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COURSE CODE: CE 0732-3101 CREDIT:03

TOTAL MARKS:150
Mid Exam Duration: 2 hours CIE MARKS: 90
Semester End Exam Duration: 3 hours SEE MARKS: 60

Course Learning Outcomes (CLOs): After completing this course successfully, the
students will be able to-

CLO1

CLO?2

CLO3
CLO4

Understand the statically indeterminate beams and frames by moment

distribution, consistent deformation/ flexibility and stiffness methods.
Develop the understanding approximate methods in the analysis of

statically indeterminate structures
Analyze the statically indeterminate beam, frames, truss, arches.
Explain the determinacy and stability of structures.



SL Content of Course Hrs CLOs

Introduction to Structural Members, Structural Analysis by Moment
1 | Distribution Method: Fixed End Moment, Carry-over Factor, Absolute| 4 CLO1
Stiffness, SFD and BMD

Approximate Methods in the Analysis of Statically Indeterminate
2 | Structures: Structural Analysis of Frames by Portal Method and 16 CLO3
Cantilever Method and Their Assumptions.

3 Influence Lines for Statically Determinate and Indeterminate Beam, 10 CLO2,
Floor Girder, Frame. 3D Space Truss Analysis. CLO4
TEXT BOOKS:

1. Elementary Structural Analysis and Design of Buildings A Guide for Practicing Engineers and Students by Dominick R. Pilla
2. Fundamentals of Structural Analysis 5th Edition by Kenneth Leet, Chia-Ming Uang, Joel Lanning

3. Structural Analysis and Design: Some Microcomputer Applications 2nd Edition by H.B. Harrison

4. Structural Analysis. Hibbeler, R. C., Prentice Hall; 8th Edition

5. Intermediate Structural Analysis. Wang, C. K., McGraw-Hill Education



Teaching Learning

Assessment Strategy

Week Topic Strategy CLOs
01-02 Influence Line for Beam Lecture. Discussion Mid, Final CLO1
03-04 Muller-Breslau Application Lecture. Discussion Mid, Final CLO3
05 Influence Line for Floor Girder Lecture. Discussion Assignment, Mid, Final CLO2, CLO4
06-07 Moment Distribution Method Lecture. Discussion Assignment, CLO3
’ Mid, Final
08-09 Moment Distribution Method Lecture. Discussion Assignment, CLO3
' Class Test, Mid, Final
10-11 Multistoried Building Analysis by Cantilever Lecture. Discussion Problem solving, CLO2, CLO4
Method ' Class Test, Final
12-13 Multistoried Building Analysis by Portal Method | | acture. Discussion Final, Class Test CLO3
14-15 3D Space Truss Lecture, Discussion Problem solv_ing, CLO1
Class Test, Final
16-17 Doubt Solving Class Final CLO3

Lecture, Discussion




ASSESSMENT PATTERN

CIE- Continuous Internal Evaluation (290 Marks)

External Participation in

EBloom’s Category Tests | Assignments| Quizzes Curricular/Co-Curricular
Marks (out of 90) (45) (15) (15) Activities (15)
Remember 10 10
Understand 5 05
Apply 10 Attendance
Analyze 10 15
Evaluate 5
Create 5 15
SEF- Semester End Examination (60 Marks)
Bloom’s Category Tests
Remember 10
Understand 10
Apply 10
Analyvze 15
Evaluate 10
Create >




UNIVERSITY OF GLOBAL VILLAGE

Influence Lines for Beam

(Week 01-02)



Influence Lines



Bending Moment & Shear Force Diagrams

 Bending moment (BM) and shear force (SF)
diagrams show the variation of bending moment
and shear force along a structural element (beam)
when a load (or a set of loads) is applied to the
structural element. Points of action of these loads

are fixed.

* These diagrams are useful to determine the
maximum BM and SF developed in the member
and the locations of the maximum values due to
the application of the loads.



Signh Convention - Positive & Negative Values

& - <

On the left-hand face of the cut member, positive

values;

* Normal Force (N) — acts to the right (tends to
elongate the segment)

* Shear Force (V) — acts downward (tends to rotate
the segment clockwise)

* Bending Moment (M) - acts counterclockwise
(tends to bend the segment concave upward, so

as to “hold water”)




Positive Normal Force




Positive Shear




Positive Bending Moment
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BM & SF Diagrams
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BM & SF Diagrams
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BM & SF Diagrams
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BM, SF & Reactions
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Influence Lines

 When the applied load is not fixed (ie. moving)
we use INFLUENCE LINES to determine the impact

of live moving loads at a single point as the load
moves across the beam.

* Influence lines are important in the design of
structures that resist live moving loads.



Influence Lines

1 unt

A
1 unit
/1/

(a) ILD for Rgp

) : © webinfolist.com
1 unit =g

(b) ILD for Ra

l’ ZL [\
-a'L

(¢) ILD for Fc¢

%"ﬂ\
+

(d) ILD for Mc




Definition of an Influence Line

An influence line represents the variation
of the reaction, shear, moment, or
deflection at a specific point in a member
as a concentrated load moves over the
member.



Influence Lines

They provide a systematic procedure for
determining how the reaction, shear,

moment, or deflection in a given part of a
structure varies as the applied load
moves about on the structure.



IL Vs BM Diagram

Difference between constructing an influence line
and constructing a shear or moment diagram.

* Influence lines represent the effect of a moving
load only at a specified point on a member

* Bending moment diagrams represent the effect of
fixed loads at all points along the axis of the
member



Methods of Producing Influence Lines

* Take a moving load of one unit weight.

* Select the point of interest where reaction,
shear, moment, or deflection is required.

* Place the moving load at various points and
use statics principles to find the reaction, shear,
moment, or deflection at the point of interest.

* Plot the values of the reaction, shear, moment,
or deflection over the length of the beam,
computed for the point under consideration.



Methods of Producing Influence Lines

* Make life easier — for statically determinate
structures you get straight lines (although
the line slope may change as the load passes
over key points).



