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In the name of God

Structural Analysis 11

Course Outline:

1-Introduction.

2-Slopce Deflection Method.

3-Moment Distribution Method.
4-Symmetric Structures.

5-Analysis of Non Prismatic Structures.
6-‘Coulmn Symmetry’ Method.
7-Kani’s Method.

8-Approximate Solution(Portal Méthod, Cantilever Method,...).

9-Matrix Analysis(Force Method, Displacement Method).

Course Evaluation:
Attendance, Homeworks,1Mid-Term exam, Final exam.

* Each Home Works is due 1 week from day it is assigned.
References:

a): Structural Analysis by A.Chajes
b): Elementary Theory of Structures by Y.Hsieh & S.T.Mau

Good Luck A.M.Rousta
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372 Useful Tables  Appendix D
D-3 FIXED-END MOMENT
TABLE D-2  FIXED-END MOMENT
M, Loading Case My,
. | ’
_ P 2 2
] a% = 12 Vb +£/
A 4 8
P
~aB* Pl /4 al l Al I ?
! j; +a BPL
lP V
_ _ ‘ /
a(l = )Pl ﬁL a ol [”; + a(l - o)P!
k3l - / W
a”wl-
6= e+ 30y A T TT] S
12 ) 7 o . lt% p (73
T A T TT1T1] 7 Swl*
192 A 12 i }/, N 192
wil” ~ . [
W A T T T I I I I T I TTT] % "
-w A
wi® )
T o0 WV +‘;£]
/] Z
I :
Swl® N T T T [ [ [T T Swi?
96 /] 9 %
Parabolic loading
g e T ] T wl
15 A W V. 5
Y / M
) ) a
+MPQa ~ f) /] ) Bl F/ +Ma(2B - )

Note: Member-end moments are positive if acting clockwise and negative if acting counterclockwise
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IN THE NAME OF 60D

Structural Analysis II
Homework Set #1

1): Construct
the frame in

.Due:

the shearvand the

moment diagrams for each member of
Figure. 20%\) ,

U A
p N q‘_’k/” m
2.[5 ‘ ‘ . ' J 3
¥ - OokN ) b
M . 77
2 .
B !

T ,4,.§A Mm
2): Draw shear and mo

AN |
4

gr N
ment diagrams in the followed structure.

B i S R 0 ) L1171} J6KkN
- iB8 ‘ C o
—AQQKN SRS ) PR
zm
B —e

lo}“ g 5‘“‘

(N} o

3): Analyze thel\simply supported gable frame shown in Figure, which
is composed of two columns and two sloping members.

: W g J ¥ I 3
ﬂ_.gs%/')\itilil\l..t‘b\l !
m
. . ng |
(5!%1 of hori Zenta) 4 Tokel
Lengtty )
.
17
S
I'.‘L ‘o ke s
4): Sketch the shear and moment diagrams for

the loaded beam show’n below.

Lo Iy

Cd

F
Good Luck _A. M. ,R,QUSta
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IN THE NAME oF 60p
- Structural Analysis 17

Homework Set #2 Due:
LPue: = -

1): Analyze the beam he o B .
own in Fig.(1) by slope- deflectig ;
the shear ang Moement diagrams. Assume constant "EI", i method. Draw

it Gk
W] dll] uk |

T
R ok .y

3

{

IV i ‘
e o ,

.

2): Analyze the frame shown in Fig.(2) by d i 4
n Fig.(2) by slope- defiection method. D '

‘the shear and Mmoment diagrams. Assume constant "EI”", . . e ‘
. T HQ‘,’Eg -
v IR 2T c " F &=
Li"h E" | )
I T i

v | '?J,,] T SRR o g
: :l\L o™ ,L . l.’f g ygm \1 o :
e

~ 3): Find all the end moments by slope- deflection for the followed rigid
-~ frame shown in Fig.(3). - B e T e '
Draw the moment diagrams , and sketch the deformed structure.
[ Hint: There are two slopes at C(i.e.,§ and § )] S
"EI constant”. b e

