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GENERAL FORMULAE ON THE 1-STOREY
CONTINUOUS RIGID FRAMES

By Masao Satake, C.E. Member

The 1-storey continuous rigid frames, which
we have to treat in designing overhead way
structures are usually very simple and regular.
So, by treating the problem in a {ull generality,
we will be able to obtain general formulae for
these kinds of frames, applicable to many cases;
such formulae seem to be especially useful for
us in determining the factors of frames which
are best fitted to the given case. In this paper,
we shall give such formulae concerning the 1-
storey n-span rigid frames, as shown in Fig. 1,
in which the spans /7, the hights 2 and the
moduli of stiffness % are constant. The {ormulae
given in Table 2 are rather complicated, but still
useful for practical applications.

We shall start from the following equations
of the slope-deflection method :

Myro=2¢s1+0e—Crs, b
Mz =Pa-1+202+Crs,
Mzt =kCoxtva, L (1
My =k(pet+ ¥
=3 (Mwr k),

Mozt Mgy + Myt =M,,

(the joint-equations)::-«--s+cs:- (2>
Z'(Mxx’ +Mx’x> = —Ph,
(the storey-equation)«sseeeeeees (3)

where C,_,, and C,,_, are the load-terms caused
by loading on the x-th span M, is an external
moment acting at the joint = and P is a hori-
zontal force acting on the storey.

Substituting (1) into (2) and (3), we have

20 +kyg,+e, =—K,
Cr1F22HRIPx+ Prin=— Ky ( """""" (4>
P 2R, =-K, /|
and
B3I 02 T ahe)m —Phy ceeeveereieeinnonenns (5)
where
szcxx—1h‘cxx+1_Mx+k Yrp rreeeeseeeeees (6)

The solutions of the linear equations (4) with
vespect to ¢, can be written in the linear form
%Z.%' Ay Ky wooereeemeemeinc, 7

where the coefficients A,, are independent of
K, To determine these coefficients A,, we
employ here theory of difference equations, which
seems to be the most suitable method for this
purpose.
The characteristic equation of the homoge-
neous difference equation of the 2nd order
Gy 22 )Pyt Py = Oereenemeencrenniencens (8)
is
BEAO2AERIBAL =0 verrensrrenein e €9)
Using a root of (9)

f=— QAE) + S THR) (B, cerrvrererieens aom

we have
_(aB*—b gy (aB?—-b BN
y<x, Azy= (B—B)(a? f*—b% ") 1
y2x, Agp= B—F)(a? 0" §)
........................ an

where

a=p5+2

b it } ....................................... 12

Since £ is an irrational function of £ and so
not easy to deal with, we now introduce the
following 9 rational functions. (The situation
is quite similar to the case where we use the
real functions “sin 2” etc. in place of the com-
plex function €*).

- ﬁx+1_‘5—x—-1 f _ aﬂx_b B*

- e * B—p

t _ ﬁx+1__ﬁ—x g - aﬁx_b B-—.’:-{—l

* 8~—1 * 8—1

BETI 4 g3 a B4 b g
U= SRS (13
vp=BF+fF gx=a BE1b poE
dx: a? ﬁx—l_bz Ig-—x—i—l

B85t
These are all polynomials in terms of £ of degree
x, satisfying the difference equation (8) and also
many other mutual relations as furnished in (i)
Table 1 shows the coefficients of these
functions for z= —4~5; for example
—fi=2+2k (e fi=—2-2k)
Fo=T4+12 k4 R

~ (vii).

etc.
In terms of (13), (11) can be written in the
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form
y<x, Axy——“‘“f—“‘“—’;xfy ]
n+1
P (14
y>x, Axyz—idii
7+1

Hence the matrix of the coefficients in (7) is of
symmetric form as follows:
i+1

1 e
<A”>:?Z: Fo Freeeneee Fo Frcirfo Fol

By making use of the functions in (13) and
dividing the cases under the 5 typical load con-
ditions, culculations lead us to the solution of
(4) and (B), which determines all the moments
in (1) required in our problems. The general for-
mulae thus obtained are represented in Table 2.
In the cases I and III, the effects of the incli-
nation v of the column-members are usually
small, so that the neglection of the correspon-

LDV o Sumi oS fumie i fi S ding terms will simplify the formulae a little
fo fD ......... f;. fo ......... fn fo more.
........................ (15)
AR MR R s e A X $ e % = % = ElmlIIllllllllIllUmlHlllllmlllllllllmllllllllllllllllllllllllllllllmm“ﬂllllllllm
ZEE A E KT BHERE M % &
E B &N o= A z B £ ® & = B mom £ B mMEEE
» BB R — » R » + B W E ” BB %— 5
’ FR e —E » v oE B = . 1 EEHE » 2 m R E
» B % B ’ B E E » o B % " woR %
» Hom o— » MR E X » x B & B » I
’ n s B — ’ £ 5 % B » R » ok R
’ i oE % » M OE R , wOE % » Wk R
” A H BB - ERE— 8 » EaNE » = H BB
» ABRE=H » 5 m B .  E @ B ¥ OEB R X
. £ B % » v B E - E R
O
WM 3743 F 158 R e A ~ . =
1 b s ERELWTE B S % 250 [ CF 30 [
MR ERHFEXES—TH HEEA L AE & K H OE OH
SV i S HEMBER FRE®S W& & #H o K B E T
- 88+ K B & T 168 F
HESHmEEERKA  FEEXE£—-TRE BF GDREIBE
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