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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks >

Common Approaches for Bearing Capacity Appraisal

1. Static Analysis v
Total Resistance
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2. In-Situ Tests Application
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks >

Common Approaches for Bearing Capacity Appraisal
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Pile failure zone CPT & pile resemblance Field testing set-up Numerical modeling of
(Meyerhof, 1951) (Eslami et al., 2020) (Van Impe et al., 2013) piled raft (Xie, 2022)
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks >
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(Consoli et al., 1998) (Consoli et al., 1998)
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Bidirectional test on a bored pile Driven pile, pull out test
(Fellenius, 2023) (Eslami et al., 2011)
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2- Database 3- Analysis

> 1- Background > >

4- Appraisal

> 5- Implementation>

6- Remarks

Load — Displacement; Dominant factors

*** Foundation Geometry & Embedment
* Installation Effects
* Interface Properties

e Structural Material

< Geomaterial Strength & Stiffness
* Drainage Condition
* Time History & Aging

* Sensitivity & Thixotropy

¢ Loading * Pattern: Slow or Rapid

* Type: Compressive, Tensile, Cyclic
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)

From Load-Displacement to Stress — Strain
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(o) Projected Area (A) = Z /
(7))
Strai Displacement = % // Influenced |
rain (g) = v ; i
(€) Breadth (B) Subsoil
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Stress — Strain Behavior; Solid Mechanics

Engineering Parameters from Stress-Strain Curve

Total Elongation *
D
« Strength Offset Yield |
(OYS) =B +&ield |
** Toughness | (EUL) |
—E.EP = Fracture/
%) it / | Rupture (R)
) o o
’0’ ElanICIl'y g / I Ultimate
2 2/ | Tensile
. - @ Strength
+* Yield Point | (UTg)
¢ Strain Energy |
¢ Resilience I
O x Y s z
rain, e
¢ Elongation during Load
Typical stress-strain diagram (ADMET, 2013)
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)

4- Appraisal > 5- Implementation>

6- Remarks

)

Stress — Strain in Foundation Engineering

% Providing a Unitless Framework
%* Facilitating Broader Practical Application
«* Enhancing Foundation Selection

+* Aligning with Established Engineering Principles
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Footings stress - strain (Briaud & Gibbens, 1999)
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Projected Pressure, q,yg /p

Piles Number Inrreasing>

Large Pile Groups

Mat + Piles (Combined)

Mat Breadth Increasing

> Mat Foundations

Displacement Ratio, A/B

Conceptual stress — strain for large
foundation (Eslami & Ebrahimipour, 2026)
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2- Database 3- Analysis

)

)

4- Appraisal > 5- Implementation>

6- Remarks

Why Databases?

Databases: Collections of data, organized to

facilitate access and retrieving data

*** Some Topics of Databases in Geotechnics:

1.

Geohazards

Earthquake Induced Liquefaction
Pile Loading Test

Geostructures Performance

In-situ Tests for Foundation Design
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Predicted load-displacement diagrams vs. measured
for Bolivian Contest (Fellenius et al., 2017)
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Why Databases?

s* Advantages and Applications:

. Cost saving and project execution time oo

Il. Optimization of design methods

Load (kN)
»
8

Normalized Load

lll. Evaluation of design methods

IV. Development of new methods

0 10 20 30 40 50 60 70 80 0 1 2 3 a 5 6 7 8 9 10 11 12 13 14 15
Displacement (mm) Relative Displacement (%)

V. Improvement of geotechnical studies (@) (b)

Driven piles database: (a) Bunch of load-displacement records, (b) Analysis for
normalized load vs. relative displacement (Eslami & Ebrahimipour, 2024)
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks >

Types of Deep Foundations: Conventional Piles

00

Driven piles variety

00.91.200 14:38 ?