Influence Lines
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Why Use a Unit Load for an Influence Line?

= 1 is easy to multiply by the weight of any thing or
any number of things | want.

* Influence lines are popular for studying the
impact of moving — variable loads on bridges and

other such structures.

e To obtain the reaction, shear, moment, or
deflection due to any applied load, multiply the
ordinate of influence line diagram by the value of

the load.



Influence Line / BM or SF Diagram

* Influence lines represent the effect of a moving
load only at a specified point on a member.

* Shear and moment diagrams represent the effect
of fixed loads at all points along the member.



Procedures to Determine Influence Lines

* Tabular Procedure
* Influence Line Equations



Tabular Procedure to determine the influence line

1.

Place a unit load (a load whose magnitude is
equal to one) at a point, x, along the member.

Use the equations of equilibrium to find the
value of the function (reaction, shear, or
moment) at a specific point P due the
concentrated load at x.

Repeat steps 1 and 2 for various values of x over
the whole beam.

Plot the values of the reaction, shear, or moment
for the member.



Influence-Line Equations Procedure to
determine the influence line

1. Place a unit load (a load whose magnitude is
equal to one) at a point, x, along the member.

2. Use the equations of equilibrium to find the
value of the reaction, shear, or moment at a
specific point P due the concentrated load as a
function of x.

3. Plot the values of the reaction, shear, or moment
for the member.



Example 1

Construct the influence line for the vertical reaction
at A of the beam.




Example 1

x=251t
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Example 1
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Example 2

Construct the influence line for the vertical reaction
at B of the beam.
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Example 2
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Example 2

influence line for B,
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Example 3

Construct the influence line for the shear at point C
of the beam.
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Example 3
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Example 3
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Example 3
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Example 4

draw an influence line for the reaction, shear, and
moment for both points A and B using the tabular
method.




Influence Line for the Reaction at
Point A




Influence Line for the Reaction at
Point A




Influence Line for the BM at Point A




Influence Line for the BM at Point A
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Influence Line for SF at Point B




Influence Line for SF at Point B




Influence Line for BM at Point B




Influence Line for BM at Point B




Why calculating moments is important




Why calculating moments is important




Why calculating moments is important




Why calculating moments is important




Why calculating moments is important




Why calculating moments is important




Why calculating moments is important




Why calculatmg moments is important




Why calculating moments is important




Why calculating moments is important




Why calculating moments is important




Why calculating moments is important
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Components of a Tower Crane
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UNIVERSITY OF GLOBAL VILLAGE

I Muller-Breslau Principles in Influence Lines

(Week 03-04)



Muller-Breslau Principle

This is a technique for rapidly constructing the
shape of an influence line.

It states that the influence line for a function
(reaction, shear, or moment) is to the same scale as
the deflected shape of the beam when the beam is
acted upon by the function.

In order to draw the deflected shape properly, the
capacity of the beam to resist the applied function
must be removed so the beam can deflect when the
function is applied.



Muller-Breslau Principle

Proof using the principle of virtual work

Work = linear displacement x force (in the direction of the
displacement) or a rotational displacement and moment in
the direction of the displacement.

If a rigid body (beam) is in equilibrium, the sum of all the
forces and moments on it must be equal to zero.

Consequently, if the body is given an imaginary or virtual
displacement, the work done by all these forces must also
be equal to zero.



Muller-Breslau Principle (contd.)

Proof using the principle of virtual work
by all these forces must also be equal to zero.

A, 6y —16y' =0
If 8y is set to equal 1, A, = oy

Therefore, Reaction at A = Ordinate &y’ at the position of unit load



Application of Muller-Breslau Principle

Support reaction
* Remove the restraint in the vertical direction

* Introduce a unit displacement in the direction of
the reaction

AR =




Application of Muller-Breslau Principle
Support reaction (Ex.1: 22)

(E——

o)
= T~~~ _ _ deflected shape
A T — “a__
>'\‘
A,

influence line for A,



Application of Muller-Breslau Principle

Shear force
* Make a cut in the section
* Introduce a unit relative translation at C

(\‘.



Application of Muller-Breslau Principle

Shear force
* Make a cut in the section
* Introduce a unit relative translation at C




Application of Muller-Breslau Principle

Bending moment

* Remove the ability to resist moment at C by using
a hinge

* Introduce a unit relative rotation at C




Application of Muller-Breslau Principle

Bending moment




Muller-Breslau Principle - Example : Vertical Reaction at A

influence line for A,



Muller-Breslau Principle - Example : Vertical Reaction at A

|
deflected shape

X

influence line for A,



Influence Lines for Beams

Once the influence line for a function (reaction,
shear, or moment) has been constructed, it will
then be possible to position the live loads on the
beam which will produce the maximum value of the
function. Two types of loadings are considered.

* Concentrated load
 Uniform load



Concentrated Load on Beam

Since the numerical values of a function for an
influence line are determined using a dimensionless
unit load, then for any concentrated force F acting
on the beam at any position x, the value of the
function can be found by multiplying the ordinate of
the influence line at the position x by the
magnitude of F.



Concentrated Load on Beam

Reaction




Concentrated Load on Beam

A C | B
i

10 ft—

BM

5 10
influence line for M




Uniform Load on Beam

Consider a portion of a beam subjected to a uniform load w, as
Shown, . : dF l w,dx
¥ ﬁ-_ AN ",i
—] |—dx
each dx segment of this load creates a concentrated force of dF =

w,.dx on the beam.

If dF is located at x, where the beam’s influence-line ordinate for
some function (reaction, shear, moment) is y, then the value of the
function is (dF).(y) = (w,.dx).y

The effect of all the concentrated forces dF is determined by
integrating over the entire length of the beam, that is,

[woy dx = w‘,.’/'y dx



Uniform Load on Beam

Also, since, / ydx

is equivalent to the area under the influence line, then, in general,
the value of a function caused by a uniform distributed load is simply

the area under the influence line for the function multiplied by the
intensity of the uniform load.

