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THE DERIVATION OF INFLUENCE EQUATIONS OF
STATICALLY INDETERMINATE STRUCTURES |
WITH PARTIAL FIX¥'FY AT SUPPOR’I‘S;

*

By Tadafomi Mikuriya, Assoe, Member,

Synopsis.

This paguer presents e solution of indeterminale steastirey with purtinl Oxity ab supports
and i the continuation of tho thesis on the * Derivation of Influenco Lquations of Statically
Indeterminate Btmetures” which was published in the September 1038 numboer of this Journal,

INTRODUCTION.

The solulion of hulelerininale structnres have been earried out with the assungp-
ot they nre perfectly {ixed or perfectly hinged ob supports.

Bul praetieally the conditions of sapports-are neither perfeetly fixed nor porfeetly
hingeenl. This aetuad condition of  the supports makes a differonco in tho distri-
Imtton ntal climrneter of stresses in the structure wid therefore o differonce in the
reanlty whieh swould e oblained under the assumplion that the supports are perlectly
lixest or perfeetly hinged.

The meauaplion of the conditions of the supports is fmportant for the analysis
of witeh stenetires i which the ehaeneter of stresses are cearefully noted, for example,
reinforesd conerele siretiee,

It i anore ogienl o anulyze the struclure witl an -assumption - that the supports
ol e straetieee Jinve o cerlning Y pereentage ol fixiiy.” '

The solition of w straetoee with supports having lmi'tinl fixity is made ay

follows,

STRUCTURE WITH PARTIAL FIXITY AT SUPPORIS.

As o exmnple Teb us ke s stachure having the Jelt suppﬁrt partindly fixed
wid Hue gt apes perlietly fixed as shown in Fig 1.

It e feft snyquort is also perfeetly fixed then frone the angular reletion the
tletlection angele g

F e left support s perfolly hinged thon we have from the defleetion moment

My 4o

smtione, oy o 9
-
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It is imaginable that deflection angle at @, my, might

. b My G e
change from (—-12?—%9&) to gy as the fixily increases from T ay % "
zero to 1, 7] 1{ ol

The author defines these conditions as follow: When ™ 71 T
the end 18 perfectly hinged the percentage of fixity is zevo y
and when the end is perfectly fixed then the pereentage b Cé[‘fj’;u
of fixity is 100 %. . Wk,

Now then if the support has k 9% flxity thon Fig. 1.

mg AeY o

m1=k%~("2 ey )(l—fv)

Substiluting this relation into the deflection moment cqualions,
A Mf = — (20 kb ko) — Adeek

Riif}
4
Theso are tho general deflection moment equations when one end of aonether hay
o fixity of & %.

Writing tho deflection moment equations for the struclure shown on Flg 1

A= = [ 28 1y 4 kep, |+ AR A U= )

Aﬂ{f m - (Repy - Do) — gl BAL = - (Bin 1 mig)- B
A= — I:?g"'(ﬂ.—l' k)4 l‘l}h] + ARt A Jgg"h(l —~J) CAfym ==(Duen -+ nitg) = O oy
By = (g am)~ By, (AT (L TR ST B oY i

From tho angular velations:
Mgt iy~ kP, =M= Pyl Py, M=y,

Substituting in above equalions:

,-IMT = — (8, b Ly A o BM = - (orey by~ b @Y 1 T b
AM¢=-~[’ﬂ’(:l-i-k)-l-l.'qﬂ,: + A Bt A -";""(:l-«k) Ay e By =24 Bpy} - (et
B = = 2iy—Rep b Bepy-b g}~ Beens CMye (g tpy b Bgg) b Cfen
A4 | Mz | e | Me|# G atmd s L | § |Se | ea | Soy |24xiny
[\ AE| Ar8 | 7€ | € AL 18| -8B | ¢ | -C
Z|-AY (2nraply, Bsrelyon) 528, Y - 2AY 988, 1984 | 7y | sz 3
36| 2418 Harac)|ve g8 | 8| 3¢ |3c £
417 7/ AR - :
s/ / LAES {
G| / /. B4z [

Table, 1.

By the usual procedure eliminate “m®” and “q" from the equations combine
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with YTl wul Zd a0 wnd establish the Influence Kquations as shown on

rable 4, Tu the cpuations £ s equal to (1;}])

NUMERICAL EXAMPLE.

