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e Increase strength

e Decrease the potential of erosion

e Decrease distortion under stress

e Decrease compressibility

e Control shrinking, swelling, and permeability

e Decrease water pressures

e Redirect seepage

e Prevent the detrimental physical or chemical changes

e Mitigate susceptibility to liquefaction
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Deep foundations applications: .
. . . - gws sl
o Low bearing capacity or high compressibility of upper layers
« Differential settlement due to soil variability or non-uniform structural loads
« For Mitigating liquefaction risk
« High potential of scouring or undermining (especially in bridges)
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Different applications of piles: a)
single shaft or caisson, b) pile group,

c) piled raft foundation (PRF)
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Examples of three primary type of structures based on the form a) the
cables of the Golden gate bridge, (one-dimensional), b) the shell roof of the
opera house of Sydney, (two-dimensional), c) ancient pyramids of Cairo
(three-dimensional)
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1. Linear Foundations: Single Piles

Slaimgs 9 X sl 5 Elgil : Glaxio sl 5 -Y
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2.Vector-act Foundations:

Different types of single piles
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3. Surface-act Foundations: g Q
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4. Block-act Foundations:

Bucket foundations, Mass treated soil & so on
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Following issues are realized in efficient foundation engineering | | o -5

practice including technical, practical and economical aspects; =% g Julx

mainly focusing on performance-based design: Ogainigs

. Bearing Capacity

Serviceability (Settlement and Torsion)
Structural Design

Stability Control

Full or Model Scale Testing
Constructional Aspects

Durability

® N O VAW N =

Economic Requirements
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Fellenius (2015): odws wiltis Yo
The analysis and design of foundations are an iterative process since b &J’;

) oo

the amount of imposed loads, corresponding settlement, and
foundation geometry are interactive, affected by geotechnical

capacity, structural capacity and settlement requirements.

Q=Qd +Qn

Depth

Basics of Unified Design (Fellenius, 1989)
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Terzaghi (1943) S S (5 950 cwd )b Gl all

quit = CN¢ + qNg + 0. 5yBN,
C = cohesion parameter
q = surcharge around the foundation equals to yD¢

Y = average effective unit weight of the soil below and around the foundation

B = foundation width —F
Rough Foundation - Strip Footing
Ds = embedment depth of the foundation j SO K
) neglected E\J 5 Effective ovetl;burder:.,"
_ - - T~ D, q=v.Dy -7
N¢, Ng, Ny = non-dimensional factors bt bl el N el 4y 0 3 iy
7 T\ D T T\ \GAAK
Shear ~N o P c’- ¢' soil
Planes P f d ™~ | \ f
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Pisa Tower Tilting G o ylois Los 5,90

The monument is 58.4 m in height from the plane of the foundation

Foundation Type

O The ring foundation has an external diameter of 19.6 m;

the center hole, 4.6 m. The foundation area is thus 285 IT 8

Type of Damages

O The inclination of the tower was 5.5° (in other words, about

10%) due to settlement of the foundation
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The subsoil of the Tower

(d The subsoil of Piazza Tower

consists of three main layers

schematic north—south section of

' the ground underlying the Tower

U The groundwater in Layer A is at a
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depth of between 1 and 2 m
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Professor Milton Vargas:

) Shos 80
"The buildings near the beautiful beach in Santos are like dominoes, and A e |
that if one building collapsed, all the other would also collapse. " 5&32»&
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Millennium Tower San Francisco :aw ol Jos 5,90

Foundation specifications

Wl SLGLSl 4 T (hos 35190
The tallest residential building in San Francisco with a 58-story, 645-foot-tall (197 m)

A 10-foot-thick, heavily

reinforced concrete mat supported by
approximately 940 precast, prestressed concrete piles driven into a

ppnt]
.......

