AD=AD35 947  NAVAL CONSTRUCTION RESEARCH ESTABLISHMENT DUNFERMLIN--ETC FIG 20711
PLANE GRILLAGE SUITE OF PROGRAMS: (U)
AUG 76 W J SIMONS

UNCLASSIFIED NCRE/R637 DRIC=BR=55362

|




Sl

2

I
=

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS - 1963 - A

FEEF
EEEE

FEEE

FEEEL

4
3
re

;E;
| —
S

2







/ " UNLIMITES

A e
: Wolte Section REPORT 'NQ m @

i Ll (4
405D o

o RS R

(EAE/ZAVAILABILITY CODES
" i and/or SPECIAL

(77 GAPY AVALASLE T0 DOE DOES NOT
| JBR-553¢2.| PERRIT FULLY LEGILE PROGUCTION

This document is the property of Her Majesty's
Government and Crown copyright is reserved.

Requests for permission to publish its contents
outside official circles should be addressed to

the Issuing Authority. D D C

Naval Construction Research Establishment
St Leonard's Hill
Dunfermline

BEST_AVAILABLE CUPY




REPORT NO N R6
Item

PLANE GRILLAGE SUITE OF PROGRAMS
: AB T
=' The report describes a suite of programs for calculating deflections
: and stresses, buckling loads and natural frequencies of a plane grillage,

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

by .
o AR W J Simons P

INTRODUCTION

;:4i f 1. A suite of plane grillage programs has been implemented on three computers:-
E i a. UNIVAC 1108

= b. KDF -9

- c. IBM 1130

The features available on each of the computers are shown in the table below,

ey,

Computer

Features UNIVAC 1108 | KDF-9 | IBM 1130

Stress Analysis (in-core) 74 L 7
Stress Analysis (out of core) v

Lowest Buckling Mode / / J
General Buckling Modes v /
Natural Frequencies A 4 : &
Data Generation J/ 7
Data Plot F

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

¢, 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 R481 by S B Kendrick and J L McKeeman, which
describes an earlier version of the program, It was originally developed on
a Pegasus computer programmed in autcode,
6. The program is NCRE number N21,

§
%
4
B




GENERAL METHOD

7. A plane grillage can be idealised into two basic types of finite beam
_91ements. These are:-

Y.t

i. Double - ended elements - characterised by the need to consider thb
displacements, or forces, at both ends,

ii, Single - ended elements - characterised by the need to consider the
displacements or forces at only one end (normally the second end is at
a boundary and so has prescribed deflections and stresses). Where two
or more of these elements meet, a reference point is chosen, called a
hub position, Normally the finite size of the beam cross-section is
ignored, and in this case the deflections 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 1) 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 (1)*
allowing for shear deflections. Torsion is also included. The formation of this
stiffness matrix is detailed in Appendix A.
9. The stiffness matrices for the elements are then transformed to the global

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

a, Stress Analysis (with or without in-plane end loads coupled to initial
deformations)

The set of equations built up and solved by the computer is
{r} = 1 {o} + fo}
[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
f} -~ force vector - externally applied moments and shear force
8 - displacement vector - rotations and normal displacement

This equation is solved for displacements, and stresses are calculated
(see Appendix A)

b, Lowest Buckling and General Buckling Modes
(ifs} =, 18,1 {5}

(B, ] - madrix representing the relative distribution of axial forces
1 in the element, (see Appendix B)

1' - is the axial load factor at which the grillage buckles

PR S —
St

*( ) = References on Page 16




¢. Natural Frequencies
i1 {o} = o’ {g}

‘] - reduced stiffness matrix after Guyan reduction (5) has been
applied to [A] (see Appendix C)

[M] - lumped mass diagonal matrix

(A

A\, - natural frequency in radians/sec
USE _OF PROGRAM
ldealising the Structure
10. The grillage must be idealised into a number of structural elements
connected at hubs,
a. Each hub is given a number starting at 1 and numbered consecutively.

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

¢. Each single ended element is given a label number, which must be
different from any other label number used for an element,

11. Different types of element are available as shown below.

Type No
Double ended 1 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
(Mg = -8 Ty Tp = D& ) Sy = -0,¥y)
12 Beam simply supported at one end
(Mg Tgrm Wy mi0
13 Beam clamped at one end
(V% =T, = WB = 0)
14 Beam symmetrical about mid-point
15 Beam anti symmetrical about mid-point
29 A pillar support restraining transverse

deflections but producing no moments at the
point of support

NOTES

a. Type 11 - The values of 8y b1 and c, should be obtained from an
approximate estimate of the flexibility of the supporting 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 antisymmetrical about
any axis of antisymmetry. In using these elements, 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 idealisationssee figure 3,




E c, Type 29 - The element produces a normal force to the gril'._lage but no
3 moments. If the parameters for this element are set at zero the
4 program assumes a rigid simple support, :
‘ Data Preparation |
12, A great deal of the input is common to all the programs but because of
:'_\4‘ minor variations individual specifications are given, The notation given below ]
;35 is common to all the programs., Special notation for an individual program is
»-.;" given with the notation for that particular program, E
NT parameter to determine the version of the program 1
: NT = 1:~ stress analysis
= 2:~ lowest buckling mode
4 = 3:= general buckling modes
| NBEAM S o e N sritisie
f JOINT number of hubs
!,‘ Xp Kp> O prints element stiffness matrices
; = 0 suppress such printing
& N , label number of element (at end 0)
N2 element type number
H1 hub number to which end O of element is attached
He 'if' double ended element, hub number to which end B of element 3
: is attached, if single ended element He = O <
L A effective shear area of the element
I moment of inertia of cross section of element 3
Z distance of the outermost fibre of the element cross section 1

