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Design of RC and Brick Masonry

COURSE CODE: CE-4506                                                                           CREDIT: 04

MID EXAMINATION: 2 HOURS                                                         CIE MARKS: 120

SEMESTER END EXAMINATION: 3 HOURS                                    SEE MARKS: 80

CLO 1 Apply principles of structural design to analyze and proficiently design brick masonry elements, including

walls and arches, ensuring compliance with relevant building codes and standards.

CLO 2 Develop comprehensive skills in foundation design, encompassing both shallow and deep foundation systems,

to support various structures in the context of reinforced concrete and brick masonry applications.

CLO 3 Integrate knowledge of material properties and structural behavior to design efficient and cost-effective

retaining walls, optimizing stability and load-bearing capacities.

CLO 4 Apply seismic-resistant design principles to ensure the resilience and safety of reinforced concrete and brick

masonry structures in earthquake-prone regions.

CLO 5 Demonstrate proficiency in the design of combined footings, offering solutions for efficiently distributing

loads and supporting multiple columns within the framework of reinforced concrete and brick masonry

construction.
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Course Learning Outcomes (CLOs): After completing this course successfully, the students will 

be able to-
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Sl. Course Contents Hours CLOs

01
Retaining Wall: Definition, Classification, Common Terminology,

Design of Gravity Retaining Wall and Cantilever Retaining Wall.
10 CLO1, CLO2

02

Flat Slab: Definition, Types, Benefits, Punching Shear, Design of a Flat

Slab.

Flat Plate: Definition, Classification, Benefits, Use, Methods of Design

and Design of a Flat Plate Slab.

10 CLO1,CLO4

03

Combined Footing: Definition, Types, Design of a Combined Footing.

Two-Way Slab: Definition, Condition, Difference between one way slab

and two way slab, Design of a two way slab

08 CLO2,CLO3

TEXT BOOKS:

1. Design of RC and Brick Masonry Structures by Dr.P.Purushothamaraj and Dr.V.Ramaswamy.

2. Design of Concrete Structures by Arthur H. Nilson, David Darwin, Charles W. Dolan (Mc Graw Hill) – 13th 

edition.

3. Design of Reinforced Concrete by Jack C. McCormac, Russell H. Brown – 9th edition 



Week Topic
Teaching Learning 

Strategy
Assessment 

Strategy

CLOs

01 Introduction to Retaining Wall Lecture, 

Discussion

Mid, Final CLO 1

02-03 Design of Gravity Retaining Wall Lecture, 

Discussion

Mid, Final CLO 1

04-05 Design of Cantilever Retaining 

Wall

Lecture, 

Presentation

Assignment, Mid, 

Final
CLO 3

06 Introduction to Flat Slab Lecture, 

Presentation

Assignment,

Mid, Final
CLO 2

07-08 Design of a Flat Slab Lecture, 

Presentation

Assignment,

Class Test, Mid, 

Final

CLO 4

09 Introduction to Flat Plate Slab Lecture, 

Presentation

Problem solving,

Class Test, Final
CLO 4

10-11 Design of a Flat Plate Slab Lecture, 

Discussion

Mid, Final CLO 2

12-13 Introduction and Design of 

Combined Footing

Lecture, 

Presentation

Problem solving,

Class Test, Final
CLO 3

14-15 Design of two-way Slab Lecture, 

Presentation

Assignment, Mid, 

Final
CLO 3

16-17 Doubt Solving Class Lecture, 

Discussion

Assignment, Final  

4
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Bloom’s Category 

Marks 

(out of 120)

Tests

(60)

Assignments

(20)

Quizzes

(20)

External Participation in 

Curricular/Co-Curricular 

Activities (20)

Remember 10 10

Attendance

20

Understand 10 10

Apply 10

Analyze 10

Evaluate 10

Create 10 20

Bloom’s Category Tests

Remember 10

Understand 15

Apply 15

Analyze 15

Evaluate 15

Create 10

ASSESSMENT PATTERN

CIE-Continuous Internal Evaluation (120 Marks)

SEE- Semester End Examination (80 Marks)



Introduction to Retaining Wall

(Week 01)
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Definition

❖Retaining wall is used to hold back masses of earth or other

loose material where conditions make it impossible to let those

masses assume their natural slope.

❖Two types-1) Gravity retaining wall

2) Cantilever retaining wall.

