3- Foundation Design

Foundation design consists of two steps
1- determine the bearing Capacity of the foundation You can get suitable size of the foundation from this step
2- determine the settlement of the foundation Foundation settlement should not exceed allowable settlement




Types of settlement

uniform settlement tipping settlement
(no cracks) (often without cracks)
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differential settlement
(with cracks)




Bearing Capacity Failure



Structural Foundations are grouped into two main groups.

1- Shallow Foundation 4& !
« Spread Footings ﬂ “
« Continuous Footings 4& 4& |

« Combined Footings Spread  Combined Continous
- Footings : Footinas Mat
« Mat Foundation Footings 9% Foundation

2- Deep Foundation
 Driven Piles
* Drilled Shaft

* Auger Cat Piles

Bored Caisson

Friction End-Bearing  Friction and Piles
Piles Piles End-Bearing or Drilled
Piles Shafts

3- Compensated or floating foundations

]

Compensated Compensated
Foundations Foundations on
Piles
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Deep Foundation
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Drilled Shafts

FIGURE 5.7 Typical steps in the construction of a drilled pier. (a) Dry augering through
self-supporting cohesive soil; (b) augering through water-bearing cohesionless soil with aid
of slurry: (¢) setting the casing: (d) dry augering into cohesive soil after sealing: (e) forming
a bell. (After O'Neill and Reese 1970; reproduced from Peck, Hanson, and Thornburn 1974.)



Auger Cast Pile

How Auger-Cast Piles are Installed
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First the auger drills deep into the ground.

| Then as the auger is brought back up, concrete flows out fror its tip, filling the hole with concrete.

One last push to get the steel all the way n.

& steel rebar cage 1s lowered into the hole. The steel is guided all the way down the hole.






Analysis and Design of Shallow Foundation

|- Bearing Capacity

- Settlement

|- ULTIMATE BEARING CAPACITY THEORIES:

. TERZAGHI’'S BEARING CAPACITY THEORY
. GENERAL BEARING CAPACITY EQUATION



|- Bearing Capacity
TERZAGHI'S BEARING CAPACITY THEORY

Terzaghi's Equation (1943)

-Utilizing Prandtl's theory, Buisman (1940) expressed the maximum bearing capacity of soils by
superimposing the contribution of cohesion, overburden pressure, and density of the soil, His

expression is commonly referred to as Terzaghi's equation. Presumably, it was associated with Terzaghi's in

the English speaking countries following the publication of his book (Theoretical Soil Mechanics) in
1943.

- Based on Prandtl's theory of plastic failure, Terzaghi presented a modified system as illustrated
below.
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|- Bearing Capacity

TERZAGHI'S BEARING CAPACITY THEORY

Loading / unit area, g
e

II I

Local Shear Failure

>
qm

qLI

Loading / unit area, q
.

Y
Settlement
Failure
Surface Y
in Soil
Settlement

General Shear Failure
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q,
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|- Bearing Capacity
TERZAGHI'S BEARING CAPACITY THEORY
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FIG. 6.28 The problem of the bearing capacity of shallow founda-
tions failing in general shear with parameters ¢ and ¢. Boundaries
are simplified. I = active Rankine zone; II = Prandtl zone; III =
passive Rankine zone.






|- ULTIMATE BEARING CAPACITY THEORIES:

1- TERZAGHI'S BEARING CAPACITY THEORY

8 ~Je=-

E. “.,-_ :-_-.‘. ™ s 1 1 T ':‘. - }_
':_._‘-I - ‘_‘: _‘: -::1.*‘. .-.1.‘1 :1__ '.. '

l l lq l l i l L ; lq - L L

b g
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c Soil
Unit weight = y
f Cohesion = ¢
Friction angle = ¢

Failure surface in soil at ultimate load for a continuons rough rigid foundation as assumed by Terzaghi



|- Bearing Capacity
TERZAGHI'S BEARING CAPACITY THEORY

FIGURE 2.2 Passive force on the face be of wedge abe shown in Fig 2.1

(b)

FIGURE 23 Determination of P, ($= 0, y= 0, g =0, c=0)
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qy =0c * dq * G,

FIGURE 24 Determination of Py (= 0. y= 0. = 0.c + 0)



