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FIGURE 7 Force system of the free-body circular sector element.
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TRANSFORMATION OF CO-ORDINATES

First order derivatives :
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where
A, = cos (@) T sinicngm{zm
A, = Ecnste(;sintzm 2 o 0 O~ e
A = LEAULES cos’ (d)-sin(d)sin(2d)
A, = o1n® (c ms{cn:in[zm
Ay, = .- sl sin” ()
A, = " OO )= Ssintd;sintad}
A, = - sin“{dncnat.*- _ 3305(11‘;5111(2&'}
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A, = sin( VI;'._ % (s
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INFLUENCE FUNCTION
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EVALUATION OF THE DOMAIN INTEGRALS

The domain integrals which appear in the right hand side of

equation (27) through (34) take the general form :

¢
T - (cl)
In the case o™= “{*amﬁhags at (g,n), this load can
be merely replac / \ :in.“ggfn s SLCE.M) <, FoF. Which
»
[ § (&, (X,¥5E,N) =
<Q
and equation (35) ]
I = (C2)
® \h J’J
As menticra 'ributed load , q(&,n) ,
M
may be treated by %?v1d1ng the loaded area 1nto M finite strips, each
U ARG ING
qmmmmum'mmaﬂ
acting at the center of each strip. Therefore; equation (35) can be
" replaced approximately by
T 5 '
8 0 {pi(g,m [ f(x,y3E,m) dQ(¥) } ’ (et
" i=1,2 £1
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TREATMENT OF SINGULARITIES

Using the equat.i'un of equilibrium, Tottenham can avoid the

problem of singularities of the integration of function M, V , glzln’
gnliﬂ and R" on the plate bouyggyy, when &:';1] and (E,.ﬁ_’) are
coincident since thess term 1ln(r) , % %
which are singular at
FUNCTION V_  anG

From the | ol AN ) , the expression of

i polar co-ordinates can

-‘ }] (d1a)
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Thus, from (17) and (dl),

B 1
Hr it { 2(1 + »1Inir) + 3 + v }
Crgh RN

e
V. =
-Cﬂnsidﬂr‘ . : i’ : : "y N-Scular disc (Fig.7a),
center of circle | -"f AN N\load is applied. The
total vertical she: o - N can be found from the

or

4 i ”
thus l Hﬂ dt
—n

R

=

—"-ada‘ ‘ (d2)

mﬂuﬂ ANngnIn E.!'lﬂjm e ?

wﬂwﬁmmﬁwm aY

ars2
+ l II'I} . COs@ A de
T r=

-.n. TS2

ars2 2
- l (V) _ & cose de = 0
T AT
o Fi
=l { 1-v-2(1+ v1nia) } - td3)
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Similarly for the case which corresponds to a unit couple

applied at the origin (Fig.7b), deflection, w_, , and corresponding

2

stress resultants may be e

Hr! i
Hrﬂ'z i
Won T
1llrrt = 5
7 i’
Using tlI3 .' . 1> to evaluate these

L dF

integrals, it can J? shown that

ﬂutl’) EJ‘(I?‘NEI'Iﬂ

qméﬂmﬁmmwmaﬂ
or l_ﬂg—;-*"—-dt. a [ e SR (da)

and [ Paat - | M oa - o . (ds)
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o

FUNCTION R

Consider the corner force, R‘ s in eq.(27) where {-:Ej) and
(E,n) coincide. The corner force, R" , can be found to be zero by

using equilibrium condition vaertical forces of the free-body

circular sector element rer (Fig.Tec). Let € be the

radius of the circu ™, of applied unit force,

resulting shears mer force must be in

equilibrium :

e "
y 2
o L# ]
thus R + l 0
From :" —¢ shearing forces that

act on the diamet-; 1 seet.iﬂns of t.he elemant. - st. be zero (10).
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USER'S GUIDE

1 HEADING

(1)

II MASTER COMG

1 f sides of the plate

(2) W of column supports

) umber of line supports
(4) g m mode :

. O prnb . solut.ian

ﬂuﬂqnﬂﬂ%’wﬁhﬁ?"’
ﬁﬁ*‘?ﬁﬁﬁﬁm:mmmaﬂ

Vertex number
(2) CVIN, 1) X -ordinate of N-th vertex
CV(N,2) Y -ordinate of N-th vertex

(2) NELEM(N) ' Number of intervals on side number N



IV  INTERIOR SUPPORT DATA

A. u rts

(1) N lumn support. number

(2) gnate of N-th column
2 of N-th column
(3) pss of column support
ffness of column
X-axis

| ffness of column

| y-axis

(1) A L) ber
i" ;
(2) wstarting point of

~.N-th line s®™hort

ﬂuﬁwsﬂmﬂm oy
qmawfﬁ’sruunmma” . iy

CVLJ(N, 2) Y -ordinate of ending point of
N-th line support
(3) NELEML (N} Number of intervals of N-th line

support.