3) Counterfort retaining wall

❖ Loading-1) Self weight, 2) Structure & 3) Water



Gravity Retaining Wall



CANTILEVER



COUNTERFORT Retaining Wall



Arm/Stem Back fill

Tee Heel

Surcharge (One kind of live load)

Fig.-Retaining Wall

Base

H



Mode of Failure

Internal Stability

Sliding Failure

External Stability

Overturning Failure

Base Failure

Sliding Failure:

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒
Factor of safety against sliding =

𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 ≥ 1.5

Overturning Failure:

Overturning 𝑀𝑜𝑚𝑒𝑛𝑡
Factor of safety against overturning =

Resisting 𝑀𝑜𝑚𝑒𝑛𝑡 ≥ 2.5



Design of Gravity Retaining Wall

(Week 02-03)



Problem-1: Design of a gravity retaining wall to retain a bank of height 10 ft with

horizontal surface is subjected to a surcharge of 360 psf. Assume unit weight of soil, 𝛾𝑠 =
120 psf. Angle of internal friction, φ = 30°. Base friction co-efficient, f = 0.5 and
allowable bearing pressure, 𝑞𝑎𝑙𝑙 = 6000 psf. Unit weight of concrete, 𝛾𝑐= 150 psf.

Solution:

7′1′ 1′

13′

ℎ𝑠 = 3′
2′

1

2
3

4

5

𝑃𝑝 𝑃𝑎𝑃𝑠

11′

Overall height of the retaining wall = 10 + 3 = 13 feet

Base width =
2

x Overall height =
2

x 13 = 8.67 feet ≈ 9 feet
3 3

𝑠 120
ℎ =

360
= 3 feet

360 psf
1.5′



𝑝𝑠 = 𝑘𝑎q

=
1

x 360
3

= 120 psf

𝑝𝑎 = 𝑘𝑎γH

=
1

x 120 x 13
3

= 520 psf

𝑝𝑝 = 𝑘𝑝γℎ𝑠
= 3 x 120 x 3

= 1080 psf

2 𝑎 𝑠Total active earth pressure , P =
1

x 𝑝 H + 𝑝 H

= 0.5 x 520 x 13 + 120 x 13

= 4940 lb

2𝑜 𝑎 𝑠Overturning moment , 𝑀 =
1

x 𝑝 H x
𝐻

+𝑝 H x
𝐻

3 2

= 3380 x
13

+ 1560 x
13

3 2

= 24787 lb-ft

2
Total passive earth pressure , 𝑃 =

1
x 𝑝 ℎ𝑝 𝑝 𝑠

= 0.5 x 1080 x 3

= 1620 lb

360 psf

7′1′ 1′

13′

3′

2′1

2
3

4
5

𝑝𝑝 𝑝𝑎𝑝𝑠

11′

1.5′

𝑘𝑎 =
1−𝑠𝑖𝑛𝜑

=
1

1+𝑠𝑖𝑛𝜑 3

𝑘𝑝 = 1/𝑘𝑎 = 3



Section W

(lb)

Moment arm 

(ft)

Resisting moment, 𝑀𝑅

(lb-ft)

1 9 x 2 x 150 = 2700 9/2 = 4.5 12150

2 1.5 x 11 x 150 = 2475 1 + 1.5/2 = 1.75 4331.25

3 0.5 x 5.5 x 11 x 150 = 4537.5 2.5 + 5.5/3 = 4.33 13662.5

4 0.5 x 5.5 x 11 x 120 = 3630 8 - 5.5/3 = 6.17 22385

5 1 x 11 x 120 = 1320 9-1/2 = 8.5 11220

Total 14662.5 69748.75

360 psf

7′1′ 1′

13′

3′

2′1

2
3

4
5

𝑃𝑝 𝑃𝑎𝑃𝑠

11′

1.5′

P



Check for Sliding Failure:

Factor of safety against sliding =
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

=
𝑃

=
14662.5 𝑥 0.5

4940

= 1.48 ≈ 1.5 (OK)

Check for Overturning Failure:

𝑤 𝑥 𝑓+ 𝑃𝑝
0

Factor of safety against overturning =
Resisting 𝑀𝑜𝑚𝑒𝑛𝑡

Overturning 𝑀𝑜𝑚𝑒𝑛𝑡

=
𝑀𝑅

𝑀0

=
69748.75

24786.67

= 2.81 > 2.5 (OK)



Check for base failure:

Resultant of total vertical load from left corner, a = 
𝑀𝑅 − 𝑀0

𝑊

e =
𝐵

- a =
9

- 3.07 = 1.43 feet
2 2

3′ 3′ 3′

=
69748.75 −24786.67

14662.5

= 3.07′

e

1.43′

1.5′



M = We

= 14662.5 x 1.43 = 20967.375 lb-ft

A = B x 1 = 9 𝑓𝑡2

12

3

I =
1 𝑥 9

= 60.75 𝑓𝑡4

σ =
𝑊 ± 𝑀𝐶

𝐴 𝐼

𝜎1 = + =
𝑊 𝑀𝐶 14662.5

𝐴 𝐼 9

20967.375 𝑥 9

+ 2

60.75

= 3182.31 psf (OK)