S

\

dense, silty sand layer present approximately 50 to 85 ft below grade.
Damage Cause

\
\
\
N
\
\

settlement resulted from consolidation of a deep-seated clay layer

N
|
2\

under the imposed tower loading, combined with increased effective
stresses in these materials resulting from long-term lowering of the

N
water table for construction of this and adjacent structures.
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Millennium Tower San Francisco :aw o leis Jos 590

Signs of Millennium tower foundation damages

Cracks occur in the foundation and paving around the tower due to tilting and sinking

of the structure

MILLENNIUM, TOWER

e
A
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, .'f,‘r,‘\
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oS 35190
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Millennium Tower San FrancisCo :aw o leis os 8 90

E -—— 605 feet

The amount of tilt and sink of the structure until 2022

Year Tilt (cm) Sink (cm) T e
2016 15 41

2018 36 46

2022 71 *

Basement

Foundation strengthening plan

Five-story parking garage —s e lgi‘gzot‘
Installation of 52 piles along the north and - At
SOFT concrete piles foundation
west sides of the tower beneath the D | 2230 ot Soect 80-t0.90-
original
° iti
sidewalk that reach down 76.2 m HEDROCK 250 feet deep —» prines

VE ) 3,5 _ bl Sjgel 25,18
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6. Case Studies
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1- Al Faisaliah building, Raft

* Located in Riyadh center

« 40-story office tower

* 3-4 m thick raft

 Area of 1600 m? and volume of 6000 m?> for raft
» Height-to-breadth ratio of 5.8

« Supporting a total load of just over 1.1 GN

« Tapers from a 45 m square to zero at the height of 263 m

« The superficial ground deposits comprise 1-6 m of silty sand and

gravel overlying Jurassic limestone.

1Ee) 53,5 _ il sdigel a8 18



Foundation System for Tall Buildings, By: A. Eslami oMl 550 gy iy g ylocis b (gl ygumlNigd o

6. Case Studies s 8 ylg0 £

1- Al Faisaliah building, Raft
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Al Faisaliah building complex (a) computer simulation; (b)part basement plan; (c) section A—A
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2-Torre Latino Americana, Floating foundation and piles

Mexico City, Mexico

* Year of Completion: 1956 ol SB colil )0 SWKighj wlatllan udi—
* Height: 204 m 51 sl o oY
* Number of Storeys: 44

L 3o 39 90 i g0i—Y
« Gross floor area: 27,727 m? S5k P90 Lged

* Primary use: Office & Museum i) J 5 g gani g Tusno it

VE ) 3,5 _ bl Sjgel 25,18
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2-Torre Latino Americana, Floating foundation and piles

Soil C,
Normally consolidated medium sensitive clays 0.2t005
Chicago silty clay (CL) 0.15t00.3
Boston blue clay (CL) 03t005
Vickshurg buckshot clay (CH) 0.5t006
Swedish medium sensitive clays (CL-CH) 1to3
J’ L Canadian Leda clays (CL-CH) 1tod
Old Mexico City clay (MH) 7t010
Becarra
/ 7 Organic clays (OH) 10to0 15
Tacubaya Peats (Pt) Long, short
Organic silt and clayey silts (ML-MH) 15t04
San Francisco Bay mud (CL) 04t012
San Francisco Old Bay clays (CH) 0.7t00.9
Bangkok clay 0.4

a) general view of Torre Latino Americana Tower, b) foundation and sublayer profile of

Torre Latino Americana Tower

Typical compression Index C. values (Holtz et al., 2011)
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6. Case Studies
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3- Milad Tower, Hybrid Raft

* Year of Completion: 2008
* Height: 453 m
 Gross floor area: 154,000 m?

* Primary use: Communication, Conference,

Leisure

Sojlw 39 8 B B ey
53 oS HIbb by )b o g o>

The Milad Tower: (a) completed form, (b) head structure,

(c) shaft section at zero level
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3- Milad Tower, Hybrid Raft

° &

Foundation

»

Transition structure

Central core

@ | "

The transition structure and foundation of the Milad Tower: (a) numerical

model, (b) excavation and reinforcement of foundation
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4-The Nonoalco Tower, Inverted barrel shell

« One example of a highly ambitious development of a complicated shell
foundation system

* Located in Mexico City

* The inverted barrel shells were linked by reinforced concrete girders

« Supported overall by the cast-in—place friction piles

« Estimated to have saved 50% material costs over the conventional two-way
slab foundation that was replaced

« The foundation system exhibited increased stiffness and reduced weight

1Ee) 53,5 _ il sdigel a8 18
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4-The Nonoalco Tower, Inverted barrel shell
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R.C. Structure
(Cast-in-phce)
Foundation Grder
el
AV
! o 7
Retaming Wall 67 m
: o
‘= al.
Edge Girder ' R C.I
IF'riction IS2m