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. 1
depth of frame web ]
hb, hf, w  thickness of faying flange, flange and frame web '
e angle element makes with the x axis

J torsional constant (twist per unit length = Torque/GJ where :
G is the shear modulus :

¥ SV SN -

(o7

J) 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 O
at one end and B at the other end)

X1, Y1 X, Y coordinates of end O of element relative to hub at the
same end

X2, Y2 X, Y coordinates of end B of element relative to hub at =
same end ;1

a, b, ¢ specified for elastically restrained elements (type 11)
o Tlely Tk il ol Hebin i




NOTATION NLOAD
NX

Vo, VB

w0, WB

A Cross sectional area of support, type 29 only
B1 length of support, type 29 only
Vx, Vy rotations about x and y axis
¢ w displacement perpendicular to plane of grillage
ﬁa Mx, My moments about x and y axis
?; S force perpendicular to plane of grillage
- g%g:ﬁg’ stress at end O (or end B) of the element
éJ SIGMAM stress at a maximum in bending moment distribution,
s if any., (If there are two maxima the larger of the
%3 two stresses is taken)
4 SIGMAP stress at point of application of concentrated load
= if any
- NB The values for the parameters can be in any units but they must be
consistent throughout, ‘
i, Stress Analysis (with or without initial deformations
Format
a, NI, NBEAM, JOINT, KP 4110
NLOAD I10
b, For each element
(1) ™1, N2, H1, HC, NX 4110, 0,0
(i1) 4, I, z, if N1>0 3F10.0
b, hb, d, hw, f, hf if N1<O0 6F0.0
(iii) 8, J, &, E, G 5FM0.0
(iv) ‘B; X1, T1;°%2,'Y2 5F0,0
(v) p, w, m, for each loading
condition 3F10.0
(vi) One set for each loading condition
Vo, WO, VB, WB If NX £ 0 4F10,0
(vii) For type 11 elements only
A, B, C 3F.0,0

number of loading conditions
Axial force in the element, tension positive
Uniform load applied to element, positive downwards

Concentrated load applied to element, positive
downwards

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

initial out-of-plane slope at end 0 (and end B)
of element (in degrees)

initial out of plane deflection at end O (and end B)
of element

8w
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NOTES NT = 1 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

& §
é ; An example illustratingthis facility is given in Appendix D, numerical
& f example (i), figure 7.
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ii. Data Generation

A\ This routine cuts down the data preparation for the common special
case of a rectangular grillage of othogonally intersecting beams
parallel to the coordinate axes, The data produced is suitable for
3 input to the stress analysis section of the program,

3 There are 2 sub-divisions in the data preparation,

Section 1 - Equal elements at uniform spacing.

a. NX, NY, XL, YL, NLOAD, KP 2118, 2¥1£.4,
21,
b. IBC1, IBC2, IBC3, IBCL LT18

c. NS1, NS2 if IBC2 or: IBC3 = 3 or 4 only 2I1f
d. For elements parallel to the x axis

A, I,Z or b, hb, 4, hw, £, hf 6Mp. 0
X For elements parallel to the y axis
! | A, I, Zorb, hb, d, hw, £, hf 6F1g.0
_'3 e, SIGX, SIGY 2F1p.0
] f, For each loading condition
. - ICOND, PLOAD 118, FMp.0

for concentrated loads only
(ie if ICOND = -1)

WLOAD, XX, YY 3P0

g. Specify only if SIGX £ 0 and X
SIGY £ 0
AMD(N), N = 1, NLOAD 6FMp.0

Section 2 - Unequal elements at non-uniform spacing,
a, As for Section 1
b, As for Section 1
c. As for Section 1

d. For elements parallel to the x-axis:=-

As for Section 1, but if elements parallel to the x-axis
have different cross-sectional or frame parameters from
each other, set A or B negative and specify A, I,Z or
b, hb, 4, hw, £, hf for each of the remaining elements
parallel to the x axis. ﬂ

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 3
each other, set A or b negative and specify A, I,Z or
b, hb, d, hw, £, hf for each of the remaining elements
parallel to the y-axis,.

T s AR R e i L g
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specifly only if XL is negative

Y
(0]
.

g. As (e) for Section 1
3 : h. As (f) for Section 1
x : jo As (g) for Section 1
l § - NOTATION

NX - number of beams parallel to x-axis

EIX(I), I =1,N 6F18 .0
% £ Sp601f¥ only if YL is negative
BIY (1), I =1, 6F10.0

v

NY - number of beams parallel to y-axis

XL - length of beam parallel tothe x-axis
+YL - length of beam parallel to the y-axis
NLOAD - number of loading conditions

% :, KP - 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

1 Print coefficients

2 print coefficients from stress analysis program and
list coordinates from plotting program

IBC1, IBC2, IBC3, IB8C4 - parameters indicating the boundary
conditions for each of the four sides of the grillage
_ symmetry or asymmetry may only occur about the upper and
F - right hand edge of the grillage

IBC1 refers to the left hand edge of the grillage

IBC2 refers to the upper edge of the grillage
IBC3 refers to the right hand edge of the grillage

gianaii Ml Lasibat L | sdaiiii
R i b =

IBCL4 refers to the bottom edge of the grillage (see figure 4)

