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" THE 'APPLICATION OF THEORY OF INFLUENCE
EQUATIONS FOR THE ANALYSIS OF '
'TALL BUILDING FRAMES.

By Tadafuni Mikuriya, Assoc. Member.*
Synopsis.

This pa,pel presents the analysis of tall building frames taking thcnough consnderatmn of
practical methods of construction and them etical investigations.

INTRODUCTION.

The utilization of vertical space in building is gaining momentum in - this
twentieth century. This fact leads us to consider a more rational solution of buil-
ding frame, a subject which is being recognized more and more because of its im-
portance in tall buildings :

Here the writer presents his method which is based on his Influence Equation
Theory, as fully explained in previous papers, and is simple and accurate  enough
for practical use.

The solution of the bu'ilding frame will be divided into-two groups according
to the condition of leadings; |

(I) Vertical loads (Floor loads)

(II) Horizontal loads (Wind or Earthquake loads)

Before going into a discussidn, the following assumptions will 7b'e made:

A. The connections between the columns and beams-are perfectly rigid.

B. The change in the length of a member due to direct strezs will be negligible.

C. The length of a beam is the distance between the neutral axes of the columns -
which it connects, and the length of a columns is the distance between the neutral
axes of the beam which it connects. )

D. The deflection of a member due to the internal shearing stresses is equal to zero.

E. The loads, vertical or horizontal, are resisted entirely by the frame only.

THE FRAME UNDER VERTICAL LOADS.

The solution of a building frame with vertical loads has been publiched by the

# 50 Underhill 8. Cmfton, Plttsbulgh, Pa U. 8 A,
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suthor in 1927 and others.”

The analysis of this structure can be carried out by taking the entire structure
as a whole and establishing the numerous simultaneous equations but it takes too
much labor and is far from practical use.

The method here presented is sgimpler and most practical.

In the analysis of a vertical loading we have two loadings, a dead and a live
load. Some methods simply assume that the loading on floor beams is the sum of
dead and live loads distributed over the entire floor as though all floor beams carried
dead load with increased intensity of loading having the sum of dead and live loads.
Actually, however, a live load does not alwéuys meet these assumed conditions, Some-
time we may have a live load on the exterior bay and no live Ioad on interior
bay or vice versa. Therefore for a live load it is necessary to find the possible cri-
tical loading for a beam or column under consideration because the ratio of dead
and live load intensity varies approximately from 1:1 to 1:4.

For finding the possible critical loading, moment and shear it is necessary to
have the Influence values of these. For this rational consideration the following
method will be employed for the analysis. ‘

Take a building frame and apply any load as shown
in Fig. 1

We have bending moments at various points in the

frame. The moment in the member is largest in the beam _ iy

on which the load is applied and diminishes gradually as the

* distance increases from the beam. Therefore the problem can

be solved if it is possible to establish some method of finding

the distribution and character of moment at various points.
The distribution and the character of the moment of

members will be found by considering a portion of the

i [ R S I I

Fig. 1

building. This method may not be exact but practically
satisfactory with good accuracy.

The distribution of mornent among members will be found in three steps, (a)
¥nd moment of a beam with a load, (b) Distribution of the end moment among
adjacent members, (¢) Ratio of moments at both ends of an adjacent mermber.

(a) End Moment of a beam with load.
Take a portion of the building as shown in Fig: 2, and all the supports assumed

* Messrg, W. M. Wilson, F. E, Richart and Camillo Weiss in bulletin No. 108 of University of
Iliinois 1918.
Dr. Fukuhei Takabeya, 1927,
Prof. Cross, 1929.
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as fixed. Practically this assumption is satisfactory - 'fc"t;% ' A '
because under the vertical loading the final axis of £ /: G

entire building remains relatively the same as the 4,, Mﬂ} e m Vs m LE
original axis, in other words, the values. of “@” 2 A mlt B 4| Cc <
under vertical loading are zero although there D F

does not exists a slight horizontal deflection which 8 Ly My
reduces the moments somewhat but which for Pig. 2

practical purposes is negligible.

However, this assumption is not applicable in the case of a horizontal loading
because the entire building sways horizontally with certain values in “ ¢ ” in verti-
cal direction. '

By the usual procedure, establish moment equations.

AM = —(2m+m:)— Aeear D= —(2mg+my)
AM,= —(3ma+ma)+4Bas EMy= —( 200+ m50)

B BM,= —{m;+m,)— Booe LMy = —(2mip+my)
BMy=—(2m,+m)+ BB FA=—(2na; +1m14)
CM,y = —(2m; - mg)— Corea FM = —(BmusF 1)
CMy= —(Bme+mz)+Chea GMya=—(2myp+ )
DA, = —(2mz +10) GM = —{(2m:,+ )

Angular Relations:

From the assumption that all supports are fixed the value of all “m?” at supports

b1

are zero, and all “ g are zero.

