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Design of Concrete Structures-I

CLO 1 Understand the fundamental behavior and properties of reinforced concrete,

including the role of reinforcement in structural elements.

CLO 2 Perform flexural design and analysis of beams, including singly and doubly

reinforced beams, using USD and WSD methods.

CLO 3 Design and analyze one-way slabs, stirrups, and T-beams, ensuring structural safety
and code compliance.

CLO 4 Apply theoretical concepts to practical problems in reinforced concrete design,

developing solutions for real-world engineering challenges.

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

able to-



SL Content of Course Hrs CLOs

1
Fundamental behavior of reinforced concrete members, Properties of 

concrete and steel, Introduction to USD and WSD Design. 
4 CLO1

2

Flexure design of  Beam (Uncracked and Cracked Section, 

Introduction to singly-doubly beam and their USD and WSD design 

and analysis.)

16 CLO3

3

Differences between one way and two-way slab, Design of One-way 

Slab in USD and WSD Method. Shear Design of reinforced concrete 

beam and stirrup design. Design of T beam

10
CLO2, 

CLO4

Text Book:

1. Design of Concrete Structures by Arthur H. Nilson, David Darwin, Charles W. Dolan (Mc

Graw Hill) – 13th edition.

2. Design of Concrete Structures by Arthur H. Nilson – 7th edition.

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

4. Design of Prestressed Concrete Structures by T. Y. Lin and Ned H. Burns



Week Topic
Teaching Learning 

Strategy
Assessment Strategy

CLOs Page No.

01-02 Fundamental Behavior of Reinforced 

Concrete Behavior
Lecture, Discussion

Mid, Final CLO1

03 Analysis of Singly Beam in WSD Lecture, Discussion
Mid, Final CLO3

04 Analysis of Singly Beam in USD Lecture, Discussion
Assignment, Mid, Final CLO3

05 Design of Singly Beam in WSD Lecture, Discussion Assignment,

Mid, Final
CLO3

06 Design of Singly Beam in USD Lecture, Discussion Assignment,

Class Test, Mid, Final
CLO3

07 Design of Doubly Beam in WSD Lecture, Discussion
Problem solving,

Class Test, Final
CLO3

08 Design of Doubly Beam in USD Lecture, Discussion Final, Class Test CLO3

09 Analysis of Doubly Beam in USD Lecture, Discussion Problem solving,

Class Test, Final

CLO3

10 Analysis of Doubly Beam in WSD Lecture, Discussion Assignment, Final CLO3

11-12 Design of One-Way Slab Lecture, Discussion Assignment, Final  CLO2, CLO4

13 Shear Design Procedure according to ACI Lecture, Discussion
Problem solving,

Class Test, Final
CLO2, CLO4

14 Design of Stirrup Lecture, Discussion
Final, Class Test CLO2, CLO4

15 Design of T-Beam Lecture, Discussion Assignment, Final  CLO2, CLO4





Fundamentals of Surveying
(Week 1)

6



Fundamental Behavior of Reinforced 

Concrete Members

(Week 01-02)



Concrete

Concrete is a stonelike material obtained

by permitting a carefully proportioned

mixture of cement, sand and gravel or

other aggregates, and water to harden

in forms of the shape and dimensions of

the desired structure.



Advantages of Concrete

• High compressive strength

• Free from corrosion

• No appreciable effects of atmospheric agents

• Not burnt in normal temperature

• Any desirable shape can be made

• Low cost

• Durable and sustainable

Disadvantages of Concrete

• Less tensile strength

• Difficult to control the quality

• It can’t be used until hardening



Factors Affecting The Strength of Concrete

• Water-cement ratio

• Size of aggregate

• Proportion of aggregate

• Curing

• Concrete porosity

• Degree of compaction



Reinforced Concrete

The reinforcement, usually round steel

rods with appropriate surface

deformations to provide interlocking, is

placed in the forms in advance of the

concrete. When completely surrounded

by the hardened concrete mass, it forms

an integral part of the member. The

resulting combination of two materials,

known as reinforcedconcrete.



Advantages of Reinforced Concrete Over Plain Concrete

• Economical for same strength

• High tensile strength

• More durable

• Provide ductility and toughness

• Good compressive strength



Ductility

Ductility is a physical property of a

material that describes its ability to be

stretched, pulled, or drawn into a thin wire

or thread without breaking. It is the

measure of how much a material can be

deformed or elongated under stress before

it fractures.
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Why Mild Steel is used as Reinforcement?

• High tensile strength

• Develop perfect bond with concrete

• Coefficients for thermal expansion are nearly same

• Easily available

• Can be cut and bent easily

• Produce no harmful effect combining with concrete



Load

Dead load
Constant in magnitude, fixed in location.

Example: Self weight of structure, floor finish, floor fill and plastered 

ceiling

Live Load
Magnitude and location is uncertain. 

Example: Occupancy loads

Environmental Load
Example: Snow loads, wind pressure, earthquake loads, soil pressures, loads 

from ponding of rainwater, and forces caused by temperature differentials.