#
1 % Parameters:- = 1 for simple support
3 %. = 2 for clamped
i] %‘ = 3 for symmetry/asymmetry about centre of element
:g 1 = 4 for symmetry/asymmetry about end of element 4
?f § NS1 = 1 if there is symmetry about the upper edge 3
gf g = =1 if there is asymmetry about the upper edge 3
§ §' = 0 otherwise 4 j
-% E NS2 = 1 if there is symmetry about the right hand edge i
: 4 = =1 if there is asymmetry about the right hand edge 3
H & - = 0 otherwise :
TR ICOND = 1 for uniform load -
E ;‘ = -1 for concentrated load o
i § PLOAD = uniform load 3
: WLOAD = concentrated load applied to the element, positive E

downwards

3
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NOTES

2 8
] n

x coordinate of concentrated load

= y coordinate of concentrated load

axial stress in beams parallel to the x axis, tension positive

axial stress in beams parallel to the y-axis, tension positive
out of plane deflection at mid-point of grillage (see notes

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

the x-axis

= Jlengths of all elements parallel to the x-axis

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

iii

(1)
(11)

(iii)

to the y-axis

= lengths of all elements parallel to the y axis

the x and y coordinates are measured from the origin where
the first hub is considered to be situated

For Section 2 (d), (e), (f) the data for all double ended
elements parallel to the x (or y) axis should be specified
first starting from the beam parallel to the x axis at

y = 0 (or parallel to the y axis at x = 0) and specifying
the elements in order of x (or y) increasing. Repeat for all
subsequent beams parallel to the x axis 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 (orsingle ended elements parallel to the y
axis) should then be specified for each beam in the same
order as for double ended elements,

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 = AMD Sin 3S§E£12 Sin 5£¥£!12

X1 is the distance from the left hand side of the grillage
to the first hub

Y1 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 WD with respect to the appropriate direction,

Lowest Buckling Mode

a.
b.
c.

Format
NT, NBEAM, JOINT, KP 4110
MAXIT, ACC 110, M0.0
For each element
(1) N1, N2, H1, HC, Nx 4I10, F10,0
(ii) If N1»0, A, I, 2 3M0.0
If M<O, b, hb, 4, hw, £, hf 6M0,0

(iii) e, J, 4, E, G 5FM0,0
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NOTATION
MAXTIT
ACC
Nx
NOTES
(1)
(i1)

(iii)

(el B ¥, ", %072 5F10,0
(v) For type 11 elements only
A, B, C 3F10,0

"

maximum number of iterations

accuracy test for the buckling load

axial force in the element, tension positive

NT = 2 for the lowest buckling mode,

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 wvalues 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.

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

iv. General Buckling

a,.

C.

NOTATION

Format
NT, NBEAM, JOINT, KP 4I10
GP, GQ, M 2M0.,0,I10
For each element
(1) N1, N2, H1, HC, Hx 4I10,M0.0
(i1)  If N150; A, I, 2 3M0,0
If N1<0; b, hb, d, hw, £, hf 6F0,0
(4i1) o, J, #, B, G 5F10,0
(iv) B, X, %, 32, 12 50,0
(v) For type 11 elements only
Ky By © 3M0.0

GP, GQ - these are the limits within which buckling Factors (A1)

NOTES

are required (order immaterial)

= number of huckling loads to be calculated within the
limits GP,GQ

mode shapes are also calculated if M»0 but not if M<O

) I NT = 3 for general buckling modes

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

o




: v. Natural Freguencies

Format
a. NT, NBEAM, JOINT, KP 4110
b. GP, GQ, M, EX, GRAV 2F10.0, I10,
2M0,0
;4} . c. For each element
(i) N1, N2, H1, HC 4I10
(ii) If N1,0; A, I, 2 3F10,0
If Ni<O; b, hb, 4, hw, £, hf 6F10.0
(iii) e, J, &, E, G 5F10,0
(iv) B, x1, Y1, X2, Y2 5F10,0
(v) p, ¥, m 30,0
(vi) For type 11 elements only
AvBee 3F0.0

NOTATION

GP, GQ - Limits within which the squares of the natural frequencies are
required (order immaterial)

; i M i. If M<O; up to M natural frequencies are calculated, but the

mode shapes are not calculated,

ii, If M>0; up to M natural frequencies and their associated
shapes are calculated

EX - A scaling factor, (if left at zero a value of 3 x 107 is set
within the program) Its value must be of the order of Young's
Modulus

GRAV - acceleration of gravity eg 386.4 in/sec2
m - Mass/unit length of an element
-  Lumped mass

- Lumped mass is positioned at a distance mB from end O of the
element

NOTES
i, NT = 4 for natural frequencies

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, KP 4110
b. (i) IBAND, MAXIB 2110
(4i) KBAND(I), I=1, IBAND 6110
c. For each element
(1) N1, N2, H1, HC 4110
(41) If N>O0; A, I, 2 3F0.0
If N1<O, b, hb, 4, hw, £, hf 60,0

(1ii) e, J, @, E, G 5M0,0
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(iv) B, X1, Y1, X2, Y2 5F10,0
(v) For each loading condition

p, W, m 3™0,0
(vi) For type 11 elements only
A, B, C 3F10,0

NOTATION
NLOAD - number of loading conditions
IBAND - number of bands into which the grillage is divided (see below)
MAXTB - largest number of hubs in a band
KBAND - 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 O of the
element ;
NOTES

i, 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 rectagular 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 specifyy as far as ¢ (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
must be inserted.

a. * PL F10.0
b. If PikO
A, IT A8, I10

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 comments 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 -




i. N2 = 0 is specified for an element which is identical in all
respects to the previcus element (either double ended or
single ended). In this case only N1, 0, H1, 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, hf
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 N1,
N2, H1, HC 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 7

7

E=3x10 psi

G =1,154 x 107 psi
¢=180°

J=0

n

e
"

X2 =Y1=Y2=0
10 sq in
1 in

S
nom

Control Cards

14,

a.

