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sYNOp s 1a

The jurpcsg of this study is %o explain briefly
& method vhich has dgn found useful i apélyzing bullding
fremes which arg stéticully hdctaminate, The detaminat fop
of Maximum moments &nd shedrs i bedmd vhidh are ¢uite
sat ixfagtory from design okt of vigu has been discussed
extesivdy, The deteminat lon of design mements for

olusns Gpd poat of Inflsetion i bedms have also been
disoussed,
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1.0 IHIROUCTION 1e

The building frame analysis has assumed a positimn so
prominent that it 12 now one of the most important subjeets with
which a structuml engineer i3 cmfronted, The moment analysis
of such frames by rigors methods with hand computations becomes
too laborious and time eonsuming due to high degree of indetermency,
So some practicle methods of analysis of such frames were thought
of from time to time by engineers. 7The practical method deseribed
here 1z known as " two eyele method of moment distribution”™. This
method 15 based on moment distribution method presented by Frof,
Hapdy Cross in 1929. In this method the original moment distribution
hag been limited to vhat is called " two gyeles " and this
limitation, oslight as it may seem, opens up opportunities for
introducing a labour and time saving arrangement of pecopding,
But this speeial type of Pecording should not be misinterpreted
and eonstrued to signify that moment distribution method has been
ehanged or improved . It has merely been condensed. The proceiure
for condensation was presented by Portland Cement Assoctation in
1941, Thic method is identically the same as described in Aprendix
2 of the 'Jaint Committee Heport 1940, where formulas are derived
for the solutim of moment distribution, but these are rather
eomplicated., The rosults are same as the Joint Committee procedure
goes, but the arrangement of ealeulations 1s changed snd provision
is made for detemmination of mid span moments and eolumn moments,
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2,0 LRECISION OF ANALIGIS

ihe two ayele method can be safly adopted for
detemmining design moments, Iecause the so e¢alled "exact"
methods ape laborious and the use of such methods 1s not
Justified in conerete structure for several reasons given
belov te
(1) Eg. The modulus of elasticity of emecrete vary
ensiderably in the same structure with different condition
of age and moisture,
(11) I5. As the emorete in slabs is generally monolithie
with beams and 4t 13 uncertain how mueh of the slad 4s
acting as flange. A much wider portion of slab aets then
that limited amount available for tee in stress computation
as specified in vearious codes,
(111) Az, There is a growing practice to determine M,0,I
from the gross section of emecrete ignoring the steel
reinforcament which 19 not known before hand,
(iv) Variable I. Host of the concrete beams are mmoli-
thie with slabs so they act as Tge-beams for + ve -
nment and Reetangulapr beams for -ve moments, As the
character of 5,1 change: in beam of a frame 8o the
M, 0,I 43 also variable, .
(v) Loads., In computations loads are customarily
placed in those positiong that will produce absolute
maximum values, regardless of the fact that sueh
loading eonditions may never be realized in t'e 1ife
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of the structure,
(vi) Diserepancies.,  Minor discrepancies will occure in
emstruetion . Column gentre will vary a small fraction of
a em, and cross sectims of menbers may vary quite a bit
from the theoratieal siszes, OSueh vaplations do not amount
to anything with statically determinate structures, but
the effect in emtinuous frwmes say be to ehange considerably
the assumed ratice of member stiffness,

da the other hand it should be noted thmt tests of
modols and fullsigzed structures have demommstrated that
reinforced omecrete fmmes are olastic in their behavior to
a surprising degrea, and that designe made by the prineinles
of continuity have proved capable of severe overloading and
satisfactory i1 all respects. The above argument is nerely
to demonstrate that no haipesplitting is prmacticable and
that a reasonadly accurate approximation is all that {s
necossary or desired,

ARl LATIRGIS K .G HaalBBl MAISEIL,,

The mopents, sheaps and axial loads are brought about
in part by the weight of the structure ( dead load) and in
part by the live load, While the farmer is constant, live
1oads can be plaged in varlous ways, scme of which will
result in larger effects than ath-;ll.

