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ABSTRACT

A @ultisporyed building frame consists of a rectangular
gridwork of columns and beams 1n space.The lateral loads on the
structure are produced by wind action and earthquake. Under the
action of wind forcés and earthquake forces acfing in .the
transversehénd longitudinai direction of the building,the whole
fbuiiding frame acts as one integral unit. When the conditions of
" the frame are fairly uniform from one plane frame idealised in
the longitudinal direction to the other ‘i.e idealised in the
transverse direction, it 1is easy and reasonable to analyse the
forces and moments in the plane frames taken seperately in the
directions of the building rétherAthén in the form of an integraf

space frame.

Though the phenomena of wind and earthquakes are dynamic
in nature, -the force produced by these actions can be reduced to
static loads in an appfoximate analysis. Exact methods which.may
be employed by using vast number of unknowns areﬂtn.most cases
considered as time consuming and impractical »for: preliminary
dimensioning in design offices. A number~df approximate methods
have been developed for 'phe’_analysis:jof ’multistorey framed
structures. These methods take into accoupt various

characteristics of the structures and yield approximate but

réliable results for most of the cases met in practice.

The present work addresses the analysis of ‘;dealised
plane frames which have been analysed by somé of-tﬁe approximate
methods as well as by the stiffness matrix method. All the
dimensions and the lateral loadings used in different methods are
same. The results obtained by the various approximate metods have -

been compared with the results of the stiffness matrix method.

(ii1)



The design forces Qorkéd out for a symmetric frame by
approximate methods are in error in general.Thelmaximum error is
abogt'thirty percent except at few sections. For the unsymmetric
frames, the errorsvin the worked out designed forces are not found
in a symmetric pattern. Kani’'s method and Kloucek’s method gives
the acceptable values buf they are found to be.time consuming for
manual implementation.‘Modified approximate method such as Factor
method, Bowman's method, Blume et al's method yields result

nominally superior.

(iv)
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~ CHAPTER - 1

INTRODUCTION

Multistorey buildlng frames represent one of'the'nost'cOMplex'
tYpes of structural"systems ‘encountered' in' ordinary- clvil
engineering practice The ever grow1ng metropolltan c1t1es all,
over the world have been exper1enc1ng shortage of ° space ‘for -

further expan81on Further, the“ nece551ty for: locatlng thelr
. 1mportant off1ces and trade centers in the down—town area 1ed them f
‘to ralse the building or g0 up towards the' sky Thus sky scrapers
- or h1gh rise towers are found 1n almost’ all b1g metropolltan
cities. - Such tall structures are \subJected to- two domlnant

horizontal forces (1) Wlnd forces and (2) Earthquake forces 1n'%

~addition to other loads j-w-ixf;ﬁiﬁT;f’ii.:ﬁ,;:‘ig\,“
WIND FORCES ) _
_ Wind is air in motion relatlve to the surface -of the ‘earth.
| The l1ab1l1ty of a bu1ld1ng to hlgh w1nd pressure depends not only
upon the geographlcal locat1on and prox1m1ty of other obstructlonl'
to a;r flow, ‘but also upon the character1st1cs of the structure,‘
ltself The effect of wind on the structure as’ a. whole jis:

determined by the comblned act1on of external and 1nterna1

pressure act1ng on it. The effect ‘of wind is calculated on the':

basis of basic pressures on the ent1re he1ght of the bu1ld1ng,_~
with due regard to mean retard1ng surface and varlatlon 1n w1nd

P

pressure with height..

EARTHQUAKE FORCES ‘ . , .
Earthquake causes’ random mot1on of ground whlch can be
resolved 1n three mutually perpendlcular d1rect1ons Th1s mot1on :

causes the structure -to v1brate The predom1nant dlrectlon of E

vibration is horlzontal



The vibration intensity of ground expected ‘at any locatlon l
" depends upon the- magnitude of earthquake, the depth of focus

dlstance from eplcenter and strata on which structure-stands. In
the . case of a structure designed for horizontal selsmlc force
only, the forces are considered to act in any one‘direction at a

time and 1n case where both horlzontal and vert1ca1 forces .are .

taken into account, horizontal forces in any one d1rect1on at a, N

time are considered along with vertical forces. -

v

The . analysis of indeterminate 'structuresl'dependsﬂ on--a

- knowledge of member proportlons which are unknown at’ the tlme the

- design analysis cycle is begun Therefore 1t becomes necessary tdffg_f

perform some approximate ana1y31s to arrlve at an estlmate of»ﬁ R

member sizes. With approprlate S assumptlons f;'statlcally'ffmﬁ“

'1ndeterm1nate structures can ‘be reduced to statlcally dei:ermlnate‘l“'"‘-"'j

systems, which can then be analysed for approx1mate member forces

and reactions us1ng statlcs

In ana1y51ng the bu11d1ng frame for the lateral loads,i he{ﬁ5'h"'

loads due to w1nd and earthquake are. approx1matedt4as statlcﬁyj

" loads. In‘ ana1y51ng a stat1cally 1ndeterm1nate structure byﬁf

approx1mate procedures one assumptlon is. made for each degree of{,t*f'7

Yo

A,1ndeterm1nacy These » assumptions ??are,; based j on log1cal,&{? ?i

'1nterpretat10ns of the structural response to the glven 1oad1ng S

The exact analysis of the plane frame can be done by. stlffness or.

flex1b111ty methods using matrices.



© CHAPTER - 2

APPROXIMATION OF LATERAL LOADS * ° Py

2 1 W1nd loads'

ﬂl W1nd is essentlally a random phenmenon ‘In the past the'wind
pressureA correspondlng to the highest w1nd speed that ‘had been
recorded at the meterologlcal statlons nearest to the place
»tconcerned was applled statlcally This was' an errornous practlce_g
“since w1nd loadlng varies w1th t1me O Moreover the w1nd speed
:depends on several factors such as den31ty of obstructlons 1n the
terraln, size of gust, return perlod and probable llfe fof

structure etc. thus no determlnlstlc method can do Justlce w1th

the wind loadlng

The recent revisions in IS: 875-1987 (Past'III)'are>baSed‘on

two considerations: -

1. The statistical and probabilistic approach to the evalutaion

of wind loads and

2. Due recognltlon to the. dynamlc component of w1nd loadlng and

1ts 1nteract10n w1th 1the dynamlc character1st1c of the

structure o T s - ;;:- e ;M=;;: &

'The de81gn w1nd speed V at a glven slte 1s expressed as a S

product of f1ve parameters “Vﬁi:}”f' W;:}itfg

- Vg = V. k1 kz ka k4
where, ' - :

<
I

51 ba91c w1nd speed 1n (m/sec) glven 1n map shown in
- IS 875 1987 Part III. ttj”.j 35"_

1 Probablllty or rlsk factor

]

! k2 = térrain and height factor



3 = local topography factor
k4 gust factor

Vb, the basic wind speed represeﬁts the extreme value which is

'llkely to be exceeded on an ‘average only once during a spec1f1ed

return per1od. It is arrived at by stat1stlca1 ana1y51s The w1nd
speeds based on peak gust ve1001ty averaged over 3 seconds haveh‘

been worked out for a 50 year return per1od : i

The probability or risk fa‘ctor‘"k1 , is based on statistical

concepts which takes account of the degree of securlty requlred

»and probability of exceedence of basic wind speed It»1ncreases_:

with the increase in mean probable life of a structure The factorﬁ
'k ' for different class of structure for the purpose of design in

given in table (2.1.1).
TABLE 2.1.1

RISK COBFFICIENTS FOR DIFEERENT CLASSES OF STRUCTURES IN
DIFFERENT WIND SBPEED ZONES

( Clause 5.3.1 )

Crass or STnUcTURE ) Meax Propaser 4 Facron 'ronr Basic Winp Sexxp

Drataw. Lire or : . {m/s)or
STRUCTURK IN .~ —— A -
R Yeans . 33 039 . 44 47 - 50 557
All general bulldings and structures .. 50 ' 10 S B e " 1o
. Temporary sheds, structures'such as ’ 5" " o082 07 0'73v 071 070 067 .

. thois used durlng construction N N o .
opetations { for example, foim- - R N o :
work and falsework }, structures . - SR

‘during construction stages and RN o
boundary walls . L. . G s .
'Bulldlnqs and structures presenting t25 0 T 094 092 091 090 ° 0'90 089

a low degree of hazard to life and
property ln the event of Mailure
such as isolated towers In woode - L ) )
areas, farm buildings other than . -, R R
resideatial buildings wle T U o
Important buildings and structures B {1 A 1-05° 106 1’07 . 1-07 108 " 108
such as hospitals commualeation - . . . L L .
buildlogs / towers; power plant
structures :

-0

The terrain faetor-‘kz’ takes due regerd to.the effect of
roughness, or height and density of structures on the basic wind

speed. Terrains are classified in four categories.



Categories

1.

The

'_in table (2.1.2).

Heionr N

‘k

2

Terrain type

Exposed open terrain with feufer o obstruction

in which .the

‘average.

height

surrounding the structure is less than 1. 5 m.

having helghts generally between 1.5 to. 10 Om

[

of any obgect

Open terrain with well scattered obstruction

Terrain with numerous closely spaced obstructlon

IOmV

having the size of bu11d1ng structures upto
in heights with or w1thout a few isolated tal]

structure

Terrain with numerous large,

spaced obstructlons

’,facter for different‘categqries

TABLE 2 1. 2

high, =

cioseiyA

TABLE . k, FAGTORS TO OBTAIN DESIGN WlND SPEED VARJA'IION WITH HElGHT IN
DIFFERENT TERRAINS FOR DIFFERENT CLASSES OF BU]LDINGS{STRUCTURES -

"( Clause 5.3.2. 2 )

s

‘of terrain is giyent-

Trardix Catraonr | Teanamw Catraony 2 Txnn.\m Cuxoonr 3 ‘szum Cnxaou\- 4
Ctiass Crass : Crass Cuads ~ -

r T N~ ml ~ —_ = B A M
A . B c A4 8 €. 4 B . ¢ -4 B, .C
(2 () B O B )| W ) 8. 49) (lop gy a0y
105 1°03 099 T - 008 093 001 088 082 ° 080 076 067
109 1-07 103 105 102 0-97 097 094 ‘08T 0-80 u-76 067
l:l! 1-10 1'06 1-07. o5 . 100 - 1o 028 - 9y 0-80 076 067
|_|5 1°13 1°09 112 110 104 1'06 1°03 096 092 0°93 083
20 118 1'14. 117 1"15 1o 112 (1] 102 g~ 105 . 095
16 2 120 P24 122 - 14T 120 v17 rfo 120 0 1S 1S
l’.SO 1-28 124 1-28 128 121 1°24 |52 D R X 1'24 1°20 I
1‘32 1:30 1:25 1°30 128 1°24 1°27 124 - I*18 . 127 1|22 1I'13
1.34 132 128 132 1°31 1:26 1'29 1°26 1°20 IYZB 1'2¢ 116
1-35 1-34 1-30 1-34 32 1-28 1-31 \-28 1°22 1130 126 117
137 135 13 136 . 134 1°29 1'32' 1'50 1°24 1-31 ) 127 119
!':38 1:36 N ¥ 137 1'35 1°30 1°34 131 125 - 1'32 128 1%
1.39 137 1:33 138 1'36 131 135 132 .. 1'% 133 129 121
140 1:38 ‘l ‘34 139 1'37 132 1:36 1-33 1:28. 1°34 1-30° - 1°22



The effect of topography is to accelerate wind near the
summits of hills or crests of cliffs, escarpments or ridge and
deccelerdﬁe the wind in valleyé or near the foot of cliffs,'steep

escarpments or ridges

The topogfaphy factor k3 is given by
kg = 1-+ C:S

- where C has the folowing value

Slope - 2 C

3° <o = 17° 1.2( z/L) .
> 17° 0.36
where,

Z — effective height of the feature

8 — upwind slope in wind direction

L —e.acﬁual length of the, upwind slope in the wind
direction ‘ - o

S — is a factor determind‘from fig. (1) and- fig. (2)

appropriate to the height, H above mean ground level and the ..

distance, X from the summit or crest relative to the effective.

.1éngth, Le. The effective length Le ‘depends on the 'sldpe, as

follows

Slope 5 ;E - Le

> 17 - 2/0.3
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Gusts of smali’deration can bfoduce 1arge‘wind,loads if they
EOuld develop simultaneously over the  whole structure. The Cusf
factor k4 is given by. (k4 = peak load/- mean load) aﬁd can be
calculated from the specification givén in IS: 87571987'part IIT

A reductlon in wind forces 1s permltted 1f a bulldlng
Iarge as compared to a gust of 3 seconds duratlon Wthh cannot
completely envelope 1t. The factor k4 takes _care. of size of
bui-lding.

The design wind pressure pa in N/m° . is given by relation
: | 0.6 V2. R
L Pg T U0 Yy

The coefficient "0.B6" depends upon)mass density of air

Vd = design wind velocity (m/sec).

The wind force F on a compiete building can- be calculated as

follows

C. = force coeff. for the building shown in‘fig (3).

A - = effective exposed area.
e. - -
16y ey s e T
‘ , , ] P ,%.w ' . Ly
e N 25 | wesenner ¥ s il et I WIRID g -—F
oY N o . —

[ 12 t N IR U SRR ¥ ,;:" S T L Pt oo IERret RS —
G Sl B SN S (P IR 2 et R I O IR S
vol ! B SO M SR L. B iﬁs_.:(FQ-—sf&\\Q» : . F C
' e e

2 - /
. : L P B A =
%% 85 0 ¥5 20 25 30 (5] ‘;r s
fp— 06]— . N ELEVATION
Valves of Cy vertus 3 for *= <1 ’ F=Cy Pybk
0 GE %0 5 20 2% 30
My T

Fig. 3‘Force coefficient for rectangular Clad Bﬂfldings



2.2 Earthquake loads

l

' Earthquake or seismic 1oad on a bu11d1ng depends upon cs

geographical location, lateral stlffness and mass, and is.
reversible. Ihs effect should also be con51dered along boﬁh:axes-i
of a building taken one at a time. However 'wimd loads' and
earthquake loads are assumed not to. act eimultaneously.

Therefore, a building shou}dlbe designed for only one of the two‘
loads, whichever is critical. The anaiysis of a building for
earthquéke loads ’is done in accordance with IS: 1893-1984 A
bu1ld1ng may be analyzed either by seismic coefficient method or
- by response spectrum method. The first step 1n ,the seismic
analysisuls to determine the horizontal shear at the . base of a
frame whxch is also known as base shear It is given by

VB =K. C. ah. W

where, o = design seismic coefficient

K= Performance factor dependlng on the structural framlng

i

system and brlttlenss or ductlllty of constructlon glven

“in table (2 2.1)

N - ,

C = Coeff1c1ent deflnlng the flex1b111ty of structure with

the increase in number 'ofj.etoreys dependlng upon

fundamental time period (T). Fig. (4) "

W =total dead load plus apbropriafenreduced-lime load on"

e

the whole bu11d1ng frame as glven in Table (2.2.2).
TABLE 2.21 e

VALUES OF l"rHFOYU‘iANCE rA(_T()R K

((‘.a.u«-{ 2 l [

St No. Strocronat Frasee S\c,rr_u : \’u.c:" ar Rz.\x.’«ur:s
: - Penroratance .
Facron, X
0 @ : (3 )
i} a) Moment resistant frama with appeo- (R4 —
tiate ductilitv dcnlh as givea in -

S 4326-1976% in reinlorced con-
crete or steel

b) Frame as above with R. . wbear tn
walls or steelhraring membary deosie
gned for ductility

“thase farters  will
apply only if the weel ~ 1
bracing miembers and

tbe inhll panels are
takrn intg coniidera-
tion io stidfness as well
larezal strenged caleu-
lations provided that

s

it} a) Frameas in'() {2) with rither xu:l 13
bracing members .or plain  ar
pominally reinforced concrete infill

B

p2nels the frame actiog alooe
will be able to resist-
at least 25 percent of

b} Frame asin (i) {a) in combinatinn 16 ithe  devign seismic-
with masonry infills forces
iii) R:mrnrc:d concrete framed huild. 16
ings | Mot covered by (i) er (i)
above ] %
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Table (2.2.2) Reduced live load durihg earthquakes

Load class Percentage of deéign
live load

200, 250, 300 - | 25

400, 500, 750, 1000 50

The design seismic coefficient «_ is calculated as follows:

(a) Seismic

=RB.1.«

h
coefficient approach

*h 0
(b) Spectral acceleration approach
@ = B.1.F. S /g

10



where; _
o = bas1c hom?ontal selsmic coefflclent spec1f1ed for

" various se1sm1c zones as glven in Tables (2 2. 3)
F = sel‘smlc zone factor .spec_lfled for 'various ‘zones as

given in Table (2.2.3)

