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BASIC COURSE

INFORMATION

Course Title

Course Code

CE 0732-3202

Credits 01

CIE Marks 30

SEE Marks 20

Exam Hours 2 hours (Semester Final Exam)
Level 6th Semester




SAFE (Foundation Design)

UNVERSITY OF GLOBAL VLLAGE COURSE CODE: CE 0732-2104

Semester End Exam Hours 2

Course Learning Outcomes (CLOs): After co

Understand concepts of S

mat foundation




SL Content of Course Hrs CLOs
Introduction to all Shortcuts, Introduction to Editing Command, Load and Structural

1 : 10 CLO1

frame assign

2 | Design of Single Column Footing 20 CLO3

: : : CLO2,

3 | Design of Combined Footing 20 cLOA

. . CLO1,

4 | Design of Mat Foundation 5 CLO3

5 | Design of Pile and Pile Cap 10 CLO1

6 | Design of Group Pile 10 CLOs3

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.




ASSESSMENT PATTERN

CIE- Continuous Internal Evaluation (30 Marks)

SEE- Semester End Examination (20 Marks)

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

Bloom’s Category Tests

Remember 05

Understand 07

Apply 08

Analyze 07

Evaluate 08

Create 05

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

Bloom’s Category Marks Lab Final | Lab Report| Continuous lab | Presentation & External Participation in

(out of 100) (30) (10) performance Viva (10) Curricular/Final Project Exhibition
(30) (10)

Imitation 05 05 02
Manipulation 05 05 05 03
Precision 05 05 Attendance
Articulation 05 05 10
Naturalisation 05 05 05
Create 05 05 05




Couse plan specifying content, CLOs, teaching learning and assessment strategy mapped with CLOs

Week Topic Teaching-Learning Assessment Corresponding
Strategy Strategy CLOs
1 Basic introduction about SAFE software Lectur_e, discussion, | Quiz, Lab Test CLO1
EXxperiment
2-3 | Introduction to all Shortcuts and Editing Command Oral Presentation, Lab Report CLO3
Project Exhibition Assessment, viva
A Load Transferrlng_ Mechanism and, Load and P_re_sentatlon, Field Skill  Development CLO2. CLO4
Structural frame assign visit Test
5.7 Lecture, discussion, | Quiz, Lab Test
Design of Single Column Footing Experiment, CLO1, CLO3
Demonstration
8-10 | Design of Combined Footing Oral Presentation, Lab Report CLO1

Project Exhibition

Assessment, viva

Presentation, Field

Skill  Development




Couse plan specifying content, CLOs, teaching learning and assessment strategy mapped with CLOs

Week Topic Teaching-Learning Assessment Corresponding
Strategy Strategy CLOs
15-16 | Design of Group Pile Lectur_e, discussion, | Quiz, Lab Test CLOL
EXxperiment
17 |Lab Test, Viva, Quiz, Overall Assessment, Skill Lectur_e, discussion, | Quiz, Lab Test CLO2. CLO4
Development Test (Competency) Experiment




Basic introduction about SAFE software

Week 1
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SAFE SKILL TRANING
(FOUNDATION DESIGN)

IﬂFE 20




Training Outline

¢ Basic Concept on SAFE Software

¢ Single Column Footing Design by SAFE
s Combined Footing Design by SAFE

*» Mat Foundation Design by SAFE

¢ Design of Pile & Pile Cap by SAFE

¢ Discussion on BNBC 2020/ASCE-7-05




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.




Introduction to all Shortcuts and Editing
Command

Week 2

Pages 13-16




E SAFE [TRIAL LICENSE - NOT FOR COMMERCIAL USE] E Model Initialization %
File Edit View Define Draw Select Assign Analyze D

L H2a 7l aee®aq|W: Initialization Options

m (O use Saved User Default Settings o

k (O Use Settings from a Model File... (i)
- B

% f n FE (® Use Buil-in Settings With:

N\ Display Units Metric S| v @
[_] B Region for Default Materials India v
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= Steel Design Code AISC 360-16 v @
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New Mode! Quick Templates X

Gt Dmensions (Pan) Story Dimensions
Usiform Grid Spacng O
Number of Gad Lines in X Drection 4 ] ,
[ — Story Hegft Above E m
Number of Gad Lines n Y Drection ! Sy Haght Bikow [3 ]m
Spacing of Grids i X Drection 8 im
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O CustomGra Spacny O Ede Cind Dt Name of Story Below |Baze 1