In figurex 11‘.:)::1::1:::05151“&11"10-4.
The dlstortion of various freme mewbers are seen to be
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lapgest in and immediately adjacent to the loaded span,and
decrease repidly with inereasing distance from the load,
Sinee B,M 45 proportional to curvatures, the moments in
more remote morbers are correspondingly smaller than those
in , or close to, loaded span, However, the loading of
figure 1 (a) does not produce maximum moments in CO, In
fact the"checker board pattem " of live load of figure

1 (b) produces largest possible positive moments not oaly
in €O but in all loaded spans, Hence two such chedker
board pattemns are required to obtain the maximum posftive
noaents in all spans, In addition to maximum sran moments
the loading pattem in figure I (b) gives minimum span
moments in unloaded spans,

Maximum negative moments at the supports of the
girders are obtained , on the other hand, i the loads
are placed on two spans adjacent to the particulap
supp Pt and in a corresponding pattern on the =ore remote
girdeps,

While the loading of figure 1 (¢) results 4n
lapge moments at the ends of the ¢:lumm ecol and DD 9,
Those moments are further augumented 4if additional loads
are pluged as shown in figure 1 (4),




Aegarding the stiffmess the 18: L56- 1978 stipulates:

21,3 Stiffness

21e3+1 Belative stiffmess- The pelative stifMmess of the
members may be based on the M,0,I of the section
determnined on the basis of any one of the following

definatibnas

a) Gross Section- The cross-section of the member
ignoring reinforcenent §

b) Transformed section- The concrete cross-section plus

the area of reinforcement transformed on the Lasis of
modular rmtio § or

e) Cracked section- Ihe area of emerete in compression
plus the area of reinforcement transfomed on the
basis of modulapr ratios
The assumption made shall be emsistent for all the

members of the structure throughout any analysis,
According to ACI : 318- 19712

8.5.3.1 /ny reasonable assumptions may be adopted for
computing the pelative flemural and torsional
stiffnessess of eolumns, walls, floors and roof
systems, The assumption made shall be consistent
throughout the analysis,

The M,0,I bassed on (pogg section 1s very simple
to ealeculate and is practicable as it eliminates the



design of reinforcemsat and the detemination of centroid
of the section,

Fortunately, in the moment analysis of a emtinuous
structure, the only use to which M,0,I 48 put s in the
emmputation of the stiffmess of the members and of distribution
faetors at the joints of the structure, But the distribution
fagtors at & joint can be obtained by using the relative I's
a8 woll as by using exact I's . And the relative I's of the
ménbers can be obtained in a simpler manner than the exact
I's,

Fop the purpose of moment analysis the I for a
rectangular seetion is g » casidering only gross
conerete section,

ihe I's obtalned in this manner are alvays larger
than the exaet I's and the ratios of the relative I's to
the exaet I's are not constant, Howvever, smell vapiation
tn ¥,0,I and stiffness have little erfect on the
moments , and therefore the use of the relative I's in
moment analysis 12 Justified,

For T siaped seetios, typleal of peinforced
emnerete beams, an allowance must be made for the effect
of the flange. If the reinforcement is noglected, the
I of the section shown in figure 2 1s given Wy the

formala
I.c‘

¥
in vhieh ¢ = 1+ (b/b'=1) 2w=+;§5#:= :
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Cocfhicients for moment of inertin of T-beams.
Fig. 2

Figure @ shous the valug of C, for various values of t/h,
Jlottud as ordinet¢s Ggainst abaelssus of y/b', It cop M
s€In that, for the comen values of t/h between 0.2 @nd C.4
and of by/d' betwem 5 énd € velues of C doviate tut 11ttle
from 2, Therefore, M the pral minary apalysis, 2 convenient
wiy to compute the I of a T~ siot fom 15 to doulle the I

ef the recténgular seotion b ' h,
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It 18 assumed that clockvise end moment on the ends
of the members op anticlockwise on the ends of the joints

are positive as shown below i )
, Clock Whis€ Moment on £

ok o newher L+VE-}

e g
p?
ﬂ\ﬂtdﬂhﬁ ““:::f :‘; FJT =E+*L*V‘]

The distributed moments have sign opposite to that
of unbalanced moments,

The earry over moments have the sane signs as the
distributed monments or the opposite signs to that of
unbalanced moments,

Basic assumptionsi-

For ealeulating the maximum moments in the beans
following simplifying assumptions as speeified in various
eodes are made.

