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INTtsODUCTTON

A progresslvely lncreaslng demand for nultl-storey
and ûu}ùl-bay bulldlngs makes lt lmperatlve that a slmple

as werl as a reLlabre method Ls devlsed for the analysls
and deslgn of these complex strucüures o To cope wl.th

such an unprecedented demand the nethod must have¡ &s 1bs

outsnandi"ag feature, the guai-lty of belng the least tlme-
consunlng c

Fiany factors contrlbute to thls acute need for
tall bulldlngs, among whlch may be 1lsted: populatlon

exploolon, overcrowdlng ln b1g cltl-ee, lndustrlal expan-

slonu a very rapld pace of developmenü ln underdeveloped

counürles etc, Skyscrapers Feem to be the only solutlon
at the nonent to cope wlth an lncreaslng dernand for floor
area, where the land area nust renaln the sâme. A1Êo ¿

certaln school of alty and tgTn planners favour the con-

sÈructlon of tal1 bulldlngs wtth open spaces ln between

as a basls of the concept of the Garden Cltles of the

future. Thus lt ls obvlous that any solutlon ¡^¡h.lch

would alleviate the above sltuatlon 1lr the mLnlmum pos-

stble tlme v,¡ould be very welcome at thls Juncture"

. fbe publlcatlon of the Hardy Crose method Ln 1932

enabled Èhe structural englneers bo üackle the compl3-cated.

and t111 then, relaülve1y forblddlng.problen of analyslng

conplex multl-storey and multl-bay rlgld franes on a

i.-.',: -:: .'.

r.t'
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ratlonar and convenl-enü 'basls" Tlrl then ühe analysls

was confl¡.ed to euplrlcar fornulas based oil experlence

or experlnental nodels whloh proved succeesful, slnce

then, theee varlous other üethods and nodlflcatlons have

bee¡r lntrocluced, all deslgned t,o make the analysLs and

deslga of these structures relatlvely slmple and as accu-

rate as deslred or deslgnated" Thls hae been lnstru-
nental ln enabllng archltecüs to deslga boLd and challenglng

structures unhampered by structural lLmLtatl-ons thus mak-

lng posslble the modern day wonders 1n bulÌdlng construc-

tlon too nu¡nerous and well known to be llsted hereo

fhi-s thesls deals wlth the sane problenn of analy-

sLs ln yet another e¡ây¡ lncorporatlng all the deslrable

features mentloned before. Broadly speaklng, lt ls à

comblnatfon of the Gantllever l-Ioment Dlstrlbutlon l{ethod

aud Morrlec l{ethod, and as the tltle suggests ls essen-

tlaIIy ar. approxlmatloa method of analysf.s.

The second topLc dealt wlth ln thls thpsls i-s the

analyols of ühe Vlerendeel truse. Vlerendell trusses

are very useful for long span.s and wherever greater open-

lngs for utllltlee are requlred. They flnd lncreaslng

use ln garages and supernarkets and also l-n brldge co¡t-

structlon to reduce the effeaü of lateral wlnd pressures o

¿//



GE},IENAL DESCRIPÎIONS CF TIIE þ1OM'NT DISTRIBUTION ÞETHOD

Rotational sùiffness a
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.A counüer-cl-ockwise momeat, is applied at the

simplB support member of a stralght menber of

constant cross section fixed at one end and

slmply supported aü the other end..

In order to find the angle of rotation e the

eonjugate-beam method can be applied.
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lr.,r^-14¡.r=MAL\-.¡r T-t AEI

Ma=#e*

when 0" - 1

4EA ìs eql.led stiffness factor-'f,-¿uvê¿

MB = cl{A

^ -trfB-1'-q-z
The facüor nCn is called ea.q$/ over factor

r¿here I = moment of inertia of the uniform cross

section of the beam
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E"_
!- moduJ.us of elasticity of the beam

deflection at point A

angle of rotation at point .4,

A eor:ntèrel-ockwise moment ís applied at the free

end of a cantilever member of a straiEht nember

of constant cross section"

In order to find the angle of rotation ühe årêå*

noment method ean be applied"

ea=
H=CM¡

/\r B i|--- o* )l'l¡
L-- ,. - ---f

M¡L EI€,
O* = -g-T Therefore -1ë = Ff¿

stiffness factor for

EI
çrhere ¡- is the

the ca¡tilever beam,

M¡ = -CHg

., *MB- 1v-d--Io
l,1A

Carry-over factor for cantilever bean

Rotation stiffnesg for antisymmetry loadång"

r'r,r( Æ=r ÌMa = # n* see page l
It

þt-.-=- lm"

Èf

Mâ( -r::=:-- )¡aa
2

M6g-%.2r =
Yra

-T
?M¿.'ã

- /rî'I"3 
^-Tz-a

-BLM6g-6f€"

'ìi I
6 # = rotational s tiffness
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Lateral stiffness

A cên be found by conjugate-beam method"

^=ML 
!- r! *31)

4EI 6 '2 32'

= MLz rl _ I)= - [{12

::; 4El '6 6' 6EI'

r"r _ 6eI 4M.L o' - p
a:rJz

when A: I

6J'! = !atera I st if fnessÊ

Approximate analvsig of wind stresses

Assumpt i ons:

f l) Any one mult-story and multi-bay rigid frame cên be modified

to a symmetrical, single-bay, frulti-story frame such ó¡s shown i,n

Fig. I and Fig" 2.

Fis" 2

It{od i f ied

ny colum

the ha|f

n the o¡'

(z)

fra

the

n of anyi, story of

of the sum of the

iginal frame,

frame

the n¡odified

K-val ues of
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I,iamely Kr.. = 
Kcr * Kc2

'¿

K"c=Kca*nr4**r5

---

3) Any one K-value of the girder of the moctlfied. frame is equal to the

sum of ùhe K-val-ues of the girder of the correspond.ing froor.
Narnely KtCl = kI

K, G2 = KGZ * KCa

Q) The sum of any two upper (or rot¡er) corumns?end. moments of any

story 1n the modified frame is equal to the sum of the uoper (or lor¿er)

colurnnst end monents of the corresponding story in the original frame"

ß) The end. moment of the left (or right) hand sÍd.e of the girdçr of
any floor of the moùifled frame is equar to the surn of ùhe end moments

of the left' (or right) hand side of the girders in the co*esponding
floor of the original frame,

M ( 
/-l;-lÐ Fig. r- shor¿s the distortion of a symrreüricar.

,-xL l
bent that moves freely under applied corner

moments f M. Each column has a moment diagram

r,¡hieh corresponds to a free cantilever beam"

,Si.nce identical columns have the saue lateral
defl-ections und.er equally applied moments.