B Structural Geometry and Properties for Single Footing X
Single Footing
Overhangs Load
Along X Direction Dead Load Pattem o_.:d <]
Left Edge Distance 2 | m Vertical Load, P (Dead) 1666.5 | kN
Right Edge Distance 2 | m Moment, Mx (Dead) fo | kNem
Py Moment, My (Dead) lo | kNem
Top Edge Distance 12 | m Live Load Pattem [Gve 7
Bottom E# Distance lz ] m Vertical Load, P am) [666.5 ] kN
= Moment, Mx (Live) o | kNem
Structural em me
Moment. My (Live) [ | kNm
Footing Slab Thickness |800 | mm
Subgrade Moduus (18000 | kN/m/m Load Size (square) |s0d e
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Introduction to all Shortcuts and Editing
Command

Week 3

Pages 17-23




B Material Property Data X
General Data
B Define Materials X )
Material Name [m25 |
Material Type Concrete v
Materials Click to: -
Directional Symmetry Type | |sotropic v |
4000Psi Add New Material Material Display Color
AB15Gr60 Bl o |
A416Gr270 Add Copy of Material._ Material Notes | Modfy/Show Notes.. |
AS92Fy50 |
Modify/Show Material... Material Weight and M
HYSD500 [ ) it and Hass
Delete Materia @® Specify Weight Density O Specify Mass Density
Weight per Unit Volume 5 kv
Mass per Unit Volume 254529 kg/m?
Mechanical Property Data
Modulus of Blasticity, E MPa
Poisson’s Ratio, U
Cancel Coefficient of Thermal Expansion, A 0.000013 1/C
Shear Modulus, G 10416.67 MPa
Design Property Data
: ) | Modfy/Show Material Property Design Data... |
Advanced Material Property Data

Modulus of Rupture for Cracked Deflections
{® Program Default (Based on Concrete Slab Design Code)
(O) User Specified




E Material Property Data

General Data

Material Name |HYsDS00 |

Material Type ‘Rebar v/

Directional Symmetry Type |U1a:ual

e Doy o I owee.

Material Notes ‘ Modify/Show Notes ‘
Material Weight and Mass

® Specify Weight Density (O Specify Mass Density

Weight per Unit Volume [77 | kN/m?

Mass per Unit Volume 7851.815 kg/m?
Mechanical Property Data

Modulus of Blasticity, E | 200000 | MPa

Coefficient of Themal Expansion, A [0.0000117 [1/C
Design Property Data

| Modify/Show Material Property Design Data... |

Advanced Material Property Data

Time Dependent Properties...

E Material Property Design Data

Material Name and Type
Material Name
Material Type
Grade

Design Properties for Rebar Materials
Minimum Yield Strength, Fy
Minimum Tensile Strength, Fu
Expected Yield Strength, Fye
Expected Tensile Strength, Fue

'HYSD500

' Rebar, Uniaxial

HYSD Grade 500

545

599.5

MPa
MPa
MPa
MPa




B SAFE Post Tensioning 20.3.0 - (Untitled) [TRIAL LICENSE - NOT FOR COMMERCIAL USE]

File Edit View | Define | Draw Select Assign Analyze Display Design Detailing Options Tools Help
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BVHKE
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Model Display |

"‘ 5 Model ' “i Spring Properties

‘ Group Definitions...
\ & Wi |
ﬂ - Properties Section Cuts...
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Shell Uniform Load Sets...

Load Cases...
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Table Named Sets...

#  Frame Sections...
@  Tendon Sections..

@& Deck Sections...
ﬂ Wall Sections...

\\ Reinforcing Bar Sizes...

