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Structural Analysis and Design-II

CLO 1 Understand the statically indeterminate beams and frames by moment

distribution, consistent deformation/ flexibility and stiffness methods.

CLO 2 Develop the understanding approximate methods in the analysis of

statically indeterminate structures

CLO 3 Analyze the statically indeterminate beam, frames, truss, arches.

CLO 4 Explain the determinacy and stability of structures.

Course Learning Outcomes (CLOs): After completing this course successfully, the 

students will be able to-



SL Content of Course Hrs CLOs

1

Introduction to Structural Members, Structural Analysis by Moment 

Distribution Method: Fixed End Moment, Carry-over Factor, Absolute 

Stiffness, SFD and BMD

4 CLO1

2

Approximate Methods in the Analysis of Statically Indeterminate 

Structures: Structural Analysis of Frames by Portal Method and 

Cantilever Method and Their Assumptions.

16 CLO3

3
Influence Lines for Statically Determinate and Indeterminate Beam, 

Floor Girder, Frame. 3D Space Truss Analysis.
10

CLO2, 

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



Week Topic
Teaching Learning 

Strategy
Assessment 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,

Mid, Final
CLO3

08-09 Moment Distribution Method Lecture, Discussion
Assignment,

Class Test, Mid, Final
CLO3

10-11 Multistoried Building Analysis by Cantilever 

Method
Lecture, Discussion

Problem solving,

Class Test, Final
CLO2, CLO4

12-13 Multistoried Building Analysis by Portal Method Lecture, Discussion
Final, Class Test CLO3

14-15 3D Space Truss Lecture, Discussion Problem solving,

Class Test, Final

CLO1

16-17 Doubt Solving Class Lecture, Discussion Final CLO3





Influence Lines for Beam

(Week 01-02)

































































































































Muller-Breslau Principles in Influence Lines

(Week 03-04)













































Influence Lines for Floor Girders

(Week 05)















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

❖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.

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.

S = 3

AB M 

S = 4 

C

D

E

S = 1

S = 2

𝐴𝐵𝐷𝐹 =
3

𝐴𝐸𝐷𝐹 =

10

1
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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.

M

EI

MF 

EI

∑M = 0

=> 0.5 x 
MF x L x 

2
L = 0.5 x

M
x L x

𝐿

EI 3 EI 3

=> MF =
M

2

∴ Carry over factor =
1

2

A

M

MF

B

L

θA



A 2 EI 4 EI
θ =

1
x

M
x L -

1
x

M
x L

=> M =
4 EIθ

L

When, θ = 1, k = 4EI

L

k is called absolute stiffness/bending 

stiffness.

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.
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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

12′ 8′

(I) (2I)

8′

A B C



Relative stiffness:

ABK = K
I 1

BA =
L

=
12 BC≈ 1; K = K

I 2
CB = 

L
=

16
≈ 1.5

Fixed End Moment (FEM):

FAB

2

= wL =
12 12

3 x 122
= 36 k-ft.

FBA = - FAB = -36 k-ft.

BC 8 8
F = PL = 6 x 16 = 12 k-ft.

CB
F = - PL = - 6 x 16 = - 12 k-ft.

8 8

3 k/ft. 6 k

12′ 8′

(I) (2I)

8′

A B C



Joint A B C

Member AB BA BC CB

K

D.F.

FEM

Balance

CO

Balance

CO

Balance

Total



Joint A B C

Member AB BA BC CB

k 1 1 1.5 1.5

D.F. --- 0.4 0.6 1

1st

Cycle

FEM

Balance

+ 36

---

- 36

+ 9.6

+ 12

+ 14.4

- 12

+ 12

2nd

Cycle

CO

Balance

+ 4.8

---

---

- 2.4

+ 6

- 3.6

+ 7.2

- 7.2

3rd

Cycle

CO

Balance

- 1.2

---

---

+ 1.44

- 3.6

+ 2.16

- 1.8

+ 1.8

Total + 39.6 - 27.36 + 27.36 0

1

1+1.5
= 0.4

1 – 0.4 = 0.6

3 k/ft. 6 k

12′ 8′

(I) (2I)

8′

A B C



3 k/ft. 6 k

12′ 8′

(I) (2I)

8′

A B C

SFD

39.6 k-ft.
27.36 k-ft.

BMD

19.02 k

16.98 k

4.71 k

1.29 k

3 k/ft.

27.36 k-ft.39.6 k-ft. 12′

19.02 k 16.98 k

6 k

16′
27.36 k-ft.

4.71 k 1.29 k

19.02 k 21.69 k 1.29 k

0 k-ft.
10.32 k-ft.20.69 k-ft.