MinimumUniformly Distributed Live Loads

Occupancy or Use Live Load (psf)

Residential 40

Classroom 40

Office use 50

Computer use 100

Staircase 100

Balcony 100

Storage Warehouse (light) 125

Storage Warehouse (heavy) 150

Reference: Table 6.2.3, BNBC 2020



Sources of Uncertainities

• Actual loads may differ from those assumed.

• Actual loads may be distributed in a manner different from that assumed.

• The assumptions and simplifications inherent in any analysis may result in calculated

load effects- moments, shears, etc.

• The actual structural behavior may differ from that assumed, owing to imperfect 

knowledge.

• Actual member dimensions may differ from those specified.

• Reinforcement may not be in its proper position.

• Actual material strength may be different from that specified.



Safety Provisions of ACI Code

𝑴𝒖 = 𝜱𝑴𝒏

Φ = 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟

𝐹𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝐿𝑜𝑎𝑑 = 1.2 𝐷𝐿 + 1.6 𝐿𝐿

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑜𝑎𝑑 = 𝐷𝐿 + 𝐿𝐿



𝐒𝐭𝐫𝐞𝐧𝐠𝐭𝐡 𝐑𝐞𝐝𝐮𝐜𝐭𝐢𝐨𝐧 𝐅𝐚𝐜𝐭𝐨𝐫

To provide structural safety, the ultimate strength is reduced by a coefficient

which is known as strength reduction factor. It is denoted by Φ.

The value for bending is higher than that for shear or bearing. Because the

nature of flexure failure is ductile and depends on the quality of steel. And the

nature of shear failure is brittle and depends on the quality of concrete, which

varies from time to time.



𝐒𝐭𝐫𝐞𝐧𝐠𝐭𝐡 𝐑𝐞𝐝𝐮𝐜𝐭𝐢𝐨𝐧 𝐅𝐚𝐜𝐭𝐨𝐫𝐬 𝐢𝐧 𝐭𝐡𝐞 𝐀𝐂𝐈 𝐂𝐨𝐝𝐞

Strength Condition
𝐒𝐭𝐫𝐞𝐧𝐠𝐭𝐡 𝐑𝐞𝐝𝐮𝐜𝐭𝐢𝐨𝐧

𝐅𝐚𝐜𝐭𝐨𝐫𝐬, Φ

Tension-controlled sections 0.90

Compression-controlled section

Members with Spiral Reinforcement 0.70

Other Reinforced Members 0.65

Shear and torsion 0.75

Bearing on concrete 0.65

Post-tensioned anchorage zones 0.85

Strut-and-tie models 0.75



FUNDAMENTAL ASSUMPTIONS FOR REINFORCED CONCRETE BEHAVIOR

• The internal forces, such as bending moments, shear forces, and normal and shear stresses,

at any section of a member are in equilibrium with the effects of the external loads at that

section.

• The strain in an embedded reinforcing bar is the same as that of the surrounding concrete.

• Cross sections that were plane prior to loading continue to be plane in the member under

load.

• concrete is not capable of resisting any tension stress.

• The theory is based on the actual stress-strain relationships and strength properties of the

two constituent materials or some reasonable equivalent simplifications thereof.



𝐄𝐥𝐚𝐬𝐭𝐢𝐜 𝐁𝐞𝐡𝐚𝐯𝐢𝐨𝐫 𝐨𝐟 𝐂𝐨𝐧𝐜𝐫𝐞𝐭𝐞

At low stresses, up to about 𝑓′𝑐 /2, the concrete is

seen to behave nearly elastically, i.e., stresses and

strains are quite closely proportional.

σ ∝ ε

𝑓𝑐 = 𝑓𝑠

From Assumption 2,

ε𝑐 = ε𝑠

𝐸𝑐 𝐸𝑠

𝑠𝑓 =
𝐸𝑠

𝐸𝑐
× 𝑓𝑐

𝑓𝑠 = 𝑛 × 𝑓𝑐

𝐸𝑠Modular ratio, 𝑛 =
𝐸𝑐



𝐑𝐞𝐢𝐧𝐟𝐨𝐫𝐜𝐢𝐧𝐠 𝐁𝐚𝐫𝐬

Bar No.
𝑩𝒂𝒓 𝑵𝒐.

Bar Dia (in) [ ]
𝟖

Area (in2) 𝝅 × 𝒅𝒊𝒂𝟐][
𝟒

3 3/8 .11

4 4/8 .20

5 5/8 .31

6 6/8 .44

7 7/8 .60

8 1 .79

9 9/8 1

10 10/8 1.27



𝐓𝐫𝐚𝐧𝐬𝐟𝐨𝐫𝐦𝐞𝐝 𝐒𝐞𝐜𝐭𝐢𝐨𝐧

𝐴𝑡 : Transformed area
𝐴𝑐 : Net area of concrete
𝐴𝑔 : Gross area

𝐴𝑠𝑡 : Area of steel
n : Modular ratio

𝐴𝑥𝑖𝑎𝑙 𝑙𝑜𝑎𝑑,𝑃 = 𝑃𝑐 + 𝑃𝑠
= 𝑓𝑐 𝐴𝑐 + 𝑓𝑠 𝐴𝑠𝑡
= 𝑓𝑐 𝐴𝑐 + 𝑛𝑓𝑐 𝐴𝑠𝑡
= 𝑓𝑐 (𝑨𝒄 + n 𝑨𝒔𝒕)
= 𝑓𝑐 (𝐴𝑔 − 𝐴𝑠𝑡+ n 𝐴𝑠𝑡)