IR
.7F T o=
I
3 Fij.(s')
Lo ol

LN

3 Lo 4 ’
4): Analyse the continuous beam in Fig.(4) by slope- deflection
method. Assume constant "EI",
i 2 K N
. : ~ L"“/ e ,./,l’ifv'v; LR
ZIYE T B B AE A Fig.a1)

k—_—— F i“ ’.-_. S ity e SS—
Good Luck  A.M.,Rousta L . RO

W N 7780anned by CamScanner




F9.5):  §-3okv—s)

IN THE NAME OF GOD
Structural Analysis II

Homework

— Set #3 . Due: _ 3/ 8)/ XL{
1) For the syst e
spring forceys em and load showp In Fig.(1),find a general expression for the

Given E =20000&N I =5000 ~p° k= sKN _4KN
O s cm ok =SKL w= KN/

And L=3m, determine’ the value of the sprmg force.

it Length

Fig. (1) & EWTT‘H 1] .LTJ,/’*WP” it 2

-  # }7 _——spyigg sti fhress K
ke L

I ”

2): Determine the member moments and the reactions and draw the bending
moment diagrams .(Use slope-deflection method) '

P=%ton
2{-/ é\_h B \t <2 M= »_'2 ‘l‘h«
| 3T
N 5 b
> [N
f ! |12
2 A 7—,- gm “: e

3): Analyze followed structure in Fig.(3) by slope- deflection method, Draw
moment diagrams. oo

I=constant '." , - 2Ky
SR »
7~~~ 7B ., -
QIM { \o thtQ %E

~
2

Ww_ - -—-AW];' 77'/7"

i

i m
: Iv;“ i 1% >
l“% ZUN

vt Luck . A-M.Rousta
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IN THE NAME OF GOD

Structural Analysis II 24/ g/?u}
Home work Set#4 -~ Due: s

1_) Determine the member moments for the two — span beam in Fig .(1)
Finally , find the reaction of support B.

The member is fixed at A , continuous over the support at B, and simply
supported at C.

4

Gk Jokn/
N

NI IL I

< . \f)
2 )
4 t Bf T chp
R L) R Al L B
2) Determine the member moments and draw the bending — moment
diagram for the structure in Fig . (2)
EI = constant " Z4 KN- 25KN
, 12
24 k- Pl e |
\! [T T I Loy y /

‘/’v A‘i%- B l F o

e—
ﬁ?
N
qfﬁ
N

i ber moments and the reactions and draw the
3) Determine the member MOM=n=> : Fi 3
bending — moment diagram , in followed contmumﬁ\(. ig .(3))

b€ﬂh
2aton ;% ngﬂ
7T T3 ? . . 3
4 R v . " ﬁ :
AT FT Tn38 T A0 L AD T RE o)
, ; ' " , ! i
P L N N I L Lo
M .
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IN THE NAME OF GOD ;
Structural Analysis II 917/ 21’]‘

Homework sct#s Due:

1): Using moment distribution method analyze the system shown for the given

loading.
Draw the bending moment diagram and the deflected shape of system .
If necessary , use E=200Gpa. And 1= . 3 10" m'

8

2): Analyze the frame shown below by using moment distribution method and

determine:
a): All of the end moments.
b): Draw the bending moment diagram.

c): Reactions of support E.

_____ I I L Tty
T okNmefB 2T c 271 \E
223
5 :
\aokl\l_} I |
" L ,
5 !
|
A Av |
| i
! ]
| om
f<- AN o | o
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B 7._: | ! b/J/ W
IN THE NAME OF GOD . i
Structural Analysis II _ ; 27/ 7/3Lf
Homework C Set#6 : ' | Due: = .

1): For the indeterminate beam, find the stlffness and carry-over factors for both
ends.

Find the fixed end moments if the member is acted upon by: '
a): A uniform load of intensity 20 KAy throughout the span. |
b) A concentrated load SOKN at a distance 04L from the left end

2): For the beam shown determme (K refer to stlffness and C refer to the carry-_ ,
over factor) _ _

a): K s .
b): Ka |

>
AN ANN

l
1 g
L2

| _
| |
,kin

3):Using moment distribution method find the moments for the 30 Omm"wide l?eam" »
sh-own below subjected to a uniform Ioadmg of loKf\y -

———

60 '{ _ 3
b ]

727

| , |

GOOd Iauck A. M. Rousta |’ . ]'
|

l |
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250 Slope-Deflection Method Chapter 8