My =0y =Wy =Nty =M =013 =0

Ma— Pab =Mg— Poe=Ma— Pir= Ry~ Pbe Pab = Puc= @iy = Poe=0
My =My=Mp=Mg) My =Ms =3 =g '

Substituting these relations info above moment equations we have,

AMy=—ma— Aoean CMy=—2m,— Ceeoa EMo=—m,
AMy=—2mo+ A B OMy=—n,+Cfea FMu=—m, -
BM,=—{2m.+m,)— Bowe DiM,=—m, FM = —2m,
BM,=—(2m,+ )+ BBe DMy=—2m, . G M= —2m,
EMy=—2m, GM,=—m,

To solve the moments at joints & and ¢ it requires 10 equations, 8 for the unknown
moments and 2 for unknown “m”. ‘ '

Arrange the moment equations in tabulated form by taking the equations which
include only unknowns at joints b and ¢ and eliminate “m”™.  After climinating “m”
eliminate all moments except the moments of the center beam M; and M, by com-
bining with the conditions )

M+ My+ M+ My=0, Mo+ M+ Mo+ My =0

. at joints. b and ¢ then we have the Tnfluence Equations for the moments of beam
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be as shown in Table {1,
In the same manner the Influnence Equations for other portions of the building

will be obtained as shown in the same table.

Table 1
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(b) Distribution of the End Moments among adjacent members.
From the equation in Table 1 the moments at both ends of & beam are found.
If o load is applied on beam 4¢ as shown in Fige 8 and cousidering the left hand

side of the center line only the end moment of the beam be must be distributed among

adjacent members to

| —iis
keep the equilibrium [# Lt M 7 3| €
at the joint ) o R TI
I [8) . wr :
JOL o 2 bmulmuc o A, Mg\ M3 L q{,k
The ratio of distri- \i 1% A ¢|m B ©
. . k)
bution and the nature |, g w P " dc
of moments will be | i
Fig. 3 Fig. 4

determined by con-
sidering the equilibrium of a joint.
At joint b we assiume four members joined together having other ends of members
fixed as shown in Fig. & Apply a load on beam bs and by the usual procedure
establish Influence Equations for this structure and find the ratio of the distribution
of the moment among members which are given in Table 2 together with the case
of three members at a joint. Examining the eqnations in Table 2 we find that the
moment at the left end of heam be will be distributed among other three members

in a reciprocal ratio of member ratio.
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The nature of these moments are opposite to that moment at the left end of beam

be. Because from the equilibrium of the joint & we have
Myt Mo+ M +My=0 or MybMy+M=—2
(¢) Ratio of moments at both ends of an adjacent member,

Refering to Figi 8 as soon as & load iz applied on beam he certain moments
oceur ab the right and the left end of the adjacent members ba, by and Lk having
a certain ratio. The ratio of moments at both ends of a member will be found by
the following consideration;

Take a portion of the building as shown in Fig 2 and apply a load on beun
¢d. From the Influence Eguations in Table 1 we have the values of the moments
of beam b¢ at both ends. We can find the ratio of distribution of moments at both
ends of the beam by comparing their values. The ratio of these moments are given
on Table'8 {ogether with other cases.

Table 3
zooa’an dé , : ‘ . zaa/ap @b
d J‘_a MI’ 2{4,‘.@1.)} / ,Qﬂ éf’ﬁam: ,, MAT= [2 ('-A,;.L)) /
P <
J’- ’L Load on c"af ) £ Loga o C{
Ay o F5
) g )
Load on €b Load o @4

. 24
M (22(-1-{ +‘;‘-J v My Mac o %'/Z'_&"Z[?Lf‘é-)]:/
| 8 I —=4
Loaa o (.‘/ » ~ Logd on &
-4
ﬁ/@ﬁzu—) /’?'/V/(":‘:‘ J
After determining the distribution of the moments at each pomt the nature of

the moment will be decided according to the rules of the convention.
Illustratite Problem—(1) Find moments at each points in a building {frame with
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constant member ratios when s uniform load of 120-Ibs. per linear unit is applied
on an beam ab in Fig 8
(2) TFind the maximum moments at points § and 7' under uniform live loads.