For such a cantilever the monent carry_over factor
(C) to the fixed end is -Ì"

€ caused by a moment M, t" # as conürasted to

(r)

Fig" 2" The

in Fis, J"

lvíl

/. T¡T

slope



7

L is the length of column

ï is the moment of inertia of the uniforrn eross

,section of the column, and

B is the unodulus of elasticity of the eolumn,

a-_\/Iq Mtrntll
)- l lM

MMq\,4 l/'l vLAv
2

Fig" 2r cantilever noment Flg. Jr Rotation without
branslatioa

The top rnember for anti-s¡rmmetrical moments eaused by slde sræ.y

has a stiffnesso a resistanee to equal end rotation, that is 1.5 times

greater than its resistance to roùatÍon at one end r¿hen the other end

is fixed"

I'forris method gf monent distribution

After uriting dour the fired end. moment in the colum¡s of each

story, the steps, to be repeated through two or more cyelese are as

follor,rs:

(1) Distribute the moments at the joints.
(e) Garry-over the distributed moments at the ands of eaeh member using

a carry-over faeto" (c) of *å.

(¡) Balance the columns moments in each story by making their sum equal-'

the shear in the story times the story height, This assumes the joints
to bg fixed against rotation, but, free to defrect lateralry.

Süeps 1, 2 and 3 complete a cycle, which may be repeated as many

times as the desireC degree of accuracy may reouire"
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Pr,ocdures r

(l) Making ar¡y one lrregular rectangular frame as a sJrurmetrleal regular

rectangula¡ framê.

(¿) !ðrlte dor¿¡ the flxed. end. nomenüs by the columnsrtsing @antiLever

mo¡oent distribuùion method to analyse the modified s¡rmnetrical frane.

ß) Using the final end. noments from step (2), redistrlbute the end.

oomonts to the original frarne Ín accordance with their relative stlffness
ufulch becones the flxed end. moments in the orlginal frame.

(¿) Applying Morrls; nethod. to analyse the original frane. In this ease

only one cycle is needed..

The deüails of eomputation

as posítive"

*-_\
-Y

E:cample 1, One-story frane as

are shoun in brackets opposite

are shou¡n in

acfÍng on the

the foLlowing examples.

Joint belng consideredS"ig__-.+f"¡!tqg Cloekwise moment

+l
+l{ /

t-
Çt'r

+Å r-
;4"v

V
Il- +M

lrì

(r)

shor.nr is fixed

the members"

at ùhe boütom a¡d K-val_ues

ïhe frane is s¡rmmetrieal

about a vertical_ eenter

1ine. fhe wind foree aets

touard, the rlght as shosn,

I

(1) 
I

l0r

I
Fig. 1-A



ç_

(L 5)l

Solve by Cross Method

3.UF.E. M.
c.0.
D. Þr.

7"32
+5" O

-1

,fT

._<-/
/o"w

3.U
L.W

It.¿t x m
= O.723n

1r.16
ffiã"+õ
7"32

= l. gog t<

11" 16

Fig" l-C

_6_w
I I *)1-8¿8
I I mf. = Hol-d,ins foreett++I Fig, l-D

(c) x /*'o 
,

2.57r
F1g" 1-8. Final End Moments

3)

;

1-B

+15 .0
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noment

End nonents are found by

distribution.

B(1)D(1)F (1)

means of the apþroxinate method of

(r'l- -,-'

Fig. I-F

Fig. .1-H

(1) (¡)

c

Fig" 1-A

Br (rs) c'

Fig. l-4

(3)

8.14. +/+.O4.

c.0, 0
V.D. +0.027

-5"38
-0" 136

+12.J2
0

+0.082
-o.ggg

-5.38
-0" 136

-0"D.M, +0 +0 -o
E þ.=+

+6"96
+o,3)5
+O"O27
+6.372
@

.F1g"

( The moments result,ing

Methodn )

-5.38
-0. 136

+I2.12 -5.)8 -5"38

and Moment distribution

moment distribution by ñlulorrisr

-5"38
+O"33

17,88
. /*09

+0.082
Wt,
@

1-I Shear

lrom one eyele
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End Ì'losi.

eorresp.
to K-values

Carry-over

l*4.Orr=16. ]16x2"Ï.J*JET
\1
G5.ß=-16.16x1¡¡

-0.136 = -(-5.38 + 72.f2 - 5.38) x

€bear d,ist. +0"02? - -(o*o.3JJ+}4./,0S) x2 x

1l
ïrFT * z

1Ì
3 xJffiSf xl

Patalls of Calculgtion

The aetual numerLeal calculations are indicated in detail in

Fig. l-H and Fig. 1-I. The proeedure is as folIor,¡s;

(f) Þbdlfying frane Fig. 1-A to Fig, l-F rutrlch is a synmetrlcal f?aneo

The gircler is considered hlnged. at mid-span. then one-half the structure

ean be eonsiderèd"

(Z) Reeognizing the fact that the rotation at tnp of left eolumn nust

be equal to that at top of rlght column in nagnitude and direction, the

K-value for girder is modified. by multipþing by 6. The K-values are as

shoun ln Fig.l-G. 6n account of symmetry, the shear is equaLly dls-

trlbr¡ted betseen the tr,p eolumns, the end noments at the top (or botbom)

of any column ls determlned by nultiplylng the shear in the column b¡r

one half the story heighù.

M = /+ x 5 = 2oK-ft"
4(¡) Distribute the unbal¿need moment at joint Bt - 4.r1g' x 20 =-J"$¡r

vil-I act on BrAr t8 v )(\ - íJI6.16 r,¡ill acü on Brcr. ÏIhen BrAr, - Fß 
l( <'.v - €{L)o'LLr þJr.¡r eç[

reeeived a moment of -3.84,, al'l- of opposite sign or +3"81, is carried

over to the fixed end colunn. There is nothing earried over along the

girder from joint Br to Cr (or C to B), on the right half of the frame,

sinee on account of symmetry the rotatj.on at the right æd remains equal

to the l-eft.
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(¿) All final end uoments rrill be ad.ded algebraieally as shor,¡n in

Fig. 1-H.

(f) Redlstributing those end moments from Fig" l-H to the orlginal

frame according to their relative K-values.

For col-umns:

+,ln.O/a = +l-6. L6 x 2 " -å-= )!+t+J+L 
I ror the top of columns

+12,12 = +16. 16 xz -frfg¡j

+j,g6=+23"8/t,xZ"$¡
- ' - - ), For the bttom of columnE

+1?.Bg =+23.g4x2xÏ*. _t
For girders:

-5.ß = -16.te " çf¡ At left end of girder

-5.38 = -16"16 * t.+;î At right end of girder

(6) afterrciting dor.n the .end. moments in the girders and col-umns,

dislribute the unbaL¿nced moments with the opposite sign at each jolnt,
but for cosvenience r,nite only the portion camied over to the other end.

of the rotating menber" The amounü carried over is one-Lralf of the

d-istrlbuüed monent, Such as -0. Ii6 - -(-5"38 + J2"12 - 5.3S)# " å"
Since the frame is fixed at the base, the rotation there is zerou henee

there is no moment camied over to the top of the eolumns.

(?) the rnoments lost in the coluuns by distribution whieh shoul-d be added

to adjust for shears, a.re the distributed moments plus the monents earrled

overr or three tines the sum of the moments earrled.-over, and distributing
this sum, wiÈh sign reversed., Í-n proportion to tbe r/Ê 

varues hal-f at



T3

each end of a column. such as +o.o27 = -3(o + 0"335 + Q - o.zros)x 2

1t
x ïÐÐTT x z.

