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INTRODUCTION

A-general method of analysis. of multi?stery,-rectangular,
two-legged, symmetrical frames with external ties is intro-
duced in this thesis. The recommended procedure is a numer-
ical-appro#imation which may be carried .out to a desired
accuracy,. All'derivations are based on the principle of
elastic deformation -and the»slope‘defleétion equations for
straight members are introducedfés the basis of analyéiso
From these equations the three joint momeﬁt equation is
derived aﬁd uséd as.a mathematical model for the procedure
suggested aboveo

The thesis is divided: inte six main parts, The first
part is the derivation of the three joint moment equation,
The physical interpretation of the;elaﬁtic constants is
explained in thé second part. A typical shear equation 1s
vwrittén,in part three. A procedure.of analysisgis‘recom-,‘
mended in part four, and this procedure is applled to a
numerical problem in part-five, Part six 1s the summary
or’concluSionAof the thesis,. .

'The material presented in this thesis 1is the exten-
sion of the carry-over moment precedure}p?eéented bj Tuma(l),
The writer became interested -in this‘investigation\in-Gradm
uate Seminar CoEom62C (2) where the possibility of this
extension was suggested,

viil



The contribution of the writer 1s the derivation of
the three joint moment equation for this particular prob-
lem in connection with the spring constants of the ties,
This work 1s the continuatlon of research work done by
some other graduate students, Gregory (3) investigated
rigid frames with joint translation prevented by carry-
over slopes and carrﬁzg;er moments, Sturm (l.) considered
the application of the carry-over moment procedure to the

analysis of multi-story frames and Heller (5) reported the

extension of the carry-over moment method to complex frames,

ix



CHAPTER I
GENERAL - THREE JOINT MOMENT EQUATION -

1-1. Statement of the Problem

A multi-story frame with external tiesrand menmbers of

constant cross sectiqn 1s consldered (Fig. lél)g

nt

- - Multi-Story Frame With External Ties
| Fig, 1=1 o
.



A typical section is removed from the frame (Fig. 1-2).
Since the ties cannot take compression, only those in ten-

gion are showWn.

|n
RN
; hs

_Typicai Section Ijk of Multi-Story Frame

The ties shown in Fig@(le2)will be replaced by an

equivalent spring (Fig; 1-3),

‘P]& T
3 .
P - -
J # J
P, 1 - R
‘i g : j_ -

Typical Section Tjk With Equivalent Springs
Fig. 1-3 |

- The derivation of the three joint moment equatidﬁ for

the section shown in Fig, (1-3)will be made, .



1-2, Axial Flexibility Qi'the Tie

The tie at the joint j is selected as a typiecal tie
(Fig, -u). The length of this tile is de and the area
is Apje The modulus of elasticity of the tie is denoted

as B,

Tie at Joint J
Fige 154

The normal force of the tie (Fig., 1-l) may be expressed

as

N.:—lj,j——-
J Coswj

where Rj (Fige 1-3) is the equivalent spring for the tie
and uﬁ'is the angle between the tie and the horizontal

(Fig. 1").[.). .
In order to determine Aj Flg.v 1-), the eneﬁéyjﬁ%

strain, Uj, is used.

1 N'dT' 1 2
= =N. = = A
Uy = 3N, KLE‘.LTJ-‘ l = i

where

: s
Jd  Ap;E



By taking the first partial derivative of the strain
energy with respect to the reaction, the value of Aj (Fig.

1-}) is obtained.

89U BNy _ R 1 |
oy = 83 = Ny Y Ny T votwy - veway ¢ A

e

The value of Rj is equal to the spring constant for

the story j times the value of Aj'

R: = Cj A,] é, (1-1)

where

(9]
il

spring constant for the story j.