‘Table 2.2.3 Seismic zones, coefficients and factors

|Zone No. ~ Basic seismic coefficient @, Zone facter F
v .. 0.08 o | o0.40
v . . 0.05 .|  o.25
111 : 0.0a 1 0.20
B3 S : 0.02 T 1. o010
S . o1 .- | - 0.08°
g = a factor‘ dependlng on the 5011 foundation systems as’

given in Table (2.2: 4)

I = 1mpor‘tance factor dependlng on the llfe and f'unctlon of

" the structure. leen in table (2 2. 5)

Sa/g=can be calculated from acceleration spectra from fig.
(5)
= -
&
g 07T
[
& .y
W 06
(%] 1
z X 2
o oSk _“
g 3
< " H ~H 2
5 1
Hoa + -
5 : A 0 % DAMPING
3} XN ~1%
< 03 . fs'/o
g w4 /‘0 °h
o,
s u~2-’1 20 %,
w / ! 1 !
> a8 . Y
<« fL t 4
1 0.1 ;
o : S
! : :
LT 1T

0 1 "
) 04 08 13 6 . 20 24 218130
NATURAL PERIOD OF VIBRATION IN SECONDS

F10. 5 AVERAGE ACCELERATION/SFECTRA

11



TABLE 2-2-4

TABLE, VALUES OF 8 FOR DIFFERENT SOIL-FO UN’DATIONV SYsTH{S

{ Clouse 3.4.3)
St Tyre or Somw V ALUZs Or 8 ron
No.  Mapmy p —_——t————— N
Coxsrrrurmvag Piles Piles Not Raft Combined Isolated Well

THE FoonpaTiON  Passing Covered Founda- or lsolated RCC  Founda-
Through Under tions RCC Footings  tions
Any Soil, Col3 Footings Without

- but Rest- with Tie Tie Beams
ing on Soil Beams  or Unrein-
Type 1 forced Strip
Founda-
tions
(n ) . 3) ) (9 (6) (7) (8)
i) Typel Rock or ‘10 - 1-0 10 1-0 10
hard soils .
ii) Type I Medium 10 10 10 10 12 112
soils . .
iili) Type III Soft 1-0 1-2 1-0 1-2 15 1°5
soils

Nore — The value of B for dams shall be taken as 1°0,

TABLE 225

TABLE . VALUES OF IMPORTANCE FACTOR, [
( Clauses 3.4.2.3 and 3.4.4)

S . STRUCTURE VaALUu® oy IMPORTANCE
No. * FacTon,l
( see Note)
ey ) 6] : , 3
i) Dams ( all types ) 30
i1) Containers of inflammable or poisonous gases or 2:0
liquids

iii) Important service and community structures, such 15

as hospitals; water towers and tanks; schools; im-
portant bridges; important power houses; monu-
mental structures; emergency buildings like tele-
phone exchange and fire bridge; large assembly
structures like cinemas, assembly halls and sub-
way stations

iv) All athers 10

Nore — The values of importaoce factor, J given in this table are for guidance.
A designer may choose suitable values depending on the importance based on eco-
nomy, strategy and other considerations,
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T = estimated natural or fundahental time period of the

buiiding,in seconds. It may be eéﬁimafédvffOM'Eq.u(ll_'

and for unbraced buildings é} from Eq.  (2) for braced

buildings:-
T = 0.1N T (1)

And for all others

T

0.08H/V d b S (2)
H = Total height Qf the7méin structure of theAbuilding in

meters and - B - - Coh

~d = maximum base dimension of building in meters in‘.a-’

direction parallel to theigbpiiédfséiéﬁiﬁ’£6PCe,-L"

After calcqlating- the( base shear V "fhe,'distribution, of -

‘ . B, . A
earthquake force on different floors is determined ‘as foliows:
W, h?

Fi - n 5 VB
[ 3 W.h, ]
. 11
i=1

R, = horizohtal'forge acting at any floor i
W. = weight of i the storey assumed to,be-lumped;at‘-.,
ith floor C - S IR

h, = height of the floor above base of frame

n = number of storeys .‘

13



CHAPTER 3

METHODS OF ANALYSIS
The building plane frame can be analysed by-
"A. Approximate methods

B. Exact method(Stiffness matrix methodl

. APPROXIMATE METHODS FOR LATERAL LOAD ANALYSIS

The commonly used methods for the approx1mate ana1y81s of

build1ng frames subJected to lateral loadlngs are-

- 3.1 PORTAL METHOD

"In the portal method the'assumptions to analyse'the building
: frame for the lateral loads. are based’ on the cons1derat10n of the
behaviour and the deflected shape of the bulldlng frame under ‘the

action of lateral loads wklch 1s shown below :

},I N ? = ~ * ' ﬁ
\ o o
Ly L "
™~ [y "
A ~ ~ o,
2 <3 T
A N\ ‘1
§ <3 \
- * A . \
A SRS, ===
A -~ -
AN T AN
Al -
Al N
g [a <o o g
T . - o h 8
! Buiiding frame subjected to lateral loading By, ©
T
Fig. 6

It it séen from the deflected shape’ that there 1S a p01nt of
'Alnflectlon near the centre of each gxrder and column That-ls why
in the first 'two‘ assumptlons‘ it is assumed bh p01nt of
contraflexture at the m'ddle of the members and the another whlch
is assumed reasonably that 1nter10r columns carry shear tw1ce -of

the exterlor columns con51der1ng each storey to be made up of a

R

Fig. 7 Series of'portals equivalent_'

series of Portals.

to building “frame
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The assumptions made in this method are as follows
An inflection point is located at mid height of each column.

An inflection point is located at mid span of each beam.

The horizontal shear 1is divided  among ﬂhe columns in the
ratio of one part to exterior columns and two parts to

interior columns. -

The third assumption is a result of considering each level of

the frame to be composed of individual portafs. Thus by this

assumption an interior column is in effect resisting the shear of

two columns of individual portals.

”

A B - . cC

P 2P P
—1— —r . —
B 2P B
D E F
Al aL i
o’ REEE BEN
i G LH i I

Procedure of Analysis

The application of the Portai methed in a‘numerical problem

can be made in'thé'following steps

1.

Determine the sheaf force in each of the columns in each

storey.

Knowing the point of contraflexure in the columns, compute

the column end moments which are counter clockwise.

Applying the joint equlibrium condition, i.e. sum of counter

clockwise column end moments must be equal to the numerical

15



" sum of -clockwise beam end ‘moments,- computef the beam end
moments. - ) ' ‘ ", '

: ’ )

4, Solve for the ax1al forces 1n the column and beams from the

free body dlagram of the f"ame

3.2 CANTILEVER METHOD

'~ For the- approximate analys1s by th1s method first two .

assumptions - are made as  for. the - Portal method keeplng the
conslderatiOn of the deflected shape of the.bu1ld1ng frame.»The
third assumptlon is arrived at by-COnsldering"the'the column axial
stress intensities wh1ch can’ be obtained by a method analogous to
that used for determlnlng the dlstrlbut1on of .normal stress

1ntens1t1es on a transverse section of a cant11ever beam as: shown

below :

N2

>

.64— c.g?'of the‘columns
| . N
I

N

"~ ., compression
tension PR

FiG"B"" 5
(AXTAL STRESS IN COLUMNS AT A—A)

- The axial stresses 1n the columns on the sectlon A-A arefj

assumed to vary llnearly as on a- cross sectlon of the cant11ever‘e‘

'beam -The ax1a1 force in a column is’ equal to the\ product of the

assumed ax1al stress and 1ts cross sect1onal area
. The assumpt1on made in the analy51s are. as follows :

1. "An 1nflectlon po1nt is located at the m1d helght of the

column in each storey.

16



An inflection point. is located at the ‘mid point of each ' .
beam and, . N » -

7
-7

The axial force in . each‘fcolumnf is proport1onal to _its,

distance from the centroid. of . .the' areas of the column groupuii:
at that level.

Steps of Procedure

The appllcat1on of the cant1lever ‘method ih ﬁa?'numerical

problem can be made in the following steps fc”"’

1.

‘ appljlng moments equation to’ the free body from the top of-.-

1947.

Determine the location of the centroid of the columns;area.'
Solve for .the axial forces in the columns of eat storey by |
frame to the inflection point of the columns in that storey

Draw the shear dlagrams for the beams in each storey and from;w

them compute the beam end moments in that storey

~

Solve for the. column end - moments us1ng the cond1t1ons that;u;ﬂ-i

‘the sum of the column end moments must be equal to the sum of&ltgyf

the beam end moments at each Jo1nts

'Solve for the hor1zontal re51st1ng shears at the lower endsf"‘

of all columns in each storey and check the total valuejiwijr

agalnst the total lateral load above that level

_ KANIS’ METHOD

This method was - developed by by Gasper Kanl of Germany 1n?‘

the method is an excellent exten51on of ‘the” slope deflectlon '

methed. It has the simplicity of moment dlstr1but10n The steps of

this method are:

17




1.

All F.E.M, restraint moments, storey shear forces and storey
moments are calculated. Storey moments are .indicated at mid
height of the storey.
The rotation and displacemen£ factors are calculated.
Rotation factor = -1/2(distribution factor)
displacement factor = — o [Stiffness of the column '
p 2 { sum of all the column stiffnesses).
in that storey ' ’
The calculation of displacement and 'rotation‘ contribution
begins with basic operation for the‘calculétion'Of linear
displacement contributions. After this basic opefationA'is
carried out for all storeys, the applicafion .of basic .
operation follows, for rotation contributions at all joints.
There two basic operation carried out one after another until
results reach desired accuracy. ;
The determination of end moments from final contribution is
performed.
Mg = MiB *2 Mgt My Mg
where, MiB = fixed end moment
MAB = rotgtlog moment
MAB = translation moment
Some special points:-
The sum of the rotation factor at a joint is (-l).

2
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. 2. If an end of a member is fixed, the rotation at that end'

being zero, the rotation moment 1s also zero

3. If an end of a member is hinged or pinned, .1t is convenient

‘to con51der it as flxed and take the relatlve stlffness as.
(3/4)~

The analysis of a multistorey building-frame with'horizontal
loading differs from that of a frame with vertical loading only by
. the fact that'in performing the basic operation forvdetermination
'of the translation moments, the sum of the rotation moments of - allA'

member ends of the storey must also contain storey moment

3.4 BOWMAN’S -METHOD

’ g'This method is based on. the study of numerous - bents by»

‘Slope—deflection method 'suggested by Bowman 'Tber follow1ngf*¥

assumpt ions are made.

P o
'/,

1. P01nts of contraflexure 1n exterlor glrders are located ati‘

"/0.55 - of thexr length from the1r outer ends and 1n other-{?

Zglrders at - thelr mid p01nts except (a) in’ the center bay,ifﬁ‘

- where the total number of bays is. odd and . (b) 1n -the . two bays'

nearest the center where the total number of bays is even In"j"a

these excepted cases the po1nts of contraflexure in glrdersf

will be . located as requ1red by condltlons of symmetry and':

o

:equ111br1um

2.
- a, ‘In bents of one or‘more‘storeys,athe'points‘of_contreflexure
| in bottom storey columns are at-O:SO height from_thevbese;i'
b. In of two or more storeys the point of contrafieiureﬁinvtoo ;.'
storey columns are at 0.65 he1ght from the top )
c. In bents of three or more storeys, the p01nt of contraflexure

in the columns of the storey next to the top are 0.60" helght

19



from the upper end. )

d. In bents of four or more storeys the p01nts of contraflexure
in the columns of the second ‘storey from. the - top are located*
at 0.55- helght from the upper end and ' :

e. In bents of five or more storeys, the p01nts of contraflexure
in the columns of storeysinot;prov1ded for ‘above. are at O\SQ

height.

'a,h For Bottom Storey :. :3“{ l‘
An amount“of shear
(No. of bays - 1/2)

= =~ * total shear ln'theistofey
(No. of columns)” S SR

1s ‘divided equally among the columns of the bottom storey and‘

the remaining shear in the bottom storey 1s d1v1ded among theo

bays . nversely as thelr w1dth and the shear "in bays ;is> o

divlded equally between the two columns adgecent to the bay.

 b. _For Other Storeys :' - o -
There 1s divided equally among the columns of other storeys

an amount of shear equal to (no. of bays—2)/no of columns t1mes‘t'

‘the total shear in the storey

The rema1n1ng shear in the storey is d1v1ded among the bays
inversely as their w1dths and the shear in the bay is leldedi.

equally between the two columns adJacent to the bay

. Steps of Procedure ' k , )
‘From the above assumptlons the steps in. the analy51s are

1. Locate the po1nts of - contraflexure :in the members accord1ng

to the- assumpt1ons f1rst and second

2. Distribute the storey sheers‘into~the coIUmns of1that~stoney'

20



according to third assumption.

3.  Calculate the column end momeénts knowing the column shear and

. the points of contraflexure in the columns.

4. Applying the condition that at each joint sum of the beam end
moments must be equal to the sum of column end moments,

calculate the beam end moments.

5. The axial forces in the members can be calculated from the

free body diagram.

3.5 THE FACTOR METHOD

This method may be considered as an approximate slope
deflection method using correct relative stiffness valqesiof the

members of the frame. The following steps are involved in this
method.

1). For each joint compute the girder factor g by the folloWing

g =-ch/Zk

o
where;

ch= sum of k values for the columns meéting aﬁ %

that joint. )
Sk = sum of the k values for all members of that
Joint. ' ‘

Write each value of ‘g’ thus obfained‘at:thé near end ¢f each .

girder meeting at the joint where it is computed.

2. For each Jjoint, compute the column factor ‘c’ by the

following c=1-g, where g is the girder factor for' that Jjoint

21



: approx1mate relat1ve values for column end moments for the»,n

3.8

as computed is step 1 Write each value of}c’ thus Obtained‘
‘at the shear end of each column meet1ng at the Jo1nt where it

is computed For the f1xed column bas1s of the flPSt storey,

take c= 12

- ‘ ' t :
From step 1 and 2{ there is a number at each- end of each
member of the bent. To each of these numbers, add half of the

number at the other end‘of the member,

Multiply each sum obtained from step 3 by .the k value for-the

member 1n whlch the‘ sum occurs: For .columns, 'callf.this

product the column moment factor C for glrders call this

product the g1rder moment factor G .

The column moment factors ‘C from step 4 are actuallytﬁx

storey 1n whiéh they occur The sum of the column end moments;‘

in a g1ven storey may be shown by stat1cs to equal the total
hor120nta1 shear on. that storey mu1t1pl1ed by the storey

height. Hence the column moment factor }C” may be converted

1nto column end moments by dlrect proportlon for each storey

The éirder moment . factor ‘G’ from step 4 .are; actually

approximate relative values for glrder end moments at each

Joint. The sum of the glrder end moments at each- Jo1nt equals )

by statlcs the sum of the column end moments at that Joint

_ wh1ch can be obtained from step 5. Hence the g1rder moment< '

factors G may be’ conve"ted to- glrder end moments by dlrectHU

‘proport1on for each Jo1nt

KLOUCEKS' METHOD (DISTﬁiBUTiON'orﬂnEFORKATION;METHOD)fjf"'.

The dlstrlbut1on of deformat1on (developed by C. V Kloucek of-;

Czechoslovakla) 1s method based on the slope-deflection equatlons

22,
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Whereas the solutlons by both Cross(Moment dlstrlbutlon method )
and Kani yleld the end moments of the structural members dlrectly,

Klaucek, determlnes their end- deformatlon (the end rotatlons and_

the lateral end displacements) through an 1ngen10us solutlon of;.

the Jo1nt equilibrium equations. 1dent1ca1 with those already used~'

in the slope deflection method. The end-moments of the members are

then calculated from the slope deflection equat1on

Kloucek s method involves u51ng only two bas1c foﬁmulae One

of them gives the rotatlon of . the JOlnt subJected to an applled

moment and the other glves the proportlon of thls rotatlon carrledl' s

“over to the adJacent ‘joint. Thls method is. spe01a11y useful in‘

- multistoryed. frames.

Step’s Involved -

. The follow1ng steps are involyed‘ in tneftanalyéié‘ of the

structure

1. Calculate F.E.Ms..  Obtain . the restralnt moment M “at the
Joint i aé the algebraic sum’ ZMijF where LJ denotes Jjoints
adjacent to i

2. Calculate the member stiffness and joint stiffness velues'

|
1J
ij

K.lj ', stiffness of the member ij

K, = zxij ; stiffness of the.joint. ‘i

1

3. Calculate.the factor ‘a’for all'mémbem

23



Calculate factors a’

The a’ faétors are replaced by ‘a’ factor approximation
. /
assuming all Jjoints except the two ‘ends i & j of thefmember

are. fixed against rotation.