——
i X

L ‘ influence line for A,




BM

Uniform Load on Beam

influence line for M



Example

Determine the maximum positive shear that can be
developed at point C in the beam due to a
concentrated moving load of 20 kN and a uniform

moving load of 10 kN/m.

0.75

£2.5 ft X . X

10

-(.25

influence line for V,



Example

Concentrated load,

The maximum positive shear at C will occur when the 20 kN force is
located at x = 2.5*'m since this is the positive peak of the influence
line.

The ordinate of this peak is so that,
V.=0.75x 20 kN = 15 kN
Uniform load

The uniform moving load creates the maximum positive influence for
V. when the load acts on the beam between x=2.5"mand x =10 m
and since within this region the influence line has a positive area. The
magnitude of V_due to this loading is,

V. = 0.5 x (10-2.5) x (0.75) x (10) kN = 28.1 kN

Total maximum shearat C, (V.)max= (15+28.1) kN =43.1kN .
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UNIVERSITY OF GLOBAL VILLAGE

Influence Lines for Floor Girders

(Week 05)



Influence Lines for Floor Girders

Generally, steel floor systems are constructed as
shown in the figure below, where it can be seen
that floor loads are transmitted from slabs to floor
beams, then to side girders, and finally supporting
columns.




Influence Lines for Floor Girders




Floor Girders - Exercise

Draw the influence line for the shear in panel CD of
the floor girder
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Floor Girders - Exercise

x=1(

i al
AL IB
—10 ft G* 30 ft l

G,

]

! M
Mg =0;F,=0.333 ( 1? y l

b cD



Floor Girders - Exercise

Il atx=20ft
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Floor Girders - Exercise
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Moment Distribution Method
Problem-01 and 02

(Week 06-07)



Determinate Structure: A member or structure that can be analyzed
and the reactions and forces determined from the equations of
equilibrium is known as determinate structure.

Indeterminate Structure: A member or structure that can’t be
analyzed by the equations of statics. It contains unknowns in excess
of the member of equilibrium equations available.



Determinate Structure Indeterminate Structure

1) Equations of Statistics 1) Force method
* Area Moment method
¢+ Conjugate Beam method
¢ Double Integration method
¢ Stiffness Matrix method
¢ Flexibility Matrix method

2) Displacement method
s Moment Distribution method
¢ Slope Deflection method



Moment Distribution



Distribution Factor: Distribution factor is the ratio according to which an
externally applied unbalanced moment M at a joint is apportioned to the

various members meeting at the joint.

& 3

[ /
E -
DF,p "
S=1
DF,; = —
J S=3 S=2 10
N ) C oy
B A M DFAC__
10
S=14 D )
C DFap =15
7

Distribution factor for any member at a joint is equal to the stiffness of
the member divided by the sum of the stiffness of all the members at the

joint.



Cary-over Factor: The carryover factor is that factor by which the developed
moment at the rotated end of a member may be multiplied to give the induced

moment at the fixed or restrained end.
B

ot

TM =0

=> 05X MEx Lx2L=05xYxLxk
EI 3 El 3

_ M
:>]\/[F—7

= Carry over factor =
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Absolute Stiffness: Absolute stiffness is the value of the moment, applied at the
simply supported end of a member, necessary to produce a rotation of 1 radian
of this simple supported end, no translation of either end being permitted and
the far end being either simply supported, restrained or fixed.

When,6=1,k=ﬂ M

L _
k is called absolute stiffness/bending ol \
stiffness.
’ M




Fixed End Moment
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Fixed End Moment
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Problem-1: Draw SFD & BMD of the following beam using moment distribution
method.

3 k/ft. 6 k

Aj"””"lB l C
n A e A

12’ g g




3 k/ft. 6 Kk
SO L
(N ) (21) )
Rt -8
Relative stiffness:
I 1 [ 2
Kap =Kpa =7 =5 LKgc =Kep=7=17¢
Fixed End Moment (FEM):
2

_wL _ 3x12¢ _ )
FAB—F— > = 36 k-ft.

FBA — - FAB = -36 k-ft.

FBC — P8—L —_ 6X816 —_ 12 k'ft

F=-PL__6x16_ 1ok ft
CB 3 3
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3 k/ft.

\

Ajv

(1) (21) %// 1715
12, ! %/

Joint A / B / C

Member AB BA BQ/ CB

K 1 1 1.5 15

D.F. (04) (06) 1

1st FEM + 36 - 36 +12 _12
Cycle Balance + 9.6 +14.4 + 12
2nd CO +4.8 +6 +7.2
Cycle Balance -2.4 -3.6 -7.2
3rd co 1.2 - 3.6 - 1.8
Cycle Balance +1.44 +2.16 +1.8

Total +39.6 -27.36 +27.36 0




- 3 k/ft.
A\" Y V V V V.V lB 1 C ™~ N )
Ry S SN S
& 1. 39.6 k-ft. | 12 _ 27.36 k-ft.
12/ | g g’
19.02 k 21.69 k 1.29 k ] ]
19.02 k 16.98 k
\ 16.98 k 1.29k | 61k
>,
20.60 k-ft. > > 10.32 k-ft. C J , L
| L 27.36 k-ft. 16 Okt
39.6 k-ft. ’ N\ I
27.36 k-fit. 471 k 1.29 k
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Problem-2: Draw SFD & BMD of the following beam using moment distribution
method.

2 k/ft.
i | /!/‘/'/l/l/
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3 g8 4 10 15
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El is constant



Calculate:
1. Relative stiffness
2. Fixed end moments

4 Kk

15k

l

2 kift.

il

\

A

/

A A

[

A

A
\ 4
A

3 8

Relative stiffness K

1
K :_:—zl
L 15

»
» <

»al
L} PR

4 10’ 15

!

Fixed end moment

2 2
wl®  2*15
£ =" _ =15k’
BA 30
wl®  2*15°
F == = 22 5k’
20 20
2
Foo == 23 b __ 2667k’
2
F =P _ 3aa

DC |2
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2 kift.