Drilled shafts implementation
(FHWA, 2018)
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6- Remarks

Types of Deep Foundations: Special Piles
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Helical piles installation
(Mosquera et al., 2015)
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks >

DD Piles Advantages

«» Enhanced Soil Strength

+* Minimal Boring Spoil Generation

%* Reduced Environmental Impact

%* Proven Reliability

%+ Economic and Feasibility Advantages

APGD ATLAS DE WAAL FUNDEX OLIVIER OMESGA 5ve s5vy

Installation procedure for common DD piles (Basu & Prezzi, 2005) ©Purdue University
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks
Compiled Database Characteristics
«* 40 full-scale static load tests from multiple countries
*» Type: Fundex, Atlas, Omega, and Berkel D % é
s+ Diameter: from 356 mm to 650 mm o -
mega De Waal Olivier
s Embedment Depth: from 7 mto 19.5 m
+» Soil Conditions: Clay, sand, and mixed deposits % %
Berkel D (BD) Atlas Fundex
18 File Breadth (mm) 16 Embedment Depth (m) 20 2ol type Installation
16 14 18 12
14 16
_w o o 10
2 10 a 3
E E 8 £ 10 8
5 8 42.5% - 5. 37.5% -~ - E : e - 5
6 6 £ 6
4 22.5% 4 4 2 Ten
2 2 5 15% 4 S 22.5%
0 ' S <Dfs < o a an ixe 12.5
ST s<g41o { 410_1a?_ 500 I 50:;:3 I S Df1_510 10 :J; 13 13120f ) C1|8y I Ssd I Mmd 2 % o P
(G) (b) (C) 0 BD Fundex | DeWaal Olivier Omega Atlas
. . . . . o geo Installati 5 8 4
Graphical distribution of compiled records characteristics: a) breadth, b) embedment instatation : ? =
depth, c) surrounding soil type Included DD piles configuration & number
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks
Table of Cases
Pile Data Maximum
Case ] ] Measurement
Reference Location Deposit .
No. Installation SN Dav b (m) Load  Disp.
(mm)  (mm) f (kKN)  (mm)
01 Fundex 380 400 11.5 Clay 2000 15
02 Holeyman et al. Belgium De Waal 410 410 11.73 Clay 1800 18
03 (2000a, b) Olivier 510 510 11.68 Clay 1900 20
04 Atlas 510 510 11.76 Clay 2100 22
05 Belgium Atlas 360 460 13.1 Clay 1765 35.5
06 Belgium Atlas 360 460 13.1 Sand 2763 46.6
07 Belgium Atlas 460 460 13.5 Sand 3000 66
08 Germany Atlas 410 510 9.5 Mixed 2300 25.8
09 Germany Atlas 410 510 7 Mixed 1710 29.8
10 Belgium Atlas 360 500 13 Clay 1950 24.1
11 Belgium Atlas 510 650 13.2 Clay 2487 64.9
12 Belgium Atlas 360 500 13 Clay 2055 26
13 Netherlands Fundex 450 560 11 Sand 3000 35.8
De Cock (2001) )
14 Germany Fundex 420 560 14 Mixed 3000 314
15 Germany Fundex 440 560 8.5 Sand 1752 28.2
16 Belgium Fundex 380 450 13 Mixed 2400 45.6
17 Belgium Fundex 380 450 13 Mixed 2063 42.1
18 Belgium Omega 410 410 8.2 Sand 1900 55.9
19 Belgium Omega 360 360 14.5 Clay 1200 46.2
20 Belgium Omega 360 360 14.5 Clay 1350 46.6
21 Belgium Omega 360 600 11 Clay 1500 42.9
22 Belgium Omega 360 600 11 Clay 1800 42.5
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks
Table of Cases; Continued
Pile Data Maximum
Case Measurement
’ Reference Location Deposit .
No. Installation SN Dex . (m) Load — Disp.
(mm)  (mm) (kN)  (mm)
23 Fundex 390 450 9.5 Clay 3012 69
24 Olivier 550 550 9.2 Clay 3368 31.5
25 Holeyman & Charue , Omega 410 410 9.5 Clay = 2826 54
5 Belgium
26 (2003) DeWaal 410 410 9.5 Clay 2441 66
27 Olivier 550 550 9.1 Clay 2910 30
28 DeWaal 410 410 9.5 Clay 2267 86.5
29 NeSmnEl}}((]SB_I;\;eSImth USA BD 406.4 406.4 18.3 Sand 3430 3
30 BD 356 356 15.3 Mixed 3350 46
31 BD 356 356 19.5 Mixed 3000 30.5
M12
3p  Paketal (2012 Usa BD 406 406 174  Mixed = 3400 3l
33 BD 356 356 15.2 Mixed 3200 32
34 Atlas 510 510 9.6 Mixed 3603 65.5
35 hfechi g DeWaal 410 410 9.5 Mixed 2653 63
36 (l;’{']ﬁ}_eghh; E&ueE(Szgglzl) Belgium Fundex 390 450 96  Mixed = 3129 693
37 o Omega 410 410 9.5 Mixed 3206 100
38 Olivier 550 550 9.5 Mixed 3062 31.5
39 Krasinski (2021) Poland Omega 400 400 12.6 Mixed 890 44.5
40 Krasifski (2023) Poland Omega 300 500 11 Mixed 993 40
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks >

Subsoil Condition; CPT Logs

qc (MPa) qc (MPa) qc (MPa) qc (MPa)
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 0 5 1015 20 25
0 = 0 = 0 — 0 —
1 1 1} 1}
2 } 2 f 2 2 |
3t 3 f 3 | 3
4 q 4 a4 r
5 5 | s | s |
6 6 — 6 I [
7t 7t % 7} 7
8 8t Omega 8T 8T
Eo i Eof B-400 mm Eof v Eop
gm 3 g Elo D;=75m -.§_1o Fund ﬁlu -
gu gu | gut B=l411[510?1‘1m gut
12 Atlas 12 12 De=94m 12 Omega
13 B=410 mm 13 13 = 13 B =500 mm
14 D;=11.83m 14 1} 14 Di=11'm
15 15} 15 15
16 16 | 16 16
17 17 | 17 17
18 18 | 18 18
19 19 | 19 19
20 20 20 20
Cone penetration test (CPT) ¢, and schematic pile profile for selected cases
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks >

ca se S'Udy: OII anks - Belglum The max tank overburden Ap 5 7 Cone resistonce Frictien ratie Pore preseare » STa Iadex SR Bshoviewr Type
at ground level ~ 200 kPa , PN "’ 7 s g ' . ) ' e
o - A .,/ Iz 3 3 i
(Van Impe et al., 2013 & 2015) i e N , : : : :
% Tanks ECE=E R g
fa £ i, g
e 48 m diameter and 19 m height, : : : :
e Triangle configuration - 65 m center to center . ; » - -
¢ Soil Profile (a) R PO 3 A B o 3
i LOAD (kN) (b) gimmrRioiis BT BT
e 0-12 to 15 m depth: Old fill (GWT at 2 m) PP P T E— o
""" e
e 12-15 to 18 m depth: Sand - o
:) 3=0.80 040 :;-:
L] 18 to 100-120 m depth: ocC Clay E ™ T 1
T pcanuit] 34 4 vos'b [ orsREUTION ‘ ‘ 6290
8 X
= R =0.80 "~ 040 041
** Foundation System ////// / AN/ B
20 WA \\\\fiifiLfE"> // moved by G0OKN n=0§(5;'0-90 &= -\ 7 {175
* Pile Cap: 0.6 m thick and 49 m diameter (@ fErshemem tmen e | = (g e s
% (TEST) 680 kN 1,710kN 1.930kN [TEST) 2.960kN (‘qj/
e 422 Omega Piles as pile group Three oil tanks case study: a) General view tanks, b) CPTu log (Van Impe et al.,
. . s . 2013), c) Load and resistance distribution (Fellenius, 2014), d) Settlement analysis
e Piles: 460 mm in diameter and 22 m in depth ) ) i ( )i d) y
under operational load (Van Impe et al., 2015)
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks >

Compiled Load-Displacement Records

2000 Q max s 1500 kN 1500 kKN < Q max < 2500 kN 2500 kN < Q max
3000 4000

2500 @

3500
o @

3000

2000
2500

1500 2000

Load (kN)
Load (kN)

1500

1000

1000

500
500

0 0
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Displacement (mm) Displacement (mm) Displacement (mm)
(a) (b)

(c)

Load-displacement diagrams for all compiled cases: a) Q... < 1500kN, b) 1500kN < Q_ .. < 2500kN, c) 2500kN < Q, ..
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion>

6- Remarks

)