Calculate. the primary deformation Cd?)_ at " the Joint i

produced by the restraint moment M.1

Calculate the secondary deformations, i.e. the parts: of d

carried over to the other joints:

= -0 iJ
435 = 7Y £ 15 a°k)
S R
K. I
Jk ,
d.,, =-d,, —F% ; etc.
Jk 1 K (1 fakl) | _

y

where E denotes the sum ’of' all joihts adJACent_-ﬁé 3

excluding i’, ¥ denotes the suﬁ bvef all- joints‘ to- K '

excluding J.

Calculate the total deformation at all the joints as the

algébraic sum of their primary and secondary deformations.

Calculate the end moments of. the structural members from the

slope deflection equations

_ F
iy = Mij + Kij (2di + dj)

2



3.7 BLUME et.als’. Method
" Analysis of framed buildings subjected to lateral loads, such .
- as those generated by earthquake motion and high' wind, requiresf
knowledge - of lateral stiffness for -calculation of lateral
displacement in statie analysis,jmand calculation of lateral ..

displacement and dynamlc properties in dynamic analysis.

The concept of lateral stlffness concludes that a 31ngle
value can be used to represen* *he sL1ffness of a. storey in an97“"

elast1c, rectangular frame w1th flxed base that 1s subJected toil

regUIar dlstrlbutlons of lateral load It is found that thlsff”"’
method ‘is applicable only for un1form frames w1th g1rders that are -
flexurally stiffer than columns. The express1ons for approx1mat1ng:}5‘l
the lateral stlffness is l1m1ted to rectangular frames that ‘are L
- fixed at the base and for .which only flexural deformatlons are
important. o _' | . »

In ‘theA analysis of framed bulldings .subjected "to_‘wlnd or
earthquake‘loads, it is generally assumed that lateral,loade aref:T

distributed in a regular manner.

Blume et.al. (1961) present another procedure whereby the [
method of moment distribution is used to determ1ne how ‘much - the;ﬂg"
lateral st1ffness of each column in a shear,bu1ld1ng‘1s softened"

in proportion to girder flexibility.

The apparent st1ffness K of the storey is obta1ned by addlngztﬁf

" the contributions of all columns (K Zk ). Blume et al. assumes’

that the. typ1ca1 ‘column is in a regular frame and that the column;'v”
end rotatlons are equal leed end moment for a column are':L,; .

calculated based on r1g1d glrders and an arblrarty selected storeyi

dr1ft Only a s1ng1e cycle. of moment dlstrlbutlon »1s needed:tf;;jl»
because member stiffness - are modif1ed to- reflect equal end

rotatlons for wh1ch case carry over movements are equal to zero.
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The resulting column moments are used to calculate the resisting

shear force in the column and' from this shear force, apparent

stiffness KC of the column is approximated as

where ;

‘K-> flexural stiffness of the column.

The sum of the stiffness of all connecting members in the

joints above and below the column .are given by ZKa and ZKb
respectively. '

Blumé et.ai. recognise that this approximation breaks down at
boundary stories i.e. at the top and base of a frame. The
disturbances introduced .by abrupt terﬁination of the frame and the
fixed base are not consistent with the assumption of equal end
rotations. To compensate for this shortcoming, Blume et.al.
recommend the use of charts that summarise mulfiplicatiye factors

for modifying column end moments at boundary stories.
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Steps of Procedure
The appllcat1on of the Blume el al’s method in'a numerical"

_ problem can be made in the following steps : _ |

1. Calculate apparent column. stiffness from the. formula

approximated in this method.

2. Compute the apparent storet stiffness
=’2kc
3. ,Dlstrlbute the storey shear 1nto the columns ‘in the Patlo of

thelr apparent column stlffnesses

4. 'For each column f1nd the value of M /MB .e. the Pat1o of'“»

top and bottom end moments of the columns from ‘the curve

given by Blume.
- 5. Knowing the sum of end moments of each column andlthe ratio -
of top and bottom end moment, calculate the end moments

separetely.

6. Applylng the condition at each joint that column end moments'

" must be equal to the beam end moments calculate the values of S

beam end moments

7. The shears and the axial7forces’can be calculated from the

moments calculated above and draw1ng free body d1agram

3.8 STIFFNESS MATRIX METHOD
Stlffness' 15, 1mportant pfopertyilWhich _characterlse‘ the:'

response " of a structure by means of the ‘force dlsplacement_

relationshlp. In general ‘stlffness is defined as . the force

required . for a unit displacement. A structural'member can have
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four types of displacements : >

(1) Axial displacement

(ii) Transverse.displaeement

(iii) ‘Bending or Flexural displacement '

(iv) , Tor31ona1 d1sp1acement | | T

It 1, .2, ' .n be the system of coordinates chosen to -

express the system of’ forces p1 1p2 '.:.;..[pn.~ Proceedlng-
o dlsplacements Al’ A2, ..... An. If a unit dlsplacement is glven at

coordinate "j" without any d1sp1acement at other coordlnates The:

force required at coordlnates 1,2, .. .n may be represented

by klj’ k2j”"‘7”'knj' These are the ‘forces Wthh must act at

coordinates 1,2,...... n to hold' the Structure ‘in th1s spec1f1c.

deformed pOSLtloned in which AJ—l and A (i%3) = 01 In other words
K .;kzj.{.;.:k . are the forces requ1red at coordlnates 1, 2,,;:.;n ’
respectlvely in order to produce a unlt dlsplacement at coodlnate‘

J ~and zero dlsplacement at "all other coordlnates Thus k . ig

‘the force at coordlnate‘ "iﬂ_ due to' a un1t d1sp1acement at

coordinate RE only The ‘total . force P “at coprdlnate i due to

displacement A Az....;..An,may ‘be Computedhby{ﬁéihéhé-pfineiple
Of Superpos1t10n, . ' e
Pi = k. 1A1 + Kk, 2A2 ,"'T'f;"l' ‘ klnAn

Slm11ar equat1ons can be wr1tten for the ‘forces at other

coordlnates resultlng in the follow1ng set of equatlons

Py = k11A1 RUPLY Tooeemeee ¥ k_lJlA'J” ""'-":'f‘“,'.'_;+k1nAn e

P2~= k21A1 + k22A2»+"ff":f;f kQJAJ'f"" ..... +k2nAn‘ - H‘“K-
Pi =.k11A + k, 2A2 ...... S kijAj .......... ‘fkin 0

Pn ='kﬁ1A1 + kn2A2‘+...‘ ..... L knjAjt""{""+knnAn

The above equations may be expressed in thenmetnik'fonm_;
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— - — . - -

1 kll 127 klj ..... kln 1 )

r

P2 k21 k22 ..... k2j ..... k2n A2

Pl kll kiZ ..... kij ..... kln Al

p k K ... k_...... k " A

n nl ne nJj nn n
L . L. . -
This equation may be written in ‘the compact form

[pl = [k] [A)

where [k] = a square matrix of order n known as stiffness

‘matrix

Steps of procedure

The following steps are written below. for analysis: by

stiffnéss matrix method

1.
2.
3.

Determine the degree of the kinematic determinacy, n
Identify the independent displacement component.

Assign coordinate 1,2,.....n to the independent displacement
component. - '

Present all the independent displacement component fo obtain
the restrained structure. '

Determine [P’] the force at the coordinates in the resfrained
structure due to loads other than those acting at the
coordinates. ' ’ .
Determine [PA]’ the force required at the coordinates in the
unrestrained structure to cause independent displacement
component (A).

Compute the net forces [Pl = [P] + [PA] ,

Use the conditions of equilibrium of forces to compute the
displacements o

18] = [KITHIPY - (P2 ])

Knowing the displacements, compute the -internal member forces

by using slope deflection equation.
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) CHAPTER -~ 4-

'CASE STUDY

For a bulldlng frame the 1atera1 1oads wh1ch acts due to1'

earthquake and w1nd actlon can be calculated by some approx1mat10n

as ment1oned in the prev1ous Chapter Approx1mat10n of the lateral ,"'

1oads : The cases wh1ch have been cons1dered here are" the'{
bu11d1ng frames subjected to earthquake loadlngs from whlch thei:
external loadlng taken as p01nt 1oads .on each floor level _ )
. Some symmetrlc "and unsymmetrlc frames have been analysed by‘d
commonly used methods "and for one. of”. the frames, a comprehen31ve

study has ‘been made by us1ng varlous approx1mate methods and by

using stiffness matrlx method i.e.
a) A comprehen51ve study of the frame A.

The frame whlch has been analysed is two-bay double storled

as shown below.

A . B . .C
3.8m.
- 30kN-—> et — | ¥ .
3.6m -
L : __, _L-xb: " s
V‘ >, G . H Ca ' I .

1|e——— m — |~ Bml——al

o quiopmﬁl" | o

The widths of bays are 7m and Bm respectlvelyﬁ Stcrey heightvh

of each storey is 3.6m. The lateral loads are 26 KN and 30 KN-d
acting on the upper roof level and first. floor. 1eve1 respectlvely'

"The column -and beam sizes are 35 cm x 35 cm and,35'cm X 65 cm

respectively which gives the mement of inertia 1.25 x 10 3 m4 éﬁd

8.01 x 10'3‘m respevtively. The values of relative stiffnesses



are shown in the middle of the frame members 'as in the form‘of
their ratio i.e. for columns it is shown by "k" and for beams .it
is shown by 3.3 k and 3.8 k respéctively.

The detailed analysis is done by eight methods i.e. (i)
Portal method, (ii) Cantilever method, (iii) Kani’s method, (iv)
Bowman’s method, (v) Factor Methdd, (vi) Kloucek’s method, (vii)
Blume et. al’s method and (viii) Stiffness matrix method. The
steps of analysis are shown in Appendix B.

(b) Study of Some Frames by Commonly Used Methods _

Some other ‘frames including unsyﬁmetric frames -have been
studied and analysed by commonly used approximate methods and by
the stiffness matrix method. ’ fhese all' frames are -having a
maximum of three bays in each storey and a maximum qumber‘of three

stories. The frames are :

A B , C D
48kN T
3.6m
Ll
E F G . H
|¢— Bm —|¢ Bm —|«— Bm —|
FRAME -1
F1Gg-11
A B
15kN—> T
3.6m
C D E C|F l
52kN—s T
3.6m
il J(

"L

» H I J

| «—6m—> | —Bm—>r | ¢—Bn—>]|
FRAME -2

F1G -12
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32kN—> -
B.Sm
D E F G}
54kN — ¥
3.6m
. 1 I A I &
H 1 . J K
| Bm —|— Bm — | Bm —|
FRAME -3
F‘IC\-13
A B
15kN—s T
3.6m
C D E
36kN > T
3.6m
F G H I
54kN > *
3.6m
A . " :.._ \ A _.l. »
J X L. M.
j¢— Bm —le— Bx —iee Bm —}
FRAME -4. - -
16 -14
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48kN—> x
3.6m

A E . F G - "]

56kN— . - —| ¥
3.6m

I J K |

BAKN—> B
3.6m

L - : oL ’ .'.L ‘ I.J_. ;v

LM N 0 e P

|¢= Bm — ¢~ Bm —le Bn
FRAVE -5 |
- ri'a~15:"
The methaAS ' used -are .(i) ?drfall‘hehhod ';(ii) Cahtlleveh o

method (iii) Kanl s method and (1v) stlffness matlrx method

The frames are of ‘different helghts and Shapes but the bayn{M5

w1dth and storey helghts taken are the same and are B m and 3. 8 m .
each ' ‘ o ‘
respectively The size of columns and beaﬁs are 35 cm x 35 cm and_:
35 cm x 65 cm respectlvely and moment of inertia are 1.25 x 10 3.

m4 and 8.01 x 10 m4 respectively. The relative stlffnesses shown -

at the middle of the each member are in the form of ratio i.e, £or"

columns it is "k" and for beams it is "3.8 k" respectlvely.
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CHAPTER 5

RESULTS AND DISCUSSION
‘5.1 Comparison of Results of Frame A with Comprehens1ve Study
The comprehen51ve ana1y51s of the Frame A has been made by
various- approximate methods and by the stlffness matrix method

Comparative study of ‘the results of frame A can be made by Table
5.1.1.

TABLE 5.1.1 Resulta of Comparison by Various Mathods

34

bstoxe§ Portal Cantilever Kani's Bowman;s The Factor Klouceks ' .B}ume ' Exactf
: Method Method ~  Method, Method . Method '~ ~ Method et als " Method
: ' " Method
ﬂomént in A
A Beams ’ . . § . - )
Top : LI 11.7 12:2 14.38 14.04 14.98 -%i.so;v 13.93 14.37
B 11.7 12.2 10.01 11.48 8.36 877 9.10 10.09
Moo 11.7 10.5 10.86  13.39 o 9.23 1123 9.10 10.75
Mg 11.7 10.5 15:2§‘ 16.38.  -15.51 . 14.78 14:40: 15.24
Bottom Mg "36.9 40.67 35.77 30.30 43.79 36.14 " 45.75 39.93
Men 36.9 ©40.67 ©27.12 " 24.80 24.29 26.73 '-zs.so 27.19
Mep 36.9 33.12 29.31 27.01 26.63 30.78 26.50 23.15
Mog - 36.9 33.12 41.96 33.11 - 45.49 41.61° '4?.%0 41.85
Moment in
Columns )
Top Map 11.7 12.92 14.38 14.04 14.96 14.72  13.93 14.37
Moa 11.7 ©12.92 10.98 7.56 13.39 11.74 14.15 °  10.94
Meg 23.4 23.42 20.87 30.42 17.59 19.47 18.11 20.84
Mo 23.4 23.42 19.986 16.38 16.50 S18.39° © 18.35 19.97
Mo 11.7 - 10.5 15:23 15.38 15.51 14.74 14.40 15,24
- CoMee 1.7 10.8 12.16 8.82 19.68 11.75° .. 14.62 12.24
Bottom M. 25.2 27.75 "28.78 27.74 29.75 29.52° " 31.60 28.99
Mo 25.2 . 27.75 -38.08 34,11 34.79 3412 32,91 03435
L 50.4 50.37 36.45  33.60 34.00 -35.22 " 3}.56 36.37 .
Mg 50.4 50.37 37.91 50.39 . 36.92 36.97 36.00 37.86
Moo 25.2 22.62 29.79 24.2? : 30.81 '. .29.52  32.48 29.61
Mg 26.2 22,62 3456 6440 L3532 34.12 33.83 34.41
Shear in '
_ Beams (KN) ) o -) L
Top . Vo 3.3 3.69 3.48 3.64- 3.32 3.24 "3.29 3.4g'
] Vac 3.90. 3.50° 4,35 - 4.96 4.13 4.33 - . 3191 1.33
Bottom Vog 10.54 11.62 T 9.55 - 7.86 9.72 . 7.69 10.35 9.59
Vee 12.30 11.04 11.88 10.03 12.06 12.46 12.29 11.83



Top

Bottom

Top

‘Bottom

Top

"Bottom

Shear in
Columns

v
AD

v
FI

Axial Poxce

in Beams
AB
BC
DE
BF

Axial Porce

in Columns
AD
BE
cp
x -
BF -
FI

méthdds

14.
28.
14.

" 5.2 Comparison

.50 7.
13.
.50 v 8.

17
00~ 13.00
83
00

15.42

00 27.99

00 12.57

19.

22.

o
nnononon
wn

‘3.9 L3,

13.88 -
2.32

16.2

18.

21.

(-0.
14.

7.08 6
11.34 13,
7.62 7
17.46 15.
27.65 23,
17.88 16
93 18.95
.83 7.61
75 19,59
.76 10.28
.64 ) 3.48
.19) - 0.87 ¢
5 4.35
a1 713,03
77) 03,2
54

16.23

.00.

8.04
00 3.90
.00 . B.06
79 17,492
33 15.66
.87 18,36
20.00 17.96
“7.00 8.06
20.21 20.11
9.88  10.34
3.64 3.32
1.32 0.78
4.96 4,13
11,50
C3.49
14.59%

13,04 .
T332 -
"16.19

7.83 . 7.
10.36 10.
784 s,
17.36 17.
20.72 19.
17.36 .18,
18.17
7.81
120,47
9.52
3.24°
S1.12
4.33
13.93
2.89
16,

79

1s.

83
o8
09
95+ -
64
45

18.17

88
10.

.13.64 .

16.2

-03
11.

34

.63
17.
20.
17.

59
62
78

18.

13.
L3,
16.

87

.63
19.
10.

44
15

.49
.84
33
08 .

08
16

of Resqlts of the frames studied by'commonly used.

As compreheﬁsivé study'has'been dédeyfor frame A, five other

frames have also been anaiysed by the commonly ‘used appfoximéte

methods, that are Portal method, Cantilever method and Kani’s J

method and have been also analysed by stiffness matrix method. To

comparé the results the values after analysis are shown in taBular

form as Table 5.2.1.