(1) A=B=0=D=E=F=G=1, oc=:@=%wlﬁ“—‘"-11;x120><202=4 000" %

Q=55 R=2, S§=75, T=3, U=15 (Table1)
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After step (a) the computation  } 4
. |
of momenis of members will be done 0 .
g . . . 19 3
by drawing a sketch with the dis- o !
Z /]~
tribution ratio of moments by means X
Fig. 6

of a circle, 1/3 for step (b), and arrow,
(2.5—1) for step {c), =s shown in Fig 6. After the computation of moments the
elastic curve of members will be drawn according to convention which will clearly
indicate the nature of moments in members if desired. '
(2) In a similar manner the moments at 8 and T are determined and the results
are given in Table &
Maximum Moment at 8

et ofl e 106 x W
M= —1261 ee=—1.261 % = 10

Maximum Moment at T

wl® wi®
n= = _r — I
Mp=2 0 5"0: -+ 0. 92 1 =

Brom Table & if s building is uniformly loaded, such as dead, the moment at the end
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of the interior beams is appoximatel oart o X = Al
Loawd | a5 laé
ratio of all members is constant, but f01 a uniform live load the T — 7
wl? s 038 |#.038
moment at the end of the beam is approximately — and e ooeas | oz
. Coap zg ’ [ | e — 205 |+#.0s7
column moment is about +—— wrra |f. 045 |20
waz —. 286 | 285
All loads contribute towards an increase or decrease of the Yae _70f8 200
moments at § and 7 but the greatest effect comes from the o e T
Z8 . .
L =558 |». 285
Table 5 w':: — 023 |—243
Loadiny for Bear - Loodimg For C'o/amr: Wsa '42"5 +. 008
Pr| Deadsoad | Haxiivefoad || Peadiond | Manliveload ‘:,:Z - ,:47 ::;:
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Fig. 7
f; Table 6
I ' ' ‘ Aeproximtate Momernts in Bui/aig
d : ) Pt DL ATom. | Fax. L. L. ATom.
i ing loads, ther llowing loa- ‘
neighbouring loads, therefore the following loa A ) T
ding is good enough for practieal purposes. b - bup g7 | (Lwds e £)
. ’ [ P s z
€544 ~B44
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" d |- frupd (4L % G 4)
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it is impossible to go through this method be- |f|-#4 4% | ~(f 8% 5447)
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. . L 7% wilsy,, faidT, @
approximate values must be used. The writer |4 | -A#p4 (% 405 L)oo 5 55
. H za"l ! el
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- ' - . r kg2
moments at various points in a building (Fige |J|*£44°|*754
. . p . T . 4 2 . z
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For the solution of the floor beam some |7 1*%%% 4] % 54 d®or + 2544,
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attempt to solve the problem assuming that the floor beam is a mere continuous beam,
however, this is quite contrary to the actual condition because the distribution of the

moment is different due to the the existence of columns at each joint.

SHEARS IN BEAMS AND COLUMNGS,

The shears at the ends of beams will be transmitted as the vertical load on columns.
The shears of heams will be found by taking the moment about the each end of the
beam passing through the section. '

For instance, in Fig. 8, the shear of beam ef at the left end e will be

Mer+ Mee+Vel,+ M;=0

Ve= “Z—I(MTJF Mot 3)
1

‘Where ¥ .=sghear in the beam at the left end e ] .
Moy, My are end moment of the beam at ¢ and f respectively. K _
Mu=—'u1’%;2 is the moment due to the external uniform load A
on the beam by taking the vight end f of the beam as the T, ‘
origin of the moment. ek £ ¥
Iy=the span length between ¢ and f. . ‘\\- L __‘,'
The shear at the right end will be found in «a simi- v/ .

lar manner by taking the moment about the left end of i
. ig. 8

the beam.
The shear in a column will be found in the same way and will be

_ M- Men
M

Where FHi shear in the column, at top end % ag well as the shear at any point on the column between

Hi=

¢ and k.
M and Myx are moments of the column at top & and bottom ¢ respectively.
fr, =Column height.

THE FRAME UNDER HORIZONTAL LOADS.

In conjunction with this subject there are several factors which must be taken
into consideration in designing tall structures. They are:

(1) Intensity of wind pressure, or rate of accelaration in case of earthquake vibration.
{2} Distribution of wind pressure. ‘
{38) Location of building.
4) Stiffening effect of walls and floors.
(5) Method of ealcnlation.
The first four items depend upon the judgement of engineers and the building
code, therefore they will not be considered in this paper. The following pages will

endeavor to illustrate the fifth factor, i. e, the method of calculation.
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- - The method of calenlating wind stresces have been published by several authors.
(Mr. Ernest T Johnsbn 1905; Dr. C. A. Melick, 1908; Professor Albert Sinith;
Mr. R. Fleming 1913; Professors W. M. Wilson and G. A, Maney, 1915; Mr. A.
W. Ross; Mr. Spar; Dr. F. Takabeya, 1928 and myself, 1927.) T

All these method may be divided into two distinct types according whether the
“Member Ratio” or Reciprocal of member Ratio is taken into consideration or mot.
The methods which do consider the membeér ratio or reciprocal of member ratio are
more accurate but some are too long in analysis and impractical; the ones that do
not are a little more convenient for practical design, but unfortunately the errors are
too great, sometime as high as 100 %. ‘

I am not in favor of the latter group because it assume moment of inertia’ of
members as being alike throughout a building when in actual practice they vary. It
is dangerous to use this method especially where beams and girders with different
member ratios join with columns from both sides, or where member ratios are so
different between two floors.