Problem-2: Draw SFD & BMD of the following beam using moment distribution

method.

4 k

3′

A

15 k

B

CD

E

8′ 4′ 10′ 15′

2 k/ft.

EI is constant



Relative stiffness K

L 15
K =

I
=

1
1AB

L 10
K =

I
=

1
1.5BC

Fixed end moment

F
BA

15k

2 2

=
wl

=
2*15

=
30 30

CD


l 2

2

F =−
pa b

=− 26.67k
L 12

I 1
KCD = = 1.25

F
AB

22.5k

2 2

=−
wl

=−
2*15

= −
20 20

13.33k
l 2

2

=
pab

=F
DC

Calculate:

1. Relative stiffness

2. Fixed end moments

FDE =−12 k

4 k

3′

A

15 k

B

CD

E

8′ 4′ 10′ 15′

2 k/ft.



Joint A B C D

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

cycle

FEM

Balance

-22.5

---

15

-6

---

-9

---

14.67

-26.67

12

13.33

-1.33

-12
---

2nd

cycle

CO

Balance

-3

---

---

-2.93

7.33

-4.4

-4.5

2.84

-0.66

2.32

6

-6

3rd

cycle

CO

Balance

-1.46 --- 1.42 -2.2 -3 1.16

Total -26.96 5.5 -5.5 13.67 -13.67 12 -12

4 k

3′

AE

8′ 4′ 10′ 15′

2 k/ft.
5.5 k-ft

B

15 k 13.67 k-ft

C
12 k-ft

D
26.96 k-ft

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.

5′
A

B

E

12′

5′ 5′

6′

3 k/ft.

C

D

6′

F

20 k-ft. 20 k-ft.

5′

3′

3′

3 k/ft.



Relative stiffness:

ABK = K
I 1

BD =
L

=
10 BC≈ 1; K = KDE

= K I 1

DE =
L

=
6

≈ 1.67

Fixed End Moment (FEM):

FAB 𝐿2
= 𝑀𝑎(2𝑏−𝑎) = 30 𝑥 5 (2 𝑥 5 −5) = 7.5 k-ft.

102

FBA 𝐿2
= 𝑀𝑏(2𝑎−𝑏) = 30 𝑥 5 (2 𝑥 5 −5) = 7.5 k-ft.

102

5′
A

B

E

12′

5′ 5′

6′

3 k/ft.

C

D

6′

F

20 k-ft. 30 k-ft.

5′

3′

3′

3 k/ft.



5′
A

B

E

12′

5′ 5′

6′

3
 k

/f
t.

C

D

6′

F

30 k-ft.

5′

20 k-ft.

3′

3′

3 k/ft.

Fixed End Moment (FEM):

BC 960 960

7wL2 7 x 3 x 62

F = - = - = - 0.79 k-ft.

CB 960 960

23 wL2 23 x 3 x 62

F = = = 2.59 k-ft.

FBD L2 102
= - Ma(2b−a) = - 20 x 5 (2 x 5 −5) = - 5 k-ft.

FDB = - Mb(2a−b) = - 20 x 5 (2 x 5 −5) = - 5 k-ft.

FDE =
wL2

L2

=
3 x 62

20 20

102

= 5.4 k-ft.

ED 30 30

wL2 3 x 62

F = - = - = - 3.6 k-ft.

DF 20 20

wL2 3 x 62

F = - = - = - 5.4 k-ft.

FD 30 30

wL2 3 x 62

F = = = 3.6 k-ft.



Joint A B C D E F

Member AB BA BC BD CB DB DE DF ED FD

k 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

Cycle

FEM

Balance

+ 7.5

- 7.5

+ 7.5

- 0.46

- 0.79

- 0.79

- 5

- 0.46

+ 2.59

---

- 5

+ 1.2

+ 5.4

+ 1.9

- 5.4

+ 1.9

- 3.6

---

+ 3.36

- 3.36

2nd

Cycle

CO

Balance

- 0.23

+ 0.23

- 3.75

+ 0.85

---

+ 1.45

+ 0.6

+ 0.85

- 0.4

---

- 0.23

+ 0.49

---

+ 0.77

- 1.8

+ 0.77

+ 0.95

---

+ 0.95

- 0.95

3rd

Cycle

CO

Balance

+ 0.43

- 0.43

+0.12

- 0.09

---

- 0.19

+ 0.25

- 0.09

+ 0.73

---

+ 0.43

+ 0.01

---

+ 0.02

- 0.48

+ 0.02

+ 0.39

---

+ 0.39

- 0.39

Total 0 + 4.17 - 0.32 - 3.85 + 2.92 - 3.10 + 8.09 - 4.99 - 2.26 0



Member AB BA BC BD CB DB DE DF ED FD

Total 0 + 4.17 - 0.32 - 3.85 + 2.92 - 3.10 + 8.09 - 4.99 - 2.26 0

A
B

E

3
 k

/f
t.