A description of the control cards for:-
a, IBM 1130

b, UNIVAC 1108

c. KDF-9 follows

IBM 1130

i, Control for stress analysis, lowest buckling mode, general buckling
modes or natural frequencies

//bXEQD KCH1DDBBLD1
*10CAIKCH1 ,CSE1,CSE2,CSE11,CSE12,CSE14.,CSE15,CSE29, CSFRM, CBIGM, CNCSO

Data

ii, Control for data generation
//DXEQBDN21D

=
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b. UNIVAC 1108 o M e

: i. Control for stress analysis, lowest buckling mode, general
.- buckling modes or natural frequencies
4 GRUN Jobname, Acc No, Project No 1
. @ASG,T T., U9, XXXXXR
kL | @ASG, T z.
r | GMOVE T.,6
3 @COPIN T.,%
“ > GFREE T,
@ASG, T M., R8 ///1008
@ASG,T F2., R /// 1800
- @USE 2, M.
. @USE 3, F2, 1
. axqr Z.ABS
=iy
: Data
lE:g :
@FIN f
c. KDF-9
i. Control for stress analysis (in-core solution), and lowest
- buckling mode
' L5 J—
. *XEQ
*IODUNIT1/DISC/ 340
s *IODUNIT2/DISC/ 360
, *IODUNIT5/READ
. *IODUNIT6/PRINT
3 , *STORAGE//26..00
3 ' *DISCPROGRAMNCREN21 /NCREUSE1
g *DATA
| %3
g % : Data
3 & .
4 ; *ENDJOB
| % - ii, Control for stress analysis (out-of-core solution) -
3 *J0B
’ : *xEQ
f - *TODUNIT1,/DISC/300
' *TODUNIT2/DISC/300
*IODUNIT5/READ
*IODUNIT6/PRINT

.13 =
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*STORAGE//264,00
*DISCPROGRAMNCREN21 B//NCRBUS!‘I
*DATA

N R AT e S ]

Data

e & o o o

*ENDJOB

iii. Control for Data Generation
*JOB - - - -
*XEQ
*I0DUNIT5/READ
*I0DUNIT6/PRINT
*DISCPROGRAMNCREN21D//NCREUSE1
*DATA

Data

o L] . L] (]

*ENDJOB
iv. Control for Data Plot

*10DUNIT5/READ e

*I0DUNIT6/PRINT
*SUBFILEARLLIBRARY

*DISCPROGRAMNCRE21H//NCREUSE1
*DATA

Data

*ENDJOB

Description of Output
15. i, Stress Analysis (In Core and Out of Core

a. Displacement and forces - for each loading condition the hub dis- ”
placements (Vx, Vy, W) are printed preceded by their appropriate
hub number. Next follow the internal beam forces at hubs (Mx,
My, S) preceded by the appropriate hub and element label numbers, -
For each loading condition a similar table of displacements and
forces is given. For hubs on one or more axes of symmetry or
antisymmetry 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 smlls even although the moments in the
beams on each side of the axis of symmetry are non-gzero. The

-fh -
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shear forces at such pos: e valu N
single beams. If moments or shear forces are required at
4 such positions they are easily calculated from the forces and
4 : moments at the other end of the beam and the loads acting on
the beam. At axes of antisymmetry the situation is reversed
g and moments are doubled whereas shear forces appear as zero
or very small,

. for ever§ loading condition & table ol strssses (tension

positive) is given in five columns as follows

EIEMENT - the label at end O of the beam

SIGMA O - 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 = 0) in bending
moment 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 Modes

3 Up to M buckling loads are printed, each followed by its associated
shape,

iv. Natural Freguencies

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

|
“j b. Stress - After the tables of hub displacements and forces

bl L MOl e oA L ot s e i A S

Vs 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

3 : a., Line printer output:- If the parameter KP in the initial data
4 : is set equal to 2, the nodal coordinates (X, ¥) and the
: element coordinates (X#, Y#, XB, YB) will be listed.

X - X coordinate of a hub
% Y - Y coordinate of a hub
i ; X0- X coordinate of end O of an element
g YO~ Y coordinate of end O of an element 1
é XB~ X coordinate of end B of an element 1
? B YB- 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, Uniform '
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 distance mB from end O of the element,

e
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CONCLUDING REMARKS

S

16, Sample problems have been run and timed on the various computers and these
running times can be found in Appendix E,

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 elements are not available for certain facilities and
details of this restriction can also be found in Appendix F,

18. Appendix G gives a general flow chart for the suite of programs, giving
details of stress analysis, lowest buckling and general buckling loads ard
modes and natural frequencies,
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Element Stiffness Matrices

APPENDIX A
THEORY FOR STRESS ANALYSIS AND FORMATION OF STIFFNESS MATRICES

1. The equations to be solved are as follows.

o} 00 [« 1) o - -

e 019 fo« 4 f ] - 0

A = (aij) L5 F=0
A, = (&ij) et Lak®
A, = (bij) 1=19,35 H=lg6
A = (bij) i=1,3 J=1,3
By =(a;7) i=1,3

B, = (bi7) i=1,3

(ai

Timoshenko beam theory (see 1).
849 = by, =EI (4+12B)/B(1+12B)

Ban W =) 5

843 = b5 = 6EI/B“(1+12B)
8y =By =0

8y, = by, = GI/B

8.23 = 'b23 =0

o) e e

8.32 = b32 =0

Byg =Dy = 12EI/B> (1+12p)
8y, =Py, = 2EI (1-6B)/B(1+128)
b | 1 e

816 = P16 = "3

32# = b2h. =0

Son = Bas S koo

Rot = 2o 1.8

g Sk st

a8 ¥ Sy S

S5 " 3% " Ty

.j) and (b i .j) are the stiffness matrices whose coefficients are formed from

The coefficients are as follows.