EEEC @RI COD XKD
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B Slab Property Data

General Data
Praperty Name [Mari |
Slab Material 4000Psi v|[ ]
Motional Size Data . Modify/Show Notional Size...
Modeling Type 'ShekThin v
Modfiers (Cumently Defaut) | Modfy/Show.. |
Property Notes | Modify/Show... |
Property Data
Type Mat o ‘
Thickness 300 ]mrn
[ Orthotropic
0K | Cancel




& sAFE Post Tensioning 20.3.0 - (Untitled) [TRIAL LICENSE - NOT FOR COMMERCIAL USE] K siab property Data X
File Edit View | Define | Draw Select Assign Analyze Display Design Detailing Options Tools Help

D ‘, ﬂ <) E Material Properties... .: 22 13dPlR e nd D &9 ’ 5 W i)~ e
[ ModelEx¢ [B, Section Properti i e = |
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RCY - Properties B} Section Cuts... @ Deck Sections... Modfiers (Currently Defaut) | Modfy/Show... |
L @ Structural . -
{-} &G B Mas Soirce.. ﬂ Wall Sections... ﬁ Display Calor |- :
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E Slab Property Data

General Data
Property Name
Slab Material
Notional Size Data
Modeling Type
Modffiers (Currently Default)
Display Color
Property Notes

Property Data
Type
Thickness

| Stiff1 |

| Modfy/Show Notional Size...

ShedThin v

| Mody/Show. . |

| Mody/Show |

Suff v|
[eog | mm

E Slab Properties

Slab Property

MAT
Suff1

Click to:

Add Copy of Property...

Modify/Show Property...

Delete Property

OK
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oad Transferring Mechanism

Week 4
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| oad Transferring Mechanism of Building Structure
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K Load Combination Data > ‘

General Data E Load Combinations >

Load Combination Name | Comb2 |

Combination Type |LmA:H v| Combinations Click to:

Futo Combination MNo Add Copy of Combo...
Define Combination of Load Case/Combo Results | Modify/Show Combo...
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H concrete siab Design Preferences - IS 456:2000 X F

bem Doscrioti
Factors Min. Coverfor Slabs  Min. Coverfor Beams P/T Stress Check PSR S (B meies e
fem Value

Non-Prestressed Reinforcement:

Clear Cover Top, mm 50

Clear Cover Bottom, mm 50

Prefemed Bar Size 12

Inner Slab Rebar Layer Layer B

Post Tensioning

CGS of Tendon Top, mm 25

CGS of Tendon for Bottom of Exterior Bay, mm 40

CGS of Tendon for Bottom of Interior Bay, mm 25

Minimum Reinforcement

Slab Type for Minimum Reinforcing Two Way

Explanation of Color Coding for Values
Blue: Default Value

Black: Not a Default Value

Design Code |l5455;m v| Red: Value that has changed during
the current session

Set To Default Values Reset To Previous Values

Altems | | [ Atows | | cumentTab




Design of Single Column Footing-|

Week 5-6
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Single Column Footing




SKill Detalls:

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




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.




Design Consideration

Footing must be design to carry the column loads and transmit them to the soll
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.
Il.  One-way shear

lll. 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




Size of Footing

Total Service Load

Area of Footing =
g Allowable Soil Pressure

P (Dead+Live
) Area = ( )
da




One-way Shear

The factored shearing force at the critical section

L ¢
Vu=Qub(§_§_d)

Where,

Pu (1.2DL + 1.6LL)
qu =

Area of footing

The allowable shear force

oV, = 204/ .bd

To avoid one-way shear failure of foundations,
the shearing force (V;,) at the critical section of
footing should be less than the allowable shear :

force (@V,) of concrete. Fig.: One-way ST,
e, OV, =V,




Two-way Shear

The factored shearing force at the critical section
V., = P, — q,(c + d)?* for square column
V, =B, — q,(c; + d)(c, + d)for rectangular column

Where,

Pu (1.2DL + 1.6LL)
qu =

Area of footing

The allowable shear force
OV, = 4@A/ f'cbod
Where,

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

To avoid two-way shear failure of foundations, the shearing
force (I7,) at the critical section of footing should be less
than the allowable shear force (@V.) of concrete.

Le., OV, =V,

— . o —l— ——— —p— — — —

Critical section

il
I

I

|
|
|
|
l

Fig.: Two-way Shear

40




Flexural Strength and Footing Reinforcement

The bending moment at the critical section o
. i

o _1 b(L C)
u=%P\77 7 S

Where,

Pu (1.2DL + 1.6LL)
qu =

i

ﬁls.n

Area of footing

For design,

a
My = 04sf, (d - 5)
Where,
i Asfy
~ 0.85f'.b -

Fig.: Critical Section of Bending

Fig.: Bendin

a

From this equation calculate the required area of
reinforcement. ¥



Single Column Footing Under
_oading Condition
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ETABS Model of a Building