At the end of the procedure ue nray find the totals of the original

end moments and the carried over mornents, and the moments of eorrecfion,

and distríbute the unbatanced total at each joint. All flnal end

no¡renbs r¡i1l be added algebraieally as shor"¡n on Fig" 1-I.

Shear check

The sum of the final end monents in all columns of a sùory must

equaÌ the sun of the original fixed end nouents ln this story"

+ 4"792
+ 6"3W
+l.I"ZU
+I7.qqL K ri,F
+39"872 x 2 \ -80"" " = I x 1O

0. K.

The momenbs in Fig. l-E compared r.¡lth in Fig" 1-I within lrfi,

The pmcedure in t,he follouring exanples is the same"

E:<anpl-e 2

Tr.m-story fra¡ae wlth lateral loads as shouc is flxed at the

bottom and the K-values are shor¿n in brackets opposite the

menbers. The frane is not symrnetricd.(1)

2"6t, (1" 5) (o.B)

:See Reference (f1) !ÂAnalysis
By Parcel and Moorman. 1955u

of statically
p,383-388"

2,3) (1.0)

24zgn

(1) indeterminat'e structu¡es rr



2"6tr

(z"zs)

14

(z"t)

6.gt+

( +.ri )

i
þúcdified structure

Fig" 2-B

Fig"2-D gives

d,istribution. Using

+7 "92
+2"77

moments resulting

Cantilever Moment

(13"s)

from tro cyeles of moment

distrlbution method"

the

the

-1" 50 t -9"2õT1T-
-0.02 i -0"09

+9.29
*6"5?

+15"81 - 2.64 12*T= L5"8/+

' r--l---l-*-_-
+7 "92 +28"75
-?"77 - 5"Lr -28"8
+r.5
-0.11 -0"21 - 1.18
+6"52 +23" /+Ju -29.98

I "28"7 5
+ 5.IL
+ 0.21
| ,,l-L:II

+23" /+/v

+1/r"W o ÃÉ+57"5L=ffx72=57"5

0" K"

0" K"

Fig" 2-D

2"61.

\<"1) ) ¡t_" z) )

+9.29 i-9"29



+0 ?\J

ri
+3"/4ß +17 "7 -20"75+O"25 O + 0.77
+C"J2 +0.31
-o.?$ -0"6¿ - o.q6

+/+.95
.-0"04
+O" 12

-ó" 06

-0" 03
\J

4"06
+0.31

+9"49
+4.32
+O"21+

-).23
*O,2

-3"23
-o"02

-,o"2

+4.11
_0,54.
+CI.l-0

-o

15

+5" 5
&3" 59
+9.6
+? 

" 
l+5

+J"45
*1,6J

+31.22'
tøËaEE&E
2"61* s U.
=31.68

-20"75
- o"08

+6"&
-0"05
+O"21+
+0

+2O.65
CI

+.ß"36

-g.u
*a"64

+

-9"2/* +2,9 +I0,62 +L7 "37+0.I7 -t,25 0 +2/*.8/+
+0.1 + 0,18 +22"Ø

¡,1,?å -l-"4Ê :4.%1, +?9"58
-10./n1 +1.63 +8.78 + 8.78

+28.71+
+ O"/n8
+ 0!36
+æ"58

-5"52

-2O"/r4

-6.05 i -t"st
"9"56

-3" l,Ê

24"62

+3"æ 4

+1.81

+8.39

t_

i
I
I,r

Final lbments þr equations

' F1g" 2-Y

ì+
I
I
IT-

+3.59 +L7"37 -20.96 -20"01 + +?2.W ¿
I

t__-ll

Fig. 2-ß

Shear and À4oment dfstributÍon

The resulting total mouents in each story is obtained by adding

npnents ab top and bottom of all- eolumns Ín the story are shoun alongside

ald equal to the shear multíplying by tLre story heíght,

+5,52

+3 "68

j

L_
| .)r.*

- g.0g
+ 0,?l
+2L.8L

L3"95
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All the end moments in Fig. 2-E compared wlth Fig. 2-F are r¿ithin /*% of

aeerLracy, Exeopt one r¡trich is urderllned is ouü of J2"57fi. Àct'ually

the moment is of 0,23 Kff differenee r¿1th the exact. result, r*rieh is

acceptable.

Eæ.role ?

Three-story

shor¡rr. The frame

f¡ane wåth latenal loads acting at the Joints as

ls flxed at the bottom and is :.- , symmetrie*1.(2)

K

ö
I

-l¡ -f8"-

(1)

Fig, 3-A

(z) See reference (3) på5g"
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(r. l) ir. l)

Q) Q)

çr. l) çr. l)

(z+)

Modffied structure

Fle" 3-B

I'bdlfied K-values

Fie. 3-C



(u)
(r3"¡)

(zl "g)

3.5)

Relatlve K-values

Solve for moments

(29.5)

+70.0
+l-3l j

+ 0,56
-J3. ã'6

Flg. l-D

+70,0
I

+ /+"7 lt

l/+o.oo
=1/+x10

0.K.

+/r2."O
+ 7.6

+14.0
1.56

o.32

38.82

45,r

8J.95
6xUn-9lt

0. Ko

Fig" 3-E

o"39
0

+1/u.0

- r.56.ffi
- 0.39
.ï

"/*5

72.1r5
T5"6L
28.06
2x:¡*'ß

nrva¡\.

H
æ



+ 8.72
+ 7./¿t.
s13.02
+ 9.88
+ 8.72
+27,lrL
+55,2?

2r.67
18.04
/+6,99
4L"26
2r.67

+ ) 19.0¿ffi6

+L0.13
- 0.26
+ O,j3
- 1"78

=/*xJ4*=56

-7.82
+0.87

-1.7S

+8"23 +22,6
4,65 - O./+
+O.)3 - 0.06

-7.82
-0.65

i12x14=768
0. Ku

+10.43
+ 0.J0
+ O"ij
+1. 96

+l-9, /+

- o.26
- 0.06

-29"78
+ o.59

30.2lr
47.12
5r.16
73,50
30.2/þ*)g "iz279.78=20x1/+=280

0. Ku

+1

+)2,O
0

+ 0.12

-28"79
- \Jc ?J.

-7 "82
-o.65

+l-.q6

-/r7 ,4
+ 0.89

+8.2j
+0.87
+0.33
+0

I

-/;7 . lr
- 0.8

-7,82
+0.87

-1.78

+/r5.2 -28.78
+ 0.89 - 0.51
- 0.12

I
I

i

I

¡t

l'+/8

-9.7

+18.8
+ O,59
- 0.12

T- 0.8
l+ 0.12

\4e

+]:O"/+?