= 𝑓𝑐[𝑨𝒈 + (𝒏− 𝟏)𝑨𝒔𝒕]

𝐴𝑡 = 𝐴𝑐 + 𝑛𝐴𝑠𝑡 𝐴𝑡 = 𝐴𝑔 + (𝑛 − 1)𝐴𝑠𝑡



𝐏𝐫𝐨𝐛𝐥𝐞𝐦

A column has a cross-section of 16in x 20in and reinforced by six No. 9 bars. Determine 

the axial load that will stress concrete to 1200 psi.

16 in

20 in6#9 bars



𝐒𝐨𝐥𝐮𝐭𝐢𝐨𝐧
12 in

16 in6#9 bars

Gross area, 𝐴𝑔 = 16 × 20 = 320 𝑖𝑛2

Area of Steel, 𝐴𝑠𝑡 = 6 × 1 = 6 𝑖𝑛2

Modular ratio, 𝑛 = 𝐸𝑠 = 8 𝐿𝑒𝑡
𝐸𝑐

P = ?

𝑃 = 𝑓𝑐[𝑨𝒈 + (𝒏 − 𝟏)𝑨𝒔𝒕]

= 1200 × 320 + 8 − 1 × 6

= 434400 lb (Ans)



𝐒𝐨𝐥𝐮𝐭𝐢𝐨𝐧
12 in

16 in6#9 bars

Load carried by concrete, 𝑃𝑐 = 𝑓𝑐𝐴𝑐 = 1200 × 320 − 6

= 376800 𝑙𝑏

Load carried by steel, 𝑃𝑠 = 𝑓𝑠𝐴𝑠𝑡 = 𝑛𝑓𝑐𝐴𝑠𝑡

= 8 × 120 × 6

= 57600 𝑙𝑏



𝐄𝐟𝐟𝐞𝐜𝐭𝐢𝐯𝐞 𝐃𝐞𝐩𝐭𝐡
12 in

24 ind = ?

Distance from the centroid of

the reinforcement to the

compression face of the section

is known as effective depth.



𝐄𝐟𝐟𝐞𝐜𝐭𝐢𝐯𝐞 𝐃𝐞𝐩𝐭𝐡
12 in

24 ind = ?

2#8 bars

3#9 bars
4.5 in

3 in

𝐴1𝑦1 +𝐴2 𝑦2
𝑦 =

𝐴1 + 𝐴2

=
3×3 +(1.58×4.5)

(3+1.58)

= 3.51 𝑖𝑛

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑒𝑝𝑡ℎ,𝑑 = 𝑡 − 𝑦
= 24 − 3.51
= 𝟐𝟎.𝟒𝟗 𝒊𝒏



𝐁𝐞𝐡𝐚𝐯𝐢𝐨𝐫 𝐨𝐟 𝐑𝐞𝐢𝐧𝐟𝐨𝐫𝐜𝐞𝐝 𝐂𝐨𝐧𝐜𝐫𝐞𝐭𝐞 𝐁𝐞𝐚𝐦

• Stress elastic and section uncracked (No cracking)

• Stress elastic and section cracked (Upto elastic limit)

• Ultimate flexural strength (Just before failure)



𝐁𝐞𝐡𝐚𝐯𝐢𝐨𝐫 𝐨𝐟 𝐑𝐞𝐢𝐧𝐟𝐨𝐫𝐜𝐞𝐝 𝐂𝐨𝐧𝐜𝐫𝐞𝐭𝐞 𝐁𝐞𝐚𝐦

Stress elastic and

section uncracked

Stress elastic and

section cracked
Ultimate flexural 

strength



A rectangular beam has the dimensions b = 10 in, h = 25 in and d = 23 in, and is reinforced with

three No. 8 bars so that As = 2.37 in2. The concrete cylinder strength, 𝑓′𝑐 = 4000 psi and the tensile

strength in bending (modulus of rupture) is 475 psi. The yield point of the steel fy = 60,000 psi.

Determine the stresses caused by a bending moment M = 45 ft-kips.

Solution: 10 in

25 in23 in

Here,

b : 10 in

h : 25 in

d : 23 in

M : 45 ft-kips

𝐴𝑠 : (3 x .79) = 2.37 in2

n : 𝐸𝑠/𝐸𝑐 = 8

(n-1) 𝐴𝑠: (7 x 2.37) = 16.59 in2

8.29 in2 8.29 in2



A rectangular beam has the dimensions b = 10 in, h = 25 in and d = 23 in, and is reinforced with

three No. 8 bars so that As = 2.37 in2. The concrete cylinder strength, 𝑓′𝑐 = 4000 psi and the tensile

strength of concrete in bending (modulus of rupture) is 475 psi. The yield point of the steel fy =

60,000 psi. Determine the stresses caused by a bending moment M = 45 ft-kips.

