*hb , hi’, hw thickness of faying flange, flange and frame web respectively
m A concentrated load act s at a distance mB from end 0 of the

element

P Uniform load applied to the element , posit ive downwards
Vx, ~d~r Rotations in x and. y directions
W Displacement perpendicular to the plane of the grillage,

positive downwards

‘x , y Rectangular coordinat e axes at each hub point
cxl, y1 Distances from hub to end 0 of element

~x2, 
~2 

Distances from hub to end B of element

Distance of the outermost fibre of the beam cross—section
from the neutral axis

A Effective shear area of element

A1 , B1 Cross sectional area and length of pillar support
‘B length of an element

E Young’s Modulus
Modulus of shear

I Moment of inert ia of cross—section for bending out of the plain
J Torsional constant

Mx, My Moment in x and y directions respectively

NBEAM Total number of elemen1~ in grillage
NT Parameter to determine version of the program

~Nj label number of element (at end o)
N2 Element type number
JOIN.P Number of hubs

S Force perpendicular to the plane of the grillage
T Torsional moment
W Concentrated load, applied. to the element , posit ive d ownwards
9 Angle element makes with x axis 

- - -

•0 Angle between element and. image
SIGMA 0, SIGMA B Stress at end 0 (or end B) of element
SIGMA K Stress at a maximum in bending moment distribution if any 

.

- -~

SIGMA P Stress at point of application of concentrated load if az~~•

Notation marked with * is illustrated in figure 6

~~~~~~~~~~ _______ - —--
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