Ak 12kft  15K1367kft 55Kt
| ~Dp. l\Cr\W 26 96 ki
E dé\b udé\du\ AL) :
’ 8 4 10’ 15’
Joint A B C
Member AB BA BC CB CD DC DE
K 1 1 1.5 1.5 1.25 1.25 ---
D.F. --- 0.4 0.6 0.55 0.45 1 ---
1st FEM -22.5 15 --- --—- |-26.67| 13.33 -12
CyC|e Balance -—- '6 '9 1467 12 '133 ==
2nd [CO -3 --- 7.33 -4.5 | -0.66 6
CyC|e Balance -— '293 '44 284 232 '6
3rd |CO -1.46 --- 1.42 -2.2 -3 1.16
cycle | Balance
Total -26.96| 5.5 -55 | 13.67 | -13.67 12 -12

Draw SFD & BMD




Moment Distribution Method
Problem: 04-06

(Week 08-09)



Problem-3: Draw SFD & BMD of the following beam using moment distribution method.

E
Ay
6 20 k-ft. 20 k-ft.
3 k/ft. s 5 @ 5 B 5 g > A
> ; A

é 3 12’
/A 3 k/ft. .
/

C



Ll
6 20 k-ft. 30 k-ft.
5 p 5BS /A5 A
3 k/ft. .
D, = 3 S ,A/
6
=
F 3 k/ft.
A 7
Relative stiffness:
KAB=KBD:E_1_"’1 Kgc =Kpg ~ "pE =7 =g~ 167
Fixed End Moment (FEM):
_ Ma(2b—a) _30x5(2x5—5) _
Fag = = ™ = 7.5 k-ft.
_ Mb(2a—b) _30x5(2x5-5) _
Fga =— ™ = 7.5 k-ft.



E
L L/
&
- 6 20kt 30 k-ft.
: p 585 /5
» D = y <
6/
éS' 12’
/A 3 k/ft. 7
/ C

Fixed End Moment (FEM):
7wL? 7 X 3x 6

Fgc = - 500 = - 500 = -(0.79 k-ft.
23 wL?  23x3x62
Fcg = 500 = 500 = 2.59 k-ft.
FBD — . Ma(i;)—a) — 20 x 5 (120;( 5 —5) — 5 k'ft.
Fpp = - Mb(i;—b) _ _20x5 (120>; 5-5) _ _ 5 k-ft.
2 2
Fop = 220 —3X% _ 54Kk ft
20 20
wl2 3 x 62
ED =" 35 = " a9 = - 3.6 k-ft
wlL2 3 x 62
FDF='—O=' 0 —'54k'ft
wL 3x622
FFD — — = 3.6 k-ft



Joint A B C D E F
Member AB BA BC BD CB DB DE DF ED FD
Kk 1 1 1.67 1 1.67 1 1.67 1.67 1.67 1.67
D.F. 1 0.27 0.46 0.27 0.24 0.38 0.38 1
1st FEM +75 +75 -0.79 -5 +2.59 -5 +54 -5.4 -3.6 + 3.36
Cycle | Balance -7.5 -0.46 | -0.79 -0.46 + 1.2 +1.9 +1.9 - 3.36
2nd CO -0.23 | -3.75 +0.6 -04 -0.23 -1.8 +0.95 | +0.95
Cycle | Balance | +0.23 | +0.85 | +145 | +0.85 +049 | +0.77 | +0.77 -0.95
3rd CO +0.43 | +0.12 +025 | +0.73 | +043 -048 | +0.39 | +0.39
Cycle | Balance | -043 | -0.09 | -0.19 | -0.09 +0.01 | +0.02 | +0.02 -0.39
Total 0 +417 | -032 | -385 | +292 | -3.10 | +809 | -499 | -2.26 0




Member

AB

BA

BC

BD

CB

DB

DE

DF

ED

FD

Total

+4.17

-0.32

-3.85

+ 2.92

-3.10

+ 8.09

-4.99

-2.26

3 k/ft.
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Problem-4: Draw SFD & BMD of the following beam using moment distribution method.

12 k
JA B l D

S ,A, 1A=0.2" ,;, ,A,
A

15 B 12’ 6 6

El 1s constant

0, =0.0015rad (CW)



Problem-5: Draw SFD & BMD of the following beam using moment distribution method.

A
L/ /
10 2 K/ft. C
15k —>t Yy
B 20’
10’
D , F
A,
10’
77




Relative stiffness:

Kap = Kcp = Kpg =%=%z2
Kpp =7 ==~ 1.25

Fixed End Moment (FEM):

Fpe = % = 2"1202 = 66.67 k-Aft.

FCB — - FBC = - 66.67 k-ft.

15k

C

A
L L]
10 2 kift.
A
B 2 !
0 10/
D
10’
I,




Joint A C D E F
Member AB BA BC CB CD DC DF DE ED FD
k 2 2 1 1 2 2 1.25 2 2 1.25
D.F. 0.67 0.33 0.33 0.67 0.38 0.24 0.38 1
1st FEM + 66.67 - 66.67
Cycle | Balance - 44.67 -22 +22 +44.67
2nd CO -22.34 +11 -11 +22.34
Cycle | Balance -7.37 -3.63 +3.63 +7.37 -8.49 -5.36 -8.49
3rd CO -3.69 +1.82 -1.82 -4.25 +3.69 -4.25 -2.63
Cycle | Balance -1.22 -0.6 +2 +4.07 -14 -0.89 -14 +2.63
Total -26.03 -53.26 +53.26 -51.86 +51.86 +16.14 -6.25 -9.89 -4.25 0
Distribution for side sway
1st FEM - 50 - 50 +50 +50
Cycle | Balance +335 +16.5 -16.5 -335 -19 -12 -19
2nd CO + 16.67 -8.25 +8.25 -95 - 16.67 -95 -6
Cycle | Balance +5.33 +2.72 +041 +0.84 +6.36 +4.02 +6.37 +6
3rd CO +2.76 +0.21 +1.36 +3.18 +0.42 +3 +3.18 +2.01
Cycle | Balance -0.14 -0.07 -1.50 -3.04 -1.30 -0.82 -1.12 -2.01
Total -30.49 -11.11 +11.11 -7.98 +7.98 +19.7 -5.8 -13.75 -6.32 0
Z=0.04
Z* M from 2nd -1.22 -0.44 +0.44 -0.32 +0.32 +0.79 -0.23 -0.55 -0.25 0
Balance
M from 1st -26.03 -53.26 +53.26 -51.86 +51.86 +16.14 -6.25 -9.89 -4.25 0
Balance
Total -271.25 -53.7 +53.7 -52.18 +52.18 +16.93 - 6.48 -10.44 -45 0