T2
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(4) STA(N) Axial stiffness per unit length
of N-th line support
STRL(N, 1) Rotational stiffness about n -axis
of N-th line support

STRL(N, 2) yptational stiffness about t -axis

2 line support

(1)

(2) M ticity

(3)

VI  LOADING DATA |

-

-
!

Y

(1) —- concentrated loads

Total number™of zones subjected to

wvrm J U F
qmmgmumwmw

variable entry
(1) N Concentrated load number
(2) PL(N) Magnitude of =z-direction force
(3) XP(N, 1) X -ordinate

XP(N, 2) Y -ordinate



variable entry
(1 N Zone number
(2) INCRM(N) Dividing into stripon x or

(3) AN :
(4) 7 \ L\ NN Uistributed load
istributed load
(5) 1st vertex
ist vertex
2nd vertex
@ 2nd vertex
3rd vertex
(iV'L(E »2,N) v »crdmat.e 3rd vertex
AU YANUNTNEANG =
CVL(4,2, NJ -urd.iuat.e of 4t.h vertex
Wl mn‘mum'mma t
"
variable entry
(1) N Concentrated moment number
(2 CM(N, 1} Magnitude of x-axis moment
(3) CM(N, 2) Magnitude of y-axis moment
(4) CCM(N, 1) X -ordinate

CCM(N, 2) Y -ordinate
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VII SOLUTION OUTPUT

A. Control parameter
variable entry

(1) NDL r of solution line to compute

#tion and stress resultants

number

(2) starting point
. of starting point
M-c of ending point
ginate of ending point
(3) Jbr)als of solution line

er‘

AUEINENTNYINg
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INPUT DATA

XAMPLE 3 * % * PLATE WITH MIXED SUPPORT #*

4 D 14 G 14
-12.0,-12.0,1.0E+50,1,
.0,-12.0,1.0E+50,

.r-n.-u-n.-h.n-n-hm
C!
hn
.h.
ﬂ
hn
=

4- 0,-12.0,1
12.9,-12 ﬂ.l.ﬂE+L
12.0,-4.0,1.0E+3%
12.0,4.0,1.0E+4
12.0,12.0,1.
4.0,12.0,1.
9,-4.0,12.0,1.
10,-12.0,12.
11,-12.0,4.0
12,-12-ﬂ,-4-
1,-4-ﬂ,4-ﬂ,-
2.4.ﬂ,-4-ﬂ,4-
0.25,2.204E+
0,1,0 AN
1,1.551iﬂﬂﬂ G lﬂﬂb. 3r e ‘H .u,lq-ﬂgquﬂ,-14-ﬂ,14|ﬂ
4 ==
1,0.0,0.001,
2,0.001,0.0,
3,0.0,4.001,
4,4.001,0.0, y o R -

Y ]

ﬂ'lJEl’J‘V]EITIﬁWEI'Iﬂ‘i
qmmmmummmw
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OUTPUT RESULTS

str ERANPLE 3 t¢¢PLATE WITH NIXED SUPPORT # ¢ ¢
CONTROL PARAMNETERS

NUMBER OF SIDES
NUMBER OF COLUNR-SUPPORTS
NUMBER OF LINE-SUPPORIS
SOLUTION WODE
EQ. 0 PROBLEM SOLUTIOR
EQ. 1 DATA CHECK

L]
s a— —

LL Y] UL

BOUNDARY DAT™

YERTEX COORDIN

NUNBER I
| " =14.00000
! 14.00000
| 14.00000
4 -14.00000

INTERIOR SUPPORW
COLUNN SUPPORT

SUPPORT C OO R D P =y
NUNBER X Vi, Y

-12.0000 -150000 0. 100wweray . twwuue-49 0. 100038019
=4.0000 -12.00 0.10000E451  0.10000E-49 0. 10000649
A UERBNEN N
!2 ﬂ 0000 0. 'IWHEHI 0.10000E-49  0.10000E-43
12.0000 12,0000 0.10000641 0. 10000E-49 420, 10000E-49

AR RN IRURIINDN Y

-12,0000  12.0000  0.10000E¢51  0.10000E-49  0.10000E-49
] -12.0000 4.0000  0.10000E+51  0.10000E-4%  0.10000E-49
1 -12.0000  -4.0000  0.10000E¢51  0.10000E-48  0.10000E-43

1
!
|
4
5
§
1

LINE - SUPPORT

SUPPORT COORDINATES RUMBER OF RIAL K-ROTAT. T-ROTAT,
NUKBER  I-X I-¥ J-1 -y INTERVALS  STIFFNESS STIFFNESS STIFFHESS
1 =4.0000 4.0000  -4.0000  -d4.0000 6 O0.10000E+51  0.10000E+51  0.10000E-49

