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Performance-Based Evaluation of Substructure Systems:
Load-Displacement, Seismiec, and Adjacent Construction Effects
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2. Buildings Substructure Systems

3. Foundations Performance: P-A

5. Adjacent Buildings Construction
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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
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» 200-300 m: Tall buildings
» 300600 m: Super-Tall buildings
* >600 m: Mega-Tall buildings
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Cross wind and along wind building responses Combined loading (VMH)
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(Eslami et al., 2025) baoyloibu (g1 93 oy gamwlon g8 v w3 xSt

e Case No. 3: One Shell Plaza

 Story number: 50

o Subsurface geomaterial:
Over consolidated clay

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

 Subsurface - : =2
Geomaterial: Soft to / Subsoil strength / ¢ Foundation system: Raft
medium mixed /
— Soft Medium Stiff ery
¢ Case No. 16: Burj Khalifa hard
e Story Number: 160 5
* Subsurface geomaterial: —_—
Medium dense deposit é . gase No. 9t; /\-l j‘z)llsulluh
» Foundation system: PRF e Story number: 40
 Subsurface geomaterial:

Silty sand and gravel
overlying limestone
* Foundation system: Raft

|

High-rise

Superftructure height

-rise

Mid

s
e Case No. 6: Messeturm B <‘
e Story number: 60
e Subsurface geomaterial:

Medium clay
¢ Foundation system: PRF

¢ Case No. 20: Le Royal Hotel
e Story number: 31

o Subsurface geomaterial:

/ ' Marlstone & limestone

/4 Foundation system: Raft

e Tod

-~ | - =

I
- 1

& |

\ow-rise

W=« Case No. 1: Torre Latino . | * Case No. 3: Nonoalco Tower
e Story number: 44 e Story number: 25
¢ Subsurface geomaterial: e Subsurface geomaterial:
&  Soft clay Soft clay overlying sand and
* Foundation system: hard clay
Combination of floating and  Foundation system:
deep foundations Shell foundation

Visual presentation of representative case studies' compliance (Eslami et al., 2025)
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Dominant Factors on P-A Records

Foundation Geomaterial Loading
Geometry & Embedment Strength & Stiffness Pattern:
Installation Effects Drainage Condition Slow or Rapid
Interface Properties Time History & Aging Type:
Structural Material Sensitivity & Thixotropy Compressive, Tensile, Cyclic
3200 1-8 L ] T T T T T L ) L L T 1 L) T T T 1 Ll
2800 - ]
1.5+ 2.5m m
2400 5 - * ]
_. 2000 // / / / s 2] 3m AN ]
- ! 1.5 ]
% 1600 / // / g 09} \ " .
-§ 1200 / // / § 06: \3"1 :
800 / / / / o [ ]
400 / / / / 0.3} 1
% 2000 4000 6000 8000 10000 0 0.02 0.04  0.06  0.08 0.10
Displacement (0.01 mm) Settlement/Width, S/B
Load-displacement of driven pile, pull out Pressure - relative displacement for spread
test (Eslami et al., 2011) footings (Briaud & Gibbens, 1999)
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(Eslami et al., 2025) adaw sl o (Slwlb—,b L8,

. 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
g os E o6 2 o6
2 = 3
@ s 0.5 > 0.5 @ 0.5
(D g 0.4 % 0.4 / ST S — z 0.4 Ba\'cragc =1554 mm
= = / / 7 =
c =~ 03 & 03 F g =~ 03 _
© 0.2 0.2 | ,%/ Bavcrilgc = 1092 mm 0.2 (Df/ B)awmge =057
CU .. ! ., ///://
7y
3 01 b 01 k72 (D¢ / B)yerage = 0.68 01
) 0 = 0 Y
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%
=) —1.5 —15
c 1.5
é 2.6 18
- W
2 1 1_11 = :‘~
1. ~
< s 1.1 L1a
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
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(Eslami et al., 2025) t?)é ﬁhéﬁ& @Wb—)b )&é}

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

67 Cases of Drilled Shafts . .
Bored in: - ’
v Sand, :

v Clay )

v Mixed Deposits

© m N W B W @ N ® ®

[ 1 2 3 a 5 6 7 8 9 10 ° 1 2 3 4 s 3 7 s s 10
S/B (%) /B (%)

