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Course Title SAFE (Foundation Design)

Course Code CE 0732-3202

Credits 01

CIE Marks 30

SEE Marks 20

Exam Hours 2 hours (Semester Final Exam)

Level 6th Semester
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COURSE CODE: CE 0732-2104 CREDIT:01

TOTAL MARKS:50

CIE MARKS: 30

Semester End Exam Hours   2 SEE MARKS: 20

SAFE (Foundation Design)

CLO 1 Understand concepts of Structural Design of Reinforced concrete members.

CLO 2 Analyze various structural components of building foundations (single/combined footing,

mat foundation and pile cap/pile foundation.

CLO 3 Develop intellectual communication skills through working in groups in performing in

different load assigning (dead, live, earthquake, wind etc.) and various Serviceability

limit Check.

CLO 4 Generate the detailing of various structural components of buildings and bridges.

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

1
Introduction to all Shortcuts, Introduction to Editing Command, Load and Structural 

frame assign
10 CLO1

2 Design of Single Column Footing 20 CLO3

3 Design of Combined Footing 20
CLO2, 

CLO4

4 Design of Mat Foundation 5
CLO1, 

CLO3

5 Design of Pile and Pile Cap 10 CLO1

6 Design of Group Pile 10 CLO3

7 Lab Test, Viva, Quiz, Overall Assessment, Skill Development Test (Competency) 10 CLO1

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. The American Society of Civil Engineers, code-7-05

5. User's Guide SAFE® 2016

6. SAFE User's Manual

7. Gazetted-BNBC-2020-Enhanced-file-published-by-Dr.-Khan-Mahmud-Amanat-Follow-Design-Integrity-for-Civil-Engg-info. 4



ASSESSMENT PATTERN

CIE- Continuous Internal Evaluation (30 Marks)

SEE- Semester End Examination (20 Marks)

Bloom’s Category Tests

Remember 05

Understand 07

Apply 08

Analyze 07

Evaluate 08

Create 05

SEE- Semester End Examination (40 Marks) (should be converted in actual marks (20))

Bloom’s Category Marks 

(out of 100)

Lab Final

(30)

Lab Report

(10)

Continuous lab 

performance

(30)

Presentation & 

Viva (10)

External Participation in 

Curricular/Final Project Exhibition

(10)

Imitation 05 05 02

Attendance

10

Manipulation 05 05 05 03

Precision 05 05

Articulation 05 05

Naturalisation 05 05 05

Create 05 05 05

CIE- Continuous Internal Evaluation (100 Marks) (should be converted in actual marks (30))
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Week Topic Teaching-Learning 

Strategy

Assessment 

Strategy

Corresponding 

CLOs

1 Basic introduction about SAFE software
Lecture, discussion, 

Experiment

Quiz, Lab Test
CLO1

2-3 Introduction to all Shortcuts and Editing Command
Oral Presentation, 

Project Exhibition

Lab Report

Assessment, viva
CLO3

4 Load Transferring Mechanism and, Load and

Structural frame assign

Presentation, Field 

visit

Skill Development

Test
CLO2, CLO4

5-7
Design of Single Column Footing

Lecture, discussion, 

Experiment, 

Demonstration

Quiz, Lab Test

CLO1, CLO3

8-10 Design of Combined Footing
Oral Presentation, 

Project Exhibition

Lab Report

Assessment, viva
CLO1

11-12 Design of Mat Foundation
Presentation, Field 

visit

Skill Development

Test
CLO3

13-14 Design of Pile and Pile Cap
Lecture, discussion, 

Experiment

Quiz, Lab Test
CLO2, CLO4

Couse plan specifying content, CLOs, teaching learning and assessment strategy mapped with CLOs
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Week Topic Teaching-Learning 

Strategy

Assessment 

Strategy

Corresponding 

CLOs

15-16 Design of Group Pile
Lecture, discussion, 

Experiment

Quiz, Lab Test
CLO1

17 Lab Test, Viva, Quiz, Overall Assessment, Skill 

Development Test (Competency)

Lecture, discussion, 

Experiment

Quiz, Lab Test
CLO2, CLO4

Couse plan specifying content, CLOs, teaching learning and assessment strategy mapped with CLOs
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Week 1
Pages 9-11

8

Basic introduction about SAFE software



SAFE SKILL TRANING

(FOUNDATION DESIGN)
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Training Outline

❖Basic Concept on SAFE Software

❖Single Column Footing Design by SAFE

❖Combined Footing Design by SAFE

❖Mat Foundation Design by SAFE

❖Design of Pile & Pile Cap by SAFE

❖Discussion on BNBC 2020/ASCE-7-05
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Introduction of SAFE Software

SAFE = Slab Analysis by the Finite Element Method.