2 M, =0 for the portion of the frame [Fig. 8-15(d)]:

s + My, My + M 4
M, — Mab = Mpa | ed T Mde _ =
b ( G )33.75 ( 20 )31.2§ (8)(5)31.25

2
+Mdc+(1)(%:0

(85 + 3R,) — 2.25(36, + 6R:) — 1.5625[2.256. + 2.256, + 2.025(R, + R.)]
— 200 + [0.756. + 1.50, + 1.O13(R, + R,) + 21.333] + 312.5=10
or
5.7585 + 2.7666. + 2.0166, + 12.651R, + 2.151R, — 133.833 = 0 (8-45)

Solving Egs. 8-41 through 8-45 simultaneously, we obtain
6, = 0.385, c = 11.039, 8, = —8.340

Ry = 8542, R, =4.565

Substituting these in the expressions for the various end moments, we obtain
M.y = 26 ft-kips
Mpa = =M, = 26.3 ft-kips
My, =-My,=-23 ft-kips
Mae = =M, = 30.3 ft-kips

M.a = =22 ft-kips

Example 8-8

Analyze the frame in Fig. 8-16(a). Assume that all members are of uniform cross
section, so the relative values of 2EK are the circled numbers. Because of the action
of the lateral forces, the frame will deflect to the right. Assume that joints b and e, on
the first-floor level, move a horizontal distance Ay; joints ¢ and d, on the second-floor

level, move a horizontal distance A,, as shown in Fig. 8-16(b). Antisymmetry exists in
this case. Thus,

eb =0‘7 0‘-‘ =Od7 Rab =IQ¢/“—"ﬁ Rbc':Iede:Az‘—Al

20’ 20
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: r 20
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(a) (b) (c) (d) (o
e

Figure 8-16
?
the problem involves a total of four unknowns, 85, 6., R.s, and R,., which are to be &

solved by four equations of statics, two from S M = 0 for joints b and c and the other
two from shear balance for the frame.

The equations expressing end moments are then written as
_ M.y = My = (1)(6, — 3R.,), 6. =0
M. = M = (1)(206, — 3R,,)
Mo = Mca = (1)(26, + 6. — 3R,.)
My, =M, = (é)(zeb + 8.) = 605, 6, = 6.
Mo = Ma. = (1)(26. + 6, — 3R,.)
M. =M. = (2)(26, +0,) = 66., 6, =o,
The equations from joint equilibrium in moment are then established:

Mba +Mbc + Mb( =0

106,, + e,_- - 3Rab = 3Rb( = 0 (8'46)
M:b + Mcd = 0
8, + 80, — 3R, =0 (8-47)

The third equation is from shear balance for the entire frame isolated from the supports
[see Fig. 8-16(c)]:

) (Mub -+ Mha

0 )+20+10=0

0h — 2R,, + 100 = 0 (8-48)
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252 Slope-Deflection Method Chapter 8

The fourth equation results from considering the free body cut out by a horizontal
section just above be; the shear in the two legs [see the dashed lines in Fig. 8-16(c)] must
balance the lateral force of 10 kips. Thus,

Mbc+Mcb _
2( 20 )+10—0

30, + 30, — 6R,. + 100 = 0 (8-49)

- Solving Eqs. 8-46 through 8-49 simultaneously, we obtain
0, = 29.282, 0. = 9.945
Rs = 64.641, R., = 36.282
Substituting these in the moment equations, we arrive at
. Mo = M. = —164.64 ft-kips |
My, = M = —135.36 ft-kips
M,. = M., = —40.33 ft-kips
M,. = M., = +175.69 ft-kips
Mo = My = —59.67 ft-kips
M.y = Ms = +59.67 ft-kips

as plotted in Fig..8-16(d).