The truth of this statement can be readly seen from the illustrative numerical
example and the table which compares the results of various methods.

Before going: into a discussion, the same five assumptions as in the previous
subject will be made.

A.  The connections between columns and beams wa_ ¢ . e

are rigid.
And so on. _ v b oo al . 4] ;

Should the wind exert upon a building as shown 0, |
then the building will take such a tendency as indi- ! 5, e ] .

eated in Fig, 9. e le |z o
Now if we consider a portion of the building il | :

between two contraflexure lines as shown in Fid. 9. | | : Tl

Then that will be considered as simple frame structure  § | : {

with hinged suppports as shown in Fig. 10, 1 b N 5

From the theory the deflection moment equations ]

and angular relations are written as other problems, i I 4 - .

the angular relations of this simple structure is the Fig. 9

same as the whole building being considered as a st- I T ]
I

ructure because this simple structure is the partial ue)

structure of the building after wind effect.. Suppose J: I:: j I

all correct contra-flexure points in the columns were . Fig. 10
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located then the problem will be solved by following the steps refered to” Figs 11.

In Fig 11, ' '

1, I, I, ete., are moment of inertia of the members.
H,, H; H; ete., are the members in the columns.

a b
oI B= L’
h
H-—Ia,

L

I=L,

From the deflection moment equations without intervening loads,

: 3
A.ﬂfl =— ?ml
Bi,=— é—mz

wm=—§ma M=

3
HMy=~— o s

ITMy={2my+5m10)

(Emyp+o1,)

3
DM,= _?m‘ M =(2myy + o)

o

FMy=— ‘é“ms JM =
3

FM,= =g
3

GM,=— 5

(2my,-+mm1)

Kﬂfl‘-;:(me—l-m”)

KM = {2+ i)

From the Angular Relations,

Mz =M, — P, + P2
My =Ma— P17+ Pa
e =1t~ P + Pz
g =nt;— 1+ P2

Ps=0
My =n— P

d e f it
D:——, = —— P =, G=—,
I& 1-5 1—, Iu Iy
Iz [
= Fe=-a
Ilo’ Iu
gy V4
1w //f‘ Ve A %y Va
B %‘Q ‘D 2\8 F g H 2*,
I ) I, F Y I&
My ) A Ml
Wi J g I Moo M J Ae L 3 A i L
/’7‘_- % % ﬁ% ¥ 2 s L & My.. )
I
L I I, 7
Ny 3 5wl
A . cl? o R sl ®
" [ 4 %,
7 N a3
H I Al L r N '-
W, A% W% 4 u%
¥ ¥ ) 4
Fig. 11

Mo =M1 =My— P,

Myz=M13=N;— P

My =My~ Py

Substituting the angular relations into moment equations,

AMy=—Lm,,
3
Bif,=— E—(ml— @@,
3
Cify=— P

3
DM, = _"'.)'_(mn_‘?’1+ P2}

EM= ——-:g:-ma

3
Fbfy= _E(ma_?: +1p;)
GM,= ——z—fm,

Arranging the moment equations into tabulated form for the eliniination of angles “m’

3
HM=— ?(m, — P+ Pe)

IMy=—(2m, +n,— 39}

TM o= —(2mp+1m—3)

JM ="—(2my+m—8¢,)

JMe=—(2m; +ina—3P,)

KM= —(2n+my— 89,

KMy=—(2m, +ms—3p1)

r
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and “¢”, we have.

We have another conditions which are M+ H/a=0 etc. as shown on Table 8
and SH=3W. SH=3W mean that total summation of the shears in colwmns is
equal to the total summation of the wind loads above the section being eonsidered.
In the following tables X Wy and XW; are the summation of wind loads above the
sections which are taken above and below the floor line respectively. Refering to-
Fig. 11 we have following equations,

Table 9
Table 8
- - Vid/] Pari:] Ms Ay | A | Mg | AFe | v7g EW1ZW,
M| Al rsimr| | n Il ag | 4 | A Bl | L s Vg Dtz I — = | o
/17 a z
2 / 3 < K3 - | F
El / - < 3 £ -5 o~ | A
£ i PRI -2 Ter
E] s € 4 fs:(hui ~31J | -ze1 3()-517
2 ’ . 5| et S
4 2 A7 *GrHK) |- _
& / A (""#) F ARIGTv) |- 36T (113 REII) {2 )-ar(na)
7 FAVIVar; 7 el . PECTHKD | PG (2k) I
2 77177 _ il 237k {onlea) Sk [ataan)
HEIEEEEEE Eimimaping # Here |7 7] = < + F -/
2l £ 1Z] A 1 it 7112 - FiEl£ZI1F 1 7