-o.26
+o.)j
-1.78

+48" 0
0

+ 0"17
+ 2.qq
+ 51. 16

+72
+ L,3j
+ 0"17
+77^ 4

-28
+0

-0

+8.72

-/;7 . /+ -4'/ " 
lr

- 0"8 + 0"89

+22.6
- O,l+
- 0.06

Flg. 3-F. Shear and lbment ùistrlbuüion

+8"23
_0;65
+o.)J
-o

+j2
0

+ 0.12

+L9.1+

- 0.26
- 0.0ó

+lrg

- 0.8
+ 0.12

H\o



+8.76

+'l . /+3

+2L.5

4.65

-2L,55 +10.3ó

4"76
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Eæ,mple /..

The five-story frame r¡ith lateral loads is fixed at the bottom,

and, tJre K-values are shor¿t 1n opposlte the members, The unper three

storles are set back so that there are only tr"ro columns, but the frame

re¡nå.ins symmetrlcal about a vertical center lirru.(3)

2+

3*

10

10r

?!\

l-5l

K
25

I0l

Qr)

I

(]) (1)

(z)

(+)

(e) (z)

3)

(3) (¡)

t,+)

'lql i+)

$)

(¿)

(s)

(t") (+)

ß)

20r \)/ (¡) (r) fcl

Fig, d-A

I

(1) (1)

(z)

(z) (e)

(¡)

ß) (t)

(u)

(s) (8)

(15)

(10) (ro¡

I-,fodifid strueture

Fig, /¡-B

3) See referenee (2) p.45.
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Solve for Moments uslng Cantilever moment dístribution method
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100

E¡canple 5

Six story frame r¡ith late"al loads. (4)

1000

1000

1000

1000

¿) 20

=O
¡ (t2,5)
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(zs) (u)
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Q) See reference (9)

Fig" ?e,
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13Example 6
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(5) See Reference (3) p"364
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+ 77,J/+ - 2C.73

+

+

+

'-'--1 |

1"8xL2=2I.6

4/+"7 - 33uo
O.9lt
2"84
o"7/+ 1.og

+2O"99
+L9.92
+37 "3/t

_+?Ls76
+I10.01

+32"37
+26,27
+/+7,7 l+
+12 1n

.Ur,65+ 1¡'/.'14 - 3/".O9

9x12=108.0

( Contlnued)

12"6x]-2=l"Jl,2

\t
æ



+

+

3I"3O + 44.8
3"87 2"/+2
o.35 + o"53
1.51 3.r9

+ 26.27 + 39"72

+

+

38.8
2,5
o.53
3.9/*

+ )2.89 + /ß"58

+

+

2.67

5Tlr
2.27
o"39

- 65.99

Fig. 6-T ( Continued)

+

+

1r7 "6

:1{;
+ r")

2. lA
o.39

.g

* 64"0

i-r-----l---- 
--_T---l/uO"5 't + 59.4 -'46¿8 t,

O"75i+ 2.o7 ;

/r2.2) + 55"79

- 6l*.)5

3,78+ 0.58

+

+

+

+

- 81.48

+

0

.28

57.2 + 68"5
),4 /n")g
0.59 + o"7g

- 79.5
2.O2

*-1

0,45 I + 0,7

.01

96',"5

+ 4ß.'19 + 59")2

+ I.96

I.27

2"79

- 79.

+

+

+
+

- 98.02

5r. /,
2.O)
0 "'/).r2

5.59

:e

-106.4,

6.
10

+ I"/n

+ 57,25

+

+

+

+

5
89

+ L,7

72"I -'5'1.7

- 96.66 + 68"56

+
+

+

+

2i02
o.6tr
3,I2 + 2.

-r08.12

63.r
2.w
o "6/*

+39"72
+J2,89
+65,56
+57.25

,'12

+ 77.88 - 5

+

+ 1.86 +

2.'l

+8
+

+
+

+I95./ê

+Ä8,58
+/r2"23
+77 "88*ß.56

+2)7,25
6@

+55.'19
+/ß,79
+J2.O2
+8),r3

-Ic6,6l+ + 83.I)

3.29
o,77
/*,06

75 "O
2.98
o"77

.16

+ 92"02 - 63.92

5"8

16"2xl,2=194..1+

+
+

+

+

+ 1.88

gg.6
3"65
1.0¿

+ 98.67 - 75"Jß

8 + z,Oa

19.8x]-.2=21'7"6

+279.73

+59.)2
+6L"77
+98"67

+LO/*.'17

+32,t+"53

21./+x12=28QJB

( Continued )

27x12=32/+.O

w\o



+

+

71.8'
)"78
o"7g
6.91+

+ 6L"77 + 77.85

+

+

gr.6
5"75
1.09
9,O9

+

+

85.6
5.7 /n

1.09
10.57

-r)6"6+ 2.08

* 70.38 + 79.85

5.2

g7 
"5

0" 28
7.93

i -r39.72

Fíg. 6-I

-136.6
).28

+ 1.1

;M- -14614 .+ 2,2L 3"I5 +

6,0t*

-l?;6.78 +ra/,,"77

+

+

+

+

(Contlnued)

I -l5O,23

9lr.O
)"29
1.0/,
5" 4J+

+

+

+

+

+L5L.2
/r"3I
0" 28

+
+ ),95 +

98" 2
5.15
r.16
7"2

9r.7
lr.8lr
1,16
9"2

- 82.5

+ 2,82

+111.71 - 79"68

+116. ó

+ 6.9

+106.9

+ 77.85
+ 70"38
+111.71
+106.90

- 88" /+

+ 3.5g

j

i *zot" ¿,

i + 3"87
i + 0.38

+2O5.65
æ

+)66,8/+

+ 79.85
+I/*9,I7
+72j,50
+205,.65

+JJ9"I7

jO"6x72=367"2

)tr,9x1$=JJ6.0

¡*.o
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L^l
-Jj

gf .r"2- -4.)!l

-145.6+

rl(\

r(v
Í\
\l

C\¡
È-

o
o¡.(\
+

-44, tß
¡l\

-55"L6

Ì-
r^¡^
+

-81" /r8
Cî
cv

^t+

ô
P*

co
\l

-63"92

5"18
i+

HÍ--rosJz

È-
F{

(I.\t
e]
+

t'
t
tÈIr
I
l^t:
I¡a
t.

rr\
to
o.
c--
+

*-TtÖ;

Final end moments by approx. method vrithin 7.8%
As indicated, of course, utrich is acceptable.
2"23^' is not a great number.

of aecuracy.

-35"
cv
cr.

q

-6j"99
o.
to

c^

Fig" 6-J

Æhg e-r@ma.eetr 
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\o i-
\+í NHtqlr{ ot l.*io + Ol.¡ F\¿

^ lfe\ - i+* _5r.Ê 
i.r,,1-/u7.8 F- iaì c it'- ! -{ l^

l¡cq (\ Í.+i. +FO
irî Fl

¿ l-t Ln o\*

-t9"9

-'lr"g

oi
\O iO.
L^!o+il

I\T
-108" 6i +

t_

-90"6

Final moments by solution
of eouations"

È-
ô
O|{

i t.f\
tôlÍ\
I,J
I c\lt+
I

(\
-l
rl
+

Þ-i

Fig" 6-K
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75K

Rigld frame t¡ifh different supporting

condition 1s show¡ in the rig*"(6)

, 16r_ofr Ii- --i-*-.-*'--*.--------Èf
I

o"Tl2 o"/$5

I

i20i'
I

I

i

'
t

i*-
Modi
with

I

I
i
Iô

fying
pin

I
I

29-

Distribu

3'"2t|i o.¿0" 0..'. i 3'.yii
I
I

I
I,í

i
¡

i

I

t
I

2r.-
tion factor of the original- structure

conditlons and the loading

?