𝜎2 = - =
𝑊 𝑀𝐶 14662.5

𝐴 𝐼 9

20967.375 𝑥 9

- 2

60.75

= 76.03 psf (OK)

3182.31 psf

76.03 psf



Assignment-1



Design of Cantilever Retaining Wall

(Week 04-05)



Problem-2: Design of a cantilever retaining wall to retain a bank of earth which is 15 ft

high and support a surcharge of 360 psf. Assume unit weight of soil, 𝛾𝑠 = 120 psf. Angle

of internal friction, φ = 30°. Base friction co-efficient, f = 0.5 and allowable bearing
pressure, 𝑞𝑎𝑙𝑙 = 3 ksf. Unit weight of concrete, 𝛾𝑐= 150 psf. 𝑓𝑐

′ = 3 ksi & 𝑓𝑠 = 24 ksi.

Overall height of the retaining wall = 15 + 3 = 18 feet

Base width = 
2

x Overall height =
2

x 18 = 12 feet
3 3

𝑠 120
ℎ =

360
= 3 feet

Solution:

4′ 1.5′ 6.5′

18′

ℎ𝑠 = 3′
1.5′

1

2

3 4

𝑃𝑝 𝑃𝑎𝑃𝑠

16.5′

360 psf
1′



𝑝𝑠 = 𝑘𝑎q

=
1

x 360
3

= 120 psf

𝑝𝑎 = 𝑘𝑎γH

=
1

x 120 x 18
3

= 720 psf

𝑝𝑝 = 𝑘𝑝γℎ𝑠
= 3 x 120 x 3

= 1080 psf

2 𝑎 𝑠Total active earth pressure , P =
1

x 𝑝 H + 𝑝 H

= 0.5 x 720 x 18 + 120 x 18

= 8640 lb

2𝑜 𝑎 𝑠Overturning moment , 𝑀 =
1

x 𝑝 H x
𝐻

+𝑝 H x
𝐻

3 2

= 6480 x
18

+ 2160 x
18

3 2

= 58320 lb-ft

2
Total passive earth pressure , 𝑃 =

1
x 𝑝 ℎ𝑝 𝑝 𝑠

= 0.5 x 1080 x 3

= 1620 lb

𝑘𝑎 =
1−𝑠𝑖𝑛𝜑

=
1

1+𝑠𝑖𝑛𝜑 3

𝑘𝑝 = 1/𝑘𝑎 = 3

4′ 1.5′ 6.5′

18′

3′

𝑝𝑝 𝑝𝑎𝑝𝑠

2
3 4 16.5′

1.5′1

360 psf1′



Section W

(lb)

Moment arm 

(ft)

Resisting moment, 𝑀𝑅

(lb-ft)

1 12 x 1.5 x 150 = 2700 12/2 = 6 16200

2 0.5 x 0.5 x 16.5 x 150 = 618.75 4.5 - 0.5/3 = 4.33 2681.25

3 16.5 x 1 x 150 = 2475 4.5 + 1/2 = 5 12375

4 6.5 x 16.5 x 120 = 12870 12 - 6.5/2 = 8.75 112612.5

Total 18663.75 143868.75

P

4′ 1.5′ 6.5′

18′

3′
1.5′1

2
3 4

𝑃𝑝 𝑃𝑎𝑃𝑠

16.5′

360 psf1′



Check for Sliding Failure:

Factor of safety against sliding =
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑤 𝑥 𝑓+ 𝑃𝑝
=

𝑃

=
18663.75 𝑥 0.5

8640

= 1.08 < 1.5 (Not OK)

Check for Overturning Failure:

0

Factor of safety against overturning =
𝑂𝑣𝑒𝑟𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡

𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡

=
𝑀𝑅

𝑀0

=
143868.75

58320

= 2.47 ≈ 2.5 (OK)



Considering passive earth pressure, 

Check for Sliding Failure:

Factor of safety against sliding = 
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑤 𝑥 𝑓+ 𝑃𝑝
=

𝑃

=
18663.75 𝑥 0.5+1620

8640

= 1.27 < 1.5 (OK)

A key should be provided at the base.