Combing equations (27-32) in Table T and {11-12) in Table 8 we get final equa-
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tions g shown in Table 9,

Equations for a building with 4-bays are obtained in g similar manner and are

shown in Table 10,

If we compare the equations of these two cases it will be noticed that they are

Table 10
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Table 14
AR AN AP ARARANA &
/A ~C =5 | D | .
2] 5 ~E -2 =
3 £ - -~ |~
z4p2r¢7)| - 2
* 431(:’19.7) -3‘;.(111;) CZEX Ji{(17) ~31J
5 ?(r(’e.rax)x -Fz(z.;ﬂ)!
IIT)+ (TR}~ =2 -
chsfasn) IRk ) | BIK(THT) G PURHIG)
5[4 T)
@ dCK ﬁfﬁfg)féix_mx)ﬁ”ﬁ GIK I
2 Fi Z . -
- = =" Z - - ——
8 = |lw |+ 1 & x4

systematically arranged and that the equations for a building with any number of

bays may be written by ingpection.

If & structure become symmetry about the center line of the building then the

equations will be much simplified. The equations for various cases are given in

Tables 11~1%.

MOMENT EQUATIONS FOR JHE ROOF.

The moment equations for the roof .,

will be established Ly the same manner 4,

taking the portion of the building.

Take a structure as shown in Fig

12. From the deflection moment eqations

we have,

AMy=— %ml

o= —Zm,

3
EM= — 5

3
GM, = — M

From the angular relations:
Me=— P1

Ny =%ty =%y = Pp

My I Mo s, T migszs K M
,
Al ¢ gl ™
H/ ' i
[ N— 4 %

TMa=—(2my+110)

Iﬂfm = —(2’:‘?’!-“ + 1?15)

J My = — (2 +rg)

JMy= —(2my2tmy)

My =z— Py

M=M=,

KM=

—(2ma+myy)

KM= — (2, +ma)

Substituting these angular relations into moment equations we have,

3
AM=— !
OMy=— -z-mﬂ

EM=—Sm,

IMy=

— (% +9—89))

TMy=—(2my+m,—51)

M = =2y +ms—8g,)
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GM=—-“‘;}m, JM= —(2m+ma—81p,)
KM= ~(2me+mz —38p5)
KM= —(2m;+m;—89,)

Arrange the moment equations into tabulated form and eliminate “m” and “@”
by the same procedure as before.

If we compare equations (1-13) in Table 18 with equations (15-32) in Table 7
they are the same except those for the column moments above the floor line. There-
fore, the equations & building with any number of bays may be written by inspection :

In a similar manner the equations for a structure with less columns above the
floor line than floor below may be established.

MOMENT IN BEAM.

After obtaining the column moments the moments in the beams will be deter-
mined by the following method: '

. . ' M7, ‘ L 7. ’ o Mt
Consider a series of beams on the same /2% 4 /3,\”;‘ B N ¢ raN
. ’ ) - . " ! Ty | ) !
floor as a coniinuous beam with different , M2 M Y M5 s

member ratios in several sections such asg Fig. 18

A, B, and C as shown in Fig. 18 and apply moments at each joint M,, My, M, and
M, which correspond to the sum of the column moments above and below the floor
a8 the external moments. This, then, can be solved by establishing a set of Influence
Equations. From Moment Equations:

AM, = —{2m, +1my) BM,=—=(2m,+m,)

AM=—(2my+m,) CMy=—(2ms +mq)

BM,=—(2m;+m,) CMy= —(2mg-+ms)
From the angular relations;

Mg - Pr=11— P, 1y~ Po =M —Po

=0 So MoT=Ny, My =T . Table 21
] s 4 N N . .
Bubstituiing these relations into moment A A A A D AT AT A
equations we have, ;’ A — 7 2’
AMi=—(2m+m.) BM,=—(2m;+my) 3 ] PN
AMy=-(2mg+m) Oy = —(Zmytm,) ‘;’ 8 /12
c 2|1
BM3=-(2m5+'m4) C'ﬂ’[.,=———(2ma+m4) A C e
Arranging the moment equations into VA28 28 |28 | || ihmiotiny
L 8 B8 |-28lzc|-c| “m”
tabulated form for the elimination of al s : P
) / /
aTor e, 1 [Tve ‘ . arovnd
angles “m” and “¢”, we have 7 T T, -
In the same way the equations for /2 4 L
) . 13 /18| -8 Elfminiime| A | 2
4 structure with any number of spans - |[#] 5 F2ard) 22, M ity 7| ¢