Logded strip, width 8
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. . . Load per unit arec of fooling )
Ultimate Bearing Capacity Genera) shoar failure: gy =cN, + 70§ Ny + 4 M, ggm
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where N_. N_. and N_ = bearing capacity factors. and

TABLE 2.1 Terzaghi’s Bearing Capacity Factors—Eqs. (2.32), (2.33), and (2.34)
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TABLE 2.1 Terzaghi's Bearing Capacity Factors—Egs. (2.32), (2.33), and (2.34)
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1- TERZAGHI’'S BEARING CAPACITY THEORY

1
q,=cN.+¢gN, +:",rBN.;,
q,=13cN, +¢gN,+04yBN, (square foundation; planB x B)

q,=13cN, +¢gN,+03yBN, (circular foundation: plan B * B)




q,=1.3cN,.+¢gN,+04yBN, (square foundation: planB x B)









EFFECT OF WATER TABLE
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Ground water table

Effective unit weight=y’




MEYERHOF’S BEARING CAPACITY THEORY

b it of

>‘45 -3
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gy, =cN .+gN, + Tl,,"fBN y

where N/, N/, and N,” = bearing capacity factors
B = width of the foundation
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FIGURE 2.7 Slip line fields for a rough continuous foundation



TABLE 2.3 Variation of Meyerhot’s Bearing Capacity Factors N, N, and N
[Eqgs. (2.66), (2.67), and (2.72)]
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2- GENERAL BEARING CAPACITY EQUATION

Gu=CN hghog + qN A gy g +

where 4. A, . A, = shape factors
heg s Agas Ay = depth factors
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FIGURE 2.7 Slip line fields for a rough continuous foundation



TABLE 2.5 Summary of Shape and Depth Factors

Factor

Relationship

Reference

\ D,
For DB < 1: Ay = L+04 ?

| \ " z.Df.
oy =1+ 2tand(1l - sind) 7
ho,o=1

-n-

D
ForDJ/B>1: A, =1+ i}.4tan"{?’]

Ay, =1+2tan¢(1-sin)* tan™

=1

D,
{Note : tan"[?‘]is in 1';1([1;111.\;}

b,
B

|

Hansen [9]

Factor Relationship Reference
B
Shape For =0° A, =1+ U.E[ T ] Meyerhof [8]
A, =1
Ao=1
1
. B 2
Forg =10%: A_ =1+ GE{I ]tuﬂ'[45 +%}
ho=h_ =1+0. l[E}tmf{;tﬁ +E]
4% ™ L 2
N
}*1 :]+[—_"IE] DeBeer [19]
: N_|L
[Note: Use Eq. (2.67) for N, and Eq. (2.66) for N, as given in
Table 2.3]
h,=1+[— [tand
A, =1-04 2
= L
. D,
Depth | Forg=0°: *, =1+02 —= Meyerhof [§]
hg=h, =1
y 3 Df 15 ¢
For a,|) = 10" J‘..d =1+0.2 B tan| 45 +E
.. D, b
A=A, =1+0.0] — Jtan| 45+ =
qd i B 2
Factor Relationship Reference




ULTIMATE BEARING CAPACITY UNDER INCLINED

AND ECCENTRIC LOADS

where N, N, . N, = bearing capacity factors

A, = shape factors
Acds Pogas Ayg = depth factors

Ais Agis A,; = inclination factors

"J“c:r ¥ """qs ¥

45-¢/2

W

90-¢)

c

FIGURE 3.1 Plastic zones in soil near a foundation with inclined load



Meyerhof [4] prﬁvided the following inclination factor relationships

T F ]
A=A, = —9{]0 (3.14)
h,=|1-= (3.15)
¢
Hansen [3] also suggested the following relationships for inclination factors
0.5Q sind : (3.16)
(__) costt + BLecotd
1= f
=A_ 317)
T
Table 2.3
e b 0.7¢ sina ’ (3.18)
e Q, costt+ BlLecotd

where. in Egs. (3.14) to (3.18)
¢ = inclination of the load on the foundation with the vertical
(}, = ultimate load on the foundation = g, FL
B = width of the foundation
L =length of the foundation



Ground Factors:

14,

5.14 tan¢

Fqg=Fyq = (1-tanB)?

H 15
iy =|1.0 -
V - Af C C0t¢

A; = Area of the foundation
V = Vertical Load

H = Horizontal load

¢ = cohesion

A

Y,
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