AJR = Additional Joint Resistant

7 AR _028 _ 4y
CJF 693

CJF = Consistent Joint Force



Member AB BA BC CB CD DC DF DE ED FD
Total -27.25 -53.7 +53.7 | -52.18 | +52.18 | +16.93 | -6.48 -10.44 -45 0
1 20.08 k
Arsys. 81k
27.25k-ft. 1N
53.7 k-ft. 52.18 k-ft. C
VC D
B
53 7 k-ft. £\ 52.18 k-ft.
16.93 k-t \|J o 6.48k-ft. 1922k
D <
“  F
10.44 k-ft. A/ [N /A/
4.5 k-ft.
- >£ 0.41 k
1232k
19.51 k




20.08 k

A /7 ) 8.1k P
27.25k-ft. AN
£3.7 kit 52.18 k-ft. C
B
2 st £\ 52.18 k-ft.
16.93 k-ft.gj > 648 k-ft. 10.22K
\ <
10.44 k-ft.f 1\ " ’A’
4.5 k-ft. ) 0 jl ‘
E/7T7_ 1030k

19.51 k




Assignment-1: Draw SFD & BMD of the following beam using moment distribution
method.

~3 kN/m

8m

8m

3O
J

10 m 10 m 5m 10 m

A
A
Y
M4
A
X
v



Assignment-2: Draw SFD & BMD of the following beam using moment distribution
method.

15 kN

15m

A 12 m

5m 5m 12 m

A
A
Y
\
A
v



Problem-6: Draw SFD & BMD of the following beam using moment distribution method.

2 kift.

(1)

20
g,
N

A
v
A
v
A
v



Relative stiffness:

K ! 1
AB—E—mf\/llz

K 1 1
BC =71 =35~ 1.25

K ' 1
co=g=~l

Fixed End Moment (FEM):

2

Fpe =9k = 2x20° _ g6 67 K-t.

12 12
FCB — - FCB = - 66.67 k-ft.

20'

[

2 k/ft.
BV" r v ¥ F C
% (1)
;gé xS
N 2
10’ 20 15’

v



Joint A B D
Member AB BA BC CB CD DC
Kk 1.12 1.12 1.25 1.25 1 1
D.F. 0.47 0.53 0.56 0.44 1
1st FEM + 66.67 - 66.67
Cycle Balance -31.33 -35.34 +37.34 +2.33
2nd CO - 15.67 +18.67 - 17.67 + 14.67
Cycle Balance -8.77 -9.9 +99 +7.77 - 14.67
3rd CO -4.39 +4.95 -4.95 -7.34 + 3.89
Cycle Balance -2.33 -2.62 +6.88 +541 -3.89
Total - 20.06 -42.43 +42.43 - 35.17 +35.17 0
Distribution for side sway
1st FEM -35.84 - 35.84 +50 +50 - 32 -32
Cycle Balance - 6.66 -75 - 10.08 -7.92 + 32
2nd CO -3.33 -5.04 -3.75 16 - 3.96
Cycle Balance +2.37 + 2.67 - 6.86 -5.39 + 3.96
3rd CO +1.19 -3.43 +1.34 +1.98 -2.70
Cycle Balance +1.61 +1.82 -1.79 -1.53 +2.70
Total - 37.98 - 38.52 + 38.52 + 28.86 - 28.86 0
Z =0.3365
Z * M from 2nd Balance -12.78 -12.96 +12.96 +9.71 -9.71 0
M from 1st Balance - 20.06 -42.43 +42.43 - 35.17 + 35.17 0
Total -32.84 -55.39 +55.39 - 25.46 + 25.46 0




20.36 k AJR =3.19k 19.64 k

—_—
| BOK pigp B4k
42.43k-ft. g B TTTTTTTTTT ‘g C C ' 35.17 k-ft.
13.30 k 4‘2.43 K-ft. 35.17 k-ft‘. 16.49 k
13.30 k 20.36 k 19.64k 149K
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— 6E1 (1.254) _ 6EI (1258) _ £ | _ft

Fpc =Feg =—F3 202
2
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- BEIA = e ,
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Fap = Fpa 12 1.25 X (10/5)2 3584 ket
2

Fop = Fppo = — SPLA250 — _ 50x20 x125 _ _ 39y ¢

1.2 1.25 X (15)2



3.37k CJF=9.48Kk

C—
j 5.51 k 3.97k
3852k-ft. g B N C
D) =
5.51 k 38.52 k-ft. 28.86 k-ft.
. 3.37k 3.37k

—_AJR _ 319 _
3.37k L= CJF 948 0.3365

3.37k
C ‘

3.97k

«—

28.86 k-ft.

3.97 Kk



Assignment-3: Draw SFD & BMD of the following beam using moment distribution
method.

15 k 10 k

(1)

15’

13’ 7
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UNIVERSITY OF GLOBAL VILLAGE

Structural Analysis of Frame by
Cantilever Method

(Week 10-11)



ASSUMPTIONS

The Cantilever Method is based on three assumptions

1. The axial force in each column of a storey is proportional to its
horizontal distance from the centroidal axis of all the columns of the
story.

2. There is a point of inflection at the center of each column.
3. There is a point of inflection at the center of each beam.



Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 1) Numerical on Analysis of frame by Cantilever method.