Solution:

Σ𝐴
Location of Neutral Axis from top, 𝑦ത= Σ𝐴𝑦ത=

[ 10×25 +16.59]

10×25×12.5 +(16.59×23) = 13.2 𝑖𝑛

Moment of your Inertia about the N.A.

12

3

=
𝑏ℎ + 𝐴𝑑2 + (𝐴𝑑2)

3

= [
10×25 +

12
10 × 25 × 13.2 − 12.5 2 + 16.59 × 23 − 13.2 2

= 14736.63 in4



A rectangular beam has the dimensions b = 10 in, h = 25 in and d = 23 in, and is reinforced with

three No. 8 bars so that As = 2.37 in2. The concrete cylinder strength, 𝑓′𝑐 = 4000 psi and the tensile

strength in bending (modulus of rupture) is 475 psi. The yield point of the steel fy = 60,000 psi.

Determine the stresses caused by a bending moment M = 45 ft-kips.

Solution:

Tensile stress of concrete, fct
=
𝑀×𝑐

𝐼

=
(45×12×1000)×(25−13.2)

= 432 psi < 475 psi
14736.63

No crack will be formed.

𝑐Compressive stress of Concrete, 𝑓 =
𝑀𝑐

𝐼

14736.63
=

(45×12×1000)×13.2 = 𝟒𝟖𝟒 𝐩𝐬𝐢 (Ans)

Compressive stress of Steel, 𝑓𝑠 = 𝑛𝑓𝑐 = 𝑛
𝑀𝑐

𝐼

14736.63
= 8 x

(45×12×1000)×9.8 = 𝟐𝟖𝟕𝟎 𝐩𝐬𝐢 (Ans)



A rectangular beam has the dimensions b = 10 in, h = 25 in and d = 23 in, and is reinforced with

three No. 8 bars so that As = 2.37 in2. The concrete cylinder strength, 𝑓′𝑐 = 4000 psi and the tensile

strength in bending (modulus of rupture) is 475 psi. The yield point of the steel fy = 60,000 psi.

Determine the stresses caused by a bending moment M = 90 ft-kips.

Solution: 10 in

25 in23 in

Here,

b

h

d

M

𝐴𝑠

: 10 in

: 25 in

: 23 in

: 90 ft-kips

: (3 x .79) = 2.37 in2



A rectangular beam has the dimensions b = 10 in, h = 25 in and d = 23 in, and is reinforced with

three No. 8 bars so that As = 2.37 in2. The concrete cylinder strength, 𝑓′𝑐 = 4000 psi and the tensile

strength in bending (modulus of rupture) is 475 psi. The yield point of the steel fy = 60,000 psi.

Determine the stresses caused by a bending moment M = 90 ft-kips.

ct

Solution:

Concrete tension stress at bottom fiber,

f =
𝑀×𝑐 = (90×12×1000)×11.8

= 864 psi > 475 psi
𝐼 14740

Section will be cracked.

Reinforcement ratio, ρ =

3
𝑗 = 1 − 𝑘

= 0.889

Location of Neutral Axis, kd = 7.63 in

𝑠Steel Stress, 𝑓 =
𝐴𝑠 j d
𝑀

= 
(90×12×1000) =
2.37×.889×23

𝟐𝟐𝟐𝟖𝟕 𝐩𝐬𝐢 (Ans)

𝑐Concrete Stress, 𝑓 =
2𝑀

𝑘𝑗𝑏𝑑2
=

2×(90×12×1000)

.332×.889×10×232
= 𝟏𝟑𝟓𝟎 𝐩𝐬𝐢 (Ans)

𝐴𝑠 =
2.37

𝑏𝑑
= 0.0103

10×23

𝐸𝑠 29000000
n = =

𝐸𝑐 57000 4000
≈ 8

2𝑘 = (ρ𝑛) +2ρ𝑛 − ρ𝑛 = 0.332



Under−reinforced Section

When 𝝆 < 𝝆𝒃, the section is considered as under−reinforced Section. 

In this case, tension failure will occur.

𝐎𝐯𝐞𝐫𝐫𝐞𝐢𝐧𝐟𝐨𝐫𝐜𝐞𝐝 𝐒𝐞𝐜𝐭𝐢𝐨𝐧

When 𝝆 > 𝝆𝒃, the section is considered as over−reinforced Section. 

In this case, compression failure will occur.



A rectangular beam has the dimensions b = 10 in, h = 25 in and d = 23 in, and is reinforced with

three No. 8 bars so that As = 2.37 in2. The concrete cylinder strength, 𝑓′𝑐 = 4000 psi and the tensile

strength in bending (modulus of rupture) is 475 psi. The yield point of the steel fy = 60,000 psi.

Determine the nominal moment at which the beam will fail.

Solution:

Checking if the section is under-reinforced or over-reinforced

𝜌 =
𝐴𝑠 =

2.37
= 0.0103

𝑏𝑑 10 × 23

𝑓′

𝜌𝑏 = 0.85β1
𝑐

𝜀𝑢

𝑓𝑦 𝜀𝑢 + 𝜀𝑦
= 0.85 × 0.85 × (

4000 0.003

60000 0.003 + 60000
) = 0.0335

29000000

Since 𝜌 < 𝜌𝑏, the section is under-reinforced and tension failure is expected to occur.