I6 s 456 - 1978 :

21,%,2 Substitute Frame - For determining the moments and
shears at any floor or roof level due to gravity loads, the
boams at that level togather with columms above and below
vith their far ends fixed may be considered to constitute
the frame.

ACI 1 318 « 1971 ¢

8.5.1 The live lcad may be considered to be applied only




6,2

6e241

to the floor oF roof under consideration, and the far ends
of the columns may be ascumed as fixed,

Lrscedung: - _
The procedure for computing maximum moments can
be explained as below i

1) Isolate the floor to be designed from the entire
frame,
11) Caloulate the relative stiffness of each member,
1.0,1/L value,
111) Calculate the distribution factors at the
joints, 1.6 Fy = Z;u

i)
iv) Caleulate the fixed end moments for the Jead
Load and total Load on the member separately,
v) After calculating the quantities described
above anal sis is dme for
a) Maximum Negative Moments at the supnort.
b) Maxtmum Positive moments at the center,
e) Minimum moments at the center as deseribed

below je

The ealoulation of maximum moments at support
ean be dme easily by the procedure explained in Table 1,
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The operations illustrated in the Table I actually ecovers
two eomplete eyeles of distribution, whieh in the ordinapy
tyre of recording means that mments apre distributed twice,
fot only one distribution is in evidence, This is because
the usual two distributions have been combined in one
operation, HNoments are included with F B M' 3 before the
distribution is made., The operation in Table 1 can be
easily explained with the help of an example,
ALlUoTAZIVE BGNILE:

Analyse the frase shown in figure given below .The
frames are at 4 m interval, Dead load 1s 350 kg/ m° and
live load 1s 500 kg/ n2 ,

" c D
4% FI 3%
LY " LN
[ | & . oy
4K 2k LS
IR ree PR LK
% .
e r e | 1 M
1K 1% an sk
N o e P
& A 2K -
254 25K 2§ e
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Solutioni=

decond floor analysis of the frame is done here,
Self wt, of the beams IJ, JK and KL are assumed
500 kg/m , 300 kg/m, 40O kg/m respectively.
D,L from slad/ m of girder = 350 x & = 1400 kg/m
LoL " " - =500 x b = 2000 kg/m
FoB,M for D, L and T,L for girder IJ, JK and KL are
shown in table belowt

Bpan | DL RN 1 LLTEE,
T T o ST
: 7 : 10133 kg-n : 20800 kg-nm :
8 syt Y
' KL ey B B
t 1 ' t

The second flook 18 isolated from the whole frame,
To determine tho maximum end moment at I place Iotal
load on IJ and Dead load on JK as shown in figure 3. As
long as J 418 ooneidered fixed, end moment at I is
+ 20800 to left and « 1275 to right, The unbalanced moment
19 U= ( 20800 « 1275 ) = + 19525, When J is peleased,
the moment distributed to the laft of J 18 « U X D F =
- 19529 x O,% and the moment carried over to I while
I romains fixed 18 « U x 0,7 / 2°= « 19525 xz 0% /2
= 3905, This value 18 written as shown in figure 3 but
neither U oF « U x O,F 15 recorded, Joint J 13 then
relogked in 1ts new position, How tum to I whieh so
far has been ¢ msidered locked, Originmal F E.M, 1820800

13
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but release and rotation of J transfers an additional
moment to I, and at this stage the modified total F,E.M

i ( « 20800 « 3995 ) = - 2L705. Since there is no

FoE,i to the left of I, unbalanced mcment U at I equals
« 2705, Releasing I and permitting it to rotate induces
a distributed mouent at ¥ equal to « U x D, F -{Mﬁxi )
= + 12353, Thus Final mwaximum moment at I is given by