From Eq. (1-1):

(Goswj)2

Cj = X7 (1-2)

The spring constant for any other joint of the struc-
ture (Fig, 1-1) may be written by its similiarity to that

‘ of Cjo



1-3% Slope Deflectibn Equations:

The elastic curve of the section shown in Fig. (1-3) is

assumed (Fige 1=5)¢

Elastic Curve of Typiecal Section IJk
© Figs 1-5

Tﬁe slope deflection eduations for the removed sectlon

(Figs 1-3) assuming the alasFic curve of Fig. (1-5)are as

follows: |
A*_.ﬂ
Mes = LEK O, + 2EKk9j T 6EKy i
I—.v——' l I : N ki
M LLEK 8, + 2EK e + 6EK; A3
K" OkJKi{J FMJk
JJ
Hyp = WEK;6g ZEKJGi = 6EK; 54
N
KJl 13K13 FIM3 4
My = AEsti ;.ZEKjGj %'éEKj ﬁi ]
~R7 .I.". AT | ’ i : ‘—‘
K% . CheKas FMS

ij  Yiitii ij



l=lin- Deformation Equations

Using the equivalents shown in Eq. (1-3) the deforma-

tion equations become:

@
Kjk eJ + ijKkjek +"FMjk

5
o

%
>

N

Moo = Koo 0. + OV LK

ji Jji ¥3 1] ijei + FMji

Mij = Kij 61

+

‘Cjinigj + FMij*

1-5, Three Joint Moment Equatibh

A new term "joint moment" 1is introduced, The joint

moments at i, j, and k (Fig. 1-3) are:

My = Y K;ey
¥ %

. = 0. ' (1=
Ty = LE5®5 0 , (1-5a)
g, = )X o, |

From Egs, (l=5a) the angular rotations of ‘the respective

joints 1in terms of'the joint moments are:



IMy

g

i

ek

In order for the joint j to be in equilibrium, the sum

of all moments at J must be equal to ZErop

M, + M,. + M., = -
ix 73 5470 (1-62)
Substituting the value from Eq, (l=-li) into Eq, (l-6a)

glves:

o + + + .
kJKkJek Kjkej KJJGJ KJieJ
(1L=6Db)

% sk i o

which may be written as Eg. (l-fc) by substituting the values
of © from Eg, (1=5).

# Ky % , B |
CkJ—iJMk (K’Jk+K' K* 71?% o

e -~ (1l=be¢)
u K -
+c* 2Ll oom, + FM = 0

1j 3%; 1 X | |

Let:



. K e
0¥, £l = -C¥ . D¥, =
kj YK, kji"k]

o K‘;]::j - _C'X' D-X'
SR vl P S

i

S
r o

=r

k]

03

[}
13

Equation (l-6c¢) may then be simplified to:

M.
e

R

J
By solving Eq. (1-6) for
(1=7) is obtained.

JMj = I’ijJMi + Mj

1=6, Final End Moments

JMi"'J—M--I’“

k3

My, - 2% = 0 (1-6)

J \

JMj the three ﬁoint moment equation

+

A
oy

T3 M

(1=7)

Substituting the values of the'angular rotations from

Eqe (1-5) into the deformation equations (Eq, 1-l) and

simplifying, the final end moments are written (Eq, 1-8),

Mg = Dy gt = 7y My
My; = Dy

=
il
g

J

_ * ' %
Mi- = Dy sdMs = I’jiﬂqj + FMij_

+ FMkj

a2,
2hy

Sk

L (1-8)




CHAPTER IT
ELASTIC CONSTANTS

2-le Modified Stiffness Factors

a) Columns:
The modified stiffness factor of the column is the
moment required to produce a unit rotation of the near end

of the member in question if the far end is fixed (Fig. 2-1).

i

j "1 radian

- - SN % _
! o N Ny = Koy = Lk

Modified Stiffness Factor of Columms

HE

Fig, 2-1
M5y = Ky = LEKyO 4 + 2EKyO)

Ir Gj is equal to one and ek is equal to zero, then
Kjx = LEKy
Fromfthe above it follows thats:

K%- = K&, = UEK, (2o1)

Ke s = KJi =LI-EKJ‘
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b) = Girders:
The modified stiffness factor of the. girder is the
moment réquired“at_the near end of & simply supported mem-

ber‘to‘produce a unit retatipn of that end (FPig, 2=2),

§:—9j,_= 1l radian

'Z}\ij;( ' ‘?;)mJ'J
- ej_= 1l radien

Modifidd Stiffness Factor of the Gimder
Pig., 2+2

Mgy = Kﬁj‘= “EK59J.+ 2EK 0

one radian due to antil-symmetry and:

K?j = GEKJ‘ ; | (2-2)  ”

2=-2, Joint Stiffness

The joint stiffness is the sum of all modified stiffnesses

of the near end of members meeting.at a joint,

Wexhersfiesi (23)

2=3, Modified~Distribubion:ictor

The modified disitribution,factor.is the ratio of the
modified stiffness factor of the near end of a. member-meeting .

at a joint te the joint stiffness.



ij

2z,
N

Dij

]

i

o

P

2=, Modified End Moment Carry-Over Factor

11

(2-4)

The modified end moment carry-over factor 1s the moment

developed at the near end of a member due to a unit moment

applied at the far end of

C::— .
kj

2-5, Joint Carry-Over Factor

Wi

paviing)

the member,

(2-5)

The joint carry-over factors‘rzjs is the Joint moment

at j due to a unit joint moment applied at k (Fig. 2-3),

Joint Carry-Over Factor ri.

/k-\JMk=l

I

kj

Fig, 2-3

The Jjoint carry-over factor, r?jg 1s the Jjoint moment

at j due to & unit joint moment applied at 1 (Fig. 2-l.),



Joint Carry-Over Factor rij

Figa 2"LI.

st
3

rkj = =C

k 3Pk
15 7 ~%1sPay

2=6, Starting Moment

The starting moment 1s the Joint moment equal to the

negative sum of all fixed end moments,

% . e D S— _
My = -YFM = -6EK) H}% + 6T, F;Jl (2-7)

2=T7, dJdoint Moment

The joint moment is the product of the Joint stiffness

~and the total angle of rotation, € of the joint.

j’

My = ZKjej | (2-8)



CHAPTER III

- SHEAR EQUATIONS

The shear diagram is shown in Fig, (3-1).

ReN

ok ‘ Vk - )Ry

I ERRFEPLY

i ' Vi - )Ry

-—r

(4]

Shear Diagram
Fig, 3-1
_ 13



The P values shown in Fig; (3-1) are concentrated
loads acting at the joints, The R's are described Iin
Fig. (1=3), |

The designations used in the shear diagram of Fig.

(3-1) are:

Vj = Pn + Pm + Pl + Pk + Pj (3“"19«)
and
sz = Ry + Rm + Ry + Ry + Ry : (3=1b)

The number of shear eguations required for a frame
of the type shown in Fig, (1l=1) 1s equal tothe number of
independent translations. One shear equatlon can be wrlt-
ten for epch story of the frame,

‘A typileal shear equation 1is written for the gection
shown in Flg, (3=2).

P - MN=—R
n T n
m “m

1

1z

J _
B
s
Vij Vij

Section of Frame Above Story i

Fig5 3"’2



In erder for the section (Fig, 3-2) to be in equili-

)

brium, the sum of all horizontal foreces must be equal to
ZETO .

N T - e s - R

1

———— g —— o <R T _ (B“lc)
- B, =Ry = Ry = Ry = Rj = 0
With notations (3«la, b, and 1-1) and from the anti-
symmetry, Eje (3-lec) becomes:

\ru + .:’.Vi

j j“‘%&l"ﬁfm“cfl

(3-1)

« Cpby = CsA

j4; =0

Since there are no loads acting on the members ij or

irit, it follows thats

, Ms 3 4+ Mas
Vis = Vyg o= =l (3-2)
ij 13 hj

Ego {3~1) may now be rewritten as:

Vsl g Cph 3 Oy 5
N A . P i 1
2 ij Jji 2 n ] m
' (3=3)
Crhg Cihs . Cshas
_oving, T N e I Y
=y = by - 5245 = 0

A1l other shear equations sre similiar,

15



oy

Do

-
Go

8o

CHAPTER IV
PROCEDURE OF ANALYSIS
The procedure of analysis 1ss

Computes

a) The spring constants of the ties (Hg, 1=2)

)

b}  The modified stiffness factors (Egs. 2=1, 2)

¢} The modified distribution factors (Eg. 2=l)

4} The joint carry-over factors (Eq. 2=6)

) The starting moments (Eq. 2=T7)

From the starting moments calculate the joint moment

in as meny tables as there are independent translations,
Perform a numerical check of the joint moments obtained
{Ege 1=7)o

Write the end moments in terms of joint moments and
fizxed end moments (Eq., 1=8).