 𝒇𝒔 = 𝒇𝒚



A rectangular beam has the dimensions b = 10 in, h = 25 in and d = 23 in, and is reinforced with

three No. 8 bars so that As = 2.37 in2. The concrete cylinder strength, 𝑓′𝑐 = 4000 psi and the tensile

strength in bending (modulus of rupture) is 475 psi. The yield point of the steel fy = 60,000 psi.

Determine the nominal moment at which the beam will fail. Also determine the ultimate moment.

𝑀𝑛 = 𝜌𝑓𝑦b𝑑2 1 − 0.59𝜌 ×
𝑓𝑦
𝑓′

𝑐

𝑛𝑀 = 0.0103 × 60000 × 10 × 232 1 −
0.59 × 0.0103 × 60000

4000

𝑀𝑛 = 2970000 𝑖𝑛 − 𝑙𝑏 = 𝟐𝟒𝟖 𝒇𝒕 − 𝒌𝒊𝒑𝒔 (Ans)

Ultimate moment, 𝑀𝑢 = 𝛷𝑀𝑛 = 0.90 × 248 = 𝟐𝟐𝟑 𝒇𝒕 − 𝒌𝒊𝒑𝒔 (Ans)

Solution: [According to General Analysis]



A rectangular beam has the dimensions b = 10 in, h = 25 in and d = 23 in, and is reinforced with

three No. 8 bars so that As = 2.37 in2. The concrete cylinder strength, 𝑓′𝑐 = 4000 psi and the tensile

strength in bending (modulus of rupture) is 475 psi. The yield point of the steel fy = 60,000 psi.

Determine the nominal moment at which the beam will fail. Also determine the ultimate moment.

𝒂
𝑀𝑛 = 𝑨𝒔𝒇𝒚(d −

𝟐
)

𝑀𝑛 = 2.37 × 60000 23 −
4.18

2

𝑀𝑛 = 𝟐𝟒𝟖 𝒇𝒕 − 𝒌𝒊𝒑𝒔 (Ans)

Ultimate moment, 𝑀𝑢 = 𝛷𝑀𝑛 = 0.90 × 248 = 𝟐𝟐𝟑 𝒇𝒕 − 𝒌𝒊𝒑𝒔 (Ans)

Solution: [According to Equivalent Rectangular Stress Distribution]

𝐴𝑠𝑓𝑦 2.37 × 60000

𝑐
𝑎 =

0.85𝑓′ 𝑏
=

0.85 × 4000 × 10
= 4.18 𝑖𝑛



Analysis of Singly Reinforced Beam 

(WSD)

WEEK-03



𝐍𝐞𝐜𝐞𝐬𝐬𝐚𝐫𝐲 𝐅𝐨𝐫𝐦𝐮𝐥𝐚𝐬

Permissible/Allowable Stress:

𝒇𝒔 = 𝟎.𝟒𝒇𝒚

𝒇𝒄 = 𝟎.𝟓𝒇′𝒄

𝑆𝑡𝑒𝑠𝑠 𝑅𝑎𝑡𝑖𝑜:
𝒇𝒔

𝒓 =
𝒇𝒄



A simply supported rectangular beam has a total cross section of 10 in × 16 𝑖𝑛 and a

length of 20ft. It is reinforced with 4#5 bars in one row. The distance from the center of the

bars to the lower surface of the beam is 2.5 in with 2500 psi concrete and an allowable

stress of 20000 psi in the steel. What is the resisting moment of the beam.

Solution: 10 in

16 in13.5 in

Here,

b

h

d

L

𝐴𝑠

: 10 in

: 16 in

: (16-2.5) = 13.5 in

: 20 ft

: (4 x .31) = 1.24 in2



A simply supported rectangular beam has a total cross section of 10 in × 16 𝑖𝑛 and a

length of 20ft. It is reinforced with 4#5 bars in one row. The distance from the center of the

bars to the lower surface of the beam is 2.5 in with 2500 psi concrete and an allowable

stress of 20000 psi in the steel. What is the resisting moment of the beam.

Solution:

Reinforcement ratio, ρ =

0.00919

𝐴𝑠 =
𝑏𝑑

1.24

10×13.5
=

𝐸𝑠 29000000
n = =

𝐸𝑐 57000 2500
= 10.175 ≈ 10

𝑘 = (ρ𝑛)2+2ρ𝑛 − ρ𝑛 = 0.347

3
𝑗 = 1 − 𝑘

= 0.884

𝑐 2
𝑀 = 𝑓𝑐 𝑘𝑗𝑏𝑑2 = 314464.63 𝑙𝑏 − 𝑖𝑛 = 314 k-in

𝑀𝑠 = 𝐴𝑠𝑓𝑠𝑗𝑑 = 296 k-in

Minimum will be considered as working

moment capacity.

Ans: 296 k-in



Calculate the working moment capacity of the section given below. Assume fc’ = 30000 

psi and fy = 60000 psi.