8.8 MATRIX FORMULATION OF THE
SLOPE-DEFLECTION PROCEDURE

In the slope-deflection method, the joint displacements appear as the basic unknown
in the simultaneous equations that express the joint equilibrium of forces in terms
of joint rotations and translations. The matrix formulation of these equilibrium
equations will readily throw light on the analysis, revealing the essence of the
matrix stiffness procedure. This can best be illustrated by going over the problem
in Fig. 8-3.

| We start by Eq. 8-10and, with some modifications, rewrite the slope-deflection
equations as

»

1,
M, =2E-2 (Bb — B—A) = 25
lab Iab

1,
! Mba = 2E~b (29b —_ gé) + 25
lab Iab
l

1§

-

¢
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; Lock K z] I 0.5 TS-] I 0.5]0. SI I 0 | Locking joint b requires moment of
i all joints F.E.M.| =30 E:'_:@J :"4_]6 _”'} +30 10 as enclosed by dashed line.
’ D.M. sl+s | ! To eliminate this artificial moment
i Unlock ——\: : we apply + 10 to joint b. After the
| : joint b / : 1 process of distribution, joint bisin
] COM.|+25 i+ 2. -_j balanced state.
The C.O.M. constitutes additional
—6.25] - 6.25 F.E.M. 10 the far end.
Unlock - . .
Now joint ¢ is subjected to the
joint ¢ L { ™\ | ot anibctat moment of + 125
C.OM. L —3.13 —3.13] as enclosed by dashed line. After
distributing the moment of —12.5
Unlock{ +1.57+1.56 to each side and carry-over,
ios joint ¢ is balanced, while joint
PRE e o M. com” \&'gﬁ_t'a‘, b is again unbalanced because
to_ - of the CO.M. of -3.13.
Unlock [ /0.39 0.39\ .
s __ .
Jomt ¢ com 0.2, -ozom .
+0.10|+0.10 process of unlocking and
Unlock ‘7—:—l{~_ relocking joints b and ¢
)omt b CO M. +0.05 ‘ G-0.05 : alternatively is continued until
7 the C.OM. is small enough
pm g DM. . ) —-0.02|-003 to be neglected.
£ (f-kips)|—26.67 + 3667~ 36.67 + 36.67|— 36.67+26.67]
Figure 7-9
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(8) D.M. +0.08]+0.08 —008|-0.08 _—_
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2|+0. -0.02|-00
(10) D.M. +0.02[+0.02 2 E——
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Figure 7-10
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from which

Vpa = 11.5 kN

Then from vertical equilibrium

Vaen = 22.5kN

In a similar manncr we obtain

Vpe = Ve = 10kN

The bending-moment diagram and the reactions are shown in Fig..13.7e. T

reaction at B is the algebraic sum of Via and Ve

The foregoing solution involves two separate and independent sign conven-
tions, which should not be confused with one another. The first, employed in the
slope-deflection equations, states that moments acting on the ends of members
are positive if they are clockwise. This is a “rigid body™ sign convention of the

type used when Newton’s law is used to write moment-equilibrium equations. By
) convention, used to construct the bending-moment

comparison, the second sigr

diagram, states that moments producing compression on
“strength of materials” sign convention that deals

member are positive. This is a

with stresses and deformations instead of external moments.

Example 13.2

Determine the reactions and draw the hending-moment diagram for the beam in Fig.

13.8a.
Unknowns. 0,4, 0, Oc, 0.
Equations of equilibrium
At joint Az My, =0
‘At-joint B: Mgy 4 Mpc =0
At joint C: Mgy + Mcp, =0
At joint D: My =10

Fixed-end moments

20(12)°(8
Mpwp = ——((2(—)))29 = —57.6
. 20(8)’(12
Mens = 4-—%0)(,_—-2 = +38.4
2(20)*
Mpepe = — (12) = —066.7
Mpen = +66.7

Slope-Defiection Method Chap. 13

he

the upper side of a

(13.16)
(13.17)
(13.18)
(13.19)

%

Scanned by CamScanner



A

1
:
£
5

At A AR s b e e s g

RSy

Crsr e e R i e e e

R R e

‘
3

v
v

(
5
_ ¢
o
| | w
Sec. 13.4 Application of the Slope-Deflection Method ' ' 287 | !
20k L
SRR B L | .
EEEREER . é
Ao T Ame T B T o g
i IO | . , N
I 2_0' - —20 : { — 20 ——-*-l G

{a) ey
20K . & s
I 2k e
i | %1 1T e
821k - 34.0 19.3 1.55 : : €
_ = /—\ ) ' e
| \/ N — o | e

310 . i

758 ’ ) | g

. (L) :
Figure 13.8 :
i &=
Member moments o _ i &
Moy = 22—[‘(;’ (20, + 0,) — 57.6 = 0.2E10, + 0.1E0, — 51.6 .. G
My, = 0.2E10, + 0.1E18, + 38.4 E . o b b
. e
Myc = 0.2E16, + 0.1EI0, — 66.7 S .