Latest Version = SAFE V22.4

We Use SAFE 2016

This software is used for the design of slab and foundation of a

structure.
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Week 2
Pages 13-16

12

Introduction to all Shortcuts and Editing 

Command
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Week 3
Pages 17-23

17

Introduction to all Shortcuts and Editing 

Command
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Week 4
Pages 24-31

24

Load Transferring Mechanism



Load Transferring Mechanism of Building Structure

Load

Slab

Beam

Column

Footing
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Continue…
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Tributary Area of Column
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31
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Week 5-6
Pages 34-56

33

Design of Single Column Footing-I



Single Column Footing
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Skill Details:

● Understanding the design procedure of single column footing 

(hand calculation)

● Assigning the loads/structural frame

● Assigning area of footing according to soil test report

● Assigning grade of concrete and steel

● Run the model

● Checking the accuracy of results

● Detecting the problems and solving the error in cost-effective 

way (reducing or increasing the footing area/increasing 

concrete/steel grade)

● Detailing of the reinforcements
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Single Column Footing

Definition: Single Column footings are typically square, rectangular, or even a

geometric frustum block of concrete that carries the load of a single column or

pillar. The width of individual footings depends on the weight that will be carried

and the bearable capacity of the soil. It is also known as isolated or individual

footing.
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Design Consideration

Footing must be design to carry the column loads and transmit them to the soil

safely. The design procedure must take the following strength requirements into

consideration:

i. The area of the footing based on the allowable bearing soil capacity.

ii. One-way shear

iii. Two-way shear or punching shear

iv. Bending moment and steel reinforcement required

v. Bearing capacity of columns at their base and dowel requirements

vi. Development length of bars

vii. Differential settlement
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Size of Footing

Area of 𝐹𝑜𝑜𝑡𝑖𝑛𝑔 =
𝑇𝑜𝑡𝑎𝑙 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑜𝑎𝑑

𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑆𝑜𝑖𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒

Area =
𝑃 (𝐷𝑒𝑎𝑑+𝐿𝑖𝑣𝑒)

𝑞𝑎
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One-way Shear

The factored shearing force at the critical section

𝑉𝑢 = 𝑞𝑢𝑏(
𝐿

2
−
𝑐

2
− 𝑑)

Where,

𝑞𝑢 =
𝑃𝑢 (1.2𝐷𝐿 + 1.6𝐿𝐿)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔

The allowable shear force

∅𝑉𝑐 = 2∅𝜆 𝑓′𝑐𝑏𝑑

To avoid one-way shear failure of foundations,

the shearing force (𝑉𝑢) at the critical section of

footing should be less than the allowable shear

force (Ø𝑉𝑐) of concrete.

i.e., ∅𝑉𝑐 ≥ 𝑉𝑢

Fig.: One-way Shear Failure

Fig.: One-way Shear
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Two-way Shear

The factored shearing force at the critical section

𝑉𝑢 = 𝑃𝑢 − 𝑞𝑢(𝑐 + 𝑑)2 for square column

𝑉𝑢 = 𝑃𝑢 − 𝑞𝑢(𝑐1 + 𝑑)(𝑐2 + 𝑑)for rectangular column

Where,

𝑞𝑢 =
𝑃𝑢 (1.2𝐷𝐿 + 1.6𝐿𝐿)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔

The allowable shear force

∅𝑉𝑐 = 4∅𝜆 𝑓′𝑐𝑏0𝑑
Where,

𝑏0 = 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛
= 2𝑋( 𝑐 + 𝑑 + 𝑐 + 𝑑 )