( « 24705 + 12353 ) = « 12352 kgem ., Then to determine
maximun «ve moment at J total load 18 placed on I J
and J K with D,L on others, liow begin with releasing
Iand K, The figure 3 clearly shows how to compute the
two moments + 5200 and + 108, Wnile J 1s still c.nsidered
fixed the modified total F,EM at J are + 26000 and - 2667,
Then release joint J, Multiply the unbalanced moment of

( 26000 -« 2667) m» 23333 by distridbution factors i.e
23333 x O.% =933 and 23333 x 0,2e+ 4667, These values
with negative sign give the distributed moments, Then
addition of these to abowve gives final maximum moments,
ihe computations presented in figure 3 in expanded form
can be eondensed into a single table shown in figure b,

A eomparison of the two methods of recording shows that
all the numbers in differant tables of expanded examples
£its into the blank spaces of the other tables, and the
overlapping ogcurs only wvhen the same number is used in
two different tables, In a condensed version such a nuaber
is written once and 17 used suecessively in several
operatinns,




I
Dist, I G
DL FEE l-10133
 uond I
TeLaTeBM  {=20800
|
gl?}t. & r" 3905
. -—-—-—-l——n—
Addition  |=24705
Jtﬂmmti’.!!i‘ﬂaﬁl
Final Max, ‘ 12352
nogents
B e ¢ b
161776
6‘2.2

The procedure for computing maximum moments
at inter-mediate pointe can be developed ac follows:

T AT 7 AR 7

ZHL 13

iR 3 QL
L --“fHL --l.f_“n

%' % e «CR x 'BAEH

Wh-“hﬂ;- -'4;(%54-%'} "m‘%’qﬁi wige Change in # 3
m_ﬂ

SUre 9
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M e F RN

ZH = Unbalanced moment
r = Distribution factor
¢ = Caprpy over fuctor
Q= Cy o ZH |
S = Change in F B M,

L} & = Subseripts indicating the left and right ends of span.

Figure 5 shows the five spans and the standard moment
distribution operations carried out to determine the changed in
the {nitial fixed end moments in the central span, The above
notation 1o used to indicate the various quantities at the ends
of the central span,

The sum, 8 , of the last three terms at either end of
the span 1s egqual to the change in the F,E,M at that end,

A 1ittle reflection will show that a positive change
in 8, , 1ts sign based on moment distribution convention, produces
a2 nunérical decrease in "HL' and that the offect of this
decrense,represented diagrametically by lovering of the left
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end of the axis of fixed beam moment diagram, drawvn on the
basis of the structural convention, is to produce positive
changes in all the ordinates of the moment diogram, In a
similar manner, a positive ehange 5, produces a numerical
inerease in + M, , vhich, reflected in the rising of the
right end of the axis, produces negative changes in the
opdinates of the moment diagram,.

Let AB ( figure 6 ) be the fixed central sran in
which §; and Sy oecure , and let it be required to find
the corresponding change /\ in the fixed beam moment at
any point C, If X and X3 are the ratios of AC and CB to

AB , 4t follows [rom the preceding paragraph that

ﬂ--xi.sL X .8

Gubstituting from figupe 5
As (
Al @]

)
Factoring
fh-' L ( 1- ;El+ *a X (tep na)
= 'u;-"‘n " B Qn['gr-"i. 'NJ
*iLinxatlﬂ*Qﬂ'-xLirm
In equations above the § and ' are the moments
obtained after the first distributich and carry-over ;
Compaprison of moments denoted by { in figure 5 and with those

recopded in line 3, Table 1 shows they are identical, both
with regard to the arrangesmont of loads and to the progedure




of emmputations, The monents dencted by 3 ' do not appear in
table 1 due to loading arrangeaent which is exaetly opposite
to that vhieh results in Q values,

In beams of eomstant x - seetion €, = Cy = 1/2,
Therefore for such beams

ﬁ--QL(EzL-IB(kI“hQI :lnlle“-!m}

%Xy et 5, ry,
Saeaae "’