Table for Frame 1

(5.2-4)
Storey’ Portal Cantilever Kani’s Sﬁiffness.
Method Method Method Matrix Method
Moment (KN-m) S
BEAM
MAB‘ 14.40 -12. 96 18.41 19.89 |
MBA 14.40 12.96 13.91_ 13.93
MBC 14. 40 17.28 8.41 8.52
. . 17.21 8.41 8.54
Mg 14.40 3
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S c e R B @]

o A

i

<

X2 0O+ H 0w

VBF

BEAM
CD
DE -
EF
CG
DH
EI

< < <

< <

v

FJ

6.
" B.
11.
11,
22.
22.
.17

11

.50

70

70
20
17
34
34

AXIAL FORCE (KN)

- BEAM
.F
' COLUMN °

AB

1:‘AE

FBF

BEAM
Fep
FoE
Fep
COLUMN

FCG

FDH
EI

FFJ

23]

40.
18.

.50. -

. B0
.50

83

49 -
.B65

.70
.00 .
.00
.70

14.
a3.
18.
.45

.73
11.

64

-23
S5 |

g5
85

:So.fw-

.50
.50

.45
.50 "
.95

.73
.91
.91
73

38

10.
16.

18.
7.
. 15.

. 35

.17

- -10.
. 15.

.75

.69’
.99
80
15 =

00

32 -
52 .

75

77
77

.85
.85
.79

.69
.70 .
58
57

35,
17,

74

13 7
10.
16.
18.
17.
15.

66 -
39 .
12
20

e

.74

78
.75: 2t .

80 .
48 . .
.54, -

;74!J1>
_10.28
18,

28 ‘. -: ',
41



Table for Frame 3

Storey Portal Cantilever Kani’s Stiffnéss

Method Method Method Matrix Method

Moment (KN-m)

BEAM
T Mg 14. 40 14.40 19. 40 19. 49
0 My, 14.40 14.40 12.26 12.50
P Moo . 14.40 14.40 1117 10.86
S Mg 14. 40 14.40 17.21 17.11
T COLUMN
0 M, 14. 40 14.40 19.41 19. 49
R Me 14. 40 14. 40 19.34 19.43
E Mo 28. 80 28.80  23.43 - 23.37
Y Mg . ~28.80 28.80v 21.75 21.73
Mec 14. 40 14.40 17.21 17.12
Moo 14. 40 14. 40 14.07 14.07
BEAM
CB M 25. 80 40.50 '36. 48 ' 36.94
0 My 25.80 40.50 - 31.91 31.97
T M 40.17 39.60 26.32  26.49
T Mp 40.17 39.60 25.31  25.57
0 M 40.20 26.10 35.86 35.35
M Mg 40.20 26. 10 47.42 47.03
S COLUMN
T Moy 25.79 40.50 36.48 36.94
0 Moo 25.79 40.50 40.08 40.61.
R M 51.59 65. 70 38.89 39.04
E Moo 51.59 65. 70 41.29 41.41
Y M ~ 25.79 36. 90 39.43 ©.39.20
Mg 25.79 26.90 41.56 41.32
Mo 51.59 11.70 33.34 .- 32.95 .
Mo 51.59 11.70 38.52 38.12
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-V
- COLUMN -

X O H 4+ 0w

SHEAR(KN)

-BEAM

VAB

VBC

COLUMN
v

. AE
\Y

BF

VCG

- BEAM -

VDE

VeEr .
FG
Vo
Ve -
Vrs
Vex

4.80
4.80

8.
13.
13,

14,
", 28.
28.
14.

- 8.00
16.00
.00

00

80
39

40

33
88 A.‘

66
33

AXTAL FORCE(KN)

BEAM
FAB.

FBC

COLUMN

FaE

-

24,
8.

00
00

.80

0.00
4.80

" 39 ‘:
18.
1 6.35

87

05

.80
.49
.00 .
.20

4.80 "
.80

13,
13,

w22,
.38,
20.

.00 .
16,
.00

00

50
20 .
.70

50

50
50
.50

.00
.00

. 80

0.00
4.80

.50
. 60

.50

.50"
B0
.50

40 -

5.27
.73

10.

12.
.69
11,

13.
21,
._'22.

22,
19.

21.

22
.69

78

53

w0
.60
91

21
22

53
96

.27

0.54
4.73

32.
21.
11

78
35

35 .

. 40,
Ny
77
.64

5.33
4.86

. 10.
12. L
.86

TS
o 8.88
130
22,
22,
19.

21;

81

52

49:'

73.. .

54h ;:;

34 -

36
74

19
.66

.33 "

0.66
4.88

.32
- 20.
s 11

92

og .

.49 L
.52,
38~
.39.-



Table for Frame 4

Storey Portal Cantilever Kani’é Stiffness

Mgthod Method Method Matrix Method

Moment (KN-m) !

BEAM |

MAB 13.50 13.50 15.13 15.11
Mo 13.50 13. 50 13.40 13:33
COLUMN 4

MAD 13.50 13.50 - 15.13 15. 12
M 13.50 13.50 15.13 = 15.27
Moo 13,50 13.50 - 13.40 13.33
Mo 13.50 13. 50 10.32 10.29
BEAM _
Mop 22.95 36. 45 31. 49 31.18 °
M 22.95 36. 45 24.16 24.99
M 36. 45 22.95 26.85 26. 04
Mo 36. 45 22.95 36. 85 36.53
COLUMN |

Mg 22.95 36.95 31.49 31.78
Mo 22.95 36.95 31.51 31.77
Moy 45. 90 45.80 - 35.88 35. 77
M 45. 90 45.90 34.51 34.48
M 22.95 9. 45 26.52 26.24
Mg 22. 95 . 9.45 27.69 53.55
BEAM

Mo 31.50 63.88 . 45.27 45.69
M 31.50 - 63.99 a1.94 41.98
Moy 22.95 48. 87 ' 48.58 36. 98
Myc 22.95 48. 87 34.54 35. 15
Moy 65.85 .  27.54 48.05 47.19
My 65. 85 27.54 63.59 63. 03
COLUMN

M ~ 31.50 63. 99 45.27  45.69
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Moo 31.50
Mo 63.00.
M, 63.00
My . 83.00
Mo 63. 00
My 31.50
My 31.50
SHEAR (KN) :
BEAM
Vin j.f 4.5¢
COLUMN |
Vip o 7.50
Vg 780
BEAM
Veg - 765
Vop 12.15.
COLUMN
Ve . 1275,
Vor 25.50°

VEI i - 12.75

BEAM

Vg 10-80
Veyg - ; 7.65
.YHI . 21.15
COLUMN ,

Ve o 17.50
Vek 35.00
Vi, . .. 35.00
Vim ‘ 17¢§q
AXIAL FORCE (KN)
BEAM

Fg - 790
- COLUMN

Fap ¢ . -4.50
Fep . 4.50

63.
786.
76.
30.
30.
18.
18.

7.50
7.50. -

12

20.
25.

21,
16.

.35,
42,
16.
10.

89

41

41

51 :
51 |
09 .-
0o

15
65
25

50
.25

33

29
.18

58

45
95
05
.50
.50

.50

4z

49.
a7.
50.
48.
50.

39

4.76

10.
17.
19.

13

- 14.

11

26,
27.
27.
24.

53
01

40
09
84

.91
46,

85

.41
.80

.26
61

49
50

. 96

55

.84
- 18.

62

32

02

48 -
04’
.59 ..

.78 .
76

49.
47.
50.
A7,
- 50.
39.
46

99
13
54

87

74
50

.47

.74

8. 44

17,
19,
13.

14
12.
18.

2B.
.15
CL27.
23.

27

.56

.46
10.

42

B85
51
83.

61
02
37

58

39
87

.56

.76
.74



BEAM

cD
DE
COLUMN
cc
DH
EI
BEAM
Fre
GH
HI
FJ
GK
HL
IM

e e B I R

23.

36.
14.

25
.25

.65
.00
.85

50

25.
.75
-10.
.80
-22.

37.

50

50
80

15.
.25

-12.
.00

12.15

75

15

.45
.<75
.80
. 33
.11
11
.33

43

18.
.42

27.
18.
10.

-14.

.54

-12.
33.

51

.26
.85
11

68

15

17
56

63
73

18.
.27

27.
17.
10.
-14.
.87
12.05
33.

34

.46
.70
17

41
92
04
61

05
54
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Table for Frame 5

Storeyf.‘ " Portal Cantilever. Kéni’s>_. Stiffness

Method = MetHod  Method Matrix.Method -

Moment (KN—m)_,f
. BEAM | _ .
Mg 1440 12.96 20.20 19.60
Mo, 14. 40 12.96 15.40 13.34
Mpe 14.40 17.28 10. 60 ©13.10
Mg 14.40° . .- 17.28 10.60 13010
M 14.40 12,96 15.40 . - 13.40
Mo 14.40 12.96 20.20° 19.71
_ COLUMN L , ‘
Mo 1440 1295 ;'2qf20 - 19.80
Mey . 14.40 ‘12,96 - +16.19 15.73 .-
Mg - 28.80 3Qf;43; .’ﬁg§.Qo -7‘tV36r45""
‘Mpp . 28.80n . 30.24 " 24,01 . 2448
o Mg 28.80. - 30.24 ;. 26.00 - . -26.51
‘Mg - 28.80 :Mf?9‘341~_11724191”' j;1124.§2.
Mpy . 14.40 . 12,88 - 2019 . 18.71 .
Moo 14.40 ~ 12.96 - 16.18  15.82
BEAM - . . }
Mo ~ 45.60 41.04 - 58.17 ,';’* 57.24-
Mop 45.60 . 41.04  '45.72 . '43.76 .
Moo 45.60  54.72 .33.26 - 35.92
Mg 45.60 - 54.72 - 33.26 - 35.91
L— 45.60 41.04 45,71 43.89.
Mo 45.60 = 41.04 58. 17 ~ 57.83

COLUMN - IR
Moo 31:20 - 28/08 4;:98 v 41;51vuffg¢L
Moo © 31.20 28.08 . 37.06 36.64. . .
M, 62. 40 65.52 '54.98 52,22
Moo 62.40 85.52 53. 20 53.51
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M

- M

Moy 62. 40
Mec . 62.40
My 31.20
M, 31.20
BEAM

”MIJ 81.60
M 81.60
Mk . ~ Bl.80
My 81.60
My 81.60
Mg -0 B1.60
COLUMN ‘
1y 50.40
My 50. 40
Moy 100. 80
Mg © 100.80
bk 100.80
M, o 50. 40
M, 750.40
SHEAR(KN) ,
BEAM
VAE 4.80
Ve 4.80
Vep 4.80
COLUMN
Vap 8.00
Var 16. 00
Vee 16. 00
Vi 8. 00
BEAM
Vﬁp 15.20 -
Veo 115.20
Ven 15.20

" B65.
65.
28.
28

73.
73.
a7.
a7.
73.
73.

' 45,
. 45,
105.
105.
105.
- 105.
45.
45.

4.32

52

52

08
o8

44

44

92

9z

44
44

5.76

13.
18.
13.

.32

.20
18.
18.

80
80

.20

68

24
68

45

* . 54,
| B53.
41,

37.

$102.
77.
53.
53.
77.
102

B65.

78.
82.

82,
" BS5.
76.

98-
20
98"
06"

28

85 °

42
42

85
28

5.84

3.53'

5.92

10.
13.
13.
10.

17.
11.
.31

17

15

89
89
15

31
08

55.
53.
a1.

- 36.

102."
786
55.
55.
76.

101

65.
77.
78.
83..
7.
- 82.
64
- 75.

28
57

7p\“"

ag’

36
72
18 -
15
29

.43

72
05
36
02 -
Séf’

54 -
51

73

5.49 .
4.36

5.51

18B.
.97
16.

11

.81
14.
14.
.87

14
18

83

90,



v

Y

; |
COLUMN

R
F

COLUMN

VEr

FJ

Ven

VL

BEAM

Y

IJ
VJK :

KL
COLUMN
V1M

VN

VKO

LP

BEAM

" F

AB
Frc

cD -

AE

BF
Fea
Fou

' BEAM
- F

EF
FF'G

FGH

'COLUMN

EI

"

-GK
HL

17.
34.
o34

17,

C27.
27.
27.

28.
56.
56.
~ 28.
AXIAL FORCE

40.
24.
.00

33
67
67
33

20 -
20
20 -

00

00
00 .
00

00 .

00

.80
0.00

0.00

4.80

- 486,
.00
.33

67

.00 .
.00 .
.00
.00

15.80

36.40
36. 40.

15. 60

'24.48.
. 32.84
24.48 .

58. 80
58. 80
25.20 |

40. 8O

. 24.00 -
-0.72

|
Fes
A
i\

-1.44 -

1.44

47.80
28.00
8. 40 .

. -18.00

6.00
6.00
18.00

46

21.
30.
30.
21.

29:
17.
30.

39.
a4,
a4,
38,

44.
28.
11.

.
03
03 " .
98-

99
81

06

53
61"

61
53

.85
.96
.07 .
94
42 -
.92

17
03

89

[25 .
.64 -
.64
.29

21.
~ 30.
© 30.

21.

29.
18,

29.

-39

44

38.
24.
.87 .

a4,
. 28.
11,

71
20
23

86

85

38

GR]

66
{83
44,
38.

56

95

18
04

.48
2
15
.52

11~
04~
99 -

.32
.98
.08 . .
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BEAM
53.

FIJ 33 . 54.40 - 46.45 46.64 ¢
FJK 32.00 32.00 31.87 31.42"
FKL 10.67 9.60 17.29. 17.09
FIM‘ -47.20 -42.28 -53.28 -52.16
FJH 0.00 -14.16 20.82 17.44‘
FKO 0.00‘ . 14,186 o 20.86 f17732 .
~F 47.20 42.48 53.35 52105

LP

5.3 Discussion of Results

For the. frame A .difference--in, each value .of the..result -

has been compared with the-,exact value. This..variationhas been
calculated in the‘peréentage difference giving the (¥)ve sign'f0rA'
over estimated and (-)ve sign for- under estimated values
tablualted in table 5.3.1.

PERCENTAGE VARIATION OF THE RESULTS

TABLE 5.3.1

as

(BEAM MOMENT)

47

Near end; _ Fér epd_
Methods| Storey exf: int. int. éxti
Portal -18.58 +15.96 | +8.84 " -23.23
Canti. T -15. 10 +20.91 | -2.33 -31. 10
Kani. +0.07 -0.71 +1.02 | ‘-0.07
Bowni. P - -2.30 +13.78 | +24.56 | . -15.35
Faétgi_ 4411 “17.15 | -14:14 |- %1.77.-
Klouc. -10.23 S317e 4 428 Cliiezioz | 0 f
Blum. -3.06 ' -15.35 -5.51




- (BEAM MOMENTS)

: Near end}ﬂ ‘Far end‘
Methods | Storey ext. int. |. int. ext.
Portal | . ' ~7.59 +35.71 | +26.59 '~11.83
Canti. | © +1.85 - | "+49.88 - | +13.62° | -20.88
Kani. 0 -0. 40 - —0.2§'~‘” +0.55 - | +0.26.
Bowm. T‘ -24.12 —8ﬁ?§ﬂg~f 1 -7.34 —20.88.
Factor T +9.54 | ~10.67 |- -8.84° | +8(70
‘Klouc. o 9.49° | -1.69 | +5.59 ~0.57
Blum. M +14.58 | -2.54 | -3:08 £12.54
(COLUMN MOMENTS)
Methods | Storeyl top eXtEottom tobmlddézttom top exﬁgottom
Portal 1.18.58 |+6.95 |+12.28 |+17.18]|-23.23 -4.41
Canti. 21009 |+18:10 |+12.38 |+17.28|-31.10 -14.22
Kani. +0.07 |+0.37 |40.12 |+0.05 |-0.07 -0.65
Bowm. - 2.30 |-20.90 l+45.97 |-17.98]+7.48. -27.9a
Factor | +4.11 |+2788 .|-15.60 |~15.37|+1.77 = +19.83
Kloue. i2.84 |+7.3 '?$.57‘ -7.91 [-3.28 144.00-
Blum.’ 3.06 |+29.32 |-13.10 |-7.91 | -5.55 . '+19.44
*(COLUMN MOMENTS)
Methods | Storey |t Terran top - [botEen <
Portal 4 -13.07 |-26.84 |+38.58 |+33.12|-15.07"|=26.77-
Canti. B |-4.28 "|-19.21 |+38.49 |+33.04|-23.50 |-32.26 |
Kani. | 0. [-0.72 |-0:79" | +0.22 |+0.13 [+0.40 :|+0.49
Bowm. T 1431 |-0.70 | -7.62 |+33.10] -18.13[+5.90
Factor’ T +2.82 |+1.28 |-6.48 [-2.48 | +3.84 +2.84
Klouc. 0 +1.83 |-0.67 |-3.16 |-2.35 |-0.51" [-0.84
Blun. M 00 |-4.19 |-2.98 [-a.81 |+e.47 |-1.689
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(SHEAR IN BEAMS)

49

; Near . . ‘Far
Methods Storey '
Portal -4.30 .—9.93
Canti. T +5.73° : =19. 17
Kani. 0 -0.29 h0.45
Bowm. " P,. +4.30 44_55.h
Factor -4.87 -4.62
Klouc. -7.186 0.00
Blunm. -5.73. '-g.70

(SHEAR IN BEAMS)

. _ } ] Near Far
Methods| Storey
Portal - +9.91 +3.97
Canti. B +21.17 ~ -6.68
Kani. . 0 -0.42 '+0.42
Bowm. . | T -18.04 -15.22 .
Factor T 41.36 lvt8a
Klouc-, o ~18.81- . . 45330
Blum, . |- M < w72 17 4389 -

' " (SHEAR IN COLUMNS) . BN
‘Methods VStorey ext. L, midqle. "?ft'
Portal -7.54 . - +14.64 . -14.81
Canti. +1.99 +14.64 ' -23.59
Kani. - +0.28 0.00 - -0.13
Bownm. -14.85 © +14.64 -8.26
Factor +14.37 -12.70 +5.37
Klouc. £11.38 -8.64 +2.75
Blum. +11.38 ~11.11 +6.07

&> O T




(SHEAR IN COLUMNS)

Methods

Storgy

ext. '

middle

_ext:~

Portal

Canti.