O Determine the approximate values of moment, shear and Axial forces
In member of frame loaded and supported as shown in figure using
Cantilever Method of Analysis. Area of each exterior columns is one
half of the area of the Interior Columns.

6m




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 1) Numerical on Analysis of frame by Cantilever method.

(J Assume point of contra flexure at centre of Beam and columns.

i - H : :
‘—ZSKNI
3m 3 14 51
6
T > t 7
SO0KN |F E D
4.5m +38 t9 10+
1 ; c
3NNy Ty
4.5m 6m l“f




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 1) Numerical on Analysis of frame by Cantilever method.

1) Determination of the CG of the Frame:
d Exterior Column= A; Interior Column=2A.
(J To find out CG of the frame. Taking moment of the area of columns at leftmost
column axis.
L A1 x04+A2x4.54+A3 x10.5=(A1+A24+A3) X
2A x4.5 +A x10.5=(A4+2A+A) X
19.5A=4A X ; X =4.875m.

(J Consider Upper storey and Releasing frame from nodes 3,4,5.

fo——— 4.875m —}
0375’1‘ 5.625m — o
25K§(. !
15 I@_H OI ®|,
2 Has Tus
l Va lV4 ' Vs




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 1) Numerical on Analysis of frame by Cantilever method.

le——— 4.875m —}

4:0'375+ 5.625m ——»f
’(; H +P ,
1%251«\1 I@ l ®
<+ - s
Hs Hs ' ﬁHs
| v
Vs Vs S

H3+H4+H5=25

Taking Moment @ Point P

>M @p=0.

V3ix 4.875 +V4 x0.375
+V5x5.625=(H3 +H4 +H5)x1.5.

LJAs per Assumption: Axial forces in column is proportional to its distance from
centroid and areas of the column group at that level.

Ratio=Stress/Distance from C.G.

V3 v, Ve
A _ 2A _ A
48750375 5.625
V3 _ V4 _ V5
4875 0.375 5.625
, _ 0375V, .
4= 0.5xa.875 0194V
5.625V

- 3 =
VS 4.875 1.154V3

Vzx 4.875 +V1 x0.375 +Vsx5.625=(Hz3 +Hs++Hs)x1.5.
Vax 4.875 +0.154 x V3 x0.375 +1.154 x V3 x5.625=

25x%1.5.

4.875 Vz + 0.058 V3 +6.491 V3 =37.5

11.424 V3 =37.5.

V3z =3.283 ; V4a=0.506 ;Vs=3.789.




Unit-V - Approximate Analysis of Multistoried Frames.

Topic- 1) Numerical on Analysis of frame by Cantilever method.

V1=3.283 V2 3.789 ml
G 2.25mTV1 H1=200769 225m H 3m T‘ > = 1
> < =
Z5KN |1.5m Hi1 - Hz 7573 =Hz2 1.5m
g4 s
- - 3.789= foS
V3=3.283 wV4=0.506 5
FY =0. zF =6.

TH+ve& Ll-ve)
" V,-3.283=0
.V, =3.283KN.

M@G=0.

Tockwise -Ve & Anticlockwise +V
©.3.283%2.25-H,x1.5=0
. H,=4.925KN.

FX =0.

—> +ve & ¢« -ve)
©.—H, -4.925+25=0
~H =20.076KN.

b ¢
TH+ve& L-ve)
% Vz -3.283-0.506=0

.V, =3.789KN.
M =0

lochkwise Ve & Anticlockwise +Ve

l-l4=l2.503KN.

ZFX=O.

—> +ve & <« -ve)
'.—H2+20.076-12.503=0
‘.H;=7.573KN.

—>» tve & «— -ve
‘.—HS+7.573=O
~H_=7.573KN.

* 3. 283% 2.25-—-H4xl S+3.789x3=




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 1) Numerical on Analysis of frame by Cantilever method.

(J Consider lower storey and Releasing frame from nodes 8,9,10.
< H |" ; Has+Ho+H10=25+50

-~
e Taking Moment @ Point P
3m > @ : D M @p=0.
4 s - | Ve x 4.875 +V9 x0.375
154 SOKN % |l  +Vsx5.625=(Hs +Ho+H10)x 4.5-
Hs | Ho | Hio 4 S50x3.
¥Ve wWas p Vio JAs per Assumption: Axial forces
f——— 878w ——t in column is proportional to its
T, e "' distance from _centroid
and areas of the column group at that level. Ratio=Stress/Distance from C.G
V8 V9 V10 Vg x 4.875 +V, x0.375 +V,(x5.625=(Hg +Hys+H,,)x 4.5-
& A e A 50x3.
4.875 0.375 5.625 Vg x 4.875 +0.154 x Vg x0.375 +1.154 x Vy; x5.625
Vg _05Vg _ Vjo = 75x4.5-50 x 3.
4. 375 0.375 5.625 4.875 Vg + 0.058 Vi +6.491 Vg =187.5.
0.375V, 11.424 V,;,=187.50.

== - R
Vo= o05xa875 0 154Vgllv.=16.41; V,=0.154x16.41=2.53;
5.625V V,p=1.154 x 16.41=18.94.

— L o
Vio= 2875 1194V




Unit-V — Approximate Analysis of Multistoried Frames.
Topic- 1) Numerical on Analysis of frame by Cantilever method.

V1=3.283
G z.ZSmTV’ H1=2°~07’ 225m H 3m
> < 1
25KN [1.5m H1 15m 7573 = H2 1.5m
-— +—
= ™ 3.789=V fs
¥ V;=3.283 yV4=0.506 .
4 V;=3.283 AV, =0.506 V5=3.789
H3=4.925 Hs=12.503 Hs=7.573
S . —>
1.5m T 31.184=Vs l 1.5m TV? 35.986=V7 3 1.5m
o 2.25m 2.25m 3m %, m
SOKN [F Hs 27.024=Hs E 31.303=H> D
2.25m 2.25m 2.25m
4— 44— <_"
Hs A Ho Hio
$v8=34_467 Vo=5.308 39.775= V1o




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 1) Numerical on Analysis of frame by Cantilever method.
AYVe=3.283 ?v‘ =0.506 Vs=3.789
H3:=4.925 Hs=12.503 Hs=7.573
=—— > —p
1.5m Tve. 31 .184=V6l 1.5m TV-: 35.986=V7 By 1-5m
2.25m 2.25m 3m =
- > - B - o D
SOKN [ He 27.024=He H> 31.303=H7 ¢
2.25m 2.25m = i
- -—
Hs 4 Ho Hio 4+
=0.