Writs a shear equation for each independent translation

walies,
Ivaluate the results of step 3 in terms of the true

values of the A's which gives the final end moments,

Mekes a numerical check of the results, The results

mist give equilibrium of joints as well as equilibrium
ol shears,

16



CHAPTER V
EXAMPLE

The application of the principles and procedures
derived and discussed in the first four chapters will
now be applied to one example problem, All values are

given in Teet, kips or kip feet,

-

b=1l, Statement of the Problem

A Tour story frame with external ties and members

of constant cross-section loaded as shown (Fig, 5-1) is

analyzed,
1K kL
201
oK i3 13t
20!
2K 2 |27
20¢
2K 1 s o
201
Ot

0
! 201 l 201 T].O"T 201 J| 20 ’

Four Story Frame With External Ties
- Pig, 5-1 '
. 17
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A preliminary analysis was made for the frame (Fig, BE-1)

and the following members and cable were selected,

01 « 10 WF 29

12 - 10 WF 29
23 - 10 WF 21

3 - 10 WP 21

Ti¢ » 10 WP 21
22t 10 WF 21
T3 - 10 WF 21

Lt -« 8 WF 17

2} Cables

374" diameter cable

The modulus of elasticity of the columns and girders

is 144,320,000 kfft.a while that of the tiles is 3,160,000

Althoogh there would definitely be other loasds on this

gbructure, only the wind forces are considered,

BuZ, Spring Constants of the Ties (Hg, 1=2)

W 1}56’

A
) . L2
@y = 63,11
» el
wj ) 560 2



5‘30

19

\(20)2 + (20)2

dpy = = 28,3
| 2 2

i = \20)% + 402 = i.ee

apy = \(40)% + (60)% = 72,21

_ (3.1h) (75)° _

App = App = Apy = TRy = 00306
y _G8p 28,3 B
,\1 ~ B E T T,00306) (3.46) (10)° .00267
T2 .
Ao = = = ,00L2
27 AppE  (,00306) (3.46) (10)° ka3
A, = Sr3 72,2

3 = I73E = T.00306) (3.56) (1070 = »00682

) 2Oy 2
¢y = LCos LBT)". 1875

. 00267
(Cos 63.14°)°
(6] «ld — te
2
(COS 56030)
c = = 15,2
3 ,00682 b5
Modified Stiffness Factors (Bgs. 2-1, 2)
L) ’ ;; 3k
Klo = 1.98E » K23 = K32 = 1, 77E
Ky1'= 5,328 | K33l = 5,328
Kjo = K57 = 2,63E | Kgu = Kﬁ3 = 1,77E

ngg = 5.328 | Kﬁh: = 2,82E



5Lt

5-5.

5'60

5=Te

Joint Stiffness (Eg, 2-3)
3

Zkl = 9,33E
3% |

zkz = 9072E

M
b?%
i

8,86E

L.59E

- Modified Distribution Factors (Eqs 2=l)

Dyg = +199

D§17= 0536
Do = .265

Diq = o2
21"'!71
b

D223 = 4547

3

End Moment GarrnyVer Factor (Eq.‘Z-S)
T S T It
O1p = Cp = Cp3 = 03p = O3 = O3 = +3
e S S
01 ~ Y10 T ~1lltv T V2o¢ T V331 T V)Lt T
Joint Carry-Over Factor (Eg, 2-6)
Po1 = T10 = T1lv = Tppr = T3z = Py =
r1p = = 0133
I'::él = o= 0136
I'23:== 0091

D3p = 200

%%

D33Ié

3t

Dy =

3¢

.600

+200

Dﬁu, = ,61L

= = olOO

T3y = -
rﬁB = =« ,193

0100

20



5 =8 Sﬁarting Moments Due Eg.é# (Ege 2-7)

A1l the joints of the frame are held rigid except
joint I which is allowed to translate (Fig. 5-2). The

only starting moments producedAfKe in member 3.