To avoid two-way shear failure of foundations, the shearing

force (𝑉𝑢) at the critical section of footing should be less

than the allowable shear force (Ø𝑉𝑐) of concrete.

i.e., ∅𝑉𝑐 ≥ 𝑉𝑢

Fig.: Two-way Shear Failure

Fig.: Two-way Shear
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Flexural Strength and Footing Reinforcement

The bending moment at the critical section

𝑀𝑢 =
1

2
𝑞𝑢𝑏

𝐿

2
−
𝑐

2

2

Where,

𝑞𝑢 =
𝑃𝑢 (1.2𝐷𝐿 + 1.6𝐿𝐿)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔

For design,

𝑀𝑢 = ∅𝐴𝑠𝑓𝑦 𝑑 −
𝑎

2
Where,

𝑎 =
𝐴𝑠𝑓𝑦

0.85𝑓′𝑐𝑏

From this equation calculate the required area of

reinforcement.

Fig.: Bending Failure

Fig.: Critical Section of Bending
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Single Column Footing Under 

Loading Condition
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ETABS Model of a Building
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Reaction Load of Footing From 

ETABS Model

Fig.: Reaction for Service Load 

(DL+LL)

Fig.: Reaction for Factored Load 

(1.2DL+1.6LL)

P=272 kips

PU=347 kips
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Example

Data:

❖ Service Load = 272 kips

❖ Factored Load = 347 kips

❖ Allowable Bearing Capacity of Soil = 3.0 ksf

Solution:

Area of Footing:

Area of 𝐹𝑜𝑜𝑡𝑖𝑛𝑔 =
𝑇𝑜𝑡𝑎𝑙 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑜𝑎𝑑

𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑆𝑜𝑖𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒

=
272

3.0
= 90.67 ft2

Length of Footing = 90.67 = 9.52 ft ≈ 10 ft

Size of Footing = 10’-0” X 10’-0”

So, Area of footing = 100 ft2 > 90.67 ft2
45



Continue…

One-way Punching:

The factored shearing force at the critical section

𝑉𝑢 = 𝑞𝑢𝑏(
𝐿

2
−
𝑐

2
− 𝑑)

=𝑞𝑢𝑏(
𝐿

2
−

𝑐

2
− 𝑑)

=3.47 × 10 × (
10

2
−

15

2×12
−

15

12
)

=108.44 kips

The allowable shear force

∅𝑉𝑐 = 2∅𝜆 𝑓′𝑐𝑏𝑑

=2 × 0.75 × 1 × 3500 × (10 × 12) × 15
=159734 𝑙𝑏
=159.734 𝑘𝑖𝑝𝑠

Here, ∅𝑉𝑐 > 𝑉𝑢
So, d=15” is Ok.

𝑞𝑢 =
𝑃𝑢 (1.2𝐷𝐿 + 1.6𝐿𝐿)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔

=
347

100

=3.47 ksf > 3.0 ksf

b=10 ft

L=10 ft

Column Size= 15” X 15”

c=15”

Let, d = 15”
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Continue…

Two-way Punching:

The factored shearing force at the critical section

𝑉𝑢 = 𝑃𝑢 − 𝑞𝑢(𝑐 + 𝑑)2 for square column

=347 − 3.47 ×
15

12
+

15

12

2

=325.31 kips

The allowable shear force

∅𝑉𝑐 = 4∅𝜆 𝑓′𝑐𝑏0𝑑

=4 × 0.75 × 1 × 3500 × 120 × 15
=319468 𝑙𝑏
=319.468 𝑘𝑖𝑝𝑠

Here, ∅𝑉𝑐 < 𝑉𝑢
So, d=15” is Not Ok. Increase the effective thickness

of footing.

𝑞𝑢 =
𝑃𝑢 (1.2𝐷𝐿 + 1.6𝐿𝐿)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔

=
347

100

=3.47 ksf > 3.0 ksf

b=10 ft

L=10 ft

Column Size= 15” X 15”

c=15”

Let, d = 15”

b0= 4 X (15+15) = 120”
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Continue…

Two-way Punching:

The factored shearing force at the critical section

𝑉𝑢 = 𝑃𝑢 − 𝑞𝑢(𝑐 + 𝑑)2 for square column

=347 − 3.47 ×
15

12
+

17

12

2

=322.32 kips

The allowable shear force

∅𝑉𝑐 = 4∅𝜆 𝑓′𝑐𝑏0𝑑

=4 × 0.75 × 1 × 3500 × 128 × 17
=386201 𝑙𝑏
=386.201 𝑘𝑖𝑝𝑠

Here, ∅𝑉𝑐 > 𝑉𝑢
So, d=17” is Ok.