^a
15l+

I
It1.

K-value of tfr" column
support

216 3/,-l+

t 256

(6) See reference (Ð p"r+9



2190
/,&

"LA
o"Ila
0" c82

Þå:dåfi-ed structure

F-!1.1,1" þ Shear distribution

I

I

*315.02
4.95
o

Distråbutåon Factors
nodifie<i siructr:_re

^.F

JL¿
+ j6"t &2,

"Ef? løJ-
* 1"1

+{'J1, *56" lu

* 3/+5.02

Q..6
1.12
o,55
5"'12

55.3
3"25
ñ
AAA

+ ?q{]
n
.1 t1

67 "9
I"27
n Ê?Ä
ì7 

^',|
+ 4ß.89 * 4ß"89 - 58"76 à 4Q rilE, lu¡o(4)

I

, l^¡ ,l-'L¡A e ¿+t

* '7 'li
i

I

*r*--
I

I

-3115"O2
+ I ??Lo iJ

U

+/u20

l¡

-ÐY" J* 3"06
A AÈF
vGe | /

+lag"gg

-39.7t,
+58"7/+5

{a"63- -
*6.7L5 + o

A ,il É.

Shear = *É**

= 0"84K + 0

+383"39
+lrlg.33

"696" 5L

?q-

The nesulting
sheaning forçe

=*.. 
r-d? -L= * Q 6-?- -= J- 3?-

*3t*à,7L +fLg"33 *7L"&L +l /OQ )f^ - 1x,an'aL+t/ o4v - ¿,rvv

| +ó97" ró :

***-g"g3
{.+$¿,2} n696.5+ lg.S,q"øutj

end moments arâe within en es'roorr of tro%. Br¡t the
is not equal to zero. !t might be aceeptôb¡e,

*/r38

-43.5
+ 2"36
- t), >,
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.66
+ 52"/+9 ' 52"119

58:63
3"U

| -ruo.r,-
l- o"w

+ L.77

0" 082 O.1 1r2

+l+38

-j6 42"lr

!

-360.21

- 58"6)+ /,.25

I
Aa 1a
v¿. *

:

-360"21+ 1.31

1 -/a, )o

+ 72.O
I"3

+ 0"85
8"2

+ 6j"L2

(e"8É out)

+/.,38

9

1.03

- 4J"O8 + 52"/19
- 76.32 + 63.L2ãimoffi'ï
+115.61
:GO
: 'l .70
shear = 13

- o"22/þK

¡úvu
+J$
-ui+ 2.c6

1"03

+jJl.,.0j

4.5"2
I.1
o"53

0"1L4

+58.

-/+5"2
+ 2.52
+ 4.53
$ 1.07

+

+
l

+

+j99
0

+ L. /*9

-72"O
- 3"4
_ 0.85
_ r"93

-41.08 +/ræ"/*9 -359./,)

I

I

I

,þ.

t*oo"/*9
66t" jz

+)L36"y7
u98"78

-
1500

Actually,the earryover faetor from the top column of the

bottom story is not equal to -1, beeause it is no longer a cantilever

beam. The fixity at the base is partially restrained. Finally, the

resulting end monents is still r¡lthin LA% of error and the statíe

equilibriun eondj-tion is nueh better"

-36O. t 6 +/*36"y1 -76"32

*662.06
- o.6L
+6É]-.)2 (6+t)

2"85'fl o:ut

+62.1+

- 7.1
+3"

+ 1.03 * 0./+ _ 0,4
+ 0.I'



P. 46

use the same method for solving vler"endee! Tnusses.
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A Vierendeel girder is si¡nllar to a tmss in ühat it has top

and, bot,tom chords td-th vertieal web members, but dlffers from a truss

in that it has no dfagonal t¡eb system"

vlerendeel gl"rders are used as brld.ges or parts of a buj.rding"

The Vierendeel gfrder is very usefr:l for building construeüion

either as the roof sysüem or as a long span girder requiring rect-

angular openings.

the parallel chord Vierendeel girder may be consid.ered as a

special elosed box seeüion of niultiple span but with point reactionsu

or it may be considered as similar to.a single span multtple story

building frane loaded with horizontal loads"

-T

a

l_

sJa-ã-m
_+*l I I r

ø 1K -- {lK-

H=2a?

-- 2a
"-a

2a
I

v39=
tFÍg. I Fig, 2 Flg' 3

Fig" l- illustrates how the parallel ehords Vierendeel girder

n'ray be eonsidered as a singre span multÍple story frame, subjected

to a unit verti-eaI foree at one intermediate panel point and to the

simpì-e beam reaetlon at the end as shoun. The effect of the tr,n

forees may be computed separaüely €nd then added. as shom.

Note from fig" 2 that the ùrp ÉHn reactlons are equal, but

opposite in slgn, due to tr¡o Ioad.Íng cases shom. Alt,hough the sun

of these tr¡o nH¡r reactions r¡1I1 alr¡ays be zero we must, not make the

mistake of assuuring the members, AE, BF, ete. have no defleetion"

the simll-arity of the one span building frame and the Vierendeel glrd.er

L 
" 
j_ 

"*L-



tß

falls in thls oae reapeet because Ln tt¡e bullding frame Joints ßAu

and nEtr have no llnear deflecti-on r¡ith respect to each othæ, *rile

in the Vierendeel glrder jolnt ftAÉ does not remairt vertically over
i

Joint rrbn exeept for symmetrical gfrders with synmetrical Loading.

E:<anple. Two-bay unsymmetrical Viereqdeel Trusses 1s simpþ súpported

aÈ ¿{ a¡td F. The K-values are

shouc f-n opposLte the Eembers.

A IC vert. load is applying at

Joinü D as shor¿r in Fìi"g. 1

M=6
¿

uþ=su

MBC = t4CB = Ì,lAD = ¡lm = f¡
MDF=\'o= -6#

,v1MIE=tt=-ofi

)
\

)
)
)

ll*ed end moments for gfrders

So1ve by Cross Method.

(1)
-T

10r I

i

I

I

Fig. I



ffo1d.lne Joint E ùo prevent sidesuay

lr9

1+

+100
_25

0 -100
+ 6.5 + L6"6

+ 0.6 + 0.6 + 0

+ 1"0 0.{1 +

0.6 0.6
0. 13
0. t6

+J3.1+
+

-L.
-2.