R

T

/
/

3

/

Flastic Curve of the Frame For Translation AH

Fige 5“2
L (6) (30) (10)3 (1.77)

M, = 4 Ay, = +1330 A
b (20) (12) L L
3

L 06) (30) (10)3 (1,77, L
M3 4 (20) (12) Au +1330 ALL
M2 =

=

e
i
o

5-9. Starting Moment Due to Ay (Hg, 2-7)

All the joints of the frame are held rigid except
joint 3 which is allowed to translate (Fige 5-3). There-

fore, the only starfting moments produced are in members

23 and 37,

21
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0 o

Elastic Curve of the Frame For Translation A

3
Flg. 5=3
_ (&) (30) (10)3 (1.77), - '
M o= - = «1330
b 20) (12) Ay 330 A,
wo= . 6) (30) (10)° (.77),
3 (20) (12) A3
(6) (30) (10)3 (1.77), _
* (207 (12) b3 = 0
_(6) (30) (1003 (1.77).
My =0

5-10, Starting Moment Due to A, (Eq, 2-7)

Jbint 2 is allowed to translate while the rest of
the joints are held rigid (Fig., 5-l), Since fixed end
moments rexist only in mémbers T2 and 23, there will be a
starting moment at joints 1, 2 and 3 due to translation

As



Elastic Curve of the PFrame For Translation A2

Fig. 5'u

O (6) (30) (10)3 (1.77),
M3 _ = (20) (12) A2 - '1330 A2

w, = - 16) (30) (10)° (1.77),
(20) (12)

(6) (30) (10)2 (2,63), = +6L0
i ST Ty R, T T H0 4,

o=, 6) (30) (10)7 (2.63),
1 2
(20) (12)

i
¢

= +1970 A2

5-11. Starting Moment Due to Ay (Eg. 2-7)

As in the three preceding articles, only one joint,
joint 1, is allowed to translate (Fig, 5-5). Since member
01 was modified and only joint 1 is allowed to translate,

there 1s a starting moment at joints 1 and 2,



M

I\"Il""""

2l

O
G
(Cor

Flastic Curve of Frame For Translation Ay

Fige 5-5

| 3
_(6) (30) (10)3(2.63) = -1970
(0l A 970 A,

(6) (30) (10)3(2.63)
(20) (12)

A

L (6) (30) (10)3(2.63)
(2) (20) (12)

Al = -985 Al



5 -12, QCarry=Over Procedure Due to é&

(Table 5=1)

25

Table 5-1 - Carry-Over Table For Au

5 =13, Numerical Check (Egq, 1-7)
JM” = 41330 ~ ,100 (1105) = +1220 Au
JM3 =

|

Joint n 3 2 1
Carry-Over PFactors -.193 |-,100 -,100 k.,091 -,13H -EIEE
Starting Moments +1 1330 +1330

1. C,0.M, - 256~

2, C,0.M, - 107 \ | 107

3s C.0.M. \ + 10 . / 4+ 15

\ .
+ 21 -
L. Co0.Ms -3 3 //
2 /~\

5. C.0.M, + 1

Final Joint Moments| +1220 +1105 112 + 16

dM, = 0 - 100 (1105) - 133 (15) 5 -112 Au

1l

I

0 - <136 (~112) = +16 b,

+1330 = o193 (1220) - .091 (=112) = +1105 A,
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5-1Ls Carry-Over Procedure Due to A; (Table 5-2)

Table 5-2 < Carry-Over Table For A4
Joint I 3 2 . 1
Carry-Over Factors | -o,193 }-,100 =,100 |-.00L -.13§ -,133
Starting Moments =1330\ +1330
l. C,0.M, ' - 121 /= 181
\'+ 256 //
] 4
2, C.0.M, - 1l - 1l //
+ 2& ’
\ 3
3Q CoOoIVIo ) \ fand l o~ 1
|
3
Final Joint Moments| -13Ll + 137 +130.0 - 182