At the gentre of sran

IL = In = 1/2
& -*QL“'*"B}* in (1"'3‘) 2 ‘EL' I‘m
e W g i z
L]
i % 'M aaspea {EJ

The far ends of the adjacent spans contributes 1little
tovapds the moment distribution at near end so the value of
' or Qz' Dbeing very small can bo ignored, Then

A = Change in moment at centre under fixed eondition

= -{hbJ. q" *+ Qg 1+0r)

T w
Cenerally in mcet of the building frames maximusm

positive moments occures at the mid dhan, the procedure fop
vhigh is showun in Table 2 and explained with the help of
previous example, For span IJ multiply « 3905 (1.0 ¢y ) at I
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byed (1 +ry)=ed (1+4) and record the result

+ 2929, Multiply + 5200 at J ( Right end) by + § (1 + &)

and record the result = + 3640, All other corrections are
detemined in the same manner, Then the sum + 10400 + 2929

+ 364 = 16969 1s the maximum moment at mid span. It 18 to ve
noted that the factor for sultiplication of 3§ 15 «f(1+ ryp)

le0 wvith «ve sign and that at right 15 + §( 1 + ry,) 1.0

+ve sign. This assumption is same as that fop F,L,M,'5,

Lelie o o i gl

g =

J | BRESTOMOR: f.. — |

If however it is required to find maximum moment (™
st an intermediate point vhie: is genermally a gquarter point ,
the mid point or the one third point, then the fommulas
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5 for the coefficients of § at these points in span of
enetant croass-section are given below @

6e2e 34

y The teru"minimum monents” denotes a moment produced
at a point in structure vhen live load are placed only in
those positions whieh, in the computation of maximum moments
at the same point are kept free of live lcad, The womrd
" minimun" 15 used because, ordinarily the minimum moment
is the smallest moment that may oceure at the pointj it is
usSually of same sign as the maximum moment.




it is eomnceivable, howover, that if a short span
sueh as BC in figure B 1s flanked by two relatively
longer spans, and if the live load 15 placed only on the
side spans, the mcment at the mid point of B0 may not only
beoecome negative, but also be numerically larger than the
pagimm positive moment which can develop at that point
when live load 1s placed en 3G,

The minimum span moments in all the beams can be
emputed in a sanner similar tc as desepibed 1in the Table
2 with the only difference that 2nd and 3Ird rows i.e,
FeE,H due to DL and F,EM due to live load are to be
interchanged,

In most of the e¢ases the U,L present on all spans
prevents the live load from creating negative moments in
the Central segnents &8 spans, Therefore the usual effect
of placing live load on the side spans of the beam is to
reduce positive center moment in middie span. The caleulation
of this 1o not important from design polnt of view,
Ggeanc:imally, however, Lf the live load produces a negative
moment at the 2id p dnt, than thé procedure expialned in
2ahle 3 may be used for that span only which will also be
used for caleulation of maximum soménts in interior columns
as deserided in the proceeding uua'li.

Figure -2 _ shows the caleulation of mintuus
mnoments for the middle span of the given example,
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Shear at the end of a beam that 18 part of a frame is
determined as the sum of the shear in the beam emsidered simply
supported and a correction due to difference between end moments
produced by the frame action. The correction 15 usually small
compared with simple beam shear, especially in interior spans, —

In end spans the eorreetion may be obtained from
the moment caleulation in Table 2, |

.h
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For 1llustrmtion in end span 1IJ, the end moments
are 12352 and 16666, The difference betwveen them is
(16666 - 12352 ) = 43th kgen.

The shear correction is L31h divided by span
length,

1.0 = b3/ 8 = 539.25.

The end shear in the beam ¢onsidered simply supported
is 85028 /2 = 3400 kg, The total shear at J is 3400 + 539,25
= 3939.25 kg and that at I = 300 539,25 = 2860.75 kg.