I.22 - 0.7
+0. + 0.96

0" ?1 - o"22
- 0.26

+ t3"o +Lw,6

- L9"7L - 9.86+ 1.08 + 1" 17

- 2"82 - 1.42.
+ 0"82 + O"ß
- 0"87_ - 0./n?
- 77"22, +7?.ZL

-0.+0

0 +100

-25
-a?.q - "7,5+ /o.6 + 6"5
- 5"55 5.55
+ 1"0 + I,55

- 0"?2 - 0"?2
-6i"go + 63"82

Solve for vertical
60"t s
Ø'ez
78"25

+91*"86
+ ZVT "ß

26+
2l+
r6

0"Il- +

0.16 -

+100

- 18.7
-200
+ 66"7

+ 1i.O +13.0 + 26.0
2.7'l + 0"3 9.86

+ 3.O9 + )"O9 + 6.16
0"6/" -L"22- LlA

+ 0.82 + 0.82 L 1.6/+ffi
+ Or22 + O"?2 + O"LL
+ 9L.86 +I5.9 -fl-O.7?:

holding

Fig. 2

foree.

- 84.,25
-Ll-o"77
- 6+"*
- 7)"23Tzffi

;\1l t-r
zg.7ßK r,zgtK

Solve for horizontal holding foree"

)3"26L
+29"738
+62"999\

-.- 60"/+5

I
i

i

-ì-,.5" 94
I

I
l
¡

2.18/+*\15.9
ïi'"35

rJ"75ç--L73"2/o
-J

l-2"tar- 63.80

3.51gK
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t-
o.o | -¡o.o -25"o e"0 | -25"o -.50.0 l- 50"0
E7]=-6;9 -1?.8 - 12.8 I -r3.s 6.9 ¡- 72.5
2.8 l+12.8 +6.t* + 0"3i +4"8 * 9"7 l+ 9.7
õffi2 - z.g4 - i.g¿i -J-gt* r"92 i+ 2'L
O.?tl+0,?1 +O.J6 + 2"8 i -0"C/- - O.O9 l- 0.09
ffi --l*!¿----_: r.o¿i - 1,04 - L9.?j- l+ /,9.21

).5r8K

Holding forees diag"

to prevent vertieal deflection

-1tt--t 
f I r^v-l+J

+100 0
_ 25.O
- 37.5 -37.5ffi3
+ 1.1 + 1.1;-o:t6-Tït
- o.3) _- o.3a
.-e5:93*Jþ:Æ

l__,---r-----0 0 +100
_ 25.O

ñ

-7ß"'-ï -L2.5 - 5030 - 2J.0
- 17"2 + ¿"8
+ 8.2 + L.2
+ O"55 0"04

Flg. 3

Solve for Horlzontal- Force"

75.82

J',^',^,,"", 75"25J
\ 

+s.zt

J*.r,

lr5" jI
lr5.O7
75"82
75.25
¿+9"2I

É.76
3/19"38 r*ffi

Ho:ttling Joint D

0. /,0 o,2o

= 34"978K
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Solve for Vertical Holùing Foree.

/*5.3r ( )76"92

1r5"O3 ç )t+.tv

3s.e2 c ) tr9"3r

æ"76 G---) st.zs

vo. ra(, 
| 

7L3l

l.6.L65

7e"68 
f

) 108"06

1ß"77/+

r
3/""938"

rvhere X and Y are correction
factors

where Ql , Qï, Q: and Ql areL'r'2¿
r"^l/{ìhñ {r^uu_LLrtflg r ufces

Hold.ing forces diag"

ÏQI*xai 1o=Q

Y%nx%*o -0

62.999Y + 2.609X - 10 = 0

+l.l18Y + 3/n"928X + 0 = 0

f'ro* ( e )

n --WJ$. - /^\t=ffi; -- -\J)

sub (l) in (1)

*6i,.o tÆ X) * e.6o9 x --10 = 0
)o )LQ

-627 x +2.6O9 E.q 10 = 0

SolveforXandv rY=- 10 =-0"01-6'(^--w9'(' tT = 0.159

- (1)

- (e)
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I.fultlplying Fig. 2 W Y' 0.159

-9.6

-10"16 +ld.16 +15"'l +2.53 -17"6

Þtultiplying Fig" SbyX--0"016

*o" 59 -t.21 +O"622 +0"789

+O'9/+ -O.91+

- 9.6
- 0.725
-rc¡ë.

-10.
- o"72
-10"88@

+ 9.6
+0

+)2.1+5
+ 0.59

y+O"9L5
l-1.21
l-o.265

-lO"23
+ Or789
-9"

+IO.23
- o,72
+ 9"L5.LL¿g-

_t)" /,
+ 0.6??
-J2.78

+ 4"72
+10.88
ææE¡

+2"53 -I-7 "6
-l-.20 + o"65
+L"33 -16"95@EEÊ& Eæ

by exact method

-\I"65 +1.1.65
+ O"9L - O"9l+

-10"2I +10"71

:9L5 -L3"4 -10.2+9.6 +J2"45

Final end momenfs
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l* ro'

Solving ühe same Vlerendeel- Tnrsses by Approx. Method" Case 1.

This structure can be splÍt into

tr,o structures as shor¡n Ín the

following figure" The results are

then obtailed by the use of the

princlple of superposltion,

IOK -i--

10K *

io*

10K

Fig" Ä.

Fig. B

and Fig"

ll

r
10K \.o*

i*5K

C (use the same procedures

Flg" C

as the

Tr*

precedlngAnalysing Elg"

examples ) .

(z)

* 10K

(1)

I*loK
I
I

ld

(1"5) (r" 5)

(1)

(1) (1)

(1" 5) (r.5)

(6)

r) (1)

(6)

*toK *loK

{

loK

10r

(1) (r)

(z)

Flg. B ¡Áodified K-values



É, 1

+ 2.72
- o.25
+ 0.01
+

-¿L" L)
+ 0"17

+2L.3/+ -2/r.34
- o"25 0
+ 0"06
+ 0.1 _+ 0"1
+2L."5 -2/+.j¿/"

+3")91, -3"2
+/,.L3 -5"I7
+7.821+ -8.37

5. /r/+

o.3/,
0.02

4"546

-2.86
+O.JL
+0.01

Fis.

End Moments by Approx"

-2I"L5
- o.25

+25"5I -5.72
0 4, /r54

-o

- o.4B - 2.88
+ 0.lB
- 0.15 - 0.0?
+2L.a/, -2/,,"7L

End moments by Cantil-ever
moment distribution method

2/+"88
2/*.35
26"07

m
-2L"3/+

0
+2L.34
+ 0.1?
+ 0"06
- O"tt- 0"11

-2L.

B-.1

Shear and Vioment Method

+ 5.O/+

+0.

- 4.08 - 4.o8
_ 0.227 + O.j/*

+25"5L

+ 0.06

+2L"
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Fie" C Mgdtfåed structure

+ 2"2I +I)"23
- 0.658
+ O"O9L + O"56L
-Ia"79L +L3"79tr

-u"3L9
-L0.4ßL
'2/".8O3

-11.1I2
-IV"79/*
ã-ß6ê

0. K"

9"55
0" 58
o,)5
2

+L/¡.)2
+ 0.80

0

+I4,.32
- 1.19

0
+

+2I"6
- o'59

0
+0.