C

D

F

3 k/ft.

0.32 k-ft.

2.92 k-ft.

4.99 k-ft.



BMD

A
B

3
 k

/f
t.

C

D

F

3 k/ft.

0.32 k-ft.

2.92 k-ft.

4.99 k-ft.

3.42 k

2.03 k 

E

2.17 k

14.12 k

6.12 k
2.7 k

4.18 k

SFD

2.17 k

6.83 k
6.37 k

2.03 k

4
.9

9
k

-f
t.

2.7 k

3.42 k

4.18 k

0.32 k

3.10 k

9.6 k

3.85 k

10.4 k
4.17 k

12.93 k

17.1 k

2.92 k

0
.3

2
k



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

A

12 k

B C D

6′15′ 6′12′

EI is constant

𝜃𝐴 = 0.0015 rad (CW)

∆ = 0.2′′



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

20′

A

B

16′

10′
2 k/ft. C

D F

10′

10′

E

15 k



Relative stiffness:

KAB = KCD = K
I 1

DE =
L

=
10

≈ 2

K I 1

BC =
L

= 
20

≈ 1

K
I 1

DF =
L

=
16

≈ 1.25

Fixed End Moment (FEM):

FBC =
wL2 2 x 202

12 12
= = 66.67 k-ft.

FCB = - FBC = - 66.67 k-ft.

20′

A

B

E

16′

10′ 2 k/ft. C

D F

10′

10′

15 k



Joint A B 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

Cycle

FEM

Balance

---

---

---

- 44.67

+ 66.67

- 22

- 66.67

+ 22

---

+ 44.67

---

---

---

---

---

---

---

---

---

---

2nd

Cycle

CO

Balance

- 22.34

---

---

- 7.37

+ 11

- 3.63

- 11

+ 3.63

---

+ 7.37

+ 22.34

- 8.49

---

- 5.36

---

- 8.49

---

---

---

---

3rd

Cycle

CO

Balance

- 3.69

---

---

- 1.22

+ 1.82

- 0.6

-1.82

+ 2

- 4.25

+ 4.07

+ 3.69

- 1.4

---

- 0.89

---

- 1.4

- 4.25

---

- 2.63

+ 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

Cycle

FEM

Balance

- 50

---

- 50

+ 33.5

---

+ 16.5

---

- 16.5

+ 50

- 33.5

+ 50

- 19

---

- 12

---

- 19

---

---

---

---

2nd

Cycle

CO

Balance

+ 16.67

---

---

+ 5.33

- 8.25

+ 2.72

+ 8.25

+ 0.41

- 9.5

+ 0.84

- 16.67

+ 6.36

---

+ 4.02

---

+ 6.37

- 9.5

---

- 6

+ 6

3rd

Cycle

CO

Balance

+ 2.76

---

---

- 0.14

+ 0.21

- 0.07

+ 1.36

- 1.50

+ 3.18

- 3.04

+ 0.42

- 1.30

+3

- 0.82

---

- 1.12

+ 3.18

---

+ 2.01

- 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

Balance

- 1.22 - 0.44 + 0.44 - 0.32 + 0.32 + 0.79 - 0.23 - 0.55 - 0.25 0

M from 1st

Balance

- 26.03 - 53.26 + 53.26 - 51.86 + 51.86 + 16.14 - 6.25 - 9.89 - 4.25 0

Total - 27.25 - 53.7 + 53.7 - 52.18 + 52.18 + 16.93 - 6.48 - 10.44 - 4.5 0



A

B

E

C

D
F

50 k-ft.

50 k-ft.

26.03 k-ft.

7.93 k

7.93 k

51.86 k-ft.

6.79 k

6.79 k

6.79 k
53.26 k-ft.

7.93 k

15 k

AJR = 0.28 k

16.14 k-ft.

30.49 k-ft.

4.15 k

4.15 k

2.77 k

11.11 k-ft.
4.15 k 2.77 k

CJF = 6.93 k 7.98 k-ft.

2.77 k

19.7 k-ft.

CJF 6.93
Z =

AJR
=

0.28
= 0.04

AJR = Additional Joint Resistant

CJF = Consistent Joint Force



A

27.25 k-ft.

53.7 k-ft. 52.18 k-ft. C

F

16.93 k-ft.

D

10.44 k-ft.

4.5 k-ft.