Reaction Load of Footing From
ETABS Model

P P T P P P
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Fig.: Reaction for Service Load Fig.: Reaction for Factored Lo
(DL+LL) (1.2DL+1.6LL)



Example

Data:

¢ Service Load = 272 Kips

¢ Factored Load = 347 Kips

* Allowable Bearing Capacity of Soil = 3.0 ksf

Solution:
Area of Footing:

Total Service Load
Allowable Soil Pressure

Area of Footing =

— 272 - 90.67 ft2
3.0

Length of Footing =v90.67 = 9.52 ft = 10 ft

Size of Footing = 10’-0” X 10°-0”
So, Area of footing = 100 ft? > 90.67 ft?




Continue...

One-way Punching: _ Pu(1.2DL + 1.6LL)
The factored shearing force at the critical section W= preao f footing
L ¢ _ 347
Vi = qubGG =5 — ) = 100
i b(£ _Z =3.47 kst > 3.0 ksf
i : ; 10 15 15 b=10 1t
=347X10X(7—m—5) =10 ft -
=108.44 Kips Column Size= 15" X 15”
c=15”
The allowable shear force Let,d=15”

OV, = 204/ f.bd
=2 X 0.75 x 1 xv/3500 x (10 x 12) x 15
=159734 Ib
=159.734 kips

Here, @V, > 1,
So, d=15"is Ok.




Continue...

Two-way Punching: _ Pu(1.2DL + 1.6LL)
The factored shearing force at the critical section =" reao f footing
V, =P,—qy,(c+ d)? forsquare column _ 347
15 15 2 100
=347 - 347 x (S + T) =3.47 ksf > 3.0 ksf
=325.31 kips b=10 ft
L=10 ft
Column Size= 15" X 15”
The allowable shear force c=15"
OV, = 40A/ [ -byd
‘ Febo Let, d = 15

=4 x 0.75 X 1 x+v3500 x 120 x 15
=319468 lb
=319.468 kips

b,= 4 X (15+15) = 120”

Here, OV, < Vj,
So, d=15" Is Not OK. Increase the effective thickness
of footing.




Continue...

Two-way Punching: _ Pu(1.2DL + 1.6LL)
The factored shearing force at the critical section =" reao f footing
V, =P,—qy,(c+ d)? forsquare column _ 347
15 17 2 100
=347 — 347 x (= + 20) =3.47 ksf > 3.0 ksf
=322.32 kips b=10 ft
L=10 ft
The allowable shear force Column Size= 15" X 157
OV, = 402/ f .bod =
=4 x 0.75 X 1 x V3500 x 128 x 17 .,
Let,d =17

=386201 lb & .
=386.201 kips by=4 X (15+17) = 128
Here, @V, > 1,

So, d=17"is OKk.

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

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




Continue...

Reinforcement Design:
The bending moment at the critical section

I _1 b(L C)Z
1
:—><3.47><10><(
2

= 332.09 kip — ft
= 3985 kip — inch

10 15 )2
2 2x12

Now,
a
M, = BAf, (d - E)
Ord. = —u
' 0fy(d-3)
3985

0 (Say a=1)

0.9><60><(17— >
= 4.47in?

_ Pu(1.2DL + 1.6LL)

= rea of footing
_ 2av

"~ 100

=3.47 ksf > 3.0 ksf
b=10 ft
=10 ft
Column Size= 157 X 15”
c=15"
d=17"




Continue...

Asfy

0.85f7:b
4.47x60

a 0.85%3.5%X(10x12)
=0.693<a

So do it again considering a =0.69

Check a =

= Mu
of (4~ 3)

N 3985
B 0.9><60><(17— Ozﬂ)

As

(Say a=0.69)

0.85f7:b
4.43X60

a 0.85%3.5X(10x12)
= 0.687 = a
So, As = 4.43 in?

_ Pu(1.2DL + 1.6LL)

= rea of footing
_ 2av

"~ 100

=3.47 ksf > 3.0 ksf
b=10 ft
=10 ft
Column Size= 157 X 15”
c=15"
d=17"




Continue...