5=-15, Numerical Check (Eq, 1=7)

JMLL = =1330 = .100 (+137) = =13l Aq
JM, = 0 = ,193 (-134)) = ,091 (+13L0) = +137 A3

JM, = +1330 = ,100 (+137) - .133 (-182) = +13L0 A,

I

J¥p = 0 - .136 (+1340) = =182 A4
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5-16, Carry-Over Procedure Due Eg_ég_(Table 5-3)

Teble 5-3 -~ Carry-Over Table For A,
Joint I 3 2 1
' — - s —— ———
Corry-Over Factors | =,193 |-,100 =,109 -.091 -.136 -,133
Starting Moments | ~1330 + 610 / +1970
1, C.0,M. + 133 + 133/
\ - 262 "
2. C,0.M, 1N - 70
Vo /
3, C.0,M, + 7 + 7 ///
\ P 9/
L, C.0.M; | \\ - ‘1 . -2
B I
Final Joint Moments| + 1110 =1405 -+ 527 +1898

§-17% Numerical Check (EBgs 1=7)

il

T, =0 - 100 (=1405) = +1L0 A,

JMz = =1330 - .193 (+140) - ,091 (+527) = =1L405 A,

il

JM

o = 640 - 100 @LOS) - ,133 (+1898) = +527 A,

i

Ty +1970 - ,136 (+527) = +1898 A2



5=18, Carry-Over Procedure Due EE.A; (Table 5-1.)
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Table 5-l - Carry-Over Table For &y

Joint n 3 2 1
Carry~0ver Factors ;:133 '—:556 -;IEE —:E;i -:IEZ —:;55
Starting Moments =-1970 - 989
loe C.0.M, . 180 + 268
2. 0.0.M, - 18 . 18/
\ £ 95 /
30 C.0,M, 7 - 11
3
Lo C.0.M, N 1
Final Joint Moments| - 18 176 -1892 - 728
5-19, Numerical Check (Eq, 1-7)
g1, = 0 - ,100 (+176) = =18 Aq
JMy = 0 = 193 (-18) - .091 (-1892) = +176 A,

JM

= =985 - ,136 (-1892) = f728 Al

5 = =1970 = ,100 (+176) = ,133 (~728) = -1891 Al



520,
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Final End Moments in Terms of A's (Table 5-5)

The final end moments in terms of A's,

by substituting the joint moments and fixed

Eq, (1-8), are written below (Table 5-5),

5-21,

which are found

end moments Into

Table 5=-5 = End Moments in Terms of A's
M By By A, Ay
iy +718 = 825 + 86 - 11
b3 | 78 | +825 | - 86 | + 11
3l -87L +1098 - 250 + 31
33! +663 + 82 - 8.3 + 106
32 +211 -1180 +1097 - 137
23 + 90 | =1072 | +1286 - 326
22! =62 | + 733 | + 289 ~1035
21 | -28 | +339 | -1578 | +1361
12 -‘11 + 13L =1395 +1520
11 ¢ + 8 - 98 | +1017 | - 390
10 + 3 - 36 + 378 -1130

Shear Equations (Eg., 3=3)

Since there are four independent translations, a

shear equation is written for each story level.

a)

The first shear equation 1s written for the sec-

tion shown in Fig, (5-6),
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i
lK
V3 T,
Section of Frame Above Story 3
Fig, 5-6
}ZFﬁq_ 0 _— M) + M5 = 0

21622 Au + 1923 By « 340 By + 42 Ay =--10

b) The second, shear eduétidn!is written for Fig, (5-7).

e
lK-
oK 3 ~—=,
o
——
Vo3 V23

4

Section of Frame Abhove Stor% 2

Pige 5';'7
Voh Ch
ZFK = 0 -—373- + M23 ~+ M32 = ._3_73 AS = Q0

*301 4y = 2700 Ay 2383 4, - 163 A = 30
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¢) The third shear equation 1s written for Fig., (5-8),