Inverted Barrel Shell a5 Pikes s

| 45 0 m

(b)

=4 -

_L;w),aol o5 )8



90

Foundation System for Tall Buildings, By: A. Eslami P W S LJCRA SIWP SR PR T SN P-Z IV VR GO K P [P SWOow

6. Case Studies
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5-Messeturm Building, PRF

* 60-storey

* Located in Frankfurt

« 256 m height

« The total weight of the building is about 1900 MN

* The horizontal cross-section of the tower is 41 m square
» The raft is 60 m square

» The required stiffness of the tower is achieved by the core.

 Piled raft foundation was chosen, reducing the mean settlement by more than one-half

« Mainly used for offices, and to a lesser extent for apartments and restaurants

1Ee) 53,5 _ il sdigel a8 18
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5-Messeturm Building, PRF
58.8 m

1

BEBmM

e A

Total structural load = 1880 MN
H - p— e = : 1
o . ' . : T
0m T 30m 80 n E_- _::' _ — — E
Outer pile ring Tl 1;--;- = iid
Middle lﬂlﬂ I'il'q | . ‘ i |1

Inner pie ring
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‘.s-LO.C O)‘s.o N g

6-Burj Khalifa Tower, PRF

« The world tallest building
* Located in Dubai

* 160 storey

» A podium development surrounding the tower base consisting of a 4-6 story garage.

* Founded on a 3. 7 m thick raft supported on 192 piles
* 1.5 m diameter piles, extending nearly 45 m below the raft base
* Relatively weak rock

 Significant wind loads

1Ee) 53,5 _ il sdigel a8 18
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6-Burj Khalifa Tower, PRF

Key . ..'/"

Legend

Tower raft foundation outline |

37,000

o Pile location 36,000

10,000

The Burj Khalifa , a) the completed form, b) contours of maximum

axial load (kN) in piles of PRF (axes are dimensions of plan in meters)

(Poulos & Bunce, 2008), c)piles of PRF (front view)
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7-Horns Rev 1 Offshore Wind Farm

* Builtin 2003

* Located in the North Sea west of Esbjerg in Denmark
« Consists of 80 turbines

« Tower height of 60 m

* Rotor of 80 m diameter

- Total park area of approximately 20 km?*

* The foundations of the turbines are steel monopoles
* 4 m outer diameters for monopiles

« Monipile lengths of 30 m to 32.7 m

VE ) 3,5 _ bl Sjgel 25,18
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7-Horns Rev 1 Offshore Wind Farm

Mean sea level

————————————— YA
o WT-50 mm
& 1.2
Mudline
T — A 8 R S R, W ———
o X
Sand E=130MPa <
. - i i ,,O\,,,,,,,,
Sand E=1143 MPa WT-52 mm
D B 00— \M“_“_. -IF.S
Sand to silty sand E~100MPa 3
) 1 (®)
——————— = e e e e e ] . -
Sand to silty sand Es=104.5 MPa WT-50 mm Soil Type Depth Eq y/y @ w v
fffffff i ] 40 layer [m] [MPa] | [kN/m3]1 | 1°] | [°] | []
‘ _ 1 Sand 0-45 130 | 20/10 [454[15.4]0.8
Sand/silty/organic E-45MPa WI-40mm 7 Sand 45-65 | 1143 | 20110 |40.7]10.7]028
i +0 3 | Sandtosiltysand | 65-11.9 | 100 | 20/10 |380] 8 |0.28
4 | Sandtosiltysand | 11.9-14.0 | 1045 | 20/10 |36.6] 6.6 | 0.28
Sand EF1688 MPa 2 WT?‘E’ mm 5| Sand/silVorganic | 14.0-182 | 4.5 177 _|270] 0 028
L { ' 6 Sand 182 — 1688 | 20/10 |38.7] 8.7 | 0.28
40
/ b 4 (C)
(b)

The Horns Rev 1 Offshore Wind Farm: (a) general view, (b) schematic of monopole and soil profile

(Jalbi, Shadlou, and Bhattacharya 2017), (c) soil parameters (Augustesen et al., 2009)
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