E

8.1 k

20.08 k

B
53.7 k-ft. 52.18 k-ft.

6.48 k-ft. 19.22 k

0.41 k

12.32 k
19.51 k

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 - 4.5 0



A

27.25 k-ft.

53.7 k-ft. 52.18 k-ft. C

F

16.93 k-ft.

D

10.44 k-ft.

4.5 k-ft.

E

8.1 k

20.08 k

B
53.7 k-ft. 52.18 k-ft.

6.48 k-ft. 19.22 k

19.51 k

0.41 k

12.32 k

8.1 k

12.32 k

0.41 k

6.91 k

20.08 k

19.92 k

5
3

.7
k

-f
t.

27.25 k-ft.

4.5 k-ft.

53.7 k-ft.



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

method.

A

B

10 m

8 kN-m
C

D

8 m

E

8 m

10 m 5 m 10 m

15 kN

10 kN

3 kN/m



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

method.

A

B

5 m

C

D

4 m
E

12 m

5 m 12 m

15 kN

3 kN/m
1

5
m



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

20′

A

B

15′10′

2 k/ft.

C

D

(I)

2
0

′



Relative stiffness:

K I 1

AB =
L

=
10 5

≈ 1.12

K I 1

BC =
L

= 
20

≈ 1.25

K I 1

CD =
L

= 
25

≈ 1

Fixed End Moment (FEM):

FBC

2

= wL =
12 12

2 x 202
= 66.67 k-ft.

FCB = - FCB = - 66.67 k-ft.

20′

A

B

15′10′

2 k/ft.

C

D

(I)

2
0

′



Joint A B C D

Member AB BA BC CB CD DC

k 1.12 1.12 1.25 1.25 1 1

D.F. --- 0.47 0.53 0.56 0.44 1

1st

Cycle

FEM

Balance

---

---

---

- 31.33

+ 66.67

- 35.34

- 66.67

+ 37.34

---

+ 2.33

---

---

2nd

Cycle

CO

Balance

- 15.67

---

---

- 8.77

+ 18.67

- 9.9

- 17.67

+ 9.9

---

+ 7.77

+ 14.67

- 14.67

3rd

Cycle

CO

Balance

- 4.39

---

---

- 2.33

+ 4.95

- 2.62

- 4.95

+ 6.88

- 7.34

+ 5.41

+ 3.89

- 3.89

Total - 20.06 - 42.43 + 42.43 - 35.17 + 35.17 0

Distribution for side sway

1st

Cycle

FEM

Balance

- 35.84

---

- 35.84

- 6.66

+ 50

- 7.5

+ 50

- 10.08

- 32

- 7.92

- 32

+ 32

2nd

Cycle

CO

Balance

- 3.33

---

---

+ 2.37

- 5.04

+ 2.67

- 3.75

- 6.86

16

- 5.39

- 3.96

+ 3.96

3rd

Cycle

CO

Balance

+ 1.19

---

---

+ 1.61

- 3.43

+ 1.82

+ 1.34

- 1.79

+ 1.98

- 1.53

- 2.70

+ 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



A

B

2 k/ft.

C

D

C42.43 k-ft.

20.06 k-ft.

B

13.30 k

13.30 k

20.36 k

20.36 k

42.43 k-ft. 35.17 k-ft.

20.36 k 19.64 k

35.17 k-ft.

16.49 k

16.49 k

19.64 k

13.30 k 16.49 k

AJR = 3.19 k



A

B
C

D

1

1.5

2

2

∆
∆

0.5∆

0.75∆

𝐵′ 𝐵′′

𝐶′

𝐶′′

0.5∆

0.75∆ 1
.2
5
∆

F = FBC CB L2
=

6EI (1.25∆)
=

6EI (1.25∆)
= 50 k-ft.

202

2

∴ 6EI∆ = 50 × 20

1.25

ABF = FBA L2

2

= − 6EI (1.12∆)
= − 50 × 20 × 1.12

= − 35.84 k-ft.
1.25 × (10 5)2

FCD = FDC L2

2

= − 6EI (1.25∆)
= − 50 × 20 × 1.25

= − 32 k-ft.
1.25 × (15)2



A

B C

D

CB38.52 k-ft.

37.98 k-ft.

5.51 k

5.51 k

3.37 k

3.37 k

38.52 k-ft. 28.86 k-ft.

3.37 k 3.37 k

28.86 k-ft.

3.97 k

3.97 k

3.37 k

5.51 k 3.97 k

CJF = 9.48 k

CJF 9.48
Z = 

AJR
=

3.19
= 0.3365



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

method.
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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. 





















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.





















3D SPACE TRUSS ANALYSIS

(Week 14-15)






























