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Major Analysis & Design
Requirements

Bearing Capacity
Serviceability

Structural Design

Stability Control

Full or Model Scale Testing
Constructional Aspects
Durability

Economic Requirements

PN NDONRK

Fellenius (2015): The analysis and design of foundations are an iterative process since the
amount of imposed loads, corresponding settlement, and foundation geometry are interactive,
affected by geotechnical capacity, structural capacity and settlement requirements.
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Tall Buildings; General View 8 LU P KW T T PV

» 200-300 m: Tall buildings
» 300600 m: Super-Tall buildings
* >600 m: Mega-Tall buildings
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Tall Buildings; Major Characteristics owwos s T g iy slayloial

Wing direction
« High weight & vertical load on foundation Cross-wind

* Non-uniform settlement due to adjacent construction w

 Lateral load and overturning moments from wind 3 Along-wind
« Extra lateral load from earthquake -9 4
: _ =
« Potential for resonance by wind & earthquake loads )
 Structure under combined (VMH) loading 4
)

Jlb

Reference position i MR

r<

Combined loading (VMH) cros;m;:;::s;l:nni ‘std
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Foundation Types for Tall Buildings Wl s ylosis by oygaminigd £199

Foundations for
Tall Buildings

AN
e I

* Pile Group < Mat Foundations

% Hybrid Foundations % Shell Foundations
2 Massive Modification ¢ Skirted Foundations
% Columnar Modification *» Floating Foundations
*» Piled Raft Foundation (PRF) ¢ Barrette Foundations

Performance-Based Evaluation of Buildings Substructure Systems: 11/ 35
Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami
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(Eslami et al., 2025) byylois bl (g 33 ¢y guwlond g9 e LRS!

Foundation Selection Framework & Adoptation

e Case No. 17:
Shanghai Tower
o Story number: 128

e Case No. 3: One Shell Plaza

 Story number: 50

o Subsurface geomaterial:
Over consolidated clay

 Subsurface -
Geomaterial: Soft to / Subsoil strength

* Foundation system: Raft

medium mixed /
Soft Medium Stiff

¢ Case No. 16: Burj Khalifa

e Story Number: 160

* Subsurface geomaterial:
Medium dense deposit

» Foundation system: PRF

|

Very
hard
B
(3]
E e Case No. 9: Al Faisaliah
= e Story number: 40
 Subsurface geomaterial:
Silty sand and gravel
© overlying limestone
-2 * Foundation system: Raft
=
=
=

e Case No. 6: Messeturm

Superftructure height

-rise

Mid

<o
e

e Story number: 60

¢ Case No. 20: Le Royal Hotel

e Subsurface geomaterial:

e Story number: 31

Medium clay

o Subsurface geomaterial:

¢ Foundation system: PRF

/4 Foundation system: Raft

. / 'y Marlstone & limestone
‘
|

-

-\\/

& |

I
-

a5

\ow-rise

— e Case No. 1: Torre Latino

e Story number: 44
¢ Subsurface geomaterial:
&  Soft clay
¢ Foundation system:
Combination of floating and
deep foundations

4 | * Case No. 3: Nonoalco Tower

e Story number: 25

e Subsurface geomaterial:
Soft clay overlying sand and
hard clay

 Foundation system:
Shell foundation

Visual presentation of representative case studies' compliance (Eslami et al., 2025)

Performance-Based Evaluation of Buildings Substructure Systems:
Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami
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Load-Displacement: Dominant Factors B ulo—,b L8, 9 ygo Jolgs

Foundation Geomaterial Loading
Geometry & Embedment Strength & Stiffness Pattern.
Installation Effects Drainage Condition Slow or Rapid
Interface Properties Time History & Aging Type:
. e . Compressive, Tensile, Cyclic

Structural Material Sensitivity & Thixotropy P Y
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Displacement (0.01 mm) Settlement/Width, S/B
Load-displacement of driven pile, pull out test Pressure - relative displacement for spread footings
(Eslami et al., 2011) (Briaud & Gibbens, 1999)
Performance-Based Evaluation of Buildings Substructure Systems: 13/35

Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami
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(Eslami et al., 2025) odaw s o (Slwlo— b L8,

Load-Displacement: Spread Footings

. 70 Cases of Spread Footings . Embedment Depths between 0 to 3 m
. Implemented on Sand, Clay and Mixed Deposits . Breadth between 0.5 t0 2.2 m
Soft Deposit Medium Deposit Hard Deposit
1 1 1
0.9 0.9 _ 0.9
0.8 B.verage = 1050 mm 0.8 7 0.8
o s
% - 0.7 (Df / B)a\'erage =0.53 — 0.7 ' o7
= ) L] )
=% o 0.6 = 06
2 = 3
@ s o 0.5 o 0.5
(D g % 0.4 / S — z 0.4 Ba\'cragc =1554 mm
= T = / / A =
O =~ & 03 F s ~ 03 B
W/ 7 _ D,/ B),.ee = 0.57
© 02 | // B.\erage = 1092 mm 0.2 e Baverage
© N A
7y
3 | 01 K77 (D¢ / B)yerage = 0.68 01
@ 0 = 0 0
E 0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
E S/B (%) S/B (%) S/B (%e)
=
) 0.5% 2.5%
g) T 15 —1.5
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- W
2 1 1_11 = 1‘2
1. ’
< s 1.1 L1
11
1.0 1 L 10 10
=Soft * Medium *Hard ° All Data uSoft *Medium *Hard = All Data =Soft *Medium ®*Hard 2 All Data