End Ì4oments by CantÍlever moment
distribution method,

-12"80
- 9.37
-15.06
-11.9¿
-tß.W = 50

7"O
1.19
a.)5
0"8

+2L"6
+ O"4,/+

0

-0

-11"11
o

+ 0.11
+0" ïr"83

u"03
9"82

1?. {?
-49"21+ 50

-13.8 +13.8
- 0"58 0
+ 0"1I 0
+ O.ZL + O.ZL
-l,/,.o3 lU.oj

+13"8 -13.80 + O"/,,/*
0 + 0.11

- 0.27 - O.27
+l-3"51 -L2.5"

End moments by Approx.
Distrlbutlon Method

- 2.2

-19"1
+ 0"88
- 0"70

-11" 11
0

+ 0.1L

-1l*.0
+ r"59
- o.7

Fig" Cr Shear and Moment

0" K.



56Fig" D = Fig. Þr + ELg" tl

+ ).39t+ - 3.39/+ - 4.1n) + /*" 43
+ +I5.06

- 3-z
- eJa
-r2.57

+2/+"'88

-11.9 ?

+13.05

+2/+.35

-u.03
+1O.32

+

-2r.67
+2l.21

- 6' 116

-24.2/+
+I/+.O3

-ro'32

ftaotI - q"se - 5"L7
-11.9¿
-17" 01

+IO.6) -10.63

-20.9
+2I.66
+ 0.'76 +l6.25

-2/+. L5 +2/*.116
+I3" 53 -13" qa

-10.93 +l-0.93

Check shear in

Final End I'foments

horizontal direction

ro"32 ç -)
)2.57

\_ ) 9./.06
L3"05

ro.s3 c__) 17" 01

16.25

2I.25 29"30 29"58

2l-"25
29.30
50.551 v* iõ = 5"c55"

Total verticaf forees = 5"O5i
*) t."9L6
, o ortl

Check shear Ín
vertical direction

29"58
20"036

)ro"e ¡

î--i,--Ì

/r9"6l.6
I

10

2a.036

/,"g6:-:6K

+ 1oK
0. K"

+ j./ro6 - 0.46
+10"630 -I0")Z
+ 0"76 -10"93
+2O"796 -2I.7I - O.9I/. I

'^ 10 = o.o914K \ o

t'tsslis$ls_
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Fig.Á' can be solved as Fig" 2 by approx. moment distribution nethod

lOK *loK case 2

Itrr ltrr 
(r) 

I

loK *l t.r) | (zl----J*1sK
tltt
5¡\

Fig,A.

Çr lrK

external loadings are eombined (As ln Fig. B
Fig. C in the preceding *anple)

The
and

I I 
(1.5)

(6) | (6)(6)

I 1"I

1-t
)

Fig. 1

l"lodifid structure

-10.7
n

-10.7 +10"7 *u|36 +

0 + 0.62
+ 0"16

- 0.?9 - O.ag

-Ir.09 +11.09

ê11
* toK '5*

Fig. 2

RelatÍve K-val-ues

-- _I =-r=--_--r--- .T l---r+J2"5 I o -12.5 -n"5i o
+I.78 i 0 -2.5 +2.51 +10+1.78 i 0 -2.5 +2.51 +10
I 0.08 i+ 0. 5f + 0" 13 -10.01 +10+ 0.08 i+ 0. 5f + 0" 13 -10.01 +10.0
ffi 

-:Fig" 3 l4oment distrlbution by Cantilever M"D" Method

o- 5r
o.62

9.9r
0.83
O.3/+
I

o" 5r -19"83
0.83 + 1.1

- 0.68

+10"0
+ 0"55

-13"3 +10.0
+ I"24 - 0"83
- 0"68
+ 2.?8 + 1.19

-10"36 +lo.16

I
t

6.

0"

0
+ 0.1ó
+ I"28 + 1.28 + 2.q5
+15"8 + 1"06 -l-6.86

(1)

(r" ¡)

+f2.5

+10.7 *U"36
_ 0.83 0
+ 0"16 + 0.16

+10.37 +

Fig" lr Shear and Ì,loment Distributíon
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Cbeck vertical shear

+l.:A.Tl
+11.09
+13.00
+15.80
æ.ã6

x L = 5"026
10

horlzontal shear

-ro"37
:11.09
- 0"¿0
ãr-6

-/*g. g+
* fu = /+"891

Total Vertieal Loads

= 5.026
Lt9fl,- ,

Ç.':ÇffK+rd

-J2.60
-16.96
- 9.19
-10.36

0. K"

+ 9.2
+ 1.06
+10. ?6ãrt= L"z/*K'"fo-o.l24K + o

Negliglble_



59

The foll-owing dlagrams gfve the end

nrethods which can be compared with

moments resulting from dlffefent

lhe em.ct method.

-10"325 *rot.3z|;

By Exact Method

+I3"O5 ./+6 -J2"57 -9./*06

-10" 93

Case 1.

+10.93 +l.6"25 -I7"01 -10.63

þ approx. method using principle of superposition

Case 2" By approx. method. but modlfying supporting conditlon"

end momenüs in the mi-dd.Ie web member is out of 5I4 þ"+ - '"XS\ 
rrç u4uq¿ç wçe uersver re vqv vr )Lp 

\-Tr-265-
_ c"135 -,- \= ffi = 5LU " llris amor¡nt of ¡noment is negIlgible, But the

other members nomenüs are vely satisfaetory,

4:265 -72.78

-16"95 -10,71
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Re-calculate end moments ln Fig. d of Case If"

-10.7
0

+ 0.2
+0. + 0"208

-LO.25 +l-0.25

_ 0.83 0
0.'51
0.62
0.2/+5
r.602

0.83
0"zlr5
Lo <t

9.9r
0.83
o.34
r.602

+ 0"16
- 1.602

+u"36
U

+ 0"16
+ I"22

6',.6'l
0.83
O.3/+
r"tlz

+

+
+

o,55
o"2/r5
I./r72

+10 "0- 0"83
o.2/*5

+ 1"108

-10"7
0

+ 4.2/+5
- o"5u

+10"?
+ 0"62
+ 0"16
- 0"512

+12.918 _ 0.2n

0.'51 9"83
1"1
0" 68
2"lrzg

+r5"7t+ + I"2/+5 -16.991

- 9"3J2 + 9.3J2

-r3"3
+ I"24
- 0"68
+ 2.21?

-10"97 +lO"97

Shear fo¡ chgrd members

10" 250
12" 918
10.970

!L5'zlro
+{Ç.$7$K-FT 

I

G,-----¡ r II t f l{

_10.250
-10"970
- 0"230
+ 9"372
+ L.2/+5
+10" 523

:;Ë;K-Fr

aIO.523 +IO"52)

--

12.680
16"981
g")12

ro"523

L9"/*96
¿ .\-l tßúl

lr.9878
L.9L96*T.Wl+1d
:

Shæ.r for web nember

0.265 - O.2i7w

-\
t-
I

I,t*
ro.57%

O, OO77K

The above cqlculation procedures are ühe same as the preceding



exanples.

the vertieal

reduced from

Except one step uilich is the

and horlzontal d.irections"

5L% rß 10.6,% of inaccuracy,

6r

shear adjustment ln correctlng

Â.nd the flnal end moments is
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ÐISGIJSSION :

For very high bulldings, in general, the large number of

equations (one for each story) makes a dlrect solution rather eumbæ-

sone and tine consuralng.