4′ 1.5′ 6.5′

20′

ℎ𝑠 = 5′
1.5′

1

2

3 4

𝑃𝑝

𝑃𝑎𝑃𝑠

16.5′

360 psf
1′

1′

2′ 5



4′ 1.5′ 6.5′

20′

5′ 1.5′1

2

3 4

𝑃𝑝

𝑃𝑎𝑃𝑠

16.5′

360 psf1′

1′

2′ 5

Section W

(lb)

Moment arm 

(ft)

Resisting moment, 𝑀𝑅

(lb-ft)

1 12 x 1.5 x 150 = 2700 12/2 = 6 16200

2 0.5 x 0.5 x 16.5 x 150 = 618.75 4.5 - 0.5/3 = 4.33 2681.25

3 16.5 x 1 x 150 = 2475 4.5 + 1/2 = 5 12375

4 6.5 x 16.5 x 120 = 12870 12 - 6.5/2 = 8.75 112612.5

5 0.5 x (1 + 1.5) x 2 x 150 = 375 4 + 1.5/2 = 4.75 1781.25

Total 19038.75 145650



Check for Sliding Failure:

Factor of safety against sliding =
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑤 𝑥 𝑓+ 𝑃𝑝
=

𝑃

=
19308.75 𝑥 0.5+4500

8640

= 1.62 > 1.5 (OK)

Check for Overturning Failure:

Factor of safety against overturning =
𝑂𝑣𝑒𝑟𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡

𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡

=
𝑀𝑅

𝑀0

=
145650
58320

= 2.497 ≈ 2.5 (OK)

𝑝𝑝 = 𝑘𝑝γℎ𝑠
= 3 x 120 x 5

= 1800 psf

Total passive earth pressure ,

2
𝑃 = 

1
x 𝑝 ℎ𝑝 𝑝 𝑠

= 0.5 x 1800 x 5

= 4500 lb



Check for base failure:

Resultant of total vertical load from left corner, a = 
𝑀𝑅 − 𝑀0

𝑊

=
145650−58320

19038.75

= 4.59′

e =
𝐵

- a = 
12

- 4.59 = 1.41 feet
2 2

4′ 4′ 4′

e

1.41′

2′



M = We

= 19038.75 x 1.41 = 26844.64 lb-ft

A = B x 1 = 12 𝑓𝑡2

12

3

I =
1 𝑥 12

= 144 𝑓𝑡4

σ =
𝑊 ± 𝑀𝐶

𝐴 𝐼

𝜎1 = + =
𝑊 𝑀𝐶 19038.75
𝐴 𝐼 12

26844.64𝑥 12

+ 2

144

= 2705 psf (OK)

𝜎2 = - =
𝑊 𝑀𝐶 19038.75
𝐴 𝐼 12

26844.64𝑥 12

- 2

144

= 468 psf (OK)

2705 psf

468 psf



Problem-2: Design of a cantilever retaining wall to retain a bank of earth which is 15 ft

high and support a surcharge of 360 psf. Assume unit weight of soil, 𝛾𝑠 = 120 psf. Angle

of internal friction, φ = 30°. Base friction co-efficient, f = 0.5 and allowable bearing
pressure, 𝑞𝑎𝑙𝑙 = 3 ksf. Unit weight of concrete, 𝛾𝑐= 150 psf. 𝑓𝑐

′ = 3 ksi & 𝑓𝑠 = 24 ksi.

Overall height of the retaining wall = 15 + 3 = 18 feet

Base width = 
2

x Overall height =
2

x 18 = 12 feet
3 3

𝑠 120
ℎ =

360
= 3 feet

Solution:

4′ 1.5′ 6.5′

18′

ℎ𝑠 = 3′
1.5′

1

2

3 4

𝑃𝑝 𝑃𝑎𝑃𝑠

16.5′

360 psf
1′



𝑝𝑠 = 𝑘𝑎q

=
1

x 360
3

= 120 psf

𝑝𝑎 = 𝑘𝑎γH

=
1

x 120 x 18
3

= 720 psf

𝑝𝑝 = 𝑘𝑝γℎ𝑠
= 3 x 120 x 3

= 1080 psf

2 𝑎 𝑠Total active earth pressure , P =
1

x 𝑝 H + 𝑝 H

= 0.5 x 720 x 18 + 120 x 18

= 8640 lb

2𝑜 𝑎 𝑠Overturning moment , 𝑀 =
1

x 𝑝 H x
𝐻

+𝑝 H x
𝐻

3 2

= 6480 x
18

+ 2160 x
18

3 2

= 58320 lb-ft

2
Total passive earth pressure , 𝑃 =

1
x 𝑝 ℎ𝑝 𝑝 𝑠

= 0.5 x 1080 x 3

= 1620 lb

𝑘𝑎 =
1−𝑠𝑖𝑛𝜑

=
1

1+𝑠𝑖𝑛𝜑 3

𝑘𝑝 = 1/𝑘𝑎 = 3

4′ 1.5′ 6.5′

18′

3′

𝑝𝑝 𝑝𝑎𝑝𝑠

2
3 4 16.5′

1.5′1

360 psf1′



Section W

(lb)

Moment arm 

(ft)

Resisting moment, 𝑀𝑅

(lb-ft)