Evaluating factor of safety for spread footings based on displacement ratios

Performance-Based Evaluation of Buildings Substructure Systems: 14/ 35
Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami
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(Eslami et al., 2025) > 45 by 2ois Slwla— b 4L8,

Load-Displacement: Drilled Shafts

Short to Medium Drilled Shafts < 8 m Medium to Long Drilled Shafts: 8 m<Df<16 m

. . )
o 67 Cases of Drilled Shafts . ,
. Bored in: . B
v/ Sand, il i
A //’ 6
v Clay T j
v" Mixed Deposits | =1 | |
s,;{%l 6 7 B 9 10 o 1 2 3 4 s/:(,‘) 6 7 8 9 10
* Embedment Depths Long Shafts: Over 16m All Records
between 6 to 22 m .
13 B-avg = 1152 mm
12
. Diameter between 350 o
to 2440 mm £° z
g 6 &
= 5
4
3
2
1
1]

/B (%)

Performance-Based Evaluation of Buildings Substructure Systems: 15/ 35
Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami
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(Eslami & Ebrahimipour, 2024) (Svw oS (s aow Sbal>— b 403,

Load-Displacement: Driven Piles

Short to Medium Piles: Df <15 m Medium to Long Piles: 15m <Df <30 m

Biverage = 467 mm "

. 71 Cases of Driven Piles . .

Baverage = 410 mm

. Driven in:

Pressure (MPa)
Pressure (MPa)

@ = N W oE o B W ®™ W

v Clay
v Mixed Deposits

v' Sand, j

S/B (%) S/B (%)

Extra Long Piles: Df >30 m Total: Embedment Depth

. Embedment Depths .
between 6 to 56 m s

10

. Diameter between 235
to 914 mm

Pressure (MPa)
Pressure (MPa)

© B N W & U @ N ® ©

Baverage = 530 mm

o 1 2 3 4 5 6 7 8 9 10

S/B (%) S/B (%)

Performance-Based Evaluation of Buildings Substructure Systems: 16/ 35
Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami
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(Eslami & Ebrahimipour, 2024) (Svw oS (s aow Sbal>— b 403,

Load-Displacement: Driven Piles

Normalization Approach: Relative Displacement & Normalized Load:

« 1% — 0.5Pu (FS=2)
- 5% — 0.8Pu
.« 10% — 0.9 Pu

* Load: Brinch-Hansen 80% (1963)
» Displacement: Breadth

Embedment Depth Breadth Surrounding Soil Type
1.0 1.0 1.0
08 0.8 f 0.8
0.7 | 07 | 07 |
b
S 06 | 06 | 0.6
T
N 05 |- 0.5 |-+ 0.5
[]
g :
& 04 [ [& 04  3: 04  §:
-
03 [hi 03 |4 03 | Ji
02 [Fi 02 [y i 02 | i
0.1 0.1 0.1
0.0 T R R T S R SR 0.0 0.0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 o 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15
Relative Displacement (%) Relative Displacement (%) Relative Displacement (%)

Normalized hyperbolic trending of load-displacement for dominant factors: a)
embedment depth, b) breadth, c) surrounding soil type (Eslami & Ebrahimipour, 2024)

Performance-Based Evaluation of Buildings Substructure Systems. 17/ 35
Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami
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Effect of Combined Loading on Foundation Geometry

L | maximum storm loads e |
| ] ooooooon
1 2006 MN V 1500 MN 85" "5
183 m
495 MN H 29 MN 713 m
18850 MNm M3255 MNm
AR ARAR AL AN 35% extra V Y
XXX 1600% extra H XXX
500% extra M
foundation plan 52 m
9173 m? A 3692 m?2
< - 150% bigger foundation area 71 m
168
m One Shell Plaza
Taywood Seltrust Houston

(Poulos, 1988) SSaba )3 yétiame 0w 53 9 Jalwl 3 o)jlw s sl (b )b duslie

Performance-Based Evaluation of Buildings Substructure Systems: 18/ 35
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Super-Tall Structures and Combined VMH Loading

o LSS zow il (slolaid b digas

v' 128 Stories o ZIY gléipl idinb |FA
v' 632 m Height

VY MN 9 £VI- MN J3lro 035 9 03 r0 (sl L

v Maximum
settlement between
101 and 104 mm

Horizontal Loads and overturning moments
at the base level (Zhao et al., 2011)

o3)ly S8l s9 g9 (MN) (MN.m)
V== iS5k 099) Sb 95 37226
oL | " (aJlw
LS Z 3 )l (2 O i )l 0)93) &J3) 89 18842
(aJlw
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Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami
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Collapses & Damages