will be established;
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Table 22 o . Table 23
’?;Mg 2 8 g NG - N N (7N ' . |
-, B MM Ma M, a Yo o TaNEE [Ta ] Me M
. : A MBIy 248 g | 24
LAl W AN A AR A A AT AT A M g anr  AMteM,
4 tea] 28 -8 R A a7 7
E Ed B8 gl 2c | —-¢C '
= ¢ |ze )
\z fe I o : Table 24
,’3\4.‘5 / / ' '
e 7 % e o
¥ 7 17 Y VA moa o
NE 717 7 lat
wipl - 7 /
N 2 = = ; Ma B ALY
Lz & 2ax] —c 28 2fe) B 1A\ | 5
_‘gfs o _2ed) ] 2p) ' Z] B (284 28
i) ) 2(pE) 2 lz8E

The equations for symmetrical structures will be much simplified.  For instance
in equations (13) and  (14) in Table 21 we have,
My=M,, Ma=Mi, My=2M:, A=C
Therefore they will be simplified as Table 23, By the same manner the eciua,t-
ions for miore multiple bays will be established as shown in Tables 2~ 28,

Table 25 : Table 26
G G GV ey g G N,
I T
A 8 M Mp A Mgy

AR Tt s
/2@i8)| 8 2418 z Z ™ 171
2| A |asg)| 28| ¢ . '

3 C |20i0 _ze Table 28 -

Table 27 ‘ N VL N Ve (e
I RAATANE AR E e DA
I - ]

A My B MO AV AN PACAVALAL?
I ANZAVARALACA 1 j2g778)| B #|A|B
| /20728 £ -4 |z7|2 2l B 2081 -¢ 23
2l B izE~C 28 3 C 2@l -2 2c
? [ 4 F4 ) /

'SHEARS:IN BEAMS AND COLUMNS.
The mag_nitu&e of in a beam or in & column are the same throvghout the member

under consideration because there is no intervening load applied on it. The magnitude
of these shears may be obtained by taking the moment about one end of the member.

P ( ]lfn.-;-]lﬁ;)

Where 17 is the shear in a member.
Mz and M are the moments at each end of the member under cosideration.

I is the length of the member.
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VERTICAL LOAD IN' COLUMNS DUE T0 HORIZONTAL LOADS,

(1) For Exterior Columns.
Refering to Fig. 9 pass the sections around joints ¢ and b.
At joint ¢ we have shear, ¥; of beam ac, which will be the by,
a

i
vertic'l load on the column due to wind. In the colum Py is EEE——
the downward force as the reaction. I ,

At joint 4 we have TV as the upward force in the upper Lw
column and shear in the beam, dd, V. is also upward force. Fig. 14
Therefore we have downward force )/ =1+ =1+ V. in TV,' ’

the lower column as the reaction.
(2) "~ For Interior Columns,

Pass the sections around the joints ¢ and d same as before.

At joint ¢ we have shears, Vi, downward, from beam ac and ivzl
. Va upward, from Deam ce. The algebraic sum of thege shears Fig 15
is the vertical Ioad on the column
below. . _ c‘_t_‘f._‘i___‘ ' T"’;

T =T T, ';'1 I - y | fve
Whre Vy' is the dowuward force as ‘ ot
the reaction- ' #\.5' ‘ Vz l‘ I
At joint d we have V. as v
Fig. 16 Fig. 17

the upward force in the upper
column and shears V:, downward, from beam bd and Vi, upward, from beam df. The
.algebraic sum of these shears and force is the vertical load on the column below.
Vi =V +V,=Vo=Van T+ V=T,

‘Where 17,' is the downward force ag the reaction. _

From the above explanation it can be concluded that the vertical load due to
horizontal loads at any section in a column is the sum of the shears of all beams
joining to the column above the section being considered.

The direction of the vertical load is 1'éverse on the leeward of the center line

of the building.

CORRECTION OF MOMENTS IN MEMBERS.

So far the analysis of the problem has been carried under the assumption
that the location of the contraflexure point of columns is known, but actually is
unknown. Therefore the next problem is to Iocate the proper location of contraflexure
point of colums. But it is Jaborious to locate exact points. Therefore we assume
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the contraflexure point as being in the mid-height of columns. Then we compute’
the eolumn and beam moments by the equations already illustrated.
moments are not true moment: therefore a certain correction must be made by the