Minimum Area of Reinforcement:
A (Shrinkage Steel) = 0.0018bD
= 0.0018 x (10 x 12) x 20
= 4.32 in? < 4.43 in? OKk.
200

A (Flexure) = | — or 3m bD
Iy fy

= ( 20 o 3V35°°) x (10 X 12) x 20
60000 60000

= (0.00333 or 0.00295) x (10 x 12) x 20
= 7.992 in® > 4.43 in*

So, Required area of reinforcement, As = 7.992 in?

bag

Spacing of reinforcement = y

B 105(12)(0.31

~ 7.992

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

_ Pu(1.2DL + 1.6LL)

T = " rea of footing
B s/

100
=3.47 ksf > 3.0 ksf

b=10 ft
L=10 ft
Column Size= 157 X 15”
c=15"
d=17”




Detailing of Single Column Footing

_+__

1 PL.
%
1 E.GL. // e

16mm@ @ 4.5" c/c

10mm@@5"c/c{ UP TO PL)

16mm3d @ 4.5" cic

—16mm@ @ 4.5" c/c
,—16mmﬂ 4.5" ¢fc

L % -
18 18 } 20"
PLAN OF FOOTING e o & & o o o o o Vs (e e
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L3" CC
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Reaction Load of Footing From
ETABS Model

14 28 12 i 28 a2
Fz=117] [Fz=157| [Fz=116| Fz=14| [Fz=24] [Fz=14|
I b kb

[Fz=108| [Fz=164] [Fz=145| Fz=17| [Fz=37| [Fz=24|

PpoL=222 kips
P, =50 Kkips

i 2l
Fz=110] [Fz=152]

o 2
[Fz=20| [Fz=38|

€is b6
& s [Fz=195 3 o [Fz=37
[Fz=153] [Fz =208 [Fz = 50|
¥ i e ¥ 8 3
Fz=149| [Fz=222| |Fz = 166| Fz=23| |Fz=50| [Fz=30|
3 5 a0 3 6 30
Fz=115| [Fz=154| |Fz = 118| Fz=14| |Fz=25| [Fz=15]|
. ; 53
Fig.: Reaction for Dead Load Fig.: Reaction for Live L

(DL) (LL)



Single Column Footing Design With
SAFE Software

Open SAFE software

G

Take a New Model

G

Select Design Code

G

Select Blank

G

Define Materials (Concrete & Rebar)

G

Define Slab Properties (Footing as Footing)

G

Define Slab Properties (Column as Stiff)

G

Define Soil Subgrade Properties

Qo

%




Continue...

Define Load Pattern (Dead & Live Load)

b 4

Define Load Combination

b 4

Draw Footing & Column

G

Assign Soil Properties from Support Data in Footing

G

Assign Load in Column

G

Draw Design Strip

G

Select Design Combination from Design Menu

G

Run Analysis & Design from Run Menu

%




Continue...

Check Displacement

¢

Check Soil Pressure

¢

Check Moment and Shear

¢

Check Slab Design Value

%

Chose Rebar Size and Spacing




Design of Single Column Footing-11

Week 7

Pages 58-66
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Design of Combined Footing-I

Week 8-9

Pages 68-75




SKill Detalls:

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. //

HECMWUJUI' \

Figure Combined footings.




Design Consideration

Same as individual Column Footing




Size of Footing

Total Service Load

Area of Footing =
g Allowable Soil Pressure

P (Dead+Live
) Area = ( )
da




One-way and Two-way Shear

; deays sued g3 | m

ELEVATION

Critical plana shaar

Ciz
i
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i
i
i
!
[}
1

Footing

PLAN

ELEVATION

Critical plane shear

L

Fig.: One-way Shear

Fig.: Two-way




Flexural Strength and Footing Reinforcement

PLAN

Critical moment section
| Column I |

Fig.: Critical Section of Bending




Combined Footing Under Loading Condition
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Design of Combined Footing-11

Week 10

Pages 77-81
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Design of Mat foundation

Week 11-12

Pages 82-90




Mat Foundation




SKill Detalls:

. 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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Design of Pile foundation and pile cap

Week 13-14

Pages 92-105




SKill Detalls:

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

Total Service Load

N Pile =
R ile Allowable capcity of each pile




Point Spring Constant of Pile

_ EA
Point Spring Constant = T

Where, E = Modulus of Elasticity of Concrete
A= Area of Pile
L= Length of Pile




Example-1

Data:

e Column Size 217X28”