8,7 = ~(p8°/12) WB(1-n) m[(1-m) +68]/(1+12p)

327 =b27 =0

= (pB2/12) + WB (1-m) m [ m+6B)/(1+12p)

859 = -(pB/2) = W(1-m) [(1+2m) (1=m) +12;3]/(1+12p)
b37 = =(pB/2) - Wm[m(3-2m) + 128])/(1+12p)

where = EI/B® GA

NB The B matrices are the loading conditions on the grillage,
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"h} {lc} are the force vectors at ends h and ¢ of a beam element, They
consist of the bending force, the torsional force and the shearing force,
{5h }and {5,° }are the displacement vectors at the ends h and ¢ 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 (1) and (2) can be combined into

=1 Ay Ay 5y 4 1
l‘c A} Ah 8c B2

Define {lx} as being the force vector in the global coordinate system and {6;}

as displacements in that system,
Define a transformation matrix

] Cos ® Sin@ O s
T = -Sin @ Cos 6 O
0 0 1
© is the angle that the beam makes with the x- axis of the global coordinate
systenl.

> lxh' TA, nﬂ Sh T8, . :
| Mxc | 9 TA; TA, {L be ,l+- T8, .
- 1 = P -' v
Mxh] .9 A AT o-' xh| |T o | B &
9 e | = ¢ % As Al o 1T [oxe],jo T |B,
i o F e ©

The equations are put in a form which can be solved by equating to zero the
'sums of the moments 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 pointsdistance x5, and X5y from ends h and ¢ respectively,

Define force vectors at the offset hub as
2} ana fic
Define displacement vectors at the offset hub as . 3

bt o b

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

1 0 -X
0 0 1
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Define a transformation matrix for the displacementsat the ends of the beam,

1 g0
T = 0 1 0
2 b S R
These transformations are then performed on equation (3) which gives.
: . -1
MxH 5 TT 0 A, Ayl (T 0 an +'r11' 0 B,
iz : T
wxo| = ¢ Bl B w 0 (r,n)Yfoxc| +[o T, B,

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,
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APPENDIX B
THEORY FOR BUCKLING

i. The Differential Stiffness Matrix

The equation to be solved for buckling is

o

811 a

12
%21 Yoot %23
5 AN - TR |
42 )3
51, 8% Ne3
%61 %62 %63

13

p» P
® P p P
Lo - ]

[

b b

51 " 82
1 1
L" 815 6ait

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

(v )

1 ( A
f5 *15 46 Vih
8 %25 226 Vyh
%3, %35 %3] { "n
au" aks 846 vxc
8.51‘- 8.55 a56 vyc
2%, %65 %g6 L L J

1 1 R
i W e B
i 1 1
oy P B oe B ooy
g 1
33 134 155 136 f
L3 b144 b1z+5 b -
1
3.0 6, Zos Pog
o R
63 6l 65 66

formed see (6). The coefficients are as follows

1

b, = 2NxB/15
b e Nx/10
b',, <NxB/30
b 16 ==Nx/10
' 5 = Nx/10
b: 33 = 6Nx/5B
by, = Nx/10
b’ 36 ==6Nx/5B
b1M ==NxB/30
b: 43 = M/10
b= 2NxB/15
b 46 =N%/10

1
L3P ==Nx/10

i




1

-
- ;
{ b = -Nx/10
X B 1 -
i b’ = 6Nx/5B
1 1 1 1 1 1 4 .4
A = = = = = = =0
E—é* BaamPac =P ¥l B Pyshy =0 a9 4
;-, ; b1 = 'b1 =5 4 b1 R LS 'b1 = b1 1 1
N s

ol D 2 U8 R Tl ol A ST G T

where Nx is the axial force in the element, 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
20% 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 elements 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 0.735%

(according to (7) the error is 0,752%). For more than one element
the error was found to be less than 1%,
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The equation to be solved is

(Al [8] = m([8%) (8] - - - (1)
[A] is the same as the [A] matrix derived in Appendix A.
[BD] is the differential stiffness matrix

To solve the equation pre multiply throughout (1) by [A]~!
([1] - (U] &) [8] = O where [U] = [A]"" [&"]
and[1] is the unit matrix
Let B = 1/5‘l then we get
(B[] -[u) (8] =0--- (2

This has now been reduced to the standard eigenvalue problem,

The root of interest of the equation p [I] - [U] is the dominant root since
this gives the smallest value of A\, The dominant root can be fouad by
repeated by pre-multiplication of an arbitary columa by (U] (For theory see (2))

Evaluation of General Buckling Modes

Again we are solving
[A] [8] = », [8°] [6)

This can be transformed into the standard symmetric eigenvalue problem

[E] [x] = » [x]

by carrying out a Choleski decomposition of B into B = 3 (see 3) and setting
Exl M endxs= I?&. This standard problem is solved in the program by an
HGW type of method (see L),




APPENDIX C

THEORY FOR NATURAL FREQUENCIES

The vibration problem can be written in matrix form as follows,

W (][] = [A] (8] - - = (1)
The [Almatrix is the same as that derived in Appendix A

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

p = mass/unit length of an element

w = lumped mass

the lumped mass acts at a distance mB from end 0 of the element

m
The equation (1) can be written in the following form.

"

0
i MoK
-wWi=
AS A4

where § is a vector of rotations and ¥ is a vector of displacements.