1 12 x 1.5 x 150 = 2700 12/2 = 6 16200

2 0.5 x 0.5 x 16.5 x 150 = 618.75 4.5 - 0.5/3 = 4.33 2681.25

3 16.5 x 1 x 150 = 2475 4.5 + 1/2 = 5 12375

4 6.5 x 16.5 x 120 = 12870 12 - 6.5/2 = 8.75 112612.5

Total 18663.75 143868.75

P

4′ 1.5′ 6.5′

18′

3′
1.5′1

2
3 4

𝑃𝑝 𝑃𝑎𝑃𝑠

16.5′

360 psf1′



Check for Sliding Failure:

Factor of safety against sliding =
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑤 𝑥 𝑓+ 𝑃𝑝
=

𝑃

=
18663.75 𝑥 0.5

8640

= 1.08 < 1.5 (Not OK)

Check for Overturning Failure:

0

Factor of safety against overturning =
𝑂𝑣𝑒𝑟𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡

𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡

=
𝑀𝑅

𝑀0

=
143868.75

58320

= 2.47 ≈ 2.5 (OK)



Considering passive earth pressure, 

Check for Sliding Failure:

Factor of safety against sliding = 
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑤 𝑥 𝑓+ 𝑃𝑝
=

𝑃

=
18663.75 𝑥 0.5+1620

8640

= 1.27 < 1.5 (OK)

A key should be provided at the base.



4′ 1.5′ 6.5′

20′

ℎ𝑠 = 5′
1.5′

1

2

3 4

𝑃𝑝

𝑃𝑎𝑃𝑠

16.5′

360 psf
1′

1′

2′ 5



4′ 1.5′ 6.5′

20′

5′ 1.5′1

2

3 4

𝑃𝑝

𝑃𝑎𝑃𝑠

16.5′

360 psf1′

1′

2′ 5

Section W

(lb)

Moment arm 

(ft)

Resisting moment, 𝑀𝑅

(lb-ft)

1 12 x 1.5 x 150 = 2700 12/2 = 6 16200

2 0.5 x 0.5 x 16.5 x 150 = 618.75 4.5 - 0.5/3 = 4.33 2681.25

3 16.5 x 1 x 150 = 2475 4.5 + 1/2 = 5 12375

4 6.5 x 16.5 x 120 = 12870 12 - 6.5/2 = 8.75 112612.5

5 0.5 x (1 + 1.5) x 2 x 150 = 375 4 + 1.5/2 = 4.75 1781.25

Total 19038.75 145650



Check for Sliding Failure:

Factor of safety against sliding =
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑤 𝑥 𝑓+ 𝑃𝑝
=

𝑃

=
19308.75 𝑥 0.5+4500

8640

= 1.62 > 1.5 (OK)

Check for Overturning Failure:

Factor of safety against overturning =
𝑂𝑣𝑒𝑟𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡

𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡

=
𝑀𝑅

𝑀0

=
145650
58320

= 2.497 ≈ 2.5 (OK)

𝑝𝑝 = 𝑘𝑝γℎ𝑠
= 3 x 120 x 5

= 1800 psf

Total passive earth pressure ,

2
𝑃 = 

1
x 𝑝 ℎ𝑝 𝑝 𝑠

= 0.5 x 1800 x 5

= 4500 lb



Check for base failure:

Resultant of total vertical load from left corner, a = 
𝑀𝑅 − 𝑀0

𝑊

=
145650−58320

19038.75

= 4.59′

e =
𝐵

- a = 
12

- 4.59 = 1.41 feet
2 2

4′ 4′ 4′

e

1.41′

2′



M = We

= 19038.75 x 1.41 = 26844.64 lb-ft

A = B x 1 = 12 𝑓𝑡2

12

3

I =
1 𝑥 12

= 144 𝑓𝑡4

σ =
𝑊 ± 𝑀𝐶

𝐴 𝐼

𝜎1 = + =
𝑊 𝑀𝐶 19038.75
𝐴 𝐼 12

26844.64𝑥 12

+ 2

144

= 2705 psf (OK)

𝜎2 = - =
𝑊 𝑀𝐶 19038.75
𝐴 𝐼 12

26844.64𝑥 12

- 2

144

= 468 psf (OK)

2705 psf

468 psf



4′ 1.5′ 6.5′

20′

5′

𝑃𝑝

𝑃𝑎𝑃𝑠

2

3 4 16.5′

1.5′1

360 psf1′

1′

2′ 5

𝑝𝑠 = 𝑘𝑎q

=
1

x 360
3

= 120 psf

𝑝𝑎 = 𝑘𝑎γH

=
1

x 120 x 18
3

= 720 psf

Design of Stem:

V = 120 x 16.5 + 0.5 x 660 x 16.5

= 7425 lb

M = 120 x 16.5 x
16.5

+ 0.5 x 660 x 16.5 x
16.5

2 3

= 46282.5 lb-ft

720
=

𝑥

18 16.5

18
x =

720
x 16.5 = 660

𝐸𝑐
n =

𝐸𝑠 =
29 𝑥 106

57000 𝑐𝑓
′

= 9

r =
𝑓𝑠 =

0.4 𝑓𝑦

𝑓𝑐 0.45 𝑓𝑐
′ =17.78

k =
𝑛

𝑛+𝑟
= 0.36

3
j = 1 -

𝑘
= 0.88

R =
𝑓𝑐 kj =

0.45 𝑥 3000
x 0.36 x 0.88

2 2

= 199.5 psi



𝑟𝑒𝑞𝑑 =
𝑀

𝑅𝑏

=
199.5 𝑥 12

46282.5 x 12
= 15.23 > 𝑑𝑒𝑓𝑓 (OK)

𝑒𝑓𝑓 2
𝑑 = Thickness – c.c. -

1
x bar dia

2 8
= 18 – 2 -

1
x

8
= 15.5 inch

Shrinkage reinforcement, 𝐴𝑠 = 0.0018bt = 0.0018 x 12 x 18

= 0.4 𝑖𝑛2

0.4
Using #4 bar, Spacing, S =

0.2 𝑥 12
= 6" c/c

𝑠Main reinforcement, 𝐴 =
𝑀

=
46282.5 x 12

𝑓𝑠𝑗𝑑 24000 𝑥 0.88 𝑥 15.5
= 1.7 𝑖𝑛2

1.7
Using #7 bar, Spacing, S =

0.6 𝑥 12
= 4.25" c/c

#7 bar @ 4.25" c/c

#4 bar @ 6" c/c



Design of Heel:

468 psf
2237 psf

2705 psf

6.5′

1211.7 psf

w

Load calculation:

1. Self weight = 1.5 x 150 = 225 psf

2. Weight of soil = 16.5 x 120 = 1980 psf

3. Surcharge = 360 psf 

Total load, w = 2565 psf

2 2

M = 2565 x 
6.5

- 468 x 
6.5

- 0.5 x 1211.7 x 6.5 x
6.5

2 2 3

= 35767 lb-ft

12

2237
x 6.5 = 1211.7

𝑟𝑒𝑞𝑑 =
𝑀

𝑅𝑏

199.5 𝑥 12
=

35767x 12
= 13.39 in < 𝑑𝑒𝑓𝑓 (OK)

𝑒𝑓𝑓 2
𝑑 = Thickness – c.c. -

1
x bar diameter

2 8
= 18 – 2 -

1
x

8
= 15.5 inch



Shrinkage reinforcement, 𝐴𝑠 = 0.0018bt = 0.0018 x 12 x 18

= 0.4 𝑖𝑛2

0.4
Using #4 bar, Spacing, S =

0.2 𝑥 12
= 6" c/c

𝑠Main reinforcement, 𝐴 =
𝑀

=
35767x 12

𝑓𝑠𝑗𝑑 24000 𝑥 0.88 𝑥 15.5
= 1.4 𝑖𝑛2

1.4
Using #6 bar, Spacing, S =

0.44 𝑥 12
= 3.75" c/c

#7 bar @ 4.25" c/c

#4 bar @ 6" c/c

#6 bar @ 3.75" c/c#4 bar @ 6" c/c



Design of Heel:

2705 psf

468 psf
2237 psf

4′

w

Load calculation:

1. Self weight = 1.5 x 150 = 225 psf

2 2

M = 1959 x 
4

+ 0.5 x 745 x 4 x (
2

x 4) - 225 x 
4

2 3 2

= 17852.3 lb-ft

12

2237
x 8 = 1491

𝑟𝑒𝑞𝑑 =
𝑀

𝑅𝑏

=
199.5 𝑥 12

17852.3 x 12
= 9.46 in < 𝑑𝑒𝑓𝑓 (OK)

𝑒𝑓𝑓 2
𝑑 = Thickness – c.c. -

1
x bar diameter

2 8
= 18 – 2 -

1
x

8
= 15.5 inch

1960 psf
1492 psf

745 psf

2705 – 1960 = 745



𝑠Main reinforcement, 𝐴 =
𝑀

𝑓𝑠𝑗𝑑

= 
17852.312

24000 𝑥 0.88 𝑥 15.5

= 0.7 𝑖𝑛2

Using #6 bar, Spacing, S =
0.44 𝑥 12

0.7

= 7.5" c/c

"#7 bar @ 4.25 c/c

#4 bar @ 6" c/c

#6 bar @ 3.75" c/c#4 bar @ 6" c/c

#6 bar @ 7.5" c/c

#4 bar @ 6" c/c



#7 bar @ 4.25" c/c

#6 bar @ 3.75" c/c#4 bar @ 6" c/c

#4 bar @ 6" c/c

#6 bar @ 7.5" c/c

#4 bar @ 6" c/c



Problem-3: Check the safety factor of a cantilever retaining wall to retain a bank of earth
which is 15 ft high and support a surcharge of 360 psf. Assume unit weight of soil, 𝛾𝑠 =
120 psf. Angle of internal friction, φ = 30°. Base friction co-efficient, f = 0.5 and
allowable bearing pressure, 𝑞𝑎𝑙𝑙 = 3 ksf. Unit weight of concrete, 𝛾𝑐= 150 psf. 𝑓𝑐

′ = 3
ksi & 𝑓𝑠 = 24 ksi.