Fop interior beams the loading condition for
paximum moments are not quite as favourable for detemination
of maximum shears, For 1llustration, consider the problem
to determine maximum shear at J, The shear in the simply
supported beam is 850 x 3/2 = 1275 kge 733% kgem 15 the
maximum moment at J, but 3677 kg-m at K 1s not the mouent
due to loading which will result in maximum shear at J,

The moment at K iz too large . o computing the sheap

eorrection as 233 - 3677 9219 kg 1° not on safe side,

3
Sut this corregtion 15 usually so small eompared with the

value it modifies that it is gemerally sufficient to use
some rough approximation such as twice its value, In this
case shear would be ( 850 x 3/2 ) + 2 x 1219 = 3713 kg.
iIf it is necessary under lpil‘il]. ¢ircunstances,
when the correction 15 not small as emmpared to shear due
to simply supported beam as in the present case, to
deternine the shear correction asemetx accuratly . The
end moment to be used instead of 3677 may be eomputed
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simply in quickly as in figure below te
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The shear correction now 48
equal to = 7334 - 1768

3
= 1%5 k‘i

Maximum shear = 1275 + 1855
= 3130 kg. ¢

which is less than the approximate value,
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On the subjeet of how t  determine bending moments
in eolumns, the ACI code 1971 says in section £,5.4.1
"In ecomputing moments in ¢olumms, the far ends may be
econs . dered fixed, Columns shall be designed to resist
the axial forces from loads on all floors plus the
maximum bending due to loads on a single adjagent span
of the floor under emsideration,

" Hesistance to bending moments at any floor level
shall be provided by distriduting the moment between the
columns immediately above and below the given floor in
proportion to thelir relative stifMmesses eomnditions of
restraint,”

First of all, it is vithout any doubt simplest to
use the moments obtained from regular beam analysis such
as illustrated in figure .4 __.. If gronted that loadings
other than those in figure _4 __produces greater moments
in the exterior cclumns, ht:l.illlquﬂttﬁl whether
the extra effort spent in obtaining maximum column 4s
Justifiable,

It is generally conceded that moments cannot be
deternined in columns nearly the same degree of accuragy
as in beams, A beam moment 15 obtained as the sum of
F,i,H and an additional term op a correction derived Wy
analysis, Sut & column moment simply equals the c rrections
cbtained by analysis and is therefore, as a rule, ‘or

g



more senstive to changes in assumptions and mueh more
susceptible to faulty analysias,

Another argument is that columns appear to have a
marked ability to throw off moments they are unable to
support. Consider for example & column supporting an
axial load and assume that one end of 1t being subjected
to gradually inereasing rotatiom. At a certain stage of
rotation, the column section may be overstresced, and 1t
may erack oF yelld in some way, When this hanrens there
i2 a sudden drop in moment required to produce to rotation,

One Il.ﬂt say that eolumns in buildings tend to select the
amount of moments they are capable of supporting,

The importance of agourate moment determination for
girders as eompared to columns can be discussed this way
also, In girders the required cross-sections are dictated
exc¢lusively by moments and shears and for this reason a
relatively accurate dJdetermmination of these gquantities is
ealled for. Sut columns, on the otherhand, must resist
axial loads from overlying parts of the structure, in
addition to bending moments induced in them by rigdly
conected girders, Some inaccuracy in determining these
nonents affects, therefore, only mne of the two factors
(loads and moments) which detemsine the required erosse
section and, for this reason, has small overall effects
than similar inaccuracies in detemmining girder moments,
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Fpom the above argumenta following emclusions may
be drawn @

The elastie¢ theory 18 not at present closely enough
in agcordance with fagts to jJustify a too elaborate procedure
for determination of moments in columns, Cranténg that larger
moments pay be obtained from theomatieal analysis, it is
felt to be satisfactory to compute column moments under the
same assumption as that used for beam moments which is that
fap ends of ecolumns are fixed above and below the floor at
wvhich moments are to be detemined,
2ETERIIALION _oF C LM MOENIS

The eonsideration 1in the last section appear to
justify the recommendations that a column moment to be
determmined on basis of the assumption underlying the
calculation made fopr beam in figure 4 __. For 1llustration,
the moment at the exteriopr end of the beam is - 12352, This
moment must equal the sum of the moments in the colummns
at I and should be distributed to them in prorortion to
thelr stifmess ratio or distribution factor. The moments
in the interior eolumns are not recorded in figure_ 3 ___
because all end moments there are based upon live load on
both sides of each individual joint, whereas most ¢-des

agify that ecolumns moments be eom-uted for unbalanced
~ading 1,0 live load on one side only,