Tuko il sume stroeture used in the numerieal example which appeared in the
previous Journad, Sepl. 1082, exeept that the fixity ot the left support is & 3§ us
ghown on Fige 2

By subatitnting the nmumerieal values into Influence
Fouadions piven on Table 4, and solving wo have:

, LRy,
A "7‘778("21- )“
s ) -1 us(') ) -1
It &% appronclus zero then,
T oy LTI O0) 20, 97 TTB(00)
g IO M= ot T T o0) |

w415 I
Ir &% Decome 100 95 then,

34,850 27.778(1) 40
My ;

10780 1, M= ['= =450 1

LA 11

L)1

Phese restills cheek with the results obtained by the Least Work
The vurintion in vidines of My and M, «due to the change of £ 0%
the Table 2 mul eneves (Fig, 8).

principle.

are shown in

il a7 | r7e (S5 re | ma N pm.

o) o l|-esmsr S -

20 |06 -n180P 80 | 2732 F o007 L P

20| p1a 4P l-2ofep| 70| 3.023P 4/ 1TF N /4.“

014633 P |-3.3677|80 ] 3, 2080|-4328p N

40 | 2ovap|3.607p | 70 | 8.5237 | 4468P 4N

50 |2 #08P |- RBI8P | 1003, 35P \REIPL O 10 30 4441 50 % 20 10 o0
Table 2. Flg 3.

AN ARCH WITH DIFFERENT PERCENTAGE OF FIXITY AT
SUPPORTS.

Take the sune ureh wsel in the explanation of the fixed arch which appeared

i U previons Journal with the exeeplion that the pereentage of fixity at supports

a and bois dilferent.
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Pig, 4,

From the deflection moment equations

AMY = =k t-Ton) DMy = = {2y bamy)
"My n ' f 1 i
AWM=~ [‘) (BE)FRipy. ORI ST L T I |
DMy= =By ban)) FiMg = (2emgg b i)
BMy= —(9mg-Fmy) BNy v (a1 g}
Uiy = —( Dy -+ ma) I Mg (g by
CMy = —(Png-t-1tg) (it = P b )
. 1A= — 2ty 11ty AL 51 gkt 4 )
I'rom the angular relations :
Mg == Ry Ay b, iy g~ Py gy, drty 8 gy Ay b gy
Wy =2 Hig = Apy o oy 1= e Pat g 11yt e (g i 4y

Substitibing these relations into the moment equations wiel eliminading “m "

and “o” combining with the conditions of S/ =0 and ZJ V=0 wao Joye thiee
Relutional Moment Bguations whicl ave very shnilue to thet of the fixed o,

i ; AR g
A A A A AN - AN v M < i
1| A4 ars)(arclcrolo ENENFNFro) 6 (L)
A%, |88 0P| Dy £ | F | 1309+
(=A% |47 T 1R
! B¢y |cds| DE: E;‘f F'?’r,r 6&/36‘((%){’3 ,,,,,,,, ﬁ# " 4%
AL A A A ARG, e T
il -48 |'¥ h 5 ¢ ¥ i i TiNa lras
" |803 | cos | D87 |EOs | FOy ‘,ﬁﬁfa,ﬁq_(z_%’"ﬁ):zﬁl ‘ ”' T
5 -/ / o | Xy KA N T
@ ot SO0 VO 200 N L. T yAR
7 AW e N L T
g it DR SN k% .1 IS T N T A O A X
: o | A
Ll = { be17 .1 T N O yati

Table. 3.
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Iistablish Infhience Rquations with Relational Moment Equations and moment
equitions alwt seelions passed ot cach, pannel point ag shown for the fixed arch.
The values of ¢ and 0 axe the same ng in the fxed arch,

NUMERICAL EXAMPLE.

Tudee: i arele with dimensions s given in Hg. 8 and having a constant arch
rib.

Divide the areh into 16 seginents and establish the Tifuence Ticquations by in-
speetion s griven on Table & Then substitute the numerical values in {he equations
and solve, ' '

The arele way solved for various pereentage of fixily, & and £, at the supports
the rewults of which are given by the influencs lues on Fig, 8 and 7.

From these eurves varions interprelations may be obtained for the arch problen,

Then the question of the aetual values of & oand % arises. What should o
their values for practice]l paoposes; sinee they vary aceording to the eondition of
spporta?  For oo two hinged wrely, the rensonable values of 'k oand B enn he obtuined
by conmidering the Prietion betwoon the pin and shoe al springing of the areh,

Table 8 illustrien the wolution of sinulteniong equations for the arch,
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