Solution:
4 in

4 in

20 in

4 in 4 in

Here, 

d

𝐴𝑠

: 20 in

: (4 x 1) = 4 in2

𝐸𝑐

𝐸𝑠
n = =

29000000

57000 3000
≈ 9

k = ?

j = ?

4#9 bars



Calculate the working moment capacity of the section given below. Assume 

fc’ = 30000 psi and fy = 60000 psi.

Solution:
4 in

4 in

4 in 4 in

kd

𝑐 2
𝑄 = 12 × 𝑘𝑑 × 𝑘𝑑 − 4 × 4 (𝑘𝑑 −

4

2
)

𝑄 = 𝑛𝐴𝑇 𝑠𝑡 × (𝑑 − 𝑘𝑑)

At equilibrium,

𝑄𝑐 = 𝑄𝑇

2
12 × 𝑘𝑑 × 𝑘𝑑 − 4 × 4

4(𝑘𝑑 − ) = 𝑛𝐴
2 𝑠𝑡 × (𝑑 − 𝑘𝑑)

= (9 × 4) × (20 − 20𝑘)6 × (20𝑘)2−16 20𝑘 − 2

𝒌 = 𝟎.𝟒𝟓𝟖𝟓



Calculate the working moment capacity of the section given below. Assume 

fc’ = 30000 psi and fy = 60000 psi.

4 in

4 in

4 in 4 in

kd

Solution:
𝑘

3
𝑗 = 1 − = 0.847

𝑐 2
𝑀 = 𝑓𝑐 𝑘𝑗𝑏𝑑2 = 1258252 𝑙𝑏 − 𝑖𝑛 = 1258 k-in

𝑀𝑠 = 𝐴𝑠𝑓𝑠𝑗𝑑 = 1626240 lb-in = 1626 k-in

Minimum will be considered as working 

moment capacity.

Ans: 1626 k-in



Determine the moment capacity of the section given below. 

Assume fc’ = 3000 psi and fy = 60000 psi.

Solution:

Here, 

d : 20 in

: (2 x 1) = 2 in2𝐴𝑠

𝐸𝑐

𝐸𝑠
n = =

29000000

57000 3000
≈ 9

k = ?

j = ?

10 in

4 in

20 in

20 in

2#9 bars

2.5 in



Calculate the working moment capacity of the section given below. 

Assume fc’ = 3000 psi and fy = 60000 psi.

Solution:

𝑐 2
𝑄 = 10 × 𝑘𝑑 × 𝑘𝑑 − 20 × 4

4(𝑘𝑑 − )
2

𝑄 = 𝑛𝐴𝑇 𝑠𝑡 × (𝑑 − 𝑘𝑑)

At equilibrium,

𝑄𝑐 = 𝑄𝑇

2
10 × 𝑘𝑑 × 𝑘𝑑 − 20 × 4

4(𝑘𝑑 − ) = 𝑛𝐴
2 𝑠𝑡 × (𝑑 − 𝑘𝑑)

6 × (20𝑘)2−80 20𝑘 − 2

𝒌 = 𝟎.𝟐𝟏𝟕

= (9 × 2) × (20 − 20𝑘)

10 in

20 in

20 in

2#9 bars

4 in kd

2.5 in



Calculate the working moment capacity of the section given below. 

Assume fc’ = 3000 psi and fy = 60000 psi.

Solution:
𝑘

3
𝑗 = 1 − = 0.928

𝑐 2
𝑀 = 𝑓𝑐 𝑘𝑗𝑏𝑑2 = 543715 𝑙𝑏 − 𝑖𝑛 = 45.3 k-ft

𝑀𝑠 = 𝐴𝑠𝑓𝑠𝑗𝑑 = 890880 lb-in = 74 k-ft

Minimum will be considered as working 

moment capacity.

Ans: 45.3 k-ft

10 in

4 in

20 in

20 in

2#9 bars

2.5 in



Analysis of Singly Reinforced Beam 

(USD)

WEEK-04



Analysis 01: A simply supported rectangular beam has a total cross section of 12 in ×
20 𝑖𝑛. It is reinforced with 4#9 bars in one row. What is the nominal flexural strength and

what is the maximum moment that can be utilized in design.

Assume fc’ = 4000 psi and fy = 60000 psi.

Solution: 12 in

20 in17.5 in

Here,

b

h

d

𝐴𝑠

: 12 in

: 20 in

: (20-2.5) = 17.5 in

: (4 x 1) = 4 in2



A simply supported rectangular beam has a total cross section of 12 in × 20 𝑖𝑛. It is

reinforced with 4#9 bars in one row. What is the nominal flexural strength and what is the

maximum moment that can be utilized in design.

Assume fc’ = 4000 psi and fy = 60000 psi.

20 in17.5 in

12 in

Solution:

ρ =
𝐴𝑠

=
4

= 0.019
𝑏𝑑 12 × 17.5

ρ𝑏 = 0.85β1
𝑓′𝑐 𝗌𝑢

𝑓𝑦 𝗌𝑢 +𝗌𝑦

4000 0.003

0.003 + 29000000
60000

= 0.85 × 0.85 ×
60000

= 0.0289

Since 𝝆 < 𝝆𝒃, the beam section is under-reinforced.