But these

following method. )
Take part of the building as shown in Fig 18. From | M g o
the deflection moment equations, ", i,:’ 2 8 T m, b
Bﬁ{3= —(2maF+my) ecervreenaan (1) ‘?} ﬂz 3
BH,= —(2mb 1) cvvreerernsres (2} . :
AV)—(2) 2BM,—BM,=--3m, i C Ml
. — . — - —
or _m3=§w(g) :ms %=0 my :
C_M& = —=(2mg+mg) vttt (4}
C_ﬂfuz —{27)36-[—7715) .................. (5) Fig, 18
20, —
2(4)_(5) — = _O(ﬂ‘r?)—‘M-“) T I (6)
T N P PR (N
AMy= —(Zmptam) v i L T T T 8)
(8)-!-(9) M= —(ml'l"ms) .......................................................... (9)

3

From the angular relations,

Me— Py =a— Po,

Mg — Py =g e -+ - (10,

My — 1= T~ Py

Since ¢: and s are zero therefore

my 1=y (11}
Substituting (8) and (6) into (12)

CeM— M) B@M—M)

B e Al T (18
From (9) —(m1+m3)=M e et e ie et et resta et (14)
D412 —mym O(2Mg—~ﬂﬂ) _BeM—M) .4(M,6+M2) __________________________ 15)
[(14)—(18)]+2 — = _0(2‘1{”_%) ‘4('Mé+j{2) ........................ (18)
et ¢ and MS are the corrected momenis.
From the deflection moment equations,
A_Mlc = —(2ﬂ11+m3) .............................................................. (17)
. T e e R PR (18)
Substituting (15) and (16) into (17) and (18) we have,
M= M“'&[E(ZMMMJL)_O@-M;_-”)] .................................. (19)
Me= (Mlzﬂ+ ﬁ[B(gmmjﬂ)ho(gj[ths)] .................................. (20)

This relation is true for any bay.

Where M, M., M, M, M; and M; are the known qllantities;- having been com-
puted by assuming contraflexure points as being in the mid-hight of columns, these

values are slightly different from true values.

If M, and M, were true then M=14° and Me=D2F but M, and M, are not equal
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to M and I° respectively, because the coniraflexure points in columns are not true.
But by comparing M; with M and M, with M we find how clogely 1 and M,
come to true values. The above equations will give true and correct values by one
correction if %, M, M, M, M, and M, were true. But they are different from the
true values therefore the equations will not give true values.

The chracter of these equations using untrue moments gives opposite values from
those obtained previously. Therefore the average of corrected and non corrected
values will be the nearest to the true values.

After finding the closest values of moments the more correct contraflexure poi.nts

in columns are located by following equations.

M=y, M= Eh—) YA
%
Mo+ 2 =H]L, ‘—'g!'{'l'* = &, Y= J-I-u—-h /Z-J'
Me+ M, Hh Mo+ Mo ol # »
e
Table 29 ‘ ¥
] o Jzenil ems. 2 2773
Stery | Section of Member of IM’" g i
Number ,"a//egée ﬂﬁ;fes fv‘};ﬁ; (1)) 4" !/Z Fig. 19
i 175z |8x8xE | p-monri | 6816 | 264 |.03875
z po. Do. | po. | 68/6 | /92 |oza/g
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EREA po. po.  |2~8xf | 4726 | 68 03447 )
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| |rre |75 | gxexg 2/06_| 44 |-0620 L ra 9
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And the new moments are computed by the eguations illustrated on previous
Ppages with new contraflexure points. These new moments will be more accurate than
any previous ones. ‘

But for practical use the a.ver.age values is sufficient without making new com-
putations.

NUMERICAL EXAMPLE.

For illustrating this principle the same example which was used by Messrs. M.
W. Wilson and G. A. Maney in Illinois University bulletin No. 80, published 1915,
will be used.
Determine the moments of members in o symmetrical Three-Span Twenty Story
Bent as shown in Figi 20. The bent resiste a horizontal wind load of 30-lbs per sqg.
Cftoom a vertieal strip one foot wide. ,
For the illustration of the principle the computation of moments of members
“will be carried out upto 12th floor of the building. Use Table 11 and 23.

The accuracy of this method was compared with other methods in the last

Table 35
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tables. In regards to accuracy Table 36

there are several methods which Ll Moments of Beams (imfmn)

have not taken the member ratio Shpe-| Writers [Wilsonmine] Ross | Feming [
. . . Defimc| Method | Proposesfil| Medhod | Medtsod
into consideration; hence the re- Matbod| oA DA~ 277, 2
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sult of these methods iz quite

erroneous. The writer believe that

the lack of consideration of mem-

ber ratio is the cause of error

and it is dangerous to use these

methods because of the following

_ reason.