» 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, £*, = 3500 psi

» Grade of rebar= 60 Grade




Example

Solution:
N Pile — Total Service Load
R e = Allowable capcity of each pile
_ (467+137)X1.1
B 200
= 3.32
=~ 4
. . EA
Point Spring Constant = T
57000x+/3500x 222"

90x12

= 980.923 kip/inch




Example-2

Data:

e Column Size 217°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, £*, = 3500 psi

» Grade of rebar= 60 Grade




Example

Solution:
N Pile — Total Service Load
o5 O I Allowable capcity of each pile
_ (327+138)X1.1
B 200
= 2.55
~ 3
. . EA
Point Spring Constant = =
57000x+/3500x 222"

90x12

= 980.923 kip/inch




Pile Foundation Design With SAFE Software

Open SAFE software

G

Take a New Model

G

Select Design Code

G

Select Blank

G

Define Materials (Concrete & Rebar)

G

Define Slab Properties (Pile & Pile cap as Mat)

G

Define Slab Properties (Column as Stiff)

G

Define Point Spring Properties

o

%



Continue...

Define Load Pattern (Dead & Live Load)

G

Define Load Combination

G

Draw Pile Cap, Pile & Column

G

Assign Point Spring Properties from Support Data in Pile

G

Assign Load in Column

G

Draw Design Strip

G

Select Design Combination from Design Menu

G

Run Analysis & Design from Run Menu

%




Continue...

Check Punching

¢

Check Point Reaction

¢

Check Moment and Shear

¢

Check Slab Design Value

%

Chose Rebar Size and Spacing
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Design of Group Pile

Week 15-16

Pages 106-122




E SAFE [TRIAL LICENSE - NOT FOR COMMERCIAL USE]
File Edit View Define Draw Select Assign Analyze

L H2a Z»rdllgeeaaq|d
k—l o |

° SJAFE

L[| NewMogel

Y ‘, Open Existing Model

RECENT MODELS

] Model Initialization

(O) Use Saved User Default Settings
() Use Settings from a Model File...
© Use Buitt-in Settings With:
Display Units
Region for Default Matenals
Steel Section Database
Steel Design Code
Concrete Design Code

OK

(i

i
Metric Si v O
India v @
Indian v
AISC 360-16 v O
IS 456:2000 v O

Cancel
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Edit  View
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A

IMI

o d

EIC0D

\ |
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A
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Q)

| Model Ex

Model Display
- Model
@- Project

Define | Draw Select Assign Analyze Display
> | ."l o
: 'J . ¢

vD
vE

Goed

100
1SE

D+L
+E

Section Properties
Spring Properties
Group Definitions...
Section Cuts...

Mass Source...

Load Patterns...
Shell Uniform Load Sets...

Load Cases...

Load Combinations...

Table Named Sets...
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File

L& H 2

Des
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E Define Materials

Click to:

Add New Material...

Add Copy of Materal...
Modify/Show Matesial...

Delete Matera

OK

Cancel

E Material Property Data

General Data
Material Name M25
Material Type Concrete v
Directional Symmetry Type |sotropic w
Material Display Color e Change...
Material Notes Modify/Show Notes...

Material Weight and Mass

© Specify Weight Density O Specify Mass Density
Weight per Unit Volume 24.9926 kN/m?
Mass per Unit Volume 2548538 kg/m?

Mechanical Property Data

Modulus of Hasticity, E 25000 MPa
Poisson’s Ratio, U 0.2
Coefficient of Thermal Expansion. A 0.000013 1/C
Shear Modulus, G |1'D41E.G? MPa
Design Property Data
Modify/Show Material Property Design Data...

Advanced Material Property Data
Time Dependent Properties...

Modulus of Rupture for Cracked Deflections

© Program Default (Based on Concrete Slab Design Code)
() User Specified




E Material Property Data X

| E Add New Material Property X
General Data
Material Name HysDso0
Reglon N Material Type Rebar v
Material Type Rebar v Directional Symmetry Type | Uniaxial
Standard Indian v Material Display Color - Change...
Grade HYSD Grade 500 v Material Notes Modify/Show Notes. ..
Material Weight and Mass
0K Cancel © Specfy Weight Density O Specify Mass Density
Weight per Unit Volume 76.9729 kN/m?
e ——— Mass per Unit Volume | 7845.047 kg/m?
Mechanical Property Data
Modulus of Basticity, E 200000 MPa
Coefficient of Thermal Expansion, A 0.0000117 1/C

Design Property Data
Modify/Show Matenal Property Design Data...