A simply supported rectangular beam has a total cross section of 12 in × 20 𝑖𝑛. It is

reinforced with 4#9 bars in one row. What is the nominal flexural strength and what is the

maximum moment that can be utilized in design.

Assume fc’ = 4000 psi and fy = 60000 psi.

12 in

Solution:

20 in17.5 in

a =
𝐴𝑠𝑓𝑦 4 × 60000

0.85 × fc’ × 𝑏 0.85 × 4000 × 12
= = 5.88 𝑖𝑛

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑚𝑜𝑚𝑒𝑛𝑡,𝑀𝑛
𝑎

= 𝐴𝑠𝑓𝑦(d −
2

)

= 4 × 60000 × (17.5 −
5.88

2
)

= 3494400 𝑙𝑏 − 𝑖𝑛

= 𝟐𝟗𝟏 𝒌 − 𝒇𝒕 (Ans)



A simply supported rectangular beam has a total cross section of 12 in × 20 𝑖𝑛. It is

reinforced with 4#9 bars in one row. What is the nominal flexural strength and what is the

maximum moment that can be utilized in design.

Assume fc’ = 4000 psi and fy = 60000 psi.

12 in

Solution:

20 in17.5 in

𝑁𝑒𝑡 𝑡𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑎𝑖𝑛, 𝜀𝑡 = 𝜀𝑢
𝑑 − 𝑐

𝑐

= 0.003 ×
17.5 − 6.92

6.92
= 0.0046

1

𝑎 5.88
𝑐 =

β
=

0.85
= 6.92 𝑖𝑛

Φ = 0.483 + 83.3 × 𝜀𝑡= 0.87

𝑀𝑢 = Φ𝑀𝑛 = 0.87 × 291 = 𝟐𝟓𝟑 𝒌 − 𝒇𝒕 (Ans)



Analysis 02: A beam section is shown in figure below. Calculate nominal and ultimate 
moment. Assume fc’ = 3000 psi and fy = 60000 psi.

Solution:

Here,

12 in

18 in

6#9 bars

b

d

𝐴𝑠

: 12 in

: 18 in

: (6 x 1) = 6 in2

𝐴𝑠
ρ =

𝑏𝑑
=

6

12 × 18
= 0.0278



Solution:

𝑏ρ = 0.85β1
𝑓′𝑐 𝗌𝑢

𝑓𝑦 𝗌𝑢 +𝗌𝑦

3000 0.003

0.003 + 29000000
60000

= 0.85 × 0.85 ×
60000

= 0.0217

Since 𝝆 > 𝝆𝒃, the beam section is over-reinforced.

A beam section is shown in figure below. Calculate nominal and ultimate moment.
Assume fc’ = 3000 psi and fy = 60000 psi.

12 in

18 in



Solution:

𝐴𝑡 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚,

𝐶 = 𝑇

𝛼𝑓′𝑐𝑏𝑐 = 𝐴𝑠𝑓𝑠

0.85𝑓′𝑐β1𝑏𝑐 = 6 × 𝐸𝑢 × 𝜀𝑢
𝑑 − 𝑐
𝑐

24480× 𝑐 = 6 × 29000000 × 0.003 × 18−𝑐

𝑐

𝑐 = 11.46 𝑖𝑛
𝑎

β1
= 11.46

𝑎 = 11.46 × 0.85 = 9.74 𝑖𝑛

A beam section is shown in figure below. Calculate nominal and ultimate moment.
Assume fc’ = 3000 psi and fy = 60000 psi.

12 in

18 in



Solution:

𝑓𝑠 = 6 × 𝐸𝑢 × 𝜀𝑢
𝑑 − 𝑐
𝑐

= 6 × 29000000 × 0.003 × 18−11.46

11.46

= 49649.21 𝑝𝑠𝑖

A beam section is shown in figure below. Calculate nominal and ultimate moment.
Assume fc’ = 3000 psi and fy = 60000 psi.

12 in

18 in



Solution:

A beam section is shown in figure below. Calculate nominal and ultimate moment.
Assume fc’ = 3000 psi and fy = 60000 psi.

12 in

18 in

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑚𝑜𝑚𝑒𝑛𝑡,𝑀𝑛
𝑎

= 𝐴𝑠𝑓𝑠(d −
2

)

= 6 × 49649.21 × (18 −
9.74

2
)

= 3911364.76 𝑙𝑏 − 𝑖𝑛

= 𝟑𝟗𝟏 𝒌 − 𝒇𝒕 (Ans)



Solution:

A beam section is shown in figure below. Calculate nominal and ultimate moment.
Assume fc’ = 3000 psi and fy = 60000 psi.