Total thickness of footing = 17+3 = 20” = 1’-8”

Now, Footing Dimension = 10’-0” X 10’-0” X 1’-8”

𝑞𝑢 =
𝑃𝑢 (1.2𝐷𝐿 + 1.6𝐿𝐿)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔

=
347

100

=3.47 ksf > 3.0 ksf

b=10 ft

L=10 ft

Column Size= 15” X 15”

c=15”

Let, d = 17”

b0= 4 X (15+17) = 128”
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Continue…

Reinforcement Design:

The bending moment at the critical section

𝑀𝑢 =
1

2
𝑞𝑢𝑏

𝐿

2
−
𝑐

2

2

=
1

2
× 3.47 × 10 ×

10

2
−

15

2×12

2

= 332.09 𝑘𝑖𝑝 − 𝑓𝑡
= 3985 𝑘𝑖𝑝 − 𝑖𝑛𝑐ℎ

Now,

𝑀𝑢 = ∅𝐴𝑠𝑓𝑦 𝑑 −
𝑎

2
Or,𝐴𝑠 =

𝑀𝑢

∅𝑓𝑦 𝑑−
𝑎

2

=
3985

0.9×60× 17−
1

2

(Say a=1)

= 4.47𝑖𝑛2

𝑞𝑢 =
𝑃𝑢 (1.2𝐷𝐿 + 1.6𝐿𝐿)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔

=
347

100

=3.47 ksf > 3.0 ksf

b=10 ft

L=10 ft

Column Size= 15” X 15”

c=15”

d=17”
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Continue…

Check 𝑎 =
𝐴𝑠𝑓𝑦

0.85𝑓′𝑐𝑏

=
4.47×60

0.85×3.5×(10×12)

= 0.693 < 𝑎
So do it again considering a =0.69

𝐴𝑠 =
𝑀𝑢

∅𝑓𝑦 𝑑 −
𝑎
2

=
3985

0.9×60× 17−
0.69

2

(Say a=0.69)

= 4.43𝑖𝑛2

Check 𝑎 =
𝐴𝑠𝑓𝑦

0.85𝑓′𝑐𝑏

=
4.43×60

0.85×3.5×(10×12)

= 0.687 ≈ 𝑎
So, As = 4.43 in2

𝑞𝑢 =
𝑃𝑢 (1.2𝐷𝐿 + 1.6𝐿𝐿)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔

=
347

100

=3.47 ksf > 3.0 ksf

b=10 ft

L=10 ft

Column Size= 15” X 15”

c=15”

d=17”
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Continue…

Minimum Area of Reinforcement:

𝐴𝑠 𝑆ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒 𝑆𝑡𝑒𝑒𝑙 = 0.0018𝑏𝐷
= 0.0018 × (10 × 12) × 20
= 4.32 𝑖𝑛2 < 4.43 𝑖𝑛2 Ok.

𝐴𝑠 𝐹𝑙𝑒𝑥𝑢𝑟𝑒 =
200

𝑓𝑦
𝑜𝑟

3 𝑓′𝑐
𝑓𝑦

𝑏𝐷

=
200

60000
𝑜𝑟

3 3500

60000
× (10 × 12) × 20

= 0.00333 𝑜𝑟 0.00295 × (10 × 12) × 20
= 7.992 𝑖𝑛2 > 4.43 𝑖𝑛2

So, Required area of reinforcement, As = 7.992 in2

Spacing of reinforcement =
𝑏𝑎𝑠

𝐴𝑠

=
10×12×0.31

7.992

= 4.65 𝑖𝑛
Provide 16mmØ @ 4.5 inch c/c.