Overall height of the retaining wall = 15 + 3 = 18 feet

Base width = 
2

x Overall height =
2

x 18 = 12 feet
3 3

𝑠 120
ℎ =

360
= 3 feet

Solution:

4′ 1.5′ 6.5′

18′

ℎ𝑠 = 3′

𝑃𝑝 𝑃𝑎𝑃𝑠

360 psf
1′

1′

2

3 4
16.5′

1.5′1



𝑝𝑠 = 𝑘𝑎q

=
1

x 360
3

= 120 psf

𝑝𝑎 = 𝑘𝑎γH

=
1

x 120 x 18
3

= 720 psf

𝑝𝑝 = 𝑘𝑝γℎ𝑠
= 3 x 120 x 3

= 1080 psf

2 𝑎 𝑠Total active earth pressure , P =
1

x 𝑝 H + 𝑝 H

= 0.5 x 720 x 18 + 120 x 18

= 8640 lb

2𝑜 𝑎 𝑠Overturning moment , 𝑀 =
1

x 𝑝 H x
𝐻

+𝑝 H x
𝐻

3 2

= 6480 x
18

+ 2160 x
18

3 2

= 58320 lb-ft

2
Total passive earth pressure , 𝑃 =

1
x 𝑝 ℎ𝑝 𝑝 𝑠

= 0.5 x 1080 x 3

= 1620 lb

𝑘𝑎 =
1−𝑠𝑖𝑛𝜑

=
1

1+𝑠𝑖𝑛𝜑 3

𝑘𝑝 = 1/𝑘𝑎 = 3

4′ 1.5′ 6.5′

18′

3′

𝑃𝑝 𝑃𝑎𝑃𝑠

360 psf1′

1′

3 4 16.5′

2

1 1.5′



Section W

(lb)

Moment arm 

(ft)

Resisting moment, 𝑀𝑅

(lb-ft)

1 12 x 1.5 x 150 = 2700 12/2 = 6 16200

2 0.5 x 0.5 x 15.5 x 150 = 581.25 4.5 - 0.5/3 = 4.33 2516.82

3 16.5 x 1 x 150 = 2475 4.5 + 1/2 = 5 12375

4 6.5 x 16.5 x 120 = 12870 12 - 6.5/2 = 8.75 112612.5

Total 18626.25 143704.32

P

4′ 1.5′ 6.5′

18′

3′

𝑃𝑝 𝑃𝑎𝑃𝑠

360 psf1′

1′

3 4 16.5′

2

1 1.5′



Check for Sliding Failure:

Factor of safety against sliding =
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

=
𝑤 𝑥 𝑓+ 𝑃𝑝

𝑃

=
18626.25𝑥 0.5

8640

= 1.07 < 1.5 (Not OK)

Check for Overturning Failure:

0

Factor of safety against overturning =
𝑂𝑣𝑒𝑟𝑡𝑢𝑟𝑛𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡

𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡

=
𝑀𝑅

𝑀0

=
143704.32

58320

= 2.46 ≈ 2.5 (OK)



Considering passive earth pressure, 

Check for Sliding Failure:

Factor of safety against sliding = 
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝑤 𝑥 𝑓+ 𝑃𝑝
=

𝑃

=
18626.25𝑥 0.5+1620

8640

= 1.27 < 1.5 (Not OK)

A key should be provided at the base.
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Design of a Flat Slab

(Week 07-08)



















Introduction to Flat Plate Slab

(Week 09)































Design of a Flat Plate Slab

(Week 10-11)







































Design of a Combined Footing

(Week 12-13)



































Design of a Two-Way Slab

(Week 14-15)



One-Way Slab & Two-Way Slab

Figure 10: Difference between One way slab & Two way slab

Source: Google



One-Way Slab & Two-Way Slab

B

A

B

A

B

A

B

A

𝐴

𝐵
>2

𝐴

𝐵 ≤2

One-Way Slab

Two-Way Slab
Load Transfer - Two-Way Slab

Load Transfer - One-Way Slab

Figure 11: Difference between One way slab & Two way slab



One-Way Slab & Two-Way Slab

One-Way Slab Two-Way Slab

1. Load carries in one direction. 1. Load caries in two directions.

2. Deflection in one direction. 2. Deflection in two directions.

3. Supports in two opposite directions. 3. At least two adjoining supports.

4.
𝐵 > 2
𝐴

4.
𝐵 ≤ 2
𝐴

5. 5.