12 in

18 in

𝑁𝑒𝑡 𝑡𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑎𝑖𝑛, 𝜀𝑡 = 𝜀𝑢
𝑑 − 𝑐

𝑐

= 0.003 ×
18 − 11.46

11.46
= 0.0017

1

𝑎 9.74
𝑐 =

β
=

0.85
= 11.46 𝑖𝑛

Since 𝜀𝑡 <0.002, Φ = 0.65

𝑀𝑢 = Φ𝑀𝑛 = 0.65 × 391 = 𝟐𝟓4 𝒌 − 𝒇𝒕 (Ans)



Design of Singly Reinforced Beam (WSD) 

WEEK-05























Design of Singly Reinforced Beam (USD) 

WEEK-06





















Design of Doubly Reinforced Beam (WSD)

WEEK-07

















Design of Doubly Reinforced Beam (USD) 

WEEK-08









Analysis of Doubly Reinforced Beam (USD) 

WEEK-09

































Analysis of Doubly Reinforced Beam (WSD) 

WEEK-10

























Design of One-Way Slab

WEEK 11-12

























































Shear Design Procedure according to ACI

WEEK-13







































Design of Stirrup

WEEK- 14



Q1: Design stirrup for the simply-supported beam as shown in Figure. Use #4 U stirrups. The supports are 12” wide, and 
the loads shown are service loads. Beam cross-section is shown in SECTION A-A.
Use fc’=3000 psi, and fyt = 40000 psi.

24’-0”

L= 24’-0” + 6” + 6” = 25’-0”

12” wide support

Service DL= 2.5 k/ft 
Service LL = 3.0 k/ft

30”

16”

d= 30” – (1.5 +4/8 +10/16)
= 27.375”

5-#10

#4U

SECTION A-A

A

A



Solution:



1. Draw Shear, Vu Diagram (Fig. 5)

Bean self weight, SW= [(30x16)/144] 0.15 = 0.5 k/ft

Wu = 1.2(D + SW) + 1.6 (L) = 1.2(2.5+0.5) + 1.6(3.0) = 8.4 k/ft

Reactions, RA = RB = Wu L /2 = 8.4 x 25 /2 = 105 kips

2. Calculate Vu at a distance d from the face of support; Vu @d = 105 – 8.4(27.375+6)/12 = 81.64 kips

3. On the Vu diagram, identify locations where (1) Shear Reinforcement required, (2) where shear 
reinforcement not required, (3) where shear carried by stirrups, φVs , and (4) where minimum shear 
reinforcement required (Shear carried by concrete, φVc ). [Note: SEE Fig. 5]

4. Calculate Vc = 2 fc’ (bw x d)= 2(1)(0.75)3000 x ( 16x27.375) /1000= 35.99 kips

 = 0.75;

 = 1 for normal weight concrete; 0.85 for sand-lightweight concrete; 0.75 for all lightweight concrete.

5. Calculate φVs = [Vu - φVc] = 81.64 – 35.99 = 45.65 kips

Check: If fc'. bw d < [Vs ], then SECTION SHOULD BE ENLARGED [STOP AT THIS STEP]

fc'. bw d < [Vs ] = 8(0.75) 3000 (16 x 27.375) /1000 = 143.94 kips > φVs

6. No Stirrups are needed if Vu < 0.5  Vc 81.64 > (0.5 x 35.99) YES, STIRRUPS REQUIRED



DESIGN STIRRUPS

7. Determine required spacing of vertical U stirrups based on φVs

Calculate theoretical stirrup spacing, S = φ Av x fy x d / [Vu - φVc] 

Use #4 U Stirrups:

S = 0.75 (2x0.2)(40)(27.5)/[45.65] = 7.2 in (CONTROLS)

S must satisfy

S  d/2  24 inch

S<= d/2=27.375/2 = 13.69 in 
S<= 24 in

If [Vu - Vc] > 4fc'. bw d Then S  d/4

{4fc'. bw d} = 144.6 /2 = 71.97 kips > 45.65 kips. Therefore, S<=d/4 Not Controls.

USE #4 U @ 7 in

8. Determine spacing of vertical U stirrups based on minimum shear reinforcement.

S is smaller of the two:
For #4U Stirrups

S = Av fy /[50 bw] = (2 x 0.2)(40000)/[50x 16] = 20 in

S = Av fy /[ 0.75fc' . bw] = (2x0.2)(40000)[0.75 x 3000 x 16] = 24.34 in

S must satisfy

S  d/2  24 inch
S=d/2 = 27.375/2 = 13.69 in (CONTROLS) USE #4 U @ 13.5 in O.C.

mailto:USE%234U@13.5inO.C


S=24 in

Shear reinforcement NOT required from the C.L. of the beam to a distance of = (0.5x36.35)/8.4 = 2.15 ft

Shear reinforcement required from support to a distance = 12.5 - 2.15 = 10.35 ft

Distance “X” from the support beyond which #4 @ 13.5 in O.C. stirrup spacing can be used. 

First find out for what Vu value will require #4 U @ 13.5 in

Vu = [φ Av x fy x d / S ] + φVc

Vu= 0.75 (2x0.2)(40)(27.375)/[13.5] + 36.35 = 60.32 kips

X = (Ra – Vu) /Wu = (105 – 60.32)/(8.4) = 5.32 in (Say 5.5 ft)

12.5 ft

C.L. Symmetry

5.5 ft 5.0 ft 2.0 ft

# 4 U @ 7 in O.C. # 4 U @ 13.5 in O.C. No Shear Renf.

required



Design of T-Beam

WEEK-15