30
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Figure O __ whieh wus used to determine minimum moments
at aid span, serves the additional purpose of obtaining
moments in interior cclumms produced by unbalanced floor
loading i.¢ live load is placed on the altemate long
spans,

If irregularities in span and loading are large
encugh to eall for an analysis for beams more extensive
than 4ia figure __J_ the general form of moment
distribution may be used in which case it should be
employed for both columms and beams,

EOLAT QL UNIASC Rl

It 13 necessery to specify vhere to bend up bars
and how far negative reinforcement shall extend into
adjacent spans, The rule generally adopted is that sueh
reinfcreing bars shall be extended, atleast 12 diameters
beycond the point of infleetion or beyond the point at
which they are no longer needed to resist stress, Table
% ean be used for culeulation of point of inflexion in
entinucus beams, Taking again the case of bemm in the
above example. Let the problem be to determine the point
of inflectica for negative moments ngar J,

The fimal maximum moment My, 45 + 16666 and the
original F,E.M 45 ¢ 20800, Compute the ratio 16666/20800
= L80 1locate this type of loading in Table b and proceed
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in the 1line marked " Negative moment " $o the right until
the ratio of 0,8 15 reached, Just above that point on the

adjacent scale, the value of 0,16 appears which signifies
that the point of inflextion is a distance of 0,16 L
from the support, L being span length,

If the span is particularly short compared vith the
adjacent spans, them under such circumstances it is
possible that o greater distance to the point of inflextion
may be obtained with minimum loading as on BC,

The eonstruction of seales in Table § can be

illustreated as below
T ACTUAL MOMENT CURVE

F.EM curve

T
&
- :
)t. o 1‘
LS N
- 4,.
' L.28L |

wd |

1 ¥

"""5’ < T K-25L

Base Ling

FiG 14

illustrates the method of

Figare _ 21 __
eons truction for a emmcentrated 1019 at mid span,

The heavy black 1line is the moment curve in a beam
with fixed ends, and the point of inflextion for this

curbe 12 at the quarter poilnt, If M 45 the fixed



10.0

34

ﬂmtudr.l'u the fimal moment in the beam then
the distance to the point of inflection must be 0,25 r x L.
This determines the relationship between the scailes

in Table &,

Distances to the point of infleetion for positive
noments are detemined in & similar vay, and data are
given in Table &, for several type of loading, In all
instances actual moments whether at ends or at mid
span are to be divided by fixzed end moments, It should
be noted that the data in table b are correct for the
case only in wvhich moment curves are symmetrical. Hut
it 18 usually satisfoctory to use Table & also for cases
of dissymaemtey, The table is applicable to mesbers of
constant or variable M,0,I, Table b 43 also useful for
determining where a ¢ertain percentage of total
reinforceaent is no longer needed,

The accuragy of the tw> ¢yele procedure {s
tllustrated in figure _12% __ by eomparing the results

.obtained by tw> ¢ycle moment distribution and by doing

the ordinary moment distribution of whole frame for various
enditions of loading and ignoring the sway in the frame
due to unsymetrical loading which in building frames

is wsually very small,
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The results in figure _12__ shows that the results
obtained Yy two eyele procedure are fairly accurate and
ean be used for design due to the reasons already explained
under the heading " Pregesion of Analysis", In the example
it 1s seen that the percentage variation is not more than
ten percent,

11.0 42»

The two gyele method though not as accurate as the
more exagt methods has got the following advantages 3
1s This method limits the analytical work to just that
wiiech is required for reascnable accuracy,.
2, The computation of moments by this method saves
emsiderable time, effort and paper,
3 ihis method is perfectly general, It c¢an be applied
to any type of loading whether it 1. uniform or concentrated,
symmetrical or unsymmetrical, It works with equal facility
for any combination -f stiffnens for variosus beams and
¢ lumns,
b, It can be used for haunced beams and flared columms,
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