Problem: Design the slab A. Partition wall, floor finishing and live load is 40

psf, 30 psf and 50 psf respectively.

A

20 ft 20 ft10 ft

16 ft

18 ft

16 ft

Co-efficient

CA(neg) 0.068

CA(DL) 0.026

CA(LL) 0.036

CB(neg) 0.025

CB(DL) 0.015

CB(LL) 0.022



A

20 ft

18 ft

Type of Slab:

𝐵
=

20

𝐴 18

= 1.11 < 2 ( Two way slab confirmed)

Thickness Calculation:

t =
2 ( 𝐿+𝐵)

x 12
180

=
2 (20+18)

x 12
180

= 5.07 ≈ 5.25 in



Load Calculation:

Dead Load Calculations:

✓ Self-weight =
5.25

x 150 = 65.63 psf
12

✓ Partition wall load = 40 psf

✓ Floor finishing load = 30 psf

Total dead load, WD = 65.63 + 40 + 30 = 130.63 psf

Live Load Calculation:

✓ Live load, WLL = 50 psf

Total load = WD + WLL = 130.63 + 50 = 180.63 psf



Moment Calculation:

B 20
m =

A
= 

18
= 0.9

Moment for shorter direction:

❖ Negative moment, MA(neg) = CA(neg) x WT x A2

= 0.068 x 180.63 x 182

= 3980 lb-ft

❖ Positive moment, MA(pos) = CA(DL) x WD x A2 + CA(LL) x WLL x A2

= 0.026 x 130.63 x 182 + 0.036 x 50 x 182

= 1684 lb-ft



Moment for longer direction:

❖ Negative moment, MB(neg) = CB(neg) x WT x B2

= 0.025 x 180.63 x 202

= 1806 lb-ft

❖ Positive moment, MB(pos) = CB(DL) x WD x B2 + CB(LL) x WLL x B2

= 0.015 x 130.63 x 202 + 0.022 x 50 x 202

= 1224 lb-ft



Moment for discontinuous edge:

❖ Negative moment, MB(neg) = MB(pos)/3 = 408 lb-ft

Depth check:

d =
Mmax =

Rb 295 x 12

3980 x 12
= 3.67”

deff = 5.25-1 = 4.25” > d

Hence O.K.



Reinforcement Calculation:

For Positive moment in shorter direction:

s(pos)A =
M

fs x j x d
=

1684 x 12

24000 x 0.875 x 4.25
= 0.23 in2

But according to ACI code minimum steel required,

As = 0.0018bt

= 0.0018 x 12 x 5.25 = 0.11 in2

Smax = 5t =5 x 5.25 = 26.25”

Use #4 bar @ 10.25” c/c



For negative moment in shorter direction:

s(neg)A =
M

fs x j x d
=

3980 x 12

24000 x 0.875 x 4.25
= 0.54 in2

Use #4 bar @ 4.25” c/c

For Positive moment in longer direction:

s(pos)A =
M

fs x j x d
=

1224 x 12

24000 x 0.875 x 4.25
= 0.19 in2

Use #4 bar @ 10.5” c/c



For negative moment in longer direction:

s(neg)A =
M

fs x j x d
=

1806 x 12

24000 x 0.875 x 4.25
= 0.28 in2

Use #4 bar @ 8.5” c/c

For discontinuous edge:

s(neg)A =
M

fs x j x d
=

408 x 12

24000 x 0.875 x 4.25
= 0.05 in2

Use #3 bars @ 10.5” c/c



20 ft

Reinforcement Detail’s of Slab

18 ft

#4 bar @ 10.5" c/c

#4 bar @ 10.25" c/c

#4 bar @ 4.25" c/c

#3 bar @ 10.5" c/c

#4 bar @ 8.5" c/c



Problem-4: An Engineer designed a slab using 60 grade steel to

provide #4 bar @ 4.5′′c/c. If you want to provide 500W 10 mm bar

then what would be the spacing?

Solution:

Spacing =
0.2𝑥 12

= 4.5
𝐴𝑠1

or, 𝐴𝑠1 = 0.53 𝑖𝑛2

𝐴𝑠1𝑓1 = 𝐴𝑠2𝑓2

𝑠2 72.5
=> 𝐴 =

0.53 𝑥 60
= 0.44 𝑖𝑛2

𝜋 𝑥 102𝑥1000

0.44 𝑥 25.42
Spacing = 4 = 276.67 ≈ 250 mm c/c

500W means
500 x 145

1000

= 72.5 grade steel