As a resuf.t of the extreme eornpleiâty of the problem and the

high degree of statical indeternainacy an exact analysls for wlnd loads

on multistory rigld frame is generally i¡1¡p¡.ctical.

Now let us take a look aü the CIantilever nonent distribuüion

method" It is a direct method of perrnitting Joint rotation, and

joint translation to take place as Ln lntegral'part of the process of

nethod distribution"

In many structures lnvolving identical eolumns or chords (for

vierendeel trasses), eomplete freedom of sidelureh is permltted by

0antilever moment distributlon method without any special sldesway

comecLion. This is the unique characteristle of produeing no change

in shear during moment distribution" It is an excellent device for

solving a symmetrical, single-baf, multistor"Sr frame ulth anti-

symmetrical lateral loads vhich is giving final results to a high

degree of aecuracy" continuing Èhis pr.oeeedure muld give r esults

of converging ùowards any desired degree of aceuracy. cantilever

distrlbution for a symmetricaÌ, multi-story structure as shown in

Fig. ]"

P Columns AB and BC neeting at joint B are considered.

to act as a eantilever which its free end Joint B

a¡d Íts far ends, A and C, are considered fixed

against rotation, To naintain rotational continuity

(r)

(1)
(1) (1)

Fig" 1

r
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at joint B, the total fixed-end. nodrent is distributed in aceorda¡ree

uith thelr relative stiffness (K-values), and to avoid a linear

&iscontinuity at joint B, tæ of the three joints An B and C must

provide freedom for joint translation latera11y"

ldhen any Jolnt in a s¡nnmetrical multistory frame is being

balanced., the tu¡o columns meeting the Joint are dealt çzith as if they

urere cantilevers r¡ith fixed far ends that require freedom of side-

lurch at the joint being balanced and at the next Joint above, to

perrorit double cantilever deflection" All other joinüs beyond the

next joint above the one being balanced tra¡rslate the same amount as

does the nert Joint above the one being balanced"

Note¡ Canii.lever moment distribution nethod can not be

apptied to solve uns¡rrnmetrical structures. IIowever, ræ have for:nd

it to be slmple, eonvenient and sufficiently accurate ln solving for

a symmetrical rectangular rigid frame.

I,lcrrio, nethod is simple ùo alply and it is satisfactory for

regular frames, but lt is slow in convergency when the stiffness of

a eoLumn is large in eomparlson r.¡lth that of the adjoining gird.er"

The mornents are not self-ehecking as in the case of rttation, neither

is the sidesway directly determined, If we require a high degree

of accuracy the method must be repeated for several cycles.

Uslng the approximate moment dlstrlbution method the desíred

end noments are obtained. A elose eheck ls obtained at eaeh joint,

and there is almost a perfect agreement with the e:cact solution, given

in each e:ranp1e. The above method has been found to be convenient -

a¡¡d sufficlently accurate in many cases to deternine end moments ín
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the rectangular rigld frame. ft is especlally useful ln the analysis

of a complicated uns¡rmmetrlcal franelÐrk.

The dÍsadvantage of this method is the col-umnst length nust

be eqr.tal and the supporting conditions nust be the same.

This method also requires a certain amount of preliuinary

tork, sueh as modifying the structure and using the 0antilever moment

distributlon method to get the first approximaüion of d,eformation.

Then ühe Morris¡; meÈhod is appì-ied"

- In tþæ preced.ing examples, some of the final end. moaents exceed

12$ compared rnith the e¡cact sofution. Minor discrepaneies are not

seri-ous a-nd rfiay be disregarded"

Houever, this method is a greàtly sinplified proeess eonpared

to the analysls by elastle equations.

The above analysis, d.eformaüions d.ue to axial forees are

generalÌy neglected"

In a tall buiJ-ding, the ¡¡ind moments may be seriously affected.

by the changes of the column lengths due to their axlal loads"

Especially uhen the building is very high and. has not many bays. rt

is usually necessary to take the seeondar¡r rnoments into aeeount. Ttre

lengthening of the vindward eolumm a¡d the shortenlng of the leer¿ard

columns a¡e computed, and the flxed end monents ean be determined. in
each glrder" Then distribute and bal¿nce, and, finally add ühe

resulting moments bo ühe original end moments.

Rectangular vierendeel tmsses ean be solved by the above

nethod" The details of calculation are showr on the exanple"

vierendeel tn¡ss is usually in synrmetry, rn our exauple, u¡e are
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eonsidering an uris¡rmnetrlcal Vierendeel Lnrss r,¡ith vertical 1oad.

applying at the rntddle Joint" The resul-ting end monents are very

satisfaetory. Uns¡rmmetrlcal, rnulüi-paneL Vierendeel tmss can be

solved in the same waJr.

The Vierendeel truss allor^'s Èhe use of one or more. stories to

acconmodate its depth over a J-arge spal wit,hout interferlng r.rith

internal conmunication or external openings.

A Víerendeel t,russ 1n which the lor¿er chord forns the ceiling

of the ground story r,rtrile the top chord forms the roof support of

the second story is ideal in the construction of markebs and garages

r,¡h-ich require, a long clear span for the first floor a¡d office space

on the seeond floor"

Welding is especially usefìrl for this eonstructionu as large

monent^s are eoncentrated at the joints of horizonùal and vertj.cal

members"
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CONCi,USIOIItrg

the Appro:fmation Method eannot be applied to an irregular

stmcture or a regular frame with iregular loading condibion" It can

only be applied to a rectangular framer.mrk rdth equal length of. columns"

fn a one bay, muì-tistory frame, the loading condiüion, must be anti-

synmeürical. fn a mr¡lti-bay framework, the loading condition rmrst be

aetlng at the joints"

The carry over factor j-n the bottom story of frames r.'ith hinged

and fixed ends is uneertain" In the er<an,pte (p" ß) a frame with tæ

columns, we release I/Z of the earry over moment,s from the top of the

columns at the base beeause of the l'ringe" The final end mornents are

r"'ithin 1OÉ of inaccuracy" If a frane r-¡iùh three columns, one is

pinned and the resb are fixed ends, the release end moment may be

epprorli.nately equal to U3 of ühe carry over moments from the top of

the columns to the base.

In (p"60) the Vierendeel tr'r¡ss, those end moments are shoum

very satisfactory r,rith shear adjr:stment in tr,o direct'ions"

there are several excellent methods of rvind sùress analysis"

They are: (a) I4crris Method, (¡) Method of Shear Adjustment or The

l.'titmer Meùhod of K-percentages etc" These approxi-mation methods have

a high percent of accuracy" The decision on shieh is the besb and

most convenient method depends on the individual-"

Frorn the examples ruhich have been solved on Vierendeel Trussu

it ean be seen that r+e can apply the ì4orris l,fethod or K-percentages

I'lethod for sol-ving the same t¡roe of Vierendeel Trusses. Very good

results would be obtained from these methods"
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