Kani.

Bowm.

Factor

Klouc.

. Blum.

% O H H O W

-20.41

- +35.79

21.28 "

-13.58

435,74 ..

129.30

-0.74"

- +0.15°

. +0.56 .

-10.23

+13.14

-5.12

+1.93

-4.66

+3.26

-1.31

+0.48

Y5 35

+2,05

-4.75

- +3.77

. (AXIAL.

FORCE IN BEAMS) -

Methods

Storey

Near

- Far

Portal

Canti.-

Kani.

Bowm.

Factor

Klouc.

Blum..

.79

©-14.81 ¢

.21

Y -23.59 -

.11

-0.26

.43

. '-8.26 .-

J32 ..

. 45.64..

.22

"+2.36:i-

.22

46,03 .

(AXIAL FORCE -IN BEAMS)

Methqu,

Far. ..

Portal

Canti.:

Kani. -

Bpwmf'

Factor |

Klouc.

vBlum.

-26.11.°

_33.41"

+1.28° °

+1.87

w21 "

42,07




(AXIAL FORCE IN COLUMNS)

Methéds Storey Near middle Fari
" Portal -4.30 -33.33 _g.93
Canti. +4.30 +-122.62 . -19.17 -
Kani. - ' -0.29 +3.57 +0.46
Bown. +4.30 . +57.14 +14. 55
Factor -4.87 ~7.14 1482
Klouc. . -7.16 +33.33 '0:00
Blum. * -5.73 -29.76 .=9.70
(AXIAL FORCE IN COLUMNS)
Methods ‘Stsrey ' Nga? j~¥?dqlé o :fFa?f
Portal +6.12 ~24.68 - 30.25. (|
Canti. "B, +17.05 ~125.00 ° Z10002 )
‘Kani. 0. -0.38" TTe3.80 . 40.43
Bown. T 212.08 " +16.56 ~7.24
Factor T -0.31 - 7 41.30 +0.19
Klouc. 0 - +6.50 -6.17 +3.90
Blum. M +4.28 . -17.853 - - 40.25

Similarly for other frames these calculated values are in the

percentaée difference with. the exact values giving the

underestimation and overestimation as (+)ve and '(r)ve

respectively shown in Table 5.3.2.
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FRAME 4

PERCENTAGE DIFFERENCE OF TOP BEAM MOMENTS
BEAM .

ext int
1. 10.66- -1.28
2. 10.66 -1.28
3. -0.13 -0.53
FRAME 4
PERCENTAGE DIFFERENCE OF MIDDLE BEAM MOMENTS
Near End ‘ Far End
extl int1 int1 int2
1. 28.24 8.16 -40.36 0.22
2. =-16.90 -45.86 11.87 37.17
3. -0.99 3.32 ~3.11 -0.88
FRAME 4 ) - '
PERCENTAGE DIFFERENCE OF BOTTOM BEAM MOMENTS
Néar End Middle Far End
extl int1 int1 int2 ~int2 ext2
1. 31.06 24.98 37.94 . 34.71 -39.54° -4.47
2. =-40.05 -52.39 ~-32.15 -39.03 41.864 56.31
3. 0.92 0.12 -35.58 1.74 . -1.82 -0.89
FRAME 5
PERCENTAGE DIFFERENCE OF TOP BEAM MOMENTS
Near End - Middle . : Far End
ext1 int1 int1 ~int2 int2 ext2
1. 26.53 ~ =7.98 -9,92 -9.982 *=7.46 26.94
2. 33.88 2.85 -31.91 -31.91 3.28 34.25
3. -3.06 -15.44 19.08 19.08 -14.93 -2.49
FRAME S )
PERCENTAGE DIFFERENCE OF MIDDLE BEAM MOMENTS
Near End : Middle" Far End
extl intl intl int2 int2 ext2
1. 20.34 ~4.20 -26.95 -26.98 -3.80 20.74
2. 28.30 6.22 -52.34 -52.38 6.49 28.66
3. -1. -1.11

62 -4.48 7.41 7.38 -4.15



. FRAME 5

PERCENTAGE DIFFERENCE OF BOTTOM BEAM MOMENTS

-0.08

54

-0.53 .

Near End Middle ‘ Far-End
ext1 _1nt1 intl. _ int2. - _ ;int2»b._ ext2 .
-1. 20.28 -6.36 -47.96 -47.96 -6.96 19. 60
2. 28.25 . 4.28 -77.55 -77.55 3.74 27.64
--3. 0.08 -1.47 3.14 3.14 ~-2.04° -0.78
 FRAME 1 . , :
’ '.' PERCENTAGE DIFFERENCE OF COLUMN MOMENTS .
Near End "~ due near  due far - Far End
top bottom top - bottom - top ' bottom ﬂ‘tqpﬁ “botton
'1.27.60 35,05 ' -28.28 -24.30 - -30.43 . -26.32 24137 . 32.08°
2.34.84 41.54. -34.70 --30.51 .-36.96 "31.93 . 38.87
3. 2.386 2.53 0.58 0.47 -1.09 -1.14 ~-2.00 ~1.93
FRAME ‘2 ‘ L
’ . PERCENTAGE DIFFERENCE OF TOP COLUMN MOMENTSA
Near End - - Far End .
"top ~ . bottom top . . bottom
1. 9.82 .8.54 -0.22 -25.82 .
. 2. 9.82 8.54 0.22 -25.82 ..
3. -0.27  0.41 ~0.37 - o.zs.f -
"FRAME 2 . . . -
' ) PERCENTAGE DIFFERENCE OF BOTTOM COLUMN MOMENTS o K
. Near End ' .due near  ‘due far .Far End .
top  bottom. top,hcbottom : tpp, ~z,bottom,_‘tbp':_bottom
1.27.87 .- 35.42 = -24.91', -21.74 _.-33.63 ..-26.25 ..21.20  ~-31.81
©2..6.06° 15,90 . -89.84°. -85.01 , ~13.36  -7.10 . 103.17 = 102.75
3. 1.51, 1.64°° 0.43 - 0.30 --0.66 . -0.63 - -1.57  -1.25 -
FRAME" 3
PERCENTAGE DIFFERENCE OF TOP COLUMN MOMENTS .
Near End Middle - ., - - Far End
top ‘bottom top . . bottom -’ ~.top | bottom
1. 26.12 25.89 -23.23 -32.54 15.89 ~2.35
2. 26.12. 25.89 -23.23 =32.54 15.89 . -2.35
3. 0.41 0.46 -0.26 Q.00



FRAME 3
PERCENTAGE DIFFERENCE

OF BOTTOM COLUMN MOMENTS -

Near. End due near due far ‘Far End S
top  bottom top bottom - top * . bottom top bottom
©1.30.18 36.48 « -32.15 -24.58 © 34.21 37.58't €58;57 .—35.34 )
2.-9.54 0.27 -68.29 -58.66 5.87 . 34.80 64.49 '69.31
3. 1.25 1.31 0.33  0.23  -0.58- " -0.58 " -1.18 = =-1.05
FRAME 4 * L |
PERCENTAGE DIFFERENCE OF TOP COLUMN MOMENTS . !
.. Near End Far End
-~ top- bottom top bottom .
1. 10.71 11.59 ~1.28 ' -31.20
2..10.71 11.59 -1.28° .—-18.57
3. -0.07 0.92 -0.53 -0.29.
FRAME 4 T
PERCENTAGE DIFFERENCE OF MIDDLE COLUMN MOMENTS :
~ Near End Middle ] Far End'
top bottom “top © Dbottonm top bottom
1. 27.78 27.76 ~ -28.32 -31.59 12.54 2.55
2.-186.27 -16.30° - =28.32 -33.12 63.98 58.87
3. 0.91 0.82 -0.31 -0.08 -1.07 - -17.58
FRAME 4 ﬂ S
' PERCENTAGE DIFFERENCE OF COLUMN MOMENTS o
Near End . due near due far Far End
‘top -~ bottom top - bottom top ~ bottom- top bottom
1.31.06  36.99 -33.50 -24.65 - -31.61 -24.i6° 20.25  32.21
2.40.05 -28.01 -61.92 -51.19 36.26 39.87 54.20 : 61.07 _
3. 0.92 0.92 0.38 0.28 —0'48. -0.39. -1.04 . -0.82
FRAMES. . . . y o
' PERCENTAGE DIFFERENCE OF TOP COLUMN MOMENTS
Near End due near due far = Far End-

“;top bottom top- ‘bottom topi‘l' bottom ,Qppp,‘ bottom
1.26.53 - 8.46  -8.88 ' -17.74  -8.64 ~ -17.48 - - 26.84 - 8.98"
2.33.88 17.61 -14.33 . -23.63 . -14.07 - -23.33 34.25 18.08
3.-3.06 -2.92 1.70 1.84 1.92  2.08

. --=2.48 f21.3Q
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PERCENTAGE DIFFERENCE OF MIDDLE COLUMN MOMENTS

.7833 0.922 -1

56

Near End due near due far Far End
top bottom top bottom top bottom top bottom

1.24.84 14.85 -19.49 -16.61 -12.88 -16.48 25.18 15.65

2.32.35 23.36 -25. 47 -22. 44 -18.52 -22.31 32.66 24.09

3.-1.13 -1.15 -5.25 0.58 0.58 0.69 -0:67 -0.18
FRAME 5

PERCENTAGE DIFFERENCE OF BOTTOM COLUMN MOMENTS ':
Near End due near due far Far End
top bottom top .bottom top ~bottom top bottom

- 1.23.31 . 34.589 -28.64 -21.42 -29.43 ° -22.12 ° 21.87 33.45
. 2.30.98 41.13 -35.07 -27.49 =35.90 -28.23 29.69 40.10

3. 0.76 0.93 0.36 . 0.31 ~0.24 -0.27 - '—1310 =~0.81
PERCENTAGE DIFFERENCE OF THE VALUES OBTAINED BY VARIOUS

METHODS WITH RESPECT TO EXACT VALUES
Shear in Beams

FRAME 1

Method .  Storey Near Middle - Far

PORTAL 14. 88 -698.0 . 11.80

CANTILEVER 23.40 -102.82 : 1.41

KANI 1.59 ) 11.36 -2.40

FRAME 2

PORTAL T 5.26

CANTILEVER (0} 5.26

KANI P -0. 42

PORTAL B 13. 436 30.80 ° . -5.065

CANTILEVER 0 -12.79 ) -126.90 ’ 13.41

KANI T 0.645 22.73 ) -1.31

FRAME 3
- PORTAL T 9.9 -3.0
-CANTILEVER 0 9 ~3.0
. KANI ’ P 1.125 -1.5

SORTAL B- 25.15 . -54.26 0 2.40

CANTILEVER 0 -17.5 -52.07 : 36.63

KANI T 0 . 311



FRAME 4

57

PORTAL T 5. 06
CANTILEVER O 5.06"
KANI P -0.42
PORTAL. M - 18.13 -16.60
CANTILEVER I -28. 44 ~26.58
KANI D 2.11 "-1.82
PORTAL B 28.13 - -38.36 S -15.13
CANTILEVER -0 ~46.00 -35.52 50,03
KANT . T 0.3~ S 1.50. 1-1.36:
' FRAME 5 o
PORTAL - T 12.56 -10.10 . . ‘-13.04
CANTILEVER O ©21.31 -32.11 21,74
KANT P -8.20 . 19.04 - ~7.24
PORTAL M 9.68 -27.00 10..00
CANTILEVER I 18.71 -52.38 19.65
KANI D -2.85 7.35 -2.42
'PORTAL . B 8.877 -48.00 . 8.20
- CANTILEVER O 17.98 . ~77.60 17.38
KANT T 0.47 3.10 -1.45
Axial Forces in Beams
FRAME 1
Method Siorey " Near Middle - - Far
PORTAL T ~10.13 - 1.48 28.44
CANTILEVER O -12.33 - 1.48 . 35.80°F
~ KANI B -0.716 - 1.14 -1.610
© FRAME 2 ,
~ PORTAL T t11.27
CANTILEVER O o -“1ter
KANI P - 0.148. 7
PORTAL ©~ . B -14.70 - 5.8 ' 57:26
CANTILEVER O ~5.20 ~80. 00 6.908
KANT T -0.702 - - 2.10

-2.90



@

FRAME 3

PORTAL
CANTILEVER
KANI

PORTAL
CANTILEVER
KANI

FRAME 4

PORTAL

* CANTILEVER

KANI

PORTAL

CANTILEVER

KANI

PORTAL

CANTILEVER
KANI

FRAME 5
PORTAL
CANTILEVER
KANI

PORTAL

CANTILEVER

KANI
PORTAL

CANTILEVER
KANI

FRAME 1

- PORTAL

CANTILEVER
KANI

—

- O w

- O W

-26.

- 0.

~-33.
32.

.28
. 1415

.20
.90
.01

77

.12

a3

16
69

.99

77
.86
.86

.80
.91
.13

.35
.83
.55

-14.
-14

20.
120.

-Shear in Column

EXT1.

31.50
38.35

2.22.

INT1
-26.28

-32.60
0.473

58

.93
.66
.00

33 .
.37
.46

48
93
.28

4
4

.17
.33

.14
.14
. 0356

.845
.845
.43

INT2

-28.31
-28.31
-1.122

]

42.
113.
.40 -

27.
130.
.06

52.

52

18.
92.
.03

22.
28.
.25

37

.62
.62
.46

63
53

30
95

638

.19
-~1.

29

95
71

00
94

.86
43.
.17

82

EXT2

28.44
35.60
- 2.147



FRAME 2
PORTAL
CANTILEVER
KANI
PORTAL
CANTILEVER
KANI

FRAME 3

PORTAL

CANTILEVER -

KANT

PORTAL
CANTILEVER
KANTI

FRAME 4

PORTAL
CANTILEVER
KANT

PORTAL
CANTILEVER
KANI

PORTAL
CANTILEVER
KANI

FRAME 5

PORTAL
CANTILEVER
KANTI

PORTAL
CANTILEVER
KANI

PORTAL
CANTILEVER
KANI

oA H O w U O 3

- O W

o= X WO

- O W

11.
11.

27

-14.

34.
-33.

18

26.

-3

20.

28

29.

36

2

2

121

.04 -23
.23 -87.
46 0
.00 =27
..00 =-27.
.05 -0.
.47 ~28.
. 457 -B63.
.532 0
14

14
.36
.76 -30
73 -30.
.91 0.
16 -28.
75 -56.
.00 0
.45 -13.
60 -18.
.46 1.
17 -14.
.14 -20.
.414 0.
40 -24
.46 -31.
.32 0.

.30

36

.B622

.80

80
og

30
38

.537

.70

70
05

91

35
.48

i85
81
77

80
53
563

.91

16
49

59

-29
-10
-0

=27
38.
.32

.—12.
-18.
-2.

-14.
-20.

-11.
-31.