Embedment Depths Long Shafts: Over 16m

All Records
between 6 to 22 m .
13 B-avg = 1152 mm
12
Diameter between 350 .
to 2440 mm H ; £ T T
g 6 &
(- g -
4 —
3
2
1
0
0 1 2 3 4 5 6 7 a 9 10 S/;(%) 6 7 8 9 10

5/B (%)
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(Eslami & Ebrahimipour, 2024) Sws5 s g Slwla— b 4L8,

o 71 Cases of Driven Piles
° Driven in:

v Sand,

v Clay

v Mixed Deposits

J Embedment Depths
between 6 to 56 m

o Diameter between 235
to 914 mm
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Short to Medium Piles: Df < 15 m

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

15
1 _ 14
- Baverage =467 mm “ Baverage =410 mm
12 12
1 1
10 10
= -
a ¢ &
2, s,
o o
L s
§ 6 E 3
& 5 a 5
4 4
3 3
2 2
1 1
0 o
0 1 2 3 5 13 7 8 9 10 0 1 2 3 4 5 1] i 8 9 10
5/8 (%) 5/8 (%)
Extra Long Piles: Df >30 m Total: Embedment Depth
15 1 —
B
14 18 // //// ////
13 £ ! I —
/ — B —
“ I Sl 5 g e
/, [ L~
u u Ay A
10 10 / /76% /;f///
& 9 E 9 / ////////
= s Ve AV
ol ~ 8
v e yr//4a
27 2’| /iy
§ 6 § s // /
a a
5 5 S
a4 4 '
3 3 / ——
2 2
1 anerage =530 mm 1
o o
1] 1 2 1 s 6 7 8 9 10 o 1 2 3 4 5 6 7 8 ] 10
S/B (%) S/B (%)
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(Eslami & Ebrahimipour, 2024) Sws5 s g Slwla— b 4L8,

Normalized Load

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 | 0.7 0.7 |

06 | 0.6 [ 0.6

0.5 |- 0.5 - 0.5

04 | |8 0.4 | §: 04 | B

03 | 03 03 :

o2 (| 02 02 | i

0.1 0.1 0.1

0.0 N S S 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 8 95 10 11 12 13 14 15
Relative Displacement {%) Relative Displacement (%) Relative Displacement (%)
(a) (b) (c)

Normalized hyperbolic trending of load-displacement for dominant factors: a)
embedment depth, b) breadth, c) surrounding soil type (Eslami & Ebrahimipour, 2024)
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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
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o 9 S o g > 59,35 L slaojle

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)

» I LD U PR SNt SV Hblizs 5395 g )5l
o3)ly 3l s9,0 95 (MN) (MN.m)
| IRCIC-A STAPPRYRIA 95 37226
F. - - - (“u’
SUSSUL Z 53 )l (2led O S )L 093) a3 89 18842
(allw
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Flood, North of Iran

Storm & Tornado, Fallen Wind Turbine
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Rotation limits for some structures

(Charles & Skinner, 2003)
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VMH (Sduws’ sl ig) o¥9 5

e Fo H
| ’ A
Vertical
plastic
disp.
H '; Expansion :,
M/‘.?R‘ ::\Ljfsurthcc ; \/crtical'load M/2R
™ penetration curve

Yield surface in V
(V, H, M/2R) load space

()

(1))

U992 22 U9dde Goe yiul 38l 3l (= (Houlsby & Cassidy, 2002) SSismus  yogs diges (il
(Randolph et al., 2005) ¢y Stuwl (53 (SSiStInS
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B =10m, Df = 1.5m & Low-Strength Deposit: 0.10 Vu

Failure Design
Envelope Envelope
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B =20m, Df = 2.5m & Low-Strength Deposit: 0.10 Vu
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B =10m, Df = 1.5m & Low-Strength Deposit: 0.25 Vu
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B =10m, Df = 1.5m & Low-Strength Deposit: 0.50 Vu

-100 -80 -60 -40 -20 0O 20 40
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Failure and design envelopes for rafts with breadth of 10 m & 20 m (Ebrahimipour & Eslami, 2025)
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Excavation
Excess Porewater
Pressure
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