T
where l\3 = Az

2= o

Rotary inertias have been neglected because they are very small compared

to translational inertias.

AIQ+A W=0

2

-1
20==-A"" A, ¥

- -1
also m W+ [A4-A3A‘ Az]I{_-.-O

Rotations have been eliminated and the final equation to be solved is

(E-w’m) ¥ =0
(E] ¥=o’ [a] ¥

This is the Guyan reduction (see 5)
The |/ vector now defines the relative displacements in the vibration mode

corresponding to the natural frequency, w
As in the buckling case we can factorise [E] by Choleski Factorisation

(€] = (L] [u]"
& (L7 [m] (L)) (1”0 = 1/® (LT (WD)
Therefore the matrix has eigenvalues Ai = |/mi2 and eigenvalues qi such

that qi = [L]T [wi]
The eigenvalue problem is now solved using a standard HGW method,

(\'-ﬁliihﬂ!m#'~mw-:4u. el
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APPENDIX D
NUMERICAL EXAMPLES
Four numerical examples are shown:-
i. Stress analysis for grillage
ii, Lowest buckling mode for a grillage
iii. General buckling modes for the same grillage as in ii,
iv. Natural frequencies of a free-free beam
2. Figures 7-9 show the idealisation used for each of these. Listing of the

data, and the results obtained from these examples are as follows:-
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i, Data Input for Stress Analysis

Appendix D2




-8 ! LOADING CONDITION 1 e & !1
3 HUB VX VY w
3 1 0010868754E~04 =0e91554011E=05 0e53711724E=02
2 0¢60793354E-05 =0¢18281407E=0¢ 0010725096E=02
3 0,00000000E 00 «0e21264997€E=04 0el2475471E=02
- HUB ELEMENT MX MY s
1 1 0e15245990€ 03 0¢00000000E 00 =0638865081E 02
1 S «0e15246231E 03 000000000E 0O Ue39425827E€ 02
1 (] 0+00000000E 00 0661565417€ 02 0e260639224E 02
1 9 0400000000E 00 =0e61565258E 03 =042500C003E 02
2 2 «0¢68436633E 03 0.00000C000E 00 =04211364922E 02
fﬂ 2 3 0068435937E 03 0400000000E 02 =0427584713E 02
R 2 7 0400000000 00 0e014369948E 04 0e73719650E 02
B 2 10 0+00000000E 00 *0e14369929E 04 «0s250000C2E 02
= 3 4 =0e53944165E 03 0000000000E 00 =043241529¢E 02
i 3 8 0400000000E 00 0617055180 064 04898631070E 02
3 11 0+00000000E 00 =~0s17055161E 04 =0,25000003E 02

LOADING CONDITION 2 3

HUB vX vy w
1 0013653952E-07 =0062919838E=08 0036913030E=06
o 2 0025840016E=07 =0027558222E~07 00161676496E=05
¥, 3 0400000000E 0C =0e76121381E~07 0e29071470E=0%
2 HUB ELEMENT MX MY s
E 1 1 «0424476518E 01 0+00000000E 00 «0420658083E=01
= b 5 0e24476475E 01 0.00000000E 00 =0,13318514E=01
| 1 6 0400000000E 00 0056628072E 00 0433976808E=01
1 9 0¢00000000E 00 ~0e56627857€ 00 0,00000000E 0C
2 2 0012081675€ 01 0400000000€ 00 0e20658079€=01
2 3 =0¢12081775€ 01 0400000000E 00 =0,16947266E 0C
2 7 0+00000000E 00 00264802617€ 01 0e14881446E 00
2 10 0+00000000E 00 ~0e24802398E 01 0.00000000€ 00
3 o =0+89601841E 01 0400000000E 00 0016947266E 00
3 8 0¢00000000E 00 0¢60093021E 00 0¢16105571E 00
3 11 0¢00000000€ 00 «0060092365E 00 =0,50000012€ 00
LOADING CONDITION 3
HUB VX vy v
1 0,10882407E=04 «0691616930E~05 0053748628E~03
2 0¢61051760E=05 =0418308965E=04 0010741266E=02
3 000000000 00 =0e21341118E=06 0012506542E=02
HUB ELEMENT MX MY s