Flood, North of Iran

Storm & Tornado, Fallen Wind Turbine

Performance-Based Evaluation of Buildings Substructure Systems: 20/ 35
Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami



BIRVPV TS FTRVIPIN -¢ L Yleid bw (5 )bw )lgxed O S 3 (6)IAT )L - bbb swosls Y L yleialw o jlw 35 —¥ Slaal 9 )l sloww -\

Conventional & Novel Approaches b o Jukoi s gy amlio

Conventional Approach

Rotation limits for some structures

(Charles & Skinner, 2003) e Conservative

Structure or component Tilt . Modification Eactors

Radar system 1/50 000 * Improper for Uncertainties
Satellite antenna tower 1/6000

Machine operation: turbine 1/5000 Novel Approach

Warehouse high racking  1/2000

Concrete tanks 1/500 « Different Loading Paths

Crane rails 1/333

Chimneys, towers 1/250 « Interactive Analysis of Bearing
Stacking of goods 1/100 Capacity, Settlement & structural
Floor drainage 1/100-1/50 Design

* Presenting a Failure Envelope

Performance-Based Evaluation of Buildings Substructure Systems: 21 /135
Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami
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VMH Failure Envelopes VMH (Seuwd s g v

A ‘ >\>\\\
[ : ! "
[{ | . s J 0
1 : =5
1 : A
S oen Vertical |
P o oo plastic :
...... disp. !
OO B SV o G . H ! Expansion :
M/2R BB e & 0 0 00 hoe 00 A PN\ M/2R | | of surface | | Vertical load
0 R Tt SR JEn ¥ LRy SR o RO\ \ = H penetration curve
........ %
Yield surface in 14

(V, H, M/2R) load space

() (b)

(a) Typical failure envelope (Houlsby & Cassidy, 2002); (b) Effect of embedment depth
increase on failure envelope of spudcan foundation (Randolph et al., 2005)

Performance-Based Evaluation of Buildings Substructure Systems: 22 /35
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Failure & Design Envelopes
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Failure and design envelopes for rafts with breadth of 10 m & 20 m (Ebrahimipour & Eslami, 2025)

Performance-Based Evaluation of Buildings Substructure Systems.
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Why Adjacent Construction? {5 ilw ylgnon | 4>

As cities evolve and populations grow,
adjacent construction occurs more
frequently. And when certain types of
construction or excavation are
planned, protections must be put into
place to maintain the integrity of
adjacent properties.
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Performance-Based Evaluation of Buildings Substructure Systems.
Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami
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Performance-Based Evaluation of Buildings Substructure Systems: 25 / 35
Load-Displacement, Seismic, and Adjacent Construction Effects; February 2025, Prof. Abolfazl Eslami



)'IJ..':I[mie 9 S 2o -7 LYleidlw 5 )w)lgxed -0 S 3 61T HL - b-L slaoals -Y Ly gleidbw o jlw 33y - Slaal 9 )i sloww -\

b il 514 g o 43 3355 (odw (5ot Sl 518

Adjacent Construction: Stress Overlap

Tilt & Rotation
Adjacent and near foundations can perform

. - tilt
similar to a raft foundation — —->I-/5

EE

o

T verlap
2B indivudial
ressure
l ....... - o bulbs
. - - “, A
Raft Foundation Single Footings “_ " Combined
pressure bulbs

Tilting & interference of adjacent silos
stress bulbs overlapping

Performance-Based Evaluation of Buildings Substructure Systems: 26/ 35
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Case Studies & Complications o359 9 53wy gxod ONaxo g 9,190
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Golestan, Iran
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Subsoil profile
(Pimenta et al., 1998)
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Scale Up Effect

For Cohesive Soils: Sr __ Brf Sp = Plate Settlement
Sp Bp Sr = Foundation Settlement
_ 2 Br = Plate Breadth
For Granular Soils: SFo_ 2
Sp  \1+(Bp/BF) Br = Foundation Breadth

Settlement for small foundation with model dimension of 10 cm & actual dimension 10 m

Soil Type Density Settlement from Physical Modeling (mm) Settlement for Actual Foundation (mm)
sand Medium-dense 4 7.2
Dense 1 9.3 2
cl Medium-dense 2 200 Dry SO II
ay Dense 1 100 Settlem ent
Settlement for big foundation with model dimension of 15 cm & actual dimension 15 m
Soil Type Density Settlement from Physical Modeling (mm) Settlement for Actual Foundation (mm)
Medium-dense 27 8.1
Sand Dense 4.3 3.1
Medium-dense 51 1050
Clay Dense 6.3 360
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