ZFY =0(T+ve& {L-ve)
-.3.283+V, -34.467=0
.V, =31.184KN.

>M ) =0.

-.—H_x2.25-4.925x1.5

+31.184%2.25=0
. H,=27.901KN.

. H,_=27.024KN.

|IClaockwise -Ve & Anticlockwise +Ve

‘ZFX=O.(—> +ve & <« -ve)
. —H _+50-27.901+4.925=

M

@E

> Fy =0(T+ve& {-ve)
- —31.184+0.506+V,-5.308=0
.V, =35.986KN.

Clockwise -Ve & Anticlockwise +Ve

. 31.184%x2.25—Hex2.25
35.986x3-12.503x1.5=0

~He=70.830KN.

ZFX =0(—> +ve & <« -ve)

-.27.024—H_-70.830+12.503=0

~H,=31.303KN.

—> +ve & <« -ve)
=31 .303—Hm+7.573=

. H,,=38.876KN.




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 1) Numerical on Analysis of frame by Cantilever method.

(U Bending Moment Diagram

11.36

107.96

87.47

2.25m

‘&2 77 159.37 87.47



Structural Analysis of Frame by
Portal Method

(Week 12-13)



ASSUMPTIONS

The assumptions used in the approximate analysis of portal frames can
be extended for the lateral load analysis of multi-storied structures. The
Portal Method thus formulated is based on three assumptions

1. The shear force in an interior column is twice the shear force in an
exterior column.

2. There is a point of inflection at the center of each column.
3. There is a point of inflection at the center of each beam.



Unit-V — Approximate Analysis of Multistoried Frames.
Topic- 2) Numerical on Analysis of frame by Portal method.

O Determine the approximate values of moment, shear and Axial forces

In member of frame loaded and supported as shown in figure using
Portal Method of Analysis.




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 2) Numerical on Analysis of frame by Portal method.

(J Assume point of contra flexure at centre of Beam and columns.




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 2) Numerical on Analysis of frame by Portal method.

(J Consider Upper storey and Releasing frame from nodes 4,5,6,7.
(J The Horizontal shear is divided among all the columns on the basis that each

interior columns takes twice as much as exterior column.

}0— 3.5M > 3.5M e 3.5M —-|
L

I j K

‘TS 30KN ‘1
+ - g i
i 2H ZH H
ZFX =0.
JH4+2H4+-2H+H=30
. H=5KN.
le——— 3.5M - 3.5M - 3.5M —of

1 J K L

¥ so0kn "
1.5m o T
¢ 10KN KN




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 2) Numerical on Analysis of frame by Portal method.

T Vi 4.28KN= v,l
I 2.75m

- -=
30 KN |1.5m Ha

Hs =5KN
Va

T -
1.75m '

Z25KN=H1

—> +ve & <« -ve)

~.—H,-5 +30=0

. H,= 25KN.
M@l =0.

Hockwise +Ve & Anticlockwise -Ve

"=V, x1.75+5%1.5=0

. V,=4.28KN.

FY=0’

TH+ve& L-ve)
-V, +4.28=0
"V, =4.28KN.

-
1.5m

-
Hs=10KN

wVs

—> +ve & <« -ve)

. —H,+25-10=0
H,=15KN.

Jochkwise +Ve & Anticlockwise -Ve

. —4.28%1.75—V, x1.75+10x1.5=

. V,=4.29KN.
F,, =0.

T4+ve& L-ve)

. —V_+4.29-4.28=0
. V_=0.01KN.




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 2) Numerical on Analysis of frame by Portal method.

4.29KN = Vzl T Vs 4.28KN= V3 l
1.75m K 1.75m aid L 1.7 L
1SKN=H= Rt H = Hz=SKN ™
- —
PN He=10KN SKN=H~> T
Ve V7
F. =0.
%

—> +ve & <« -ve)
’.lS—lO—H3=0
. H,=5KN.

M@K=O'

lockwise Ve & Anticlockwase -Ve
" —4.29%1.75—V,x1.75+10x1.5=
" V,=4.28KN.

FY=0'

T4+ve& L-ve)
.-V, -4.29+4.28=0
. V_=0.01KN.

.V, =4.28KN.




Unit-V — Approximate Analysis of Multistoried Frames.
Topic- 2) Numerical on Analysis of frame by Portal method.

(J Consider lower storey and Releasing frame from nodes 11,12,13,14.
(J The Horizontal shear is divided among all the columns on the basis that each

interior columns takes twice as much as exterior column.

A—> + ve,; e« -ve)

H+ H=25+50




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 2) Numerical on Analysis of frame by Portal method.

4 Vs=4.28KN AVs=0.01KN
Hs=5KN Hs=10KN
— TVB 17.14K~=Vul — TV"
E 1.5m 1.5m
1.75m 1.75m 1L.75m
> F -
50KN |1 50 Hs S0KN=Has s Ho
g— o
H11=15KN i ll12=30K~
gVi1= ¢ Viz

—>» +ve & <« -ve)
'.50+10-30—-HQ=0
~H_ =30KN.

0.

—>» +ve & <« -ve)
.60—-15+5—H_=0
. H,= SOKN.

M 0.

Ma@r™
Jockwise +Ve & Anticlockwise -Ve
—17.14%1.75—V_ x1.75+10x1.5+30x1.5=
- V,= 17.14KN.

@E
Tockwise +Ve & Anticlockwise -Ve
~15%1.5—V_ x1.75+5x1.5=
- V.= 17.14KN.