! L0000 -4.0000 4.0000 4.0000 6 0.10000e+51  0.100006+451  0.10000E-49



GEONETRIC ARD NATERLAL PROPERTIES

PLATE YOUNE'S POISSON'S PLATE RIGIOITY
THICKNESS HoauLLS RATIO (0)
0.2500 0.22040E410 0.1500 2935848, 25230442

LOADING DATA

TOTAL NUMBER OF CONCENTRATED LOADS
TOTAL NUMBER OF LONES SUBJECTED
TOTAL NUMBER OF CONCENTRATED M

DISTRIBUTED

20NE  DIVIOING  NUMBE"
NUNBER  DIRECTION OF S
| I 56

COORDINATE
i st VERTEX
2 nd YERTEX
1 rd YERTEX
§ th YERTEX

Y

V.
- NUMBER OF SOLUTIOR LINE: =

SOLUTION OU

T g,

0.0000 40010 13.9950  &4.0000

’qm mnm:m'rmma 4

NO. OF EQUATIONS = 1]
REQUIRED STORAGES = 16038
t1t  QEMERATING OF COEFFICIENT MATRIX COMFLETED tattatd
ter  GENERATING OF LOAD VYECTOR COMPLETED  exraarsrrsss

g1t SOLYING OF UMBMONRS COMPLETED  reesrzeppszsrsisesy

78



SOLUTION LINE WUMBER |

COORDINATES IRTERKAL FORCES
X Y ¥ Kn Nnt n fn
i 0.0000  0.0010  O0.MOTIE-02 0.17382E404 -0.52073-03 -0. I34T8E-04 0.84360€-05
? 0.99%  0.0010 0. 1053 -0. 19926400 -0. 130036403 -0, 64268E+03
] 19991 0.0010 g 285ITE+00 -0, I548TE+03 -0. 128T3E+04
{ 2.0088  0.0010 DOIEHO0 -0, 708536403 -0, 19341E404
§ 3.998  0.0010 . £403 -0, T0605E+08 -0,25799E+04
§ 48982 0.0010 . ) 0L 20 -0, 801136404 -0, 321506404
1 5.001 0. S a0 -0, BARTIEH04 -0, 38055E404
g §.9015  0.00 ' 088 14AE 04 -0, 42803E404
g .99 0,002 A 9041TE+04 -0, 4838TEH04
10 8.9468 w. 0125 1E+04 -0.51584E+04
1l 0.9064 0.0 i NE N 90 138E+04 -0, 53307404
1 10,9561 0 ' ¥ NN U eBTABER0N -0, SATHRENM
13 1.995  p.on \ RN 2 1099E+04 -0.56076E404
12,9984 ; ol £SO NN NN TR 00 -0, 540216404
15 13.9950 , . ONN 0.663TTE+D5 0.22690F+06

SOLUTION LINE NUNBER

COORDIANILA : u ;Es

1 e [
0.0000 medmmm
0.0010 us. A 90852640 -0.65336E403
p.oo10 1.8 0.2080ut"oc u"wuwlﬂsﬂ“h“:-“““mldtﬂ“ﬁm
0.0010 znu 0.31175E-02 -0, 153646404 0.312936400 -0, 324336404 -0, 19659E+04

0.00 ‘ﬂ.ﬁIHE -02 -0, 1250304 -0, 11326E400 -0, LT915E404 -0, 262186404
At nonangaag -
#0 d -0 380616404

0.0 6908 l!l HIHE !1 0. 33541404 -0, AQTTAEYQ0 -0, B245TED4 -0. A4BIEHDM
g.0010 7.9911 0, 11916E-08" 0, 415026404 -0, GERIE-01 -0, 670116+04 QUAS1OIEHL

AW AN NI AR R EEIR S

0.0010  10.9961 0.66256E-02 0.16664E+04 0.48358E+00 -0.B5684E+04 -0.550T4EHQ
0.0010  11.9957 0.333006-00 0.58521E+03 0.63I66KE-01 -0.80414E+04 -0, 56507E+04
i 0.0010 12,9954 -D.GTGSSE-04 0232786403 -0,58603E400 -0.73914E404 -0,53890E+04
15 0.0010 13,9950 -0.344G4E-Q2 O.21TATEHOY 0.4B162E403 0.79520E405 0.26816E+06

D ed T L e el Pl s



SOLUTION LINE NUMBER ]