-0

.88
.17
.7

.78

12

835
476
048

68
41
.B6186

44
g5
L1122

-11.
-11.
. 148

26.
102.
.57

. 18.
27.
. 836

20.
28.63
. 548

28.
35.
.48

27
27

90
94

.62
.62
. 346

.17
.32
.76

.33
.33
.61

.81
.04
.94

.69
.90
.71

94
0S5

72 .
63

11

30



FRAME 1

“ PORTAL

CANTILEVER -

KANI

FRAME 2
PORTAL
CANTILEVER
KANI
PORTAL
CANTILEVER
KANT

FRAME 3

PORTAL

CANTILEVER

KANI

PORTAL
CANTILEVER
KANI

FRAME 4

PORTAL
CANTILEVER
KANI

PORTAL
CANTILEVER
KANI

PORTAL
CANTILEVER
KANI

FRAME 5

PORTAL
CANTILEVER
KANI

PORTAL
CANTILEVER
KANI

o - X

Axial Fofce in Column

EXT1. INT1
14.90 100. 00
23.40 151.80
1.0 ° 1.43
. 5.26
5.26
-0.42
13.43 100. 00
-12.80 211.50
0.646 -3.45
9.90 100. 00
9.380 100. 00
1.12  225.14
25.15 -280.50
-17.50 -78.57
0.7833 2.00
5. 46
5.46
0.08
19.13 -57.90
-28.43 100.00
2.11 -2.63
28.13 30.13
-45.00 - 3.49
0.34 4.80
12.57 100.00
21.31 228.57
8.18 -116.07
10.39 100. 00
19.35 - 5.B833
-4.167 252.10

60

INT2 EXT2
100. 00 11.860
156. 25 20. 44

7.812 -2.40
5.26

5.26

- 0.42

12.45 .- 1.88
128.30 . 43.35
-3.00 -1.04
-3.00

-3.00

-1.50

"100. 00 1.033

202.74 26.860

-8.30 -+ -1.36

5.06

‘5,08

- 0.42

-9.76

19.91

0.40

-86.72 . .-93.38
159.00 36.02

-4.81 -1.23

100. 00 13.04

225.22 21.74

108.70 7.25

100.00 ~ . 10.80

198. 80 19.71

242.10 -3.88



PORTAL B 9.1 100.00  100.00 9.31
CANTILE/ER O 18.55 181.20  .181.70 - 18.386
KANI - - T -2.07 " -19.38 220.43 . -2.497 -

Ue' ¢an ‘;ery well point out some compérative\ points after,f'
studyiﬁk the variation of values ofuframe A obtained by different';
.methods w.r.t. exact values » j- ' - ‘

-In frame A by the portal method the top storey beam moments '
and the bottom storey beam moments are underestimated at the
exterior and are overestimated at 1nter10r J01nts Moments'at the
top and the bottom of the outer column are underestlmated in each
storey except at . the bottom end of top storey near end column.  The
‘moments ~ are  overestimated 1n ‘middle column. The moments are
overest imated by a larger amount in the bottom Storey mlddle
column as compared to the top storey middle column.

CANTILEVER METHOD _ )

The top and the bottom storey beam moments are found
underesit imated at the exterior and the far ends . except 1n the :
bottom u#torey. exterior column but amount of error is very less. »

The interior near and far end moments are overestlmated
in both storeys except in the upper storey fsrvend beamsjbut this
error i verylless., '

The  exterior top . and . column ' end . moments are B

underestimated in' both storeys.'~The 1Atérh;1 columns top and e

bottom\and moments are overestimated.
KANI'S METHOD | | o .
The ‘interior near - end beam moments 1n both the storeys

are undurestlmated and 1nter10r far end beam moments in both the"

storeys aré overestlmated The exterlor near and far end beam~d

moments are overest1mated and underestlmated respectlvely 1n top
storey hAnd vice-versa in bottom storey o '

The 1nter10r columns top and bottom end moments are -
‘overestlmated in both the storeys The exterlor -near end and far

end cowlumn moments are overestimated and underest;mated :
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respectively in top storey and yice—ﬁensa in.bottom sforey.
'BOWMAN’S METHOD ' | |

| The exterior near and far -end .beam, moments -are
underestimafed in both the storeys. The interior near and fen end
‘beam moments are overestimated in top storey and'underestimated in

bottom storey.

The external near end column moments are underestlmatedl

in both the storeys. The middle and exterlor far " end column,”"

moments are overestimated at top end and underest1mated at bottom,

end in the top storey and vice-versa in bottom storey.

FACTOR METHOD ) :
The, exterlor near end and far. end and 1nter10r near andA
.far end beam -moments are overestlmated _and underest1mated

v

respect1ve1y in- both the storeys

' The exter1or and 1nter10r~ column end moments AareiA
overest1mated and underest1mated respect1ve1y in both the storeys
KLOUCEK’S METHOD . » KES o . R

All the’ beam moments' ane underest1mated exéeﬁﬁiﬂihé

interior far end beam moments 1n both the storeys

The exterlor near end column moments are overestlmated- ’

'except ‘the bottom end of the’ bottom storey M1dd1e and exter1or
far end column moments are underestlmated -

BLUME’et al’ s METHOD

~ The exterior near and far"end beam ,momenté -are
underestimated and. overestimated 1in top and bottom storey
fespectibel&.v fhe interior near and far end beam moments ere
underestimated in both the storeys. . '
- " The exterior near and’  far end column momentsl are
underestimated and overestimated in top storey and vice- versa in ‘
bcttom storey. The middle column end moments are underest1mated 1n(

both the storeys.

' The . f‘esults - from. thecalculatlon _Of_ ; Shear for'ces ar'e' K
discussed as below: - L -
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- PORTAL METHOD

Shears are underestimated in top storey beams and
overestimated in bottom storey beams. '

Shears ‘are overestimated in mlddle columns  and
underestimated in exterior'columns in both the storeys.
CANTILEVER METHOD _ .

Shears in near and far end are overest1mated and
hunderestlmated respectlvely in both the storeys. .
. Inter1or column shear is overestxmated and exterlor
fcolumn shears ‘are underestlmated except in the top storey exter1or
inear end column but the overest1mated value is very less
KANI S METHOD _

Near end beam shears are underest1mated and far end beam
shears are overest1mated in both the storeys

The exterior ‘near and far end column shearsh are
“overestimated and underestimated respectlvely in top storey and
vice-versa in bottom storey
BOWMAN’S METHOD ,

- In the top storey, the shears are overestimated and “in

bottom storey the shears are underest imated.

Shears in the exterior column are underest1mated while

these are overestimated in the 1nter10r column in both the o

storeys.

'FACTOR METHOD

Shears in upper storey beams are underest1mated and thef:iff

shears in bottom storey beams are overest1mated

The exter1or column shears are overestlmated _and<'

interior shear is underestlmated in both the storeys
.‘KLOUCEK’S METHOD . -
' The near end beam shears are underestlmated and far end -

'beam moments are overest1mated

In the upper storey, the exterlor column shears are'?;,

overestlmated and interior column shears are underestlmated in the

bottom storey.
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’BLUHE S HETHODS

) The top :torey beam snears are underestlmated and bottom"

'storey beam shears ‘are’ overestlmated ‘
The external column shears are overestimated - and the
‘internal column shears are underestlmated in- both the storeys '
The maximum error 1n the axial forces in beam is about
'?0 to 35% while the error in the axial- forces in columns are very .
unreallstlc by cantllever method only, spe01flca11y in the’ mlddle‘
column other‘mse the maximum-error in- the ax1a1 force “is. a-lso‘:

about 20 to 30% by approximate method.-

-
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" APPENDIX - B

Comprehensive Analysis of Symmetric Two Bay Double Storey Building

Frame

The frame shown Iin figure_is a double storey,’doublé panel
building frame. The lateral , loads: are 30 KN and 26 KN at the
first floor level ’fespectively and“the “upper roofr level.Each
storey height is 3.6 m, and the panellwidths are 7 m.and Brm. The
rélati?e stiffness are sﬁown in the figure. The sizevof all the
cblumns.are same as 35 cm X 35 cm aﬁd the size of the.beams are 35

cm X B5 cm.

~26KN"A 3.3K B 3.8K C

._% T
K . K |k 3.6m"
30KN D 3.3K E 3.8K
- : , F %
K K 1K 3.6m

d— . L - L L

Tm H Bm .

[—\ ‘I‘IT Il

( Building frame )

The above frame structure is analysed by different methods.
Firstly the analysis is-done for the seven approximate methods and

then is done by stiffness matrix method 1i.e. exact method.



1.‘ANALYSIS.0F FRAME BY PORTAL METHOD
STEPS INVOLVED IN ANALYSIS :

The analysis steps are :

(1a)  Shear in Columns :
A B C
26 KN— -
p 2p p
— — —t—
T BE F
D. E F
30KN >
QL Q! QL
T BES BN
ic = . Ly ’ L1

o*

Top storéy vertical members are AD, BE, & CF. Let
the horizontal éhear for the outer coloumns AD and CF be .‘P’each,

wﬁile that for the inner column BE be"2P’

The value ‘P’'is given by
26 =P + 2P + P
P =6.5 KN —>(1)

Similarily considering the bottom storey, -the exterior
coloumns are DG and FI have shear ‘Q’',and the inner .column EH ‘has

the shear 2Q, then

26 +30=Q+2Q +Q
.. Q = 14.0 KN - >(2)
(1b) Shear in Beams '
| Mrg

FAB i - W 11.7/3.5 = 3.34 KN



F = 3.34 KN

BA

Fge = 11.7/3 = 3.80 KN
Fog = 3-90 KN

Fop = 38.9/3;5 = 10.54 KN
Fep = 1054 KN

Fop = 36.9/3 . = 12.30 KN
Fpg = 12.30 KN

(2a) Moments at the ends of columns

top storey
= = = = DX = w
MDA MAD MFC MCF | h/2 = 6.5 3.6/72
= 11.7 KN - m
= =" * = * -
MEB MBE 2P h/2 6.5 3.6
= 23.4 KN -'m
bottom storey
MGD MDG MIF MFI- Q h/2 14.0 3.6/72
= 25.2 KN - m
= = * = *
MHE MEH 2Q h/72 14.0 3.6

= 50.4 KN - m



(2b) Moments at the ends of beams

Top storey

Mg =

I
=
1

Mpa = Mpc = Mcp

First floor beam

- Mpp <

(4) Axial Force in
‘ Axial

Axiai
Axial

Axial

Axial

Axial

Axial force in AB
Axial force in BC
Axial fofce in DE

Axial forcé in EF

kv

Mep = Mpp = Mg

Columns and Béams
force in ¢column AD

force in column DG

force in column BE

force in column EH

forge in column CF

force in éolumn Fl

i
i

26 - 6.5

6.5

22.5

It

7.5

P * h/2=6.5*1.8

11.7 KN - m

Moy Mg

1

1.7 + 25.2

36.9 KN - m

Shear in AB = 3.34 KN
Axia} forcélin AD

+ Shear iﬁ DE

3.34 + 10.54 = 13.88 KN
Shear in BC

~ Shear in BA

3.80 - 3.34 = O.SB'KN ‘
Axial force in BE

+ Shear ED - Shear in EF
0.56 + 10.54 - 12.30
1.2 KN

ShearAin CB = 3.8 KN
Axial force in column CF
+ Shear in FE

3.90 + 12.30 = 16.20 KN

19.5



2. ANALYSIS OF BUILDING FRAME BY CANTILEVER METHOD

. STEPS INVOLVED IN ANALYSIS -: )
- From the éssumptions the points of contraflexure are shown :

(1) Location of the centroidal éxis of the column

Let the céntboidal axls be al-a distance x from Lhe -

column line ADG . Taking moment of areas of the columns ébout,ADG,

e get _ 7 + 13
X = —5 = 6.67
Therefore xl = 6.67 .
x, = 7 -6.67 = 0.33
X, = 6 +0.33 =6.33
(2)(a) Axial forces in columns of top storey:
A 1 B C
|
26KN — T
o
— H L le— i — H
1 0 2 T 3
Vl V2 V3

From the assumption (3) we can write the following
relationship for the axial forces in the columns.Since the areas
are equal, the axial forces in columns will be in- proportion to

their distances from‘the centroidal axis

- =0 Y

X1 ) X3

V = = =

2 v, X V,-.0.33 0.0 V,
X 5.67
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v =V X = V 6.33 = 0.85V

Taking the moment of all the forces about the point of

contraflexure of the right hand column

26.0 * 1.8 + V2 ¥*6.0 - V1 *13.0 =0

or 46.8 + 0.30 * Vl‘— 13.0 * V1 =0

or V1 = 3.69 KN (tensile)
Hence - V2 = 0.185 KN or 0.19 KN (Compressive)
‘V3 = 3.50 KN (Compressive)

(2b) Axial force in bottom storey

A B c
26KN —
D E F
30KN —>
«—— H «—— H ' l
L (R
v ' '
1 Vo Vg
F ) i) k]
o % Vs
Xl X2 X3

<
i
-9
&
<

<
1l
o
[¢o]
{9
<
—



- Taking moment of all forces about the point of contraflexure

of the right hand column

.26.0 * 5.4 + 30.0 * 1.8 + Vz’ *B6 - Vl’ *13 =0.

We get Vl' = 15.31 KN (Tensile)
Vz’ = 0.77 KN (Cdmpresive)
'V3' = 14.54 KN (Compressive)

3(a) Shear at the end of the columns
Top story: In order .to determine Hl;the moment about the

point- of contraflexure between AB,
* —y *
H1 1.8 V1 3.5

H1=7.17 KN

similarly taking moment about point of contraflexure between BC

H * * *=a«-
H® 1.8 #Hy* 1.8 +V,)* 3 =V,* 10
3.69* 10 -7.17 * 1.8 - 0.19 * 3
H, = ,
1.8 |
H, = 13.0 KN

for H3 taking moment about the point of contraflexure between BC,

3

* - *
Hy* 1.8 = V,* 3

HB =5,83 KN
Bottom story :Taking moment about point of  contraflxure

between AB,

Hl* 1.8+ 7.17 * 1.8 + 3.69 ¥3.5 = 15.31 * 3.5



’

Hl =15.42

?

.and for Hz,

Hé* 1.8 +13.0 * 1.8 + 0.77 * 3 = 11.682 * 6.5 + 0.18 * 3

H

5 =27.99 KN

'and for HB,,

H,* 1.8 +3.5 * 3 + 5,83 * 1.8 =14.54 * 3

y

H3 =12.57 KN

(3)(b). Shears at the ends of beams

The shears at the ends of beams can be determined‘from the axial

force in the columns at various joints as shown in figure-:

3.64 .64 35 . %5
a e ] J
26KN'—>|—* - e -V |
717 _ 4<——~—-13-o «——5-8%
l’ \
364 ' . 019 _ 35
A . h
47—
1-62 162
ST LT S N | Y R
1542 2799 . ——12:57
1531 ' 0-77 ERRTET

(4) Moments at the ends ‘of beams

Since there is a point of contraflexure at the middle of each

beam, the moment at the end of beam is formed by multiplying shear



at the end by half the lenth ofthe beam

(a)Top story

Mag = Mpa

3.63 * 3.5 12.82 KN-m

1
<
i

= ¥ = -
MBC CB 3.50 3.0 10.50 KN-m

(b)Bottom story

Mpe = Mep

L

11.62 * 3.5 = 40.67 KN-m

)]

-— — * :
Moo = Mp = 11.04 * 3.0,

b

I

33.12 KN-m

- (5)Moments at the ends of coloumns

(a)Top story

MAD = MDA = 12.392 KN-m

MBE = MBA+MBC =12.82 +10.5 = 23.42 KN-m
&EB = 23.42 KN-m

MCF = MCB = 10.5 KN-m = MFC

(b) Bottom sfory

w

Mo * Mpa = Mpg

MDG =MDE —MDA = 40.67 - 12.82 = 27.75 KN-m

MGD = 27.75 KN-m

Mep * Meg = Mep tMer



M. = 40.67 + 33.12 -23.42 = S0.37 KN-m

EH

MHE = 59.37 KN-m

o+ Y = g

MFI = 33.12 - 10.5 = 22.82 KN-m
MIF = 22.62 KN-m

The bending moment diagram is shown below :

1292 - 0s .
* R"‘ : 9 N\‘“&’\.\\_—\\_ c
“‘\\_\4‘2.92 1i0.5
\‘ L
0 ™~ g N F
<
\\ \
™~ 3302
™ ¢0.67
Gi . H |
8.M.D. FOR BEAMS
12.92 A 23.4 2] H-:J c
\ \
AN \
N
\ \'\ \
\
252 _ D \\‘2-92 5Q.4 N 234 2226 F|_\17
S < N
\ ~_ "
N ~.. N
\ . AN
G—l 25.2 H___.B_\so.a ! __Azz-sz

B.M.D. FOR COLUMNS



3. ANALYSIS OF BUILDING FRAME BY .KANI’S. METHOD

STEPS INVOLVED IN ANALYSIS :

Displacement factor in each storey

I
Dy = g X (-3/2)
=1/3 x -3/2 = -1/2

First Storey Moment

M o=- 28%X3.6_ 51 5 N

Bottom Storey Momeﬁt

M= - _§§~§_§;§ = -B7.2 KN-M

.These storey moments are shown entered in small boxes at the mid
height of each storey to the left of the first column line.
The rotation moments are initially taken to be zero and

using equation the translation moments are calculated.

M..=D;.{MF+‘ Z{M..+M.'.)}
) ijl r j ij Ji’

where

M i3 —Translation mgment of a column in a storey

Dij —Displacement factoh of member 1ij

. Q_ hr .
F .
Mr - 3 storey moment

znxiﬁﬂbiij + M ji) represents the sum of the rotation moments

for all the columns in rth storey.