𝑞𝑢 =
𝑃𝑢 (1.2𝐷𝐿 + 1.6𝐿𝐿)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑓𝑜𝑜𝑡𝑖𝑛𝑔

=
347

100

=3.47 ksf > 3.0 ksf

b=10 ft

L=10 ft

Column Size= 15” X 15”

c=15”

d=17”
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Detailing of Single Column Footing

52



Reaction Load of Footing From 

ETABS Model

Fig.: Reaction for Dead Load 

(DL)
Fig.: Reaction for Live Load

(LL)

PDL=222 kips

PLL=50 kips
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Single Column Footing Design With 

SAFE Software

Open SAFE software

Take a New Model

Select Design Code

Select Blank

Define Materials (Concrete & Rebar)

Define Slab Properties (Footing as Footing)

Define Slab Properties (Column as Stiff)

Define Soil Subgrade Properties 54



Define Load Pattern (Dead & Live Load)

Define Load Combination

Draw Footing & Column

Assign Soil Properties from Support Data in Footing

Assign Load in Column

Select Design Combination from Design Menu

Run Analysis & Design from Run Menu

Continue…

Draw Design Strip
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Check Displacement

Check Soil Pressure

Check Moment and Shear

Check Slab Design Value

Chose Rebar Size and Spacing

Continue…

Detailing of Footing
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Week 7
Pages 58-66

57

Design of Single Column Footing-II
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Design of Single Column Footing (video)



Week 8-9
Pages 68-75

67

Design of Combined Footing-I



Skill Details:

68

● Understanding the design procedure of combined column footing 

(hand calculation)

● Assigning the loads/structural frame

● Assigning area of footing according to soil test report

● Assigning grade of concrete and steel

● Run the model

● Checking the accuracy of results

● Detecting the problems and solving the error in cost-effective way 

(reducing or increasing the footing area/increasing concrete/steel 

grade)

● Detailing of the reinforcements



Combined Footing

Definition: A combined footing is a type of shallow foundation where a common

base is provided for two closely spaced columns.

Combined footing supports two or more column loads. These may be continuous

with rectangular or trapezoidal in plan. Need:

1) When the isolated footing overlaps.

2) When the exterior column is close to the property line such that isolated footing

cannot be provided.



Design Consideration

Same as individual Column Footing



Size of Footing

Area of 𝐹𝑜𝑜𝑡𝑖𝑛𝑔 =
𝑇𝑜𝑡𝑎𝑙 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑜𝑎𝑑

𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑆𝑜𝑖𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒

Area =
𝑃 (𝐷𝑒𝑎𝑑+𝐿𝑖𝑣𝑒)

𝑞𝑎



One-way and Two-way Shear

Fig.: Two-way Shear
Fig.: One-way Shear



Flexural Strength and Footing Reinforcement

Fig.: Critical Section of Bending



Combined Footing Under Loading Condition



Continue…



Week 10
Pages 77-81

76

Design of Combined Footing-II
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81

Design of Combined Footing and Mat Foundation (Video)



Week 11-12
Pages 82-90

82

Design of Mat foundation



Mat Foundation



Skill Details:

84

● Understanding the design procedure of Mat foundation (hand calculation)

● Assigning the loads/structural frame

● Assigning area of foundation according to soil test report

● Assigning grade of concrete and steel

● Run the model

● Checking the accuracy of results

● Detecting the problems and solving the error in cost-effective way 

(reducing or increasing the footing area/increasing concrete/steel grade)

● Detailing of the reinforcements
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Week 13-14
Pages 92-105

91

Design of Pile foundation and pile cap



Skill Details:

92

● Understanding the design procedure of pile foundation (hand 

calculation)

● Assigning the loads/structural frame

● Assigning area of foundation according to soil test report

● Assigning grade of concrete and steel

● Run the model

● Checking the accuracy of results

● Detecting the problems and solving the error in cost-effective 

way (reducing or increasing the footing area/increasing 

concrete/steel grade)

● Detailing of the reinforcements



Introduction

A pile is a slender structural member made of concrete, steel, wood or composite 

material.

A pile is either driven into the soil or formed in-site by excavating a hole and filling it 

with concrete.



General Information

❖ The maximum length/diameter ratio should not exceed 50 for a single segmental 

pile.

❖ If the skin friction is greater than about 80% of the end bearing load capacity, the 

pile is deemed a friction pile and, if the reverse, an end bearing pile.