Results for Stress Analysis

Appendix D3

_ UNLIMITECD

1 1 0¢15001074E 03 0¢00000000E 00 =0038885749€ 02
1 S =0¢15001625€ 03 0000000000k 0©C 0639612483E 02
f 1 6 0¢00000000E 00 0e61621985E 03 0026673182€ 02
4 1 9 0400000000€ 00 =0.61621887E 03 =0425000003€ Q2
k. 2 2 =0¢68315930€ 03 0+00000000€ 00 =0es21114261€ 02
3 2 3 0¢68315112€ 03 0000000000€ 00 =0s27754138€ 02
4 2 i3 0400000000E 00 0014394751E 04 0e73868484E 02
' 2 10 0400000000€ 00 «0e14394731E 0Oé =0,25000003E 02
3 L =0454840173E 03 0.00000000€ 00 =0432265872€ 02
3 8 0400000000E 00 0e17061191E 04 0489992126E€ 02
| 3 11 0400000000€ 00 =0e17061169E 04 =0625500003€ 02
E 1 ELEMENT SIGMA 0 SIGMA B SIGMA MAX SIGMA P
p 1 00101639E 01 00656242€ 01 04605137€ 01 0«000000E 00
g 1 =0e163176E=-01 =00805444E=02 04000000E 00 00000000€ 00
1 1 0¢100007€ 01 0e655436E 01 04604040E 01 0000000€ 00
3 00656239€ 01 00359627€ 01 0+709878E 01 0¢000000E Q0
3 =0,805451E=02 06597345g~01 04000000E 00 0¢000000€ 00
3 00455433E 01 00365599€ 01 04712197E 01 0¢000000E 00
] 0e101641E 01 =0¢267539€ 02 0400C000E 00 0e000000E 00
S =0e163176€E-01 =0¢109902€-01 04000000E 00 0¢000000E 00
S 00100009€ 01 =0e267648E 02 04000000E 00 04000000E 00
6 =0e2606261E 02 00742522 02 0000000E€ 00 0¢000000E 00
6 =0e226512€-01 00453023E=01 0+000000€ 00 04000000E 00
6 =0s2664087€ 02 0e742975E 02 0+000000E 00 0+000000E 00
T  =0s574797€ 02 00139959¢ 03 0+000000E 00 0¢000000E 00
7 =0e992096E-01 0¢198419€ 00 04000000E 00 0+000000€ 00
T =0e575789E 02 0¢140157€ 03 0¢000000E 00 0¢000000E Q0
8 =0s682207€ 02 Oel6lbblE 03 04000000E 00 0¢000000E 00
8 =0e260372E=01 04298074E 00 04000000E 00 0¢000000E 00
8 =0e682447E 02 0e161739E 03 0+000000E 00 0e¢000000E 00
9 =0s266260E 02 =0+266260E 02 =06371260€ 02 0+000000E 00
9 =04226511€-01 =0¢226511E~01 0+000000€ 00 04000000 00
9 =0e266487€ 02 =0s266487€ 02 =0.371487E 02 0000000E 00
10 =0e5T74796E 02 =0e574796E 02 =06699797E 02 04000000E 00
10 =0499209%5€=01 «00992095€=01 04000000€ 00 04000000E 00
10 =0e575769€ 02 =0¢575789E 02 =0,700769€ 02 04000000E 00
11 =0+682206E 02 =0e682206E 02 <=0,807206E 02 04000000 00
11  =04260369€E~01 «0¢240368E=01 0+000000E 00 =«0e524036E 00
11 =0¢6824646E 02 =0e6824646E 02 0+000000E 00 =0eB812646E 02
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BUCKLING LOAD COEFFICIENT =  (e6275E

BUCKLING MODE SHAPE

THETAX
Cel633E-01
=041625E~-01
=062511E-03
0e1653E«01

=061645E=01

THETAY
=0e1645E=C1
=0e1625€E=01
=0e2512E=03

0¢1653E=01

001633E=01

w
UedSUSE (U
JelaBlE (O
Ue1CUJE Z1
Jed536E O
0e2509F 00

Lowest buckling mode of grillage

Appendix D5

o

THETAX
=Cell72E=05
Ced2641E=01
=0e32256=31
~(e1173E=03

THETAY
=0e3225E=01
=Uell73E=C2
=0elli745=C2

Ce3241FE=C1

Ve49ESE UD
CeBC4TE GO
CeSC4EE UQ
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3 24
=10 100000000
1 1
200 4,745
0 1
24
3 0
S 0
7 0
9 0
11 0
13 1
200 4,745
90 1
24
1S5 0
17 0
19 0
2l 0
23 0
25 13
3 200 4,745
0 1
24
26 0
27 0
28 13
200 4.745
270 1
24
29 0
30 0
31 13
200 4,745
180 1
24
32 0
33 0
3a 13
200 4,745
90 1
24
3S 0
36 0