COORDINATES INTERNAL FORCES
1 ¥ W ([} Knt n ¥n
| p.ooo 40010 0.450256-02 0.26943E+04 0.216156-02 0.44506E-02 0.56910E-03
? 0.99%  4.0010 0.431376-00 0.21874E+04 0.10007E+03 0.668G5E+0 -0.58320E+03
] 1,998 4.0010 0.30058E-07 0.55372E403 0. 130026403 0.19467E+04 -0.11780E+04
i 2.9089  4.0010 ; PR04 0.12114E403  0.43S59EH04 -0, 1TRHIERQY
§ 1998  4.0010 L 4S3UERDL 0. 38587EHOT -0.24307E+04
I 49582 4.0010 UGEDY -0, TA44BEHDS 0. 3119TEHQ4
1 5.9979  4.0010 1368 1E+03 -0.10204E405 -0.38528E+04
i §.9975 4. - 03 -0.921626+04 -G AGTITEHOY
§ 1.9971 wd -0, 92068E+04 -0, 56562404
n §.9968 oo 9T00TEHO4 -0. 49702404
1 9.9964 0. 109136405 -0.91624E404
1 10.9961 49N =« 146426405 -0. 14043405
1 1.9951 4.0 , 16552E407 -0. 220076401
W 129884 SNCBTA9EH03  0.46093E+04
1% 13.9450 0139236410 -0.23400E+11

SOLUTIOR LINE NUNBER

COORDINATES e — AL FORCES
A Y g= = nt in ]
! G000 0 3 013E+00 -0.60620E-03
2 L0010 ————— = THEHO4 -0, 59427E403
1 40010 0N X ll' §8E+04 -0. 120006404
{ 40010 7, |, 18340EH05 -0, 10269E+04
§ om0 3 0.b0oaui veemee ey - .HIHEHJ JIBIBAELOD -0, 24824E+04
§ 4.0010 4.9 ! 0.411736-02 -0, 136626404 0. 1A916E+03 -0, 145626405 -0.31T4TEH04
I N 59019 . TOTR0E-02 0.25640QE08 0,11201E403 -0.10352E405 -0.39203E+04
g e SRS
§ 04 -0.515T5E+04
10 . 8.9068 0.109706-01 0.512016404 -0.51337€402 -0. 974136404 -0.T10B4EHDM
1 4 WI{II 9.9964 0.83759E-0 0,37900E404 -0 SREASEA07 -0, 109956405, QR34 8E+04

RARSN I UANEE:

1 40010 12,9954 -0.264TTE-02 -0. 134796404 -0.8E570E BI04
1§ 40010 13,9950 -0.48952E-02 -0.13696E+08 -0.35987E+08 -0.64435E410 -0.20308E+11
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SUPPORT DISPLACENENTS AND REACTIONS

COLUNN-SUPPORT

SUPPORT  DEFLECTION SLOPE SLOPE REACTION NOKERT
H0. 5 4 P I AN ABOUT X-AXIS
030513645 0.21919E-02 : ) 0.301336-52
1 0.4BIBIE-S -0.B366%5 | 0.35612€-52
1 0.4B284E-45 0.35612¢-52
{0305 ME-45 0.301316-52
5 046188645 0. 1112152
6 046790845 T D (112852
1 0.30513E-45 ' N 1] 113E-52
8 0.4281E-05 TN N U 536 12652
§ 0.40284E-45 A= B N §126-52
10 0.3050E-45 0.2 % 5 PR TN 030132652
(LI R LN HERT
12 046190645 20 40 JF MUV -0 2052

LINE -SUPPOR]

ELENENT  DEFLECTION
M.

NOHERT
ABOUT M-AXIS

i 0.18011E-45 - -0, 588326405
b DANMES  0.98 e o B 0. 2503405
k| IJ.H“!E-J i ,@ E40d
R B4
5 0,202676-4 e o e
R RTITE e il (T

o L dF

LINE -SUPPOR I

ﬂ’ﬂﬁmﬂﬁm INYING

qﬁ%&ﬁ%ﬁfﬂmﬁ B

0. 1H462E-45  0.10049E-02  O.ATHOTE-46  0.19202E405 - 0.63209E+04
0.202676-45  0.96204E-01  0.18TT4E-45  0.210226+05  0.25033E+05
0.18011E-45  0.89052E-03  0.51624E-45  0.24005E+05  0.G8B326405

HONENT
ABOUT Y-AXIS

0.21918E-52
-0.83668E-51

0.83664€-53

-0.204917€-52
-0.29683¢-52
-0.29684E-12
-0.21913¢-52
0.83666E-53
-0.836626-53
0. 21917852
0.20683E-52
0. 29684E-52

NOMENT
RBOUT T-AXIS

0.11813¢-52
0.128396-52
0.13398¢-52
0.13399€-52
0.12839¢-52
0. 11874E-52

NOMENT
ABOUT T-AXIS

0. 13349€-52

0.12838¢-52 -

0. 118T4E-52
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