❖ If the end bearing is neglected, the pile is called a “floating pile”.

❖ The minimum center-to-center pile spacing of 2.5B is recommended. 

❖ The tops of all piles shall be embedded not less than 75 mm into pile caps and the 

cap shall extend at least 100 mm beyond the edge of all piles.

❖ For bored pile all shafts should be sized in 50 mm increments with a minimum shaft 

diameter of 400 mm.



Number of Pile Calculation

𝑁𝑜𝑠 𝑜𝑓 𝑃𝑖𝑙𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑜𝑎𝑑

𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑐𝑎𝑝𝑐𝑖𝑡𝑦 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑝𝑖𝑙𝑒



Point Spring Constant of Pile

𝑃𝑜𝑖𝑛𝑡 𝑆𝑝𝑟𝑖𝑛𝑔 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 =
𝐸𝐴

𝐿

Where, E = Modulus of Elasticity of Concrete

A= Area of Pile

L= Length of Pile



Example-1

Data:

• Column Size 21”X28”

• Dead Load= 467 kips

• Live Load= 137 kips

• Capacity of each pile 200 kips with factor of safety (FS)=3.0

• Pile length 90 ft

• Pile diameter 20 inch

• Compressive strength of concrete, f’c = 3500 psi

• Grade of rebar= 60 Grade



Example

Solution:

𝑁𝑜𝑠 𝑜𝑓 𝑃𝑖𝑙𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑜𝑎𝑑

𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑐𝑎𝑝𝑐𝑖𝑡𝑦 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑝𝑖𝑙𝑒

=
467+137 𝑋1.1

200

= 3.32
≈ 4

𝑃𝑜𝑖𝑛𝑡 𝑆𝑝𝑟𝑖𝑛𝑔 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 =
𝐸𝐴

𝐿

=
57000× 3500×

𝜋×202

4

90×12

= 980.923 𝑘𝑖𝑝/𝑖𝑛𝑐ℎ



Example-2

Data:

• Column Size 21”X23”

• Dead Load= 327 kips

• Live Load= 138 kips

• Capacity of each pile 200 kips with factor of safety (FS)=3.0

• Pile length 90 ft

• Compressive strength of concrete, f’c = 3500 psi

• Grade of rebar= 60 Grade



Example

Solution:

𝑁𝑜𝑠 𝑜𝑓 𝑃𝑖𝑙𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑜𝑎𝑑

𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑐𝑎𝑝𝑐𝑖𝑡𝑦 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑝𝑖𝑙𝑒

=
327+138 𝑋1.1

200

= 2.55
≈ 3

𝑃𝑜𝑖𝑛𝑡 𝑆𝑝𝑟𝑖𝑛𝑔 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 =
𝐸𝐴

𝐿

=
57000× 3500×

𝜋×202

4

90×12

= 980.923 𝑘𝑖𝑝/𝑖𝑛𝑐ℎ



Pile Foundation Design With SAFE Software

Open SAFE software

Take a New Model

Select Design Code

Select Blank

Define Materials (Concrete & Rebar)

Define Slab Properties (Pile & Pile cap as Mat)

Define Slab Properties (Column as Stiff)

Define Point Spring Properties



Define Load Pattern (Dead & Live Load)

Define Load Combination

Draw Pile Cap, Pile & Column

Assign Point Spring Properties from Support Data in Pile

Assign Load in Column

Select Design Combination from Design Menu

Run Analysis & Design from Run Menu

Continue…

Draw Design Strip



Check Punching

Check Point Reaction

Check Moment and Shear

Check Slab Design Value

Chose Rebar Size and Spacing

Continue…

Detailing of Pile Cap



104

Design of pile foundation (Video)



Week 15-16
Pages 106-122

105

Design of Group Pile



106



107



108



109



110



111



112



113



114



115



116



117



118



119



120



121



122

RESULT:-

• Pile Cap is Designed for Square column of size 600mm x 600 mm

• We have to provide pile cap Size as 3.1m x 1.85m

• Bearing soil pressure is checked and found to be safe

• Punching shear ratio is check and found to be safe



Week 17

123

Review and Problem solving class



Thank you

Questions?