TH+ve& L-ve)
0.01-17. 14—V12+17.14=0

.V, =0.01KN.

TH+ve& L-ve)
-V, , +4.28+17.14=0

-V, =21.42KN.




Unit-V - Approximate Analysis of Multistoried Frames.
Topic- 2) Numerical on Analysis of frame by Portal method.

17.14KN=Vo 1.5m
l 1.75m

¢‘/c: =001 KN
—He6e =10KN

TV:o
G L75m <

>
30KN = He

1.5

Hio

-—
4" H1~30KN

4.28KN=V~>
H>=5KN ‘
e

17.14=V 10 e
> 1.75m H

1O0OEN=H 10 1. S

-

- "l_':lSKN

“Hio= 10KN.
M@?;G:O'

Tockwise +Ve & Anticlockwise -Ve

. V,,= 17.14KN.

FY=0'

T4+ve& 4-ve)

~.V,,=0.01KN.

. —=17.14x%1.75430x1 .S—mel I5+10x1.5=

*—17.14+V_,-0.01+17.14=0

Via Vis
FX=0'
—>» +ve & «— -ve)
'.30+IO—3O—H|0=O F.,=0.

TH+ve& l-ve)
©—17.14—V, -4.28=
.V, =21.42KN.




Unit-V — Approximate Analysis of Multistoried Frames.
Topic- 2) Numerical on Analysis of frame by Portal method.

(dBending Moment Diagram

4.28

T

4.76 7.5 7.5
7.5
S >
22.5
7.5
> —
fecmecs

Bending Moment Diagram




3D SPACE TRUSS ANALYSIS
(Week 14-15)



Structural Analysis: Space Truss

Space Truss

- 6 bars joined at their ends to form the edges of
a tetrahedron as the basic non-collapsible unit

- 3 additional concurrent bars whose ends are
attached to three joints on the existing structure
are required to add a new rigid unit to extend the structure.

A space truss formed in this way is called
a Simple Space Truss

If center lines of joined members intersect at a point
—> Two force members assumption is justified
— Each member under Compression or Tension




Space Truss Analysis: Method of Joints

 Method of Joints

— All the member forces are required

— Scalar equation (force) at each joint
«3YF,=0,YF,=0,32F,=0

— Solution of simultaneous equations




Space Truss Analysis: Method of Sections

e Method of Sections

— A few member forces are required

— Vector equations (force and moment)
e 2F=0,2M=0

— Scalar equations
* 6 nos.:: F, Fy, F,and M,, My, M,

— Section should not pass through more than 6

members
 More number of unknown forces




Space Truss: Example

Determine the forces acting in members
of the space truss.

Solution:
Start at joint A: Draw free body diagram
Express each force in vector notation

P = {—4j} kN, Fap = Fap). Fac = —Fack.

F.r= FAE(E> — F,z(0.577i + 0.577j — 0.577k)




Space Truss: Example

For equilibrium,

—4y + Fap) — Fack + O577F i + O577F ) — O.577F,egk = 0

Rearranging the terms and equating the coefficients of i, j, and k unit
vector to zero will give:

>F, = 0; 0.577F .5 = O
2F, =0; —4 + Fap + 0.577F = 0
SF, = 0; —Fac — 0.577F 4 = O
Fac'= tag =0

Fap = 4kN

Next Joint B may be analysed.



Space Truss: Example

Joint B: Draw the Free Body Diagram
Scalar equations of equilibrium may be used at joint B

2F,. =0, —Rgcos 45° + 0.707Fgg = 0

2F, = 0; —4 + Rpsin 45° = 0
SF. = 0: 2 + Fgp — 0.707Fgg = 0
Rp = Fgp = 5.66 kN (T). Fgp = 2 kN

Using Scalar equations of equilibrium at joints D and C will give:

Fpr = Fpc = Fcg =0



Recapitulation :: Support Reaction

Smooth surfaces

Rough surfaces

Roller support

Freely sliding guide

=g o)

~
~
~
y
N
N ~
F
/-~
/ -~
/ e
R Vi -
S~
N
N
N

Contact force 1s
compressive and is
normal to the surface.

Rough surfaces are
capable of supporting
a tangential compo-
nent F (frictional
force) as well as a
normal component

N of the resultant
contact force R.

Roller, rocker, or ball
support transmits a
compressive force
normal to the
supporting surface.

Collar or slider free to
move along smooth
guides; can support
force normal to guide
only.



Recapitulation :: Support Reaction

Pin connection Pin free to turn Pin not free to turn
7,
) G__
Q R_r ﬂ RI M
i R i
[ | Ry Ry
Built-in or fixed support Jill

M

A A |
or F
~Weld

V




Recapitulation :: Free Body Diagram

1. Plane truss

Weight of truss
assumed negligible
compared with P

2. Cantilever beam v
F3 F2 Fl {8 F2l Fll

F
Mass m M




Recapitulation :: Free Body Diagram

3. Beam

P#

4. Rigid system of interconnected bodies
analyzed as a single unit

[ Weight of mechanism
eglected

\{\/\
Smooth surface M
contact at A.
Mass m .

A

o %
M
%
|
e N
B, W =mg Lo
B.y
1
P et |
S




Recapitulation :: Method of Sections

Method of Sections
* Find out the reactions from equilibrium of whole truss

e« To find force in member BE:

« Cut an imaginary section (dotted line)
- Each side of the truss section should remain in equilibrium




Example: Method of Sections

e (Calculate the force in member DJ
10 kKN 1

10 kN

l—< -6 panels at 4 m -l

Direction of JK :: Moment @ C
Direction of CJ :: Moment @ A

Section 1




Example: Method of Sections

10 kN

Section 1

CD

l»—{I

JK

18.33 kN
By the analys-is of section 1, C.J is obtained from

[ZM, = 0] 0.707CJ(12) — 10(4) — 10(8) =0 CJ =14.14 kN C
10 kKN

12DJ + 10(16) + 10(20) — 18.33(24) — 14.14(0.707)(12) = 0
DJ =16 67TkKN T