M,y = 0.2E10¢ + 0.1E10, + 66.7

Mg, = 0.2E10, + 0.1E18,

Moe = V.2E18,, + 0.1 E10,

At this stage we could simply substitute the above expressions for the member
moments into the four equations of equilibrium and solve them for the unknowwn
joint rotations. However, in a problem such as this, where one or more ends of tic
structure are simply supported, an alternative procedure, which simplifies the
numnerical work, can be employed. Before solving the equations of equilibrium for
the unknowa joint rotations, Eqs. (13.16) and (13.19) can be used to express 6, and
0,, in terms of 0y and 0., lhcn:l.)y eliminating two unknowns.

From Eq. (13.16) we obtain

El0, = 288 - 0.5E(0, _ (13.20)

hey

3y
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288 Slope-Deflection Method Chap. 13

and Eq. (13.19) gives

0 = ~0.50, (13.21)

Solution for unknowns.

. ! ; Substitution of the member moments together
with relations (13.20) ‘

and (13.21) into Egs. (13.17) and (13.18) gives
0.35E10, + 0.1E10, = —0.533
0.1E10, + 0.35FE10- = —66.7

from which .

El0, = 57.6, L0, = —206.9
Solutions for member moments

My = +75.8 k-t
My = =758 k-ft
My = F31.0 kAo
M., = =310 k-t

The reactions and the bending-moment diagiam corresponding to these
member moments are shown in Fig. 13.8b.

Example 13.3

Determine the rcactions and draw the bending-moment diagram for the structure in
Fig. 13.9a.

Unknowns. 0, 0.

Equations of equilibrium

Atjoint B: Mp, + Mpe + Mg, =0 (13.22)
Atjoint C: Mgy —21=0 (13.23)

The jéint at C has acling on it, in addition to the unknown member moment Mep, a
moment of —27 kN-m due to the load on the overhang CE.

Fixed-end moments.

12002
Mppy = __E)_ =100 " -
Mppy = +100
6(10)?
mes T = = 5
M., = .50

Mycn = 150
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230 ton Slope-Deflection Method Chap. 13

Member moments )
Myp = 04E10, - 100

Mna = 0.8EI0, -+ 100 .‘ :
Mpe: = 0.AEIG, + 0.2E10, — 50 : g
Mep = 0.ALI0 + 0.2E10, + 50

Mpn = 0.667E10, s
My, = 0.333E10, ‘

Solution for unknowns. Using Eq. (13.23), we can.express 0 in terms of
0p. Thus ’

El6: = —57.50 — 0.5:10,
This result now makes it possible to evaluate 0, in Eq. (13.22)
0.8E18, + 100 -+ 0.4EI10, + 0.2(-57.50 — 0.5E105) — 50 4- 0.667E16,, = 0)

from which

El0, = —21.8, L10, = —-46.6

Solutians for member moments
M.p = —108.7 kN-in
My, = +82.6 kN-m
Mpe = —68.0 kN-m
Mpp = —14.6 kN-m
Mpp = =7.3kN-m
The reactions and the moment diagram correspondivg to these moments are
shown in Fig. 13.9b.
Example 13:4
Determine the member moments and reactions and dr
diagram for the frame in Fig. 13.10a.

aw the bending-moment

Unknowns. 0, 0., A.
A frame, whose upper part is not prevented from translating laterally, will

sway either to the right or to the left a distance A, as shown in Fig. 13.10b. Since we
ignore axial shortening of flexural members, both that due to axial stress and that
due to bending, ends 53 and C of member BC are assumed to move laterally the

same amount; that is, Ay, = A, = A.

Equations of equilibrium.  The presence of the unknown ‘A in addition to
the unknown @’s requires that we employ an equation of horizontal equilibrium as
well as equations ol moment equilibrium. Thus ' :

S

Aln/l. + Mye =0 . ' (13~2‘i)
Men + My = 0 (13.25)
Hy+ H, =0 : (13.26)

®
®
®
*
®
:
o
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