iii, Data Input for General Buckling Modes

Appendix D6
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BUCKLING LOAD

BUCKLING
THETAX
=-045310E=C4
0e5310E~U4
Cel44CE=D9
-0.5310F-0“
0e531CE=Q4

MODE

COEFFICIENT

SHAPE
THETAY
0e5310E=04
Je5310F=C4
Ue3765E=CQ9
=-0e5310F=04
-0e5310F=04

BUCKLING LLOAD COEFFICIENI

BUCKLING
THETAX
=043935F =04
0.8901E=05
0¢1042E=-C3
0+.8901E=05
=063935E=-04

BUCKLING LOAD COEFFICIENT =

BUCKLING
THETAX
0¢3233E-04
=045021E=04
0e6118E=04
=045021E=04
043233E=04

BUCKLING LOAD

BUCKLING MODE

THETAX
042505E=04
062504E=04

=069565E=10
=06¢2505E=04
=042504FE=04

BUCKLING LOAD

BUCKLING MODE

THETAX
=0¢6553E=05
=0e2517E=04
=0,2235€=04
=0¢2517E=04
=0e6554E=05

MODE SHAPE

THETAY
0e5025E=04
=0e3249E=04
=0 e607T7E=C4
=0e3249E=04
Ce5025E=04

MODE SHAPFE

THETAY
0¢9099E=05
=0e3948E=04
0e¢1039E-03
=0e3948E=04
0e909GE=05

COEFFICIENT

SHAPE
THETAY
=0e2504E-04
0e2504E=04
0e4211E-09
=0e2504E=04
0e2504E=04

COEFFICIENT

SHAPE
THETAY
0e7871E=05
0e2555E=04
0¢2355E=04
0e2555E=C4
0e7870E=05

General Buckling of the grillage with only the first 5 modes shown

Appendix D7
2 1 0eH27T5E T8

~Ce8126F=C3
~ie81é6E=C3
=Ue3236E=C2
~Ue8126F=03
~0e812€E-C3

= QJell43E

W
-0 eB8819F=03
0e23215-03
Qe5468FE=U9
~0e2321E=-03
UeB8820E=03

Oell43dt

W
0e2287E=03
0+8829E=03
0e3820E=C8

~0¢6829E-03
=062287E=C3

= Cel3l6E

W
309091E‘03
~0649091E=-C3
=0e2895E~-08
~0e9091E=-03
0e9C91E=C3

= 0e61917E

w
~0e¢9093E=03
«0e2361E=C4
~0e9060E=0B8

0e2361E=04
0e9093E=03

[=LTARA
CeBTC5E=10
=0ell4TE=CE
SellLTE=-U3
=JeallBE=UG

THETAX
Jed777E=vb
=0e3Z73E=C4
=0e3273E=C4
Dee777E=J4

07

THETAX
0e2805E=-04
=0e1522E=-U4
=0el922E=Cy
Qe28C5E~=C4

a7

THETAX
=Je7760E=U4
=0e6973E~1C

Oel38B7E=09
Oe7759E-04

07

THETAX
0e4309E=04
De7862E=05
0e7863E=C5
Ce4309E=04

THETAY
JelUGT7E=03
GelilebE=CY
Celdc96tL=L9

=Ueilu7E=C0

THETAY
Cel9u9E=Vé
=0e2786E=C4u
=0e2786C=04
CelS%09E=0G

THETAY
=0e3265E=C4
Oe&766E=04
Qe&4T7ESE=C4
=0e32€65E=Cu

THETAY
=0e3561E-10
Oe7760E=04
=Ce7759L=04
=0e2163E=09

THETAY
=0eB281E=05
=0e4539E=0C4
=0e4539E=04
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RUNNING TIMES

‘. IBM 1130

APPENDIX E

a. Stress Analysis:- 3 hubs, 9 beams ~ 5 mins 20 secs

b. Lowest Buckling:- 9 hubs, 2, beams - 37 mins 46 secs

¢. General Buckling:- 9 hubs, 24 beams - 15 mins

d. Natural Frequencies:- 9 hubs, 24 beams - 6 mins 34 secs

2, UNIVAC 1108
a., Stress Analysis:- 3 hubs, 9 beams - 1 CP sec
b. Lowest Buckling:- 9 hubs, 24 beams - 1,5 CP secs

¢. General Buckling:- 9 hubs, 24 beams - 2,5 CP secs
d. Natural Prequencies:- 10 hubs, 11 beams - 1.3 CP secs

3. KDF-9
a. Stress Analysis (in-core):-

b. Lowest Buckling:-

¢. Stress Analysis (out of core):-
d. Data Generation:-

e. Data Plot:-

4 hubs ~ 38 secs

9 hubs -~ 23 secs

30 hubs - 2 min 24 secs

12 hubs - 20 secs

18 hubs - running time - 2 min 23 sec
plotting time- 11 min




APPENDIX F

RESTRICTIONS ON THE SIZE OF THE PROBLEM AND RESTRICTIONS ON THE

ELEMENTS THAT CAN BE USED
1. Restriction on the Size of the Problem

a, IBM 1130
as ¥,

a.di.

b.

Stress analysis, lowest buckling, general buckling,
natural frequencies

Maximum number of hubs = 20

Maximum nuﬂbér of elémehts = 40

Maximum number of loading conditions = 6
Data Generation

Maximum number of hubs = 12

Maximum number of elements = 30

Maximum number of loading conditions = 5

UNIVAC 1108
b.i.

Codv.

C.V,

Stress Analysis, lowest buckling, general buckling,
natural frequencies

Maximum number of hubs = 30
Maximum number of elements = 80

Maximum number of loading conditions = 6

Stress Analysis (in-core solution)
NBEAM (21+17NLOAD) + 18NLOAD + 3JOINT (3JOINT+NLOAD)¢ 1600

Lowest buckling mode
20 NBEAM + 2(3J0INT)Z <1600
Stress Analysis (out of core solution)

NBEAM(56+19NLOAD) + 6NLOAD + 9JOINT + 2IBAND +
3MAXIB (9MAXIB + NLOAD) <1600

and
3JOINT (3JOINT + NLOAD)<<2000OO‘

Data Generation
26NBEAM + 7NBEAM NLOAD + NLOAD + 2JOINT «<16000

Data Plot
7NBEAM (3 + NLOAD) ¢16000
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2. Restrictions on the Elements that can be Used

Lowest Buckling Mode
General Buckling Mode
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Element
Type
Facility 1 11 12 13 14 | 15 29
Stress Analysis J
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APPENDIX H

End restraint constants for single ended in plane element
1 1 1

(HB =-a V5, Tp=-byg S5=-¢ WB)

width of faying flange

depth of frame web

width of flange

thickness of faying flange, flange and frame web respectively

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

Uniform load applied to the element, positive downwards
Rotations in x and y directions

Displacement perpendicular to the plane of the grillage,
positive downwards

Rectangular coordinate axes at each hub point
Distances from hub to end O of element

Distances from hub to end B of element
Distance of the outermost fibre of the beam cross-section

from the neutral axis
Effective shear area of element

Cross sectional area and length of pillar support

Length of an element

Young's Modulus

Modulus of shear

Moment of inertia of cross-section for bending out of the plain
Torsional constant

Moment in x and y directions respectively

Total number of elements in grillage

Parameter to determine version of the program

Iabel number of element (at end 0)

Element type number

Number of hubs

Force perpendicular to the plane of the grillage

Torsional moment

Concentrated load applied to the element, positive downwards
Angle element makes with x axis

Angle between element and image

SIGMA O, SIGMA B Stress at end O (or end B) of element

SIGMA M
SIGMA P

Stress at a maximum in bending moment distribution if any
Stress at point of application of concentrated load if any,

Notation marked with * is illustrated in figure 6

s el X i it ciai s | il
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