Suppose we have members as

Fig,

shown in Fig. 21, Sometimes mo-

ments of both sides of the column

are the same, sometimes the left

hand side of the column is greater
than the right hand side if the
analysis is done by a method which

AF LEFS Ennd ity Dyfervor Gay | FF Fighitfid inbarersorBay | A1 Lei tand i Ererior Bay
b A E S R S R Y S Y R S Y A S S S R B Y S S R R A R S R I B A e g

does not cosider the member ratio

of the building. Then from the In Table 35 and 36 Ross' Method was published in
. . Am. Soe. of Civil Engineers proceedings May 1928 Part L
standpoint of detailing the connec- Fleming’s two other methods results are very inaccurate

tion aga.inst wind moments it will therefore are not shown in the table.

be noticed that the left hand side comnection is much stronger than the right hand
side, which is utterly unbalanced connection. The number of rivets required on
the flanges of the beam will be determined by the magnitude of moments and the
depth of the beam assuming that the web connection of the beam take care of the-

vertical and horizontal loads in the beanm.
A

DS

Where N=number of rivets required.
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M=end moment of the beam.
D=depth of the bean,
S=one rivet value.
If we take the member ratio consideration then these discrapancies do not happen.

SUGGESTION FOR PRACTICAL DESIGN.
When making & preliminary design it is impossible to use this method before
determining the sizes of members therefore as the approximate method the writer

suggests the following method. _
(1) Distribute the total horizontal loads among columns ag the shears in columns.

The ratio of distribution of horizontal loads among colmnns will be as follows:

b . .
Hpy=—""—""+1sveen. Shear in Exterior columns.
2(n—1)
T
Hipree D LA +Shear in Interior ecolumns.
(n—1)
Where ZW="Total horizontal loads above the floor being considered,

n=number of columns on the flcor,
(2) Assume the contraflexure point as being in the mid-height of columns.
(8) Tind the column moments of the floor above and below. ‘
(#) Find the beam moments by the same procedure illustrated in “Moment in
Beams” asswmning that the moment of inertia of beams on the floor is constant,
which means that the member ratio of beams is proportiomal to the span length of

beams.
Ilustrative Problem. Find the moments of columns and beams on 10-th floor in the previous

numetieal example, .

3600 4290
HAex= 2E—1) =600 1bs. Hgx= 26—1) =7201bs.
10~th FL. 2600 9-th Pl 2230
Hixe= -1 =1 200 1bs. { Hiv= a1 =1 440 1bs.
: 600x£X12=43 200in.1bs --Exterior Col.
10-th FL Col, 2 T
Moments 1 200 % x12=86 400in.Ibs.: - -« -- -- Interior Col.
720 % :‘1-2~><12=51 840in, 1bs,-- o Exterior Col
9-th FL Col. 2 1 DS, g :
Momente. 1 140 % x12=108 680in.1bs. - - - - -+ - Tntevior Col.
From Table 23.
AM.+BMy
M= 4+B

My =—Ma=—(43 20051 840)== ~95 040 in. lhs.,

MMy =86 400108 630=190 080 in. lbs.

My=— 22 x 95 0404-18 % 190 080 — —88 8500, 1bs,

2x22+18
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My=—{My+3)= {190 08088 860)=—91 230in. lbs.

COMBINED MOMENTS.

To determine the sections of columns and girders, the axial loads and moment

due to the vertical and horizontal loads must be combined. Diagram 1.
The combined moments for any floor beam can be obtained — Zewdrn iz
Vers: foads

from the moment diagrams. - |
Some building codes for steel structures assume that both . )

ends of beam are free to rotate in order to simplify the analysis Hori feads

of the building, in cases where the wind loads may be neglected. |
But when the wind load is taken into consideration both

. . s Combinred

ends of the floor bearn must be treated as being rigidly connected nm\

to the columns. It is not logical to assume that both ends of o “SHIP™

beam are free to rotate for vertical loads and rigidly connected for horizontal wind

loads. The assumption concerning the condition of both ends of a beam must be

=y

either one cannot be both, since the actual condition can ouly be one. If we assume
that both ends are free to rotate for the vertical loads then there would be no end
moments due to wind loads. Therefore it is more logical to assume that both ends
of a beam rigidly connected to the columns. This may be clearly observed from. the
results of the experiments recorded in “Test of the Rigidity of Riveted Joints of
Steel Structures” published in bulletin No. 104 University of Illinois, when we com-
pare these with the kind of connections used in mordern
tall building bnidings such as Empire State Building,
Chysler Building, Hotel New Yorker in New York

City, Liberty Building in Philadelphia. In the last +— ""Tm ﬂ m:—j

two buidings the writer was personally engaged in do-

ing detail designing of wind connection by the American L
Bridge Company.
The connection of beams and columns were made as "T_'T

shown in Fig. 22, Top and bottom connection lugs are

cut out of beam and take care of the moment at joint. ¥ — F%é# ]
Web connection of the beam take care of vertical and '?

horizontal reactions of the beam due to the vertical | L
loads and horizontal load.

IFor reinforced conecrete building, undoubtedly, it is |

always asswmed that the connections are rigid although
we have construction joint at the foot of the column.