Point Member Relagive' b3 K Distribution Rotational

stiffness factor factor

(K)

A AB 3.3 4.3 0. 7867 +0.384
AD 1.0 0.233 -0.116°

B BA 3.3 8.1 0.407 -0.204
BC 3.8 0.469 - -0,234

BE 1 0.124 -0. 062

¢ CB 3.8 | 4.8 0.792 -0.396

éF 1 + 0.208 -0. 104

D DA 1 5.3 0.189 -0.095

DE 3.3 0.622 | -0.311

DG 1 0.189 -0.096

E EB 1 9.1 0.109 -0.055
ED 3.3 0.364 -70.1é2'

EF 3.8 0.418 -0.209

EH 1 0. 1083 —q.054

T FC 1 5.8, 0.172 -0.086

FE 3.8 0.656 -0.328

FIV 1 '0.172 -0.086

Top Storey :
M M”BE M = -1/2 x (-31.2) = +15.6 KN-M “

CF




Bottom Storey :

M‘DG
We shall

now proceed to determine the rotation moments (M’i.):

=M

=M

Mper = -1/2 x {-67.2)

EH +33.6 KN-M

Célculation for rotation moments:

Joint D

M DA

" Joint F:

M

M

FC

FE
Joint A :

M AD

M AB

. Joint B :

Joint C :

M

’

M

CB

CF

-0.095 x (33.6+15.6)

M ne = = -4.674
-0.311 x (33.8 + 15.8) = -15.301
M EH -0.055 x (33.6+15.6-15.301) = ~1.864

-0.182 (33.6 + 15.6-15.301) = -6.1696 = -6.170

-0.209 (33.6 +-15.6 - 15.301) -7.085

’

M o, = -0.086 x (33.6+15.6-7.085) = -3.622
~0.328 (33.6 + 15.6-7.085) = -13.81 |
-0.116 x (15.6-4.674) = -1.267
-0.384(15.6 - 4.674) = -4.196
0.204 x (15.6-4,196-1.864) = -1.946
' 7-0.062(15.6 - 4.196-1.864) = -0.591

-0.234(15.6 - 4.196 - 1.864) = -2.232

-0.396 x (15.6-2.232-3.622) =‘—3.859

-0.104(9.746) = -1.014



This completes one cycle.” The rotafién ahd} translation
moments have been shown entered.in figure as thé.first réw in
each-entry. |
Cycle ai

The secoﬁd. cycle again starts with phe determination of.
translation moments using the above equation, the improved values

of translation moments are :

s

Tog Storey :
", " " B . . '
M AD = M BE © M CF - -1/2.(f31.2-1.?67-4V674-O.591

-1.864-1.014-3.622)

. © = 422,116 KN-M
b) .
Bottom Storey :
Mpg = Mgy = Mg =172 (-67.2-4.674-1.864-3.622)

= +38.68 KN-M

Rotation Moments :

Joint D
M pp = Mg = -0.085 (22.12+38.68-6.170-1.267) = ~5.068 -
Mg = ~0.311 (+53.363) = -16.5958 = -16.596

Joint E-
M pp = M gy =-0-085(38.68+22. 12-16.596-0.591-13.81) = -1.639.
M pp = -0.182 (28.803) = -5.424
M pp = ~0.209 (28.803) = -6.229

Joint F:
M pc = M py = -0.086 (38.68+22. 112-6.229-1]014-0)= ~4.608

ool
e
Yo p

- ' i

M FE = -0.328 (53.8557) = ~17.567



Joint A: .

)

M = -0.116 (22.12-1.946-5.069) = -1.752
M g = "-0.384(15.105) = -5.800
Joint B :
Mg, = ~0.204 (22.12-5.800-3.859-1.639) = -2,208
Mpp = -0.062(10.822) = -0.871
M oo = -0.234(10.822) = -2.532
Joint C :
M CB = ~D.396 (22.12-2.532-4.608) = -5.933
M = -0.104(14.982 = -1.558 \

This completes the second cycle. In the similar manﬁer
computations are carried out in. the subsequent cycles of
ivt eration. ' '

The values of the rotation aﬁd translation moments upto five
cycles have been shown entered in figure.

s

A 3 C
s 2
2 (sl
1946 | L PSRN 1859 13
- 2208 {1 0.062" 2932 - .IJ").]:‘ - 0.|-0l.
~1-993 Tgaqf 2:286 -6419, s 1014
-1.889 -0671 2.188 ~5-513 ~1558
-1.885 ~0:606- 2166 -6-5.0 -1686
-0.580 24963 -6-545  ~1.711
~05 -1.718 )
-0:573 AL P
[iz]1s6 B2l 242
~res57122.02 - 47791 2325
-1.463 12325 -4.778} 23:41
-1:488}23.11 ~4.776] 23-46
= 22571 23:46 1639|2346 4.755] 23.47
— 510691 2347 - 1864 | 2047 -1.606] . -
~ LB iD £ " -3-622(F
0055 » <0086
’ o cprmac’ . . . L] [vs) o~
o [~15-301 = 6170 SD ~7-085 : =138 |3
i |-16.596 ° - 5426 | 7 -0.054 |=6-223 - 17567 {7-0.086
= -17.209 - 4.925 ~5.656 ~18437 s
-t “heBl) ~1.8B4. ~5.559 - 18209 Y
10454 ) ~ 4183 «1.639 ~5.637 -18.274 _2-206
17529 ~4:8722 -1-488 _ 1825 55
R I %) - . -/‘773
213 - =4:778).
: JRRL-Y) el
~Gl ~%5.355 33 6 -1 ’157_. 1.6 ‘/2.33.5
S el B 37, J .68
-evd [T 3. E%lihes 868
B g; 9 3935
il 4148 937
e RERV 39.35
L J f

CALCULATION CYCLES BY KANJ'S METHOD



in the Tfifth cycles are taken. as

The values' obtained

acceptable and all the values in the previous cycles are ignored.

A © B C
-6-231 -1.885 | —2-163, -4-545
—1-%;7_ ' -0:4573
2347 347 2347
D E . ‘ F o
_s5. 355 —17:529 -h.822 | -5-537 18.225 | - 4779
-s-|355 _b7s
%935 3935 132935
G ‘H 1

Rotation and Translat

ion Moments in 5th Cycle

The final moments are worked out as usual using equation.
M. =M F+2M . +M +M
1 1) 1J J1 1J
where M 15 _s rotation moment at ‘i’
Moy o Translation moment for any column in the
' storey -
The bending moments in the members are calculated and shown
in figure ' S - : '
1438 1086
A B\
19.77 \ 23'3?10.0‘ . 15.23
© ) \\\ F
. 742 ,\H.NJB
G H 1 -
B.M.D. FOR BEAMS
14:38 .
e 2087 8 15.23
\ \\ ‘\
\ \
\ \ \
28.78 . : B
ol \10-98 36‘-15 : N 19.98 29,79 F 1216
\\ o \_J\ N
ol N3c08 H ™. . \;
L3991 L ™N3us8
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Applying the static equilibrium equation at the joints, the

" shears and the axial forces are calculated and shown in Figure.

EAY 348 Y5 f-zvs
28KN. A T « 1895 __>‘L B T « 761 — <
«—7-05 «—11.34 A 7-62
¥ . :
348 A . bzs
y o-87
o
= 355 155 1 762>
T \L , ‘11,88
ECLIUNG - S B N QU TP ¢ —4F
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4. ANALYSIS OF BUILDING FRAME BY BOWMAN’S METHOD

STEPS INVOLVED IN ANALYSIS :

Point of Contraflexure

1, 2, 3, 4 are the point of contraflexure inBeam AB, BC, DE, EF

i T } .point £
respectively and nl, nz, n3, n4, n5, n6> are the .poin (o]
contraflexure in column.

26KN A . 3.3K 1 B 3.8K C
- S
Myt . ' ny n
"k “lx 3k
30KN D 3.3K JE 3.8K
> . F
3 4 .
hl.; V\5 . '/\6
K K K
& i 1

" x. =x =0.55X7=3.8mn

15 %y

Xy = X, = 0.55 X 6 = 3.30 m

Y, =¥, = V3 =0.65X3.6=23n
V=Yg =Yg =yo.éo X 3.6 =216 m

(1a) SHEAR IN BOTTOM STOREY :

As from the Bowman method, the shear in the bottom'storey column
are equally divided by an amount of shear.

- No. of bays—1/2k X total shear in that storey
No. of column .

2-1/2

= =575 X 56 = 28KN

Shear in column DG, EH and FI are 28/3 i.e., .9.33 KN

The remaining shear i.e., 56-28=28 KN will be divided around the
bays - inversely as their width. :



Shear in the bay GDEH, 28 X 6/13

= = 12.92 KN
Shear in the bay HEFI = 28 X 2/13 = 15.08 KN
Additional shear in. column DG = 12.92/2 = 6.96 KN
Additional shear in column EH = 12.82/2 = 6.96 KN
Additionai shear in column FI = 15.08/2 = 7.90 KN

Additional shear in column EH = 15.08/2 .= 7.80 KN

Final shear in column DG 9.33 +6.46 = 15.79 KN

g9.33 +6,46 +7,54= 23.33 KN

Il

Final shear in column EH

Final shear in column FI 9.33 +7.54, =.16.87 KN

A B C
26KN >
D E F
30KN —»
— H1 6—~_"H2 X - — H:3
J'\/; l, | _T, ,
. VZ \lz) R .

Bottom Storey :

Taking moment about the point of contraflexure in beam DE

6§ X 1.26 + 15.79 X 1.44 =(v,.~3.64) X 3.85

H

V1 = 11.50 KN

Taking moment about point of contraflexure in. beam EFl

7 X 1.26 + 16.87 X 1.44 =(V3 -4.96) X 3.3

’

Vg T 11.99

From equilibrium of Joint E

il

v2 = 3.49



"(1b) SHEAR IN TOP STOREY :

Shear which is-to be divided among the columns equally

_ No. of bays - 2
~ "No. of column
_2-2 _
= = X268 = 0

Hence the total 26 KN shear will be then divided in each bays

X‘Total Shear

inversely of their width.

Shear in bay ABED 26 X 6713 12 KN:

]
I

Shear in bay BCFE = 26 X 7713 = 14 KN

Hence shear in column AD = 12/2= 6 KN

Shear in column. BE 1272 X 1472 = 6 + 7 = 13 KN

n

Shear in column CF 14/2 = 7 KN

Hence the freebody diagram

A B C

26KN
. — H, ¢?‘" H, Te—~ H
v, v, v,

Taking moment about 1

v, X 3.85 = 6 X 2.34

vy = 3.64 KN

Taking moment about 2

Vg X 3.3 =7X2.34

vy = 4.96 KN

and from Balancing the vertical forces

v2.= 4.96 - 3.64 = 1.32 KN



The shears and the axial forces are shown in figure.
3~6‘4' 364 0.9 L.gg

26KN_ A Te—zo-s _;l & T “ 7.0 > l_Tc
— l (»-—-—-7-0v

6.0 le—— 13.0
- 364 - . 132 _ 0.9¢
S0, 7.86 7-86 __)T 10-03 -10~03__>iv'
l\;o T j 70
206N 1D P 9021 — E <« 9.88— —F
— 1579 — 23335 1687

lws : la-ué ’ T“*-%

From the static equilibrium equations at the Jjoint the

bending moments of the members are calculated and shown in figure.

14:04 18:34
e \
. 1638
30-30\ ‘ o 3
\4'24-80 \
33.11
G ,H . 1

B.M.D. FOR BEAMS

1440 A 3042 B - 1638 C’

AN
\16-36 24-29. F\e.az

~\

N

e N34 A HL__ >§o-39 I \\364k

B.M.D. FOR COLUMNS




5. ANALYSIS OF BUILDING FRAME BY FACTOR METHOD
STEPS INVOLVED IN ANALYSIS : -

Column stiffness = K each
Girder stiffness = KAB= KDE= 3.3 K and KBC=KEF= 3.8 K.

K=K, =0.51K, K, =K,=0. 44K

As formulae are mentioned above we can write the results in

tabular form .

Joint |Memb' |Col/Gird" [Half value of | Add * |K=I/L [Col/gird  Mt.
factor .c [factor at opp .[(3)&(4) factor C or
or g  |end-of memb. ' G=(5)*(6)

(1) (2) | (3) - (4) (5) .y | (71

AB | 0.23. 0.06 0.29 |3.3K 0.957K.
A ‘
AD | 0.77 0.31 1.08 | K | 1.08K
BA - | 0,12 0.115 10.235 {3.3K 0.775K
8 |ec |o.12 0.105 -| 0.225 [3.8K |. 0.855K
BE | 0.88 0.39 1.27 K 1.27 K
CB | 0.21 0.086 1 0.27 | 3:8¢ | 1.026K
C : : :
CF 0.79 0.33 1.12 K| 1.12 K
DA | 0.62 - 0.385 1.01 K| 101k
D | b6 {062 | 0.50 .12 | K| 1.12K
DE | 0.38 | 0.11 Joas |33k | 1.82K

contd.. ..



Joint |Memb' |Col/Gird" |Half value of | Add K=1/L |Cols/gird" "Mt.
factor c [factor at opp [(3)&(4) factor C or
or g end of memb. ' G=(5)*(6)

1 | @ | @) (4) (5) (6) (7)

EB | 0.78 - 0.44 1.22 K 1.22 K
ED | 0.22 0.19 0.41 | 3.3k | 1.35 K

E . _ —
EF 0.22 0.17 0.39° | 3.8K 1.48 X
EH 0.78 0.50 1,28 | . K 1.28 K
FC | 0.86 . 0.395 - 1.06 K | 1.06 K
F | .FE 0.34" T 0.11 | 0.45 3, 8K 1.71 K
FI 0.66 0.50 - 1.16 K 1.16 K
G GD [1.00 0.31 1.31 . K 1.31 K
H HE [1.00 0.39 1 1.39 K| 1.39 K
Tl IF |1.00 0.33 1 1.33 K. 1.33 K

x

CALCULATION OF COLUMN MOMENTS -

'Total column moments -for each storey

H.h
A= sc
Where, H . — Total ‘hor' 1 zontal force above Lhe storey

considered.’

h — Height of the storey.
C — Sum of column end moment factors of thét storey.

AO — Total column moments of ground’storey.




A1 — Total column moments of Tirst storey (top storey).

(30+26)* 3.6

A =
0
Co6*CentCrytChE R O R
~ 56% 3.6
(1.12+1,31+1.28+1.39+1. 16+1.33)K
26.56
K
26* 3.8
Ay = —
CAp*CoA*CBE CER* CertCre

26* 3.6

(1.08+1.01+1.27+1.22+1, 12+1.06)K

13.85

K

COLUMN MOMENTS :

13.85
For Top Storey : A = -
1
K
13.85,
= * = e R = o)
MAD /\1 CAD 1. 08K 14.96 KN m.
: K
13.85
- * = * =
MDA A1 CDA " 1.01K = 13.99 KN m.
13.852.57
= * = . * F - [
MBE Al CBE 1.27 K = 17.59 KN m.-

K



M., = A*C

EB 1 EB
- L] =
MCF Al CCF
= *
MFC Al CFC

For Bottom Storey :

Myg = A" Cpg =

= * =

Mop = A" Cap
— * : —

Moy = A" Cen
M - * —
HE = A)* Cypp =

Mo Ag* Coy
- * =

Mip = 8" Crp

CALCULATION OF BEAM

13.85

13.85

13.85

26.56

26.56

26. 56

K

* 1.22K = 16.90 KN m.
* 1.12K = 15.51 KN m.
* 1.06K = 14.68 KN n.
1.12K = 29.75 KN m.
1.31K = 34.74 KN m,
1.28K = 34.00 KN m.
1.39K = 36.92 KN m.
1.16K = 30.81 KN m.

1.33 K = 35.32 KN m.

MOMENTS




‘Constant. B =

Joint A : B

Joint B : B

Joint C : B

Joint

Joint E : B_

Joint F : B

BEAM MOMENTS :

Sum of column moments at joints

Hw)
o

Sum of girder moment factor at that Jjoint

M 14. 96
= A0 = 15.58
Gg 0.986
M 17.59
- .BE = = 10.73
GgptGpe 0.78 +0.86
M 15.51
N = 15.06
Geg 1.03
M. +M 13.99429.75
= ,DA oG _ = 27.00
Gpe 1.62
M__+M 16.9 +34.00
_ EB EH - - 17.99"
GED+GEF 1.35 +1.48
M +M 14.68+30.81
= Fg FI = 26.60
FE 1.71 :

Beam Moments = B* Girder Moment Factor

<4
I
w
*
[}
]

=
I

jvs]
=

]
|

15.58 * 0.96 14.96 KN m.

10.73 * 0.78

I

'8.37 KN m.