Advanced Material Property Data

Time Dependent Properties




E SAFE Post Tensioning 20.3.0 - (Untitled) [TRIAL LICENSE - NOT FOR COMMERCIAL USE]

File Edit View | Define | Draw Select Assign Analyze Display Design Detailing Options  Tools
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“"__[ Model Ex B Section Properties ¥  Frame Sections... g
—.| Model Display

i i Tendon Sections...

“‘ 5 Model {4} Spring Properties @
N gs ‘ Group Definitions... |
Q ®- m Section Cuts... @ Deck Sections...
= & ﬂ Wall Sections
(71 @-Goups | @7  Mass Source...
g - Loads e ;
ﬁ & Named O ¥9  Load Pattems.. \\ Reinforcing Bar Sizes...
Pa Gy Shell Uniform Load Sets...

198 Load Cases...

Ot Load Combinations...

B

Table Named Sets...

EECREILD

B siab properties

Slab Property

Footing
Fie Cap
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EJ sAFE Post Tensioning 20.3.0 - (Untitled) [TRIAL LICENSE - NOT FOR COMMERCIAL USE] K Point Spring Property Data X
File Edit View | Define | Draw Select Assign Analyze Display Design Detailling Options Tools Help
L& H 2 £ Material Propeties... r_.: o 3drleldnd D 6d 9 RNEMD - General Data
l; Model Exg B. Section Properties » Property Name PSpr
T e[ Sering Properte A Diplay Color B o
\ g Project 52 Group Definitions... %  Line Springs... A Property Notes Modify/Show Notes...
o | I Section Cuts... Area Springs...
h\i #- Structural * o FH Spring Stiffness in Global Directions
rs1 !
11 #-Groups | @7 Mass Source... N i
§5f|| & NmedO %0 Load Patters.. Translation Y 0 kN/m
LX) by Shell Uniform Load Sets... Transiation Z (Linear) 306795] kN/m
o 199 Load Cases.. : Rotation about X-Axis 0 kN-m/rad
D Ot Load Combinations... ) Rotation about Y-Axis 0 kN-m/rad
0 B Table Named Sets.. Rotation about Z-Axis 0 kNm/rad
K — Monlinear Option (Translation Z Only) (Nonlinear Cases Only)
(" © None (Linear)
() Tension Only

() Compression Only
(O Blasto-Plastic
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E Load Combination Data

E Load Combination Data X
Duta General Data
Load Combination Name SLS Load Combination Name uLs
Combination Type Linear Add bl Combination Type Linear Add -
Notes M:ltﬂ)'fg'ﬂh‘ Notes... Notes Modify/Show Notes. ..
Auto Combination No Auto Combination No
Define Combination of Load Case/Combo Results Define Combination of Load Case/Combo Results
Load Name Scale Factor Load Name Scale Factor

s | o= E e
| e e e

OK Cancel

0K Cancel




Add Design 5trips Along Grid Lines

€2
nan Option for Middle Design Strips

660

::: B Create Middle Design Strips
705 |

720 Parameters

735

750, Grid System GLOBAL
b ' Grid Direction X

780

795 Strip Layer A

810 ‘

o Stip Width

-840 O Fﬂﬂd




Add Design Strips Along Grid Lines

Option for Middle Design Strips
@ Create Middle Design Strips
Parameters
Grid System GLOBAL
Grid Direction Y
Strip Layer B
Strip Width
() Fixed
O Auto

N
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B Show Rerdoreng Envelope Dagram
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- Rebar Location Shown Display Options
B 8 Show Top Rebar 8 72 Dagram
= @ Show Bomom Rebar B Show Values at Controling Sations on Dagram
-4
5 Reirforcing Display Type Show Rebar Above Spechied Vakse
- © Show Rebar Ftensty (Area/Unt Wicth) O Moo
o O Show Total Rebar Avea for S O Typical Unform Rerforcing Specfied Below
!3( () Show Number of Bars of Size () Rerforcing Spechied in Sisb Rebar Objects
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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




Review and Problem solving class

UNIVERSITY OF GLOBAL VILLAGE

Week 17




Questions?

Thank you