: l
1K - u—fF
3 !
K -
2 - R
3
2 | ’
X — ~— R,
1|
Vi V12
Section of Frame Above Story 1
Fig, 5«8
' _ : Vgha o 03h2 . Cohp _
2P =0 | = Mot My - =54y - =58 =0

-39 4, + 2 A3 - 3LL5 A, + 2861 4, = =50

d) The fourth shear equation 1s written for the sectlon

shown in Fi@a (5"9)5

K
oK 3 s
2
K
2 Ry
K me |
> “‘**Rl‘
0
.
Vo1 Vo1

Section of Frame Above Hinged Supports

Fig, 5=9

-0 Vil : C3hy Cohy Cihy, _
>y =0 - et Moy f Myp - —E5RAy - =Sy - =5 = 0

*3 4y - L88 Ay - 97 A, - 3005 4y = -70



=22, Deformations

Solving the four shear equations similtaneously,

following A values are obtained,

Al = 4+ 0162 A3 = 4 ,0389
Do = + 0278 B =+ .0470
§.23, Final Ind Moments (Table 5=6)
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the

The final end moments are obtalined by multiplying the

values of Table (5-5) by their respective A values and sum-

ming the results algebraically for each point (Table 5-6),

Table 5~6 - Final End Moments
M M 3i§3@ to. | Due to | Due to [ Due to || Final

' Ay | By NA2 87 || Moments
o1 Lot | o 0 0 0 0
10 | 1t0y |+ 1. | 3. [ #10.5 | -18.L |- 7.9
117 |11 £3.8 | =38 | +28.3 | - 6.3 |+e2.0
12|12t | -5.2 | +5.,2 | -38,8 |+2h,7 |l-1h.1
21 |21y | -1.,3 | +13,2 | -43.8 | 422,1 |- 9.8
221 | 212 - 2,9 | +28,5 |+ 8,0 | -16,8 [+16,8
23 |23t [+h.2 |17 | +35,8 | «5.3 |- 7.0
32 |32t | +9,8 | -u5.9 | +30,5 | - 2,2 |l 7.8
33t | 313 +31,2 | + 3,2 | =23,k | + 1,7 |l+12.7
3 |3 =110 +12,7 = 7.1 + 0o5 |l= o9
L3 | Lr'3¢ =35,2 +32,1 =2t |+ 0.2 |- 5,3
v L pey +35,2 | =32,1 |+ 2. | - 0,2 I+ 5.3




5-2l., Final Cheék

A, Equilibrium of Shears:

1) Shear Equation I

-1622(.,047) + 1923(.0389) - 340(.0278) + L2(.0162) + 10
....3

2) Shear Equation II

+301(.0L7) - 2704(.0389) + 2383(,0278) - L,63(.0162) + 30
-2.2

3) Shear Equation III

i

-39(,0lL7) + 21(.0389) - 3WL5(.0278) + 2881(.0162) + 50
0 =

L) Shear Equation IV

]

3(.047) - LB88(.0389) - 97(,0278) - 3005 .0162) + 70.0

lie

-o 1
B. Equilibrium of Joints:
E}H.= 0| -7.9 + 22,0 - 1.1 =

SH, = 0| =9.8 + 16,8 = 7.0 = 0

|
o

jZMB =0 | -7.8 + 12,7 = 4.9 =

) 2M =0 | -5.3 + 5.3 =

33

to



CHAPTER VI
CONCLUSIONS

The general three joint moment equation for a two
column symmetrical bent with external ties and members of
constant cross section is derived, The analysis of frames
of this type by the carry-over procedure 1s outlined and
one example problem is included.

Tﬁe carry-over moment procedure is & numerical approx-
imatién which may be carried out to a desired accuracy.
The results obtained by this method are adequate for their
application in engineering practice.

The procedure outlined in this thesis is applicable
to frames with any number of storles., However, the labor
increases with the number of A values and becomes prohl-

bitive when the number of A values reach six,

3L
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