Criteria Variety & Hyperbolic Fitting

Case No. 23 Case No. 23
25 25
Hyperbolic Function : 20.4 MPa
v
Brinch-Hansen 80% : 17.6 MPa ® Measured s 20.4 MPa
A ol ——Fitted e
20 Max. Measurement : 18.7 MPa 20 V1 mmmmmmmmmmmmme
10% Criterion: 17.6 MPa .
—_— 5% Criterion: 15 MPa —
£ 15 : & 15
= ! : 2 "
=] . | [ b '
g:‘ g I 1 a“ ,' Hyperbolic Function:
® 10 }: ! ! @ 10 ___ ¢
& g ! I & °T1 . 1
5 I I Case No. 23 gt x8
I I Fundex £
I I B =390, 450 mm Case23 = 0=5082+ (0.049x 5)
5 i I I Df=9.5m 5
| | 1 qc-Shaft = 8.5 MPa
| | | qc-Toe = 18 MPa
| 1 1
0 L l ] 0
[Ty
0c 5 10 15 20 0 5 10 15 20
Strain, € (%) Strain, € (%)
(a) (b)
Typical stress-strain and criteria for Case No. 23: a) Stress resultant from various
criteria, b) Hyperbolic fitting and concepts
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6- Remarks

)

Ultimate Pressure Through Different Criteria
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Pressure (MPa)

15
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5

0

#Maximum Measured
10% B

*+5%B

#Brinch Hansen 80%
10% B is not Reached.

2 4;» o #b 9@6: 60%: d;\ RIS e.:o I I T T S S S NP PR JPN SR TN Ry SR . S D o P AP A WD DD
("b O‘b (;b o‘b o’b o’b o’b o’b o’b o,b‘s (;b‘z 009 O’D" (;b(’ 0,;9 0,0‘9 o,b"’ o,b’v 0,0‘9 C;b": 0,0’9 0,0‘9 Q’b“ o,b‘) o,b‘) (;b" (;;, 0,0'7 (;’b{’ 0,»’9 o,b‘v o,b’v (;b’v (;b" c;b’: (J’:J o,b‘s o,b‘) o,b‘b O’b"

Comparison of records by analyzing ultimate pressure through different criteria

5% B and Brinch-Hansen 80% criteria opted for further analysis due to:
Simplicity, Efficiency and Adoptable for All Cases
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks >

Energy-Based Evaluation: Toughness and Resilience

Energy £
—== | ‘ode
Volume fO k
| l
| 1
— ! I
. I
£ = Strain, a o ! !
E (] | 1
> 2 |
o = Stress @ L2 '
g = | Toughness |
(7] 3 I I
1
e :
| 1
Energy Absorption; A : !
| |
oo . L3 I 1 I
Resilience: Elastic Region ] 5 15
sh (0
Toughness: Fracture Threshold Strain (%)
Resilience and toughness Concept
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks >

Dominant Factors on Toughness (T) Value

0 Embedment Depth (m) 0 Breadth (m) Surrounding Soil
100
90 %0 % Soil
80 80 T ) I I
g th TI = 10 BI l g q| |Strength T
[
2 & S =
g 5 2 50 g 50
£ 0 g4 £ 4
3 20 5 30 3
2 =] =
2 = 20 20
10 10 10
0 0 -
0 DF<10 10<Df 13 13 < Df B<410 410<B <500 500<B Clay Sand Mixed
Df 58.43 18.48 78.95 94.14 98.46 32.21 Soill 4544 97.96 66.82
(a) (b) ()
Average toughness values up the displacement of 1 inch: a) Embedment depth, b) Breadth, c) Surrounding soil type

Longer, Narrower piles in Mixed soil condition lead to Higher toughness value
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> 1- Background > 2- Database > 3- Analysis > 4- Appraisal > 5- Implemeniaiion> 6- Remarks

0 — € Performance for Various Foundations

Spread Footings Helical Piles Driven Piles Drilled Shafts
1 s 12 12
Byyg = 1000 mm Bayg = 500 mm Bayg = 410 mm Bayg = 920 mm
Dy o7 6m< D<12m 10 15m < Dy <30m o 8m< D;<16m
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Pressure (Stress, 0) — relative displacement (Strain, €) diagrams for various foundations: a) Spread Footings (Heidari et al., 2025), b) Helical
Piles (Rahimi et al., 2024), c) Driven piles (Eslami & Ebrahimipour, 2024), d) Drilled shafts
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Pressure (Stress, 0) — relative displacement (Strain, €) diagrams for: a) DD piles, b) All foundations
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Remarks & Conclusions

Drilled Displacement (DD) Piles; Efficient and Sustainable Solution
Load-Displacement Records; Embracing Major Design Criteria

Stress-Strain Framework; Normalized Uniform Appraisal/Comparison

Data-Centric Approach; Tackling Uncertainty/Enhancing Prediction
Energy-Based Paradigm; Towards Resilient Foundations
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