BC~ "B BC = 10.73 * 0.86 = 9.23 KN m.
CB C CB ~

" DE D DE

MED BE* GED 17.99 1 35_ 24.28 KN m
= * = * =

MEF BE GEF 17.98 1.48 26.63 KN m
= * .= * =

MFE BF GFE 26.60 1.71 45.49 KN m

15.51

45.49

B.M.D. FOR BEAMS

1496 A B 17.59 B 1551 C

»\\ .

2975 D} \13-99 3400 Ef \16:90 30.81 F 1468
\ i N '

L N3479 Hgae-ea L 3532

' B.M.D. FOR COLUMNS

@



POINT OF CONTRAFLEXURE IN BEAMS :

14.96* 7
X1 = — = 4,5
(14.96+8.36).
Similarily
X2=2.24, X3= 4.5, X4: 2.22
POINT OF CONTRAFLEXURE IN COLUMNS :
14,96* 3.6
Y, = ———— =1.86
14.96+13. 89
Similarily
Y2= 1.78,'Y3 1.8, Y4= 1.686, Y5= 1.73, Y
A B C
: T
Yy e Xq Xy Y3
R 4
D E F
T L R T T
Y 3 " ys [7477 Ve
L a {
Lg Ly 1
CALCULATION OF SHEAR :
A B C
26KN —>
«—— H «— H «— H
I bR
\'



AD 1
or H, = 14.96/1.86= 8.04 KN.
“Similariiy H, = 9.34 KN., H, = 8.62 KN.
And from ‘ MAD = Vl* 4.5
or V, = 14.96/4.5 = 3.32 KN.
Similarily V3 = 4.13 KN.

Taking moment about the point of contraflexure of

windward direction column.

N = * : *
V:3 13 26% 1.86 +V2 7

It

or \'% 0.76 KN.

2

M = Hl* 1.66

24.75/1.66= 17.93 KN.

or H

Similarily H2 = 19,66 KN. H3 = 18 36 KN.
Again- from the figure
. . - ? _ *

MDG+MDA (V1 3.32). 4.5

, 28.75+13.99+4,5*3.32
or V1= : : = 13.04 KN.
4.5

, M_.+M__+3.78%3,32

V3 - fC FI = 16.38 KN.

3.78

the



Taking moment about the point of contraflexure in column FI we

have V2 = 3.12 KN.

The shears and the axial forces in the members are calcﬁlated/
and shown in figure.

3?32 332 b7 413
26, A I «17.9¢ —>l s | < 806 l c
lhs-otl ——[—_ 9-90 ——l

l(—-— le—— T(—— 806
. 9-13
332 078 .
» -04]‘ ) . D} 8‘°6l
804, 9:72 979 04 12-06 o>
50——> D &« 2011 —>‘L E l & 1035 > T F
«——17-9% ——196¢ —— 1836

312 1619



6. ANALYSIS OF BUILDING FRAME BY KLOUCEK’S METHGOD

STEPS INVOLVED IN ANALYSIS :

., The frame is

26KN A 3.3K B 3.8K C Vg
- ' T {o 2 8465
K K . |K 3.6m "
: . Y.
30KN |[D 3.3K E 3.8K '
> F o1+ o1 8765
K K K ‘ 3,6m ) 3y
N H ‘IL B T
?I m Bm N

-
r¢ T

N

All fixed end moments are zero

All values of the stiffness are shown in figure

~
>
]

1L i = = . =. (
b Ky ie K, =K, +K =33K+K=43K
= 3.3 K+ 3.8K+K=28.,1K

¥
Ky =K+ 33K~ K=5.3K
Ke

~=3.3K+K+.3.8K+K=29.1K

Ko =K+ k+3:8K=58K
2
a =a = 3378 0.313
AB AB K. K 4.3 kx81
A'B .
, , 2
K Kge 3.8°

= 0.371

3gc ~© KXo T1.8X8 1



DG

EB

EH

EF

FC

FI

Joint stiffness factors of the frame system = 2% K

.

KAD 1

KAKD_ 4.3 X
2

KDE _ 3.32

KoK 53 X
2

KDc; B 1

KDKG T 53X
2

KEB 1

K Kg 8.1 X
2

KEH B 1

KEKH T 8.1 X°
2

KEF _ 3.82

KEKF T 4.1 X
2

KFC _ 1

KFKC T 58X
2 .

N

KFKI T 58X

.044

. 226

. 189

.014

. 110

274

.036

172

i

are



Joint Joint stiffness factor

A 8.8
B . 16. 2
C 9.6
D - 10.6
E 18.2 .
o 11.6
e 2.0
H , 2.0
1 . 2.0

The storey load members 'S’ are

__ 56 X 3.6

S, = 3 = -67.2 KN-n
__ 26 X3.6 _-_ _
S, =-———4—= = -31.2 KN-m

The coefficient of the displacement equation

X1

2

2/3(1+1+1)

X 2/3(1+1+1) 2

2 ,7§=:

1]
Il

.

From the above values 'S’ we calculate the moment loadings for the

substitute cantilever

m 3(s +52) = 3(67.2+31.2) = 295.2 KN-m

1 1
3(82+0) = 3(31.2) = 93.6 KN-m

)

Member stiffness factors of the substitute cantilever are obtained

according to figure

Ki-1

K12

1}
w

(1+1+1)

(1+1+1)

]
w

b



Due to irregular beam stiffness factors as in figure, the

floor coefficient An would be taken
A =1.15
i.e. A, = A_ = 11.5

Which gives Knot stiffness factor of the substitute cantilever.

KI =3 + 3 + 11.5 (3.3+ 3.8) =.87.65
K, =3+ 11.5 (3.3+3.8) = 84.65
After rought determination of the constant for the cantilever,
' 2
3

= 0.001213

21-2 T "87.65X 84.65

We calculate the primary deformation of the knots.

do _ MX
1 ~ K (1-Sa, )
1088
d;J = 295.2/87.65(1-.001213) = 3.37
d§'7= 93.6/84.65 X 0.998 = 1.11

By distributing these defromations throughout the cantilever, we

obtain the knot defromation.

1 >2
3.37 X 3 . 0.119
) 84.65 X 1
1.110
0.042 = 3 X 1.228

87.65

Total deformation

3.3 + 0.042 = 3.412

Q.
1}

Q-
1]

1.11 + 0.119 = 1.229



and from the displacement equation, the sidesways uu=u (for dI=O)

3 [s67.2 L
My = 5 [_ 5o+ 0+ 3,412 ]- 38,718

Hy == J [‘31'2 .+ 1,229 + 3.412 ]= -22.562

2 | 3

we can now calculate the six joint moments

My= - (1 Xp +1Xp) = 38.718+22. 562=61. 28
Moo= - (1Xp +1Xp,) =61.28

Moo= - (1Xp +1%Xp,) =61.28

M, = ~(1 X i, + 0) = 22,56

My = -(1 X p,) = 22.56

M’C = -(1 X uz)‘ = 22.56

For corrected value of defromation at Joint A

MA = 22.56

-1 X4.6=-4.6

-3.8 X 1.228 = -4.056

13,3043 :2 'ZKA = 13.904/2x4.3=1.82=dA’

For corrected value of defromation at Joint B

M = 22.56
-3.3 X 1.62 = -5.346
~3.8 X 1.229 = -4.67
-1 X1.75 = -1.75

10.79 :2 ZKB = 1O.79/2x8.1=0.67=dB’



For corrected value of defromation at Joint C

MC = 22.56
~3.8%0.67 =-2.546
-1 X 4.6 = ~-4.6

15.414 :2 ZKC = 15.414/2x4.8=1.81=d(’:
As initial values for the iteration solution of the equations, we
take

dp = dp =dp =4

dA = dB = dC = d2

Hy = -38.718

3.412

1.229

n, = -22.562

We obtain the corrected deformation of joint D

Mp = 61.28
-3.3 x d, = -3.3 X 3.412
-1 Xd, = -1 X 1.229
. 48.79 o
18.79 : 2FK = == 4.60=d]
Corrected deformation of E
M = 61.28
-3.3 x 4.60=-15.18
-3.8X 3.412=-12.98
-1 X 1.229 = -1.229
31.905

= 1.75=d

31805 = 23 = Sy E



For Corrected deformationﬂat Joint F

M - 61.28

-3.8 x 1.75=-6.65

-1 X 1.229 =-1,229

., 53.401 _ L
§3.401 : 2y = 555 4 60=d

Calculation of endfmoments from_the corrected deformations:
Beam Moments : |

MAB = 3.3(2 X 1.82+0.67) = 12:90 KN-m

My, = 3.3(2 X 0.67+1.62) = 9.77 KN-m

Moo = 3.8(2 X 0.67+1.61) = 11.21 KN-m

MCB = 3.8(2 X 1.61+0.67) = 14.78 KN-m

My = 3.3(2 X 4.6 +1.75) = 36.14 KN-m
Mo = 3.3(2 X 1.75+4.60) = 26.73 KN-m
Mo = 3.8(2 X 1.75+4.6 ) = 30.78 KN-n

MFE = 3.8(2 X 4.6 +1.75) = 41.61 KN-m

Column end moments :

My = KAD(ZdA +dy v o)

= 1(2 x 1.62 + 4.6 -22.562) = -14.72 KN-m
My, = 1(2 x 4.8+ 1.62-22.562) = -11.74 KN-m
Myp = 1(2 x 0.67 + 1.75-22.562) = -18.47 KN-m
M = 1(2 x 1.75 + 0.67-22.562) = -18.39 KN-m



-14.74 KN-m

Mep = 1(2 x 1.61 + 4.6 ~22.562) =

M = 1(2 x 4.8+ 1.61-22.562) = ~11.75 Kii-m
My = 1(2 x 4.8 - 38.718) = -29.52 KN-m

M., = 1(4.6-38.718) = 34.12 KN-m

My = 1(2 x 1.75 - 38.718) = -35.22 Kn-m

M = 1(1.75-38.718) = -36.97 KN-m

MFI = 1(2 x 4.6 - 38.718) = -29.52.KN-m

Mip = 1(4.8 - 38.718) = -34.12 KN-m
12-90 - .21,
A T B~ c

M 877 . \ .
1614 1478

\ ‘ 3078
| >~ | E\ F

\2673;
w4161
q8 H T
B.MD. FOR BEAMS
14.72A 19:47 B 4474 ,.C

R \ N
\
35-22

\
N ™ h
C_Aw? . Hlaeev ! }_Aamz

B.M.D. FOR COLUMNS

29.52 G




2
A B C
26KN >

i — Hl e Hz - &— H3
:Vl ivz s TV3

Similarly,

H1 = 29.52/1.7 = 17.36

H2 = 35.22/1.76 = 20.72

H3 =29.52/1.7 = 17.36

(V, -3.24) 4.02

V1 = 13.93

(V, -4.33) X 3.45 = 7.84 X (3.6-188) + 17.36 X 1.7

7.83 X (3.6-1.88) + 17.36 X 1.7

V, = 16.79 ‘ :

and V2 = 2.89

The calculated shears and axial force in different members

are shoﬁn in figure

3.24 324 Y33 b33

LN U SN B 78y — —°C
«— T-8%. ) I(—— 10:36 «— 7-81

. . 133
324 A 1
10-64 T 12:4¢ 4

783 T ’ 0 12-46

—> 1o-e~l 1038 l ;‘g?
0, e g0y —JE e g5y Y —F

— o —— 2072 e— 1736
Y L -
1393
: . 2-89




7. ANALYSIS OF BUILDING FRAME BY BLUME et -als. METHOD

STEPS INVOLVED IN ANALYSIS

" The calculéﬁions of mOmeﬁts in the top éndvbottom of thelcolumns

. are shown in tabular form:

From the joint equilibrium

Mg =

13.93 -

: AMBA+MBC = 18.11

'Sto-rey Colunn [Apparent Apparent Storey| K .S}xear in{ (HotHp)| Mo/H V.H )
; Stiffness| Column | Storey Shear ﬁg Colunn T8 B 'B:I:Ms/ﬁ (MT:V?_HS-HB)
Stiff. Stiffness c =VzHs ) T'"B
Top AD K 8.54 K 0130 7.8 28.08 0.985 14.15 13.83
BE K .71 K 1.82 K 26KN |0.39| 10.14 - 36.50 0.985 18.39 18.11 .
CF K 8.57 K 0.31] 8.06 29.02 $.985| 14.82 14.40
Bottom{DG K | 8.75K | ©.32( 17.92 64,51 0.960 32.91 31.60
EH K @isz K 2.34 K 56KN |@.35| 19.6 708.56 0.960 36.98 | 34.56
FI X 8.77 X $.33] 18.48 66.31 | ©.960 33.83 32.48
For the Top-Storey- point of contraflexure :
13.93 X 3.8
Yy, = ; = 1.78
1 13.93 + 14.15
Similarly-
y2 = 1.78, y3 = 1.78, y5 = 1.76, y8.= 1.76, y7 = 1.76
Horizontal Shear ‘
13.93
H = = 7.8
17 T1.78 3
14.40 .
H, = =22 =g, :
3~ T1.7g ~ 808
HZ = 10:08 KN



MCB

"pe

MED +

Mg =

The calculated bending moments are shown in' BMD.

14. 4

MDA+MDG = 14.15 + 31.86

M__. = 34.56 + 18.39 =

EF

14.62 + 32.48 = 47.1

= 45.78

52.95

1393 910
A g C
4575 "“**-ﬂ94o. —\\ﬁkxh“‘“-41A%o
250
D > E ‘\\\\ F
2650
{4710
G H |
B.M.D. FOR BEAMS
13.93 A i8.11 B 1440 C
Y N
\J \
\ \
h
N\ \ \
\,
31.60 O \11..15 34;56 E \18-39 3248 F 14.62
AN
™
G 32.9 H ~.36-00 L

B.M.D. FOR COLUMNS

33.83



Point of contraflexure in AB,

_13.83 X7 _
17 13.93 + 8.1

Point of contraflexure_in BC,

_ 9.1 X6 _
X = 9.1 +14.a - 2
Point of contraflexure in DE,
_45.75 X 7 _
X3 = 5754285 - 48
" Point of contraflexure in EF,
_26.5 X 6 _
Xy =265 +a7.1 = 18
Values of Vl’ V2 and V3 are given by
13.93
Vi® 323 =328
_14.4 _
V3 = ez 3 ~ 291
3.29 X 13 + V2 X6 =26 X1.78
V2 = 0.59
A B C
26KN —
— Hl le—— H2 Te-— H:3
vl v2 V3
H1 = 31.6/1.76 = 17.95
H:3 = 32.48/1.76 = 18.45
H2 = 34.56/1.76 = 19.64

(v, -3.29) 4.43 = 7.83 X 1.82 + 17.95 X 1.76



13.64

-3.91) X 3.84 = 8.09 X 1.82 + 18.45 X 1.76

[t}

16.20

1l

2.54

calculated shears and axial forces are shown below :

329

329 391 3.9
26 —ATT < 1817 o l’——F—T & go9 > i £
— 78% «—10:08 e 809
329 059 391
N
783 .
- 1035 1035 @_-J 12.29 12.29 a4
o LI & 1988 - w—.r— c 1036 b F
—17.95 —— 1964 —— 18-45

! !

13-64 2:54

16:20



8, STIFFNESS MATRIX METHOD
In the problem the horizontal displacements of joints "A" and
"D" and the rotations of Jjoints A, B, C; D,'E, F are>3ndependent
-displacement components. It may be noted that the horizontal
displéoements.of Jjoints B and C are the same as that of joint A
and the horizontal displacements of joints E and F are the same as

that of Joint D. Hence the degree of freedom of frame is eight.

A _ B C
26kN— : ®

30kN—>|

G H 1
|e—— Tn — | Bm —|

FRAME -A

.The stiffness matrix can be devel@ped ,By givihé?;ai unit
&isplacement successively at  coordinate 1 ﬁp_ 8 without any
displacement at other‘coordinates. To generate &hé first éolumn
of the stiffness matrix; give a unit displacement aé coordinate 1
without any @isplacement at other coordinates.

The elements of the stiffness matrix are calculated and given

below :



-0.46 3.00  0.84 0.00 0.46 0.56 0.00  -0.00
-0.46 0.94  5.75 1.27 0.46 0.00 0.5  0.00
-0.46  0.00  1.27 3.64 0.46 0.00 0.00  0.56

K=EI|-2.78  0.46  0.46 0.46 5.56 0.00 0.00  0.00
-0.46, 0.5  0.00 0.00 0.00 5.8 0.84 0,00

-0.46 0. 00 0.56 0.00 0.00 0.94 6.64 1.27

substituting this value in the stiffness matrix equation as shown
in chapter 3.
In the above problem the nodal forces
‘P1=28, P2=P3=P4=P6=P?=P8=O, P5=30 KN
‘and the values of non nodal forces
P1=P2=P3?P4=P5=P6=P7=P8=0
putting in the equation [A] = [K]TI{[P]—[P']}

knowing the displacement component the end moments are

computed by slope deflection equations.
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