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Design of Deep Foundations - Methods and Software Application
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Our Company

Deep Excavation LLC Websites: Contact Information:

240 W 35t Street Suite 1004 www.deepexcavation.com sales@deepexcavation.com
New York NY. 10001 www.deepex.com training@deepexcavation.com
USA

- Software solutions for excavation and foundation professionals
- Consulting Services - Design of deep excavations and pile foundations

- Virtual Reality applications for geotechnical engineers and contractors
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DeepFND - Foundation Piles Design Software

HelixPile - Helical Piles Design Software

PART 1: DeepFND/HelixPile Software Features and Analysis Methods

More information: Click here to learn more: Click here to learn more:

DeepkND - Features and Capabilities HelixPile - Features and Capabilities
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https://www.deepexcavation.com/en/products/deepfnd-foundation-piles-software
https://www.deepexcavation.com/en/products/helixpile-helical-pile-software

@ DEEP EXCAVATION DeepFND - Foundation Piles Design Software

SEOTECHNIEAL SErTIARS & SoruTIoNS HelixPile - Helical Piles Design Software

DE‘Eﬁ" Lateral and Vertical Analysis and Structural Design of all common pile types

Single Piles and Pile Groups Single Piles and Pile Groups
Non-Helical Piles Helical Piles

Installation Methods: Pile Types - Helix Configuration - Casing:
v Drilled Piles v' Pipes
v" Driven Piles v" Square Solid
v' (Caissons v" Square Hollow
v Micropiles v" Include Several Helix Configurations on each Pile
v' CFA Piles v' Use of External Casing
v’ Drilled-In-Displacement Piles v" Option to have Grouted Piles
Pile Types:
v" Concrete Sections: Rectangular, Circular, Circular Hollow, Octagon

v Steel Sections (H-Beams, Pipes, Channels)
v Timber Piles (Wood)
v' Belled Bottom
v' Composite Section Along the Pile

Helical Piles also Analyzed with:

HelixPile: Helical Piles Design
Software

Soil Springs & 3D Finite Element Analysis Methods
RELIABLE www.deepexcavation.com
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(2 REER EXCAVATION DeepFND - Available NonHelical ile Types

Common pile types Plle SeCtlﬂnS:
Driven bile e Drilled pile Caiccons » Goncrete Piles (Rectangular, Gircular, Octagon)
@® HPile () EI'I“'EE (O Tapered (O Timber () Concrete () E:Ip: () Eﬁ:ﬂ:{m O Belled () Micropile () gt;‘zl ) Ez'“'::m ’ CerUIar HOIIOW SGCtlons

- Composite Sections

= ' - - Steel Beams (Pipes, H beams, channel sections)
] [ | . Timber Piles (wood)
(A | - Belled Bottom Piles
1! 0 {11 TR e T Mese o o x
I I i 0 {1t 1L flr o ‘ K p-san
| - . W S | L i Iy e —
Installation Methods: Rebo st (Goe® | | @) Gl /
« Drilled Piles s Sttt | Q) cresrtoon . 4
¢ DI‘IVEH P|Ies nie in Heﬁ:z#m? ::n:talg;n N )
. Caissons o
« Continuous Flight Auger Piles (CFA) e Pt ‘
» Drilled-In-Displacement Piles R e
Implemented Methods: ﬁ
- FHWA GEC 8 and GEC 10 ez
- AASHTO LRFD Norlund e e o | [ omen
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Eb DEEP EXCAVATION DeepFND/HelixPile - Available Helical Pile Types and Options

Helical pile types

~, Square _. Pipe IS Square shaft ~ Round shaft A Pipe grouted shaft with

v Create and save to database multiple helical pile sections
Dshaft  ®shaft micropie = micropile ~ smaller core v Each helical pile section can have multiple helix configurations
- ‘ ['] v Bearing capacity calculations, lateral pile analysis, installation torque estimation

Helical anchor sections =
Helical sections A.General B. Geotechnical capacity options C. Concrete D. Extemal casing
1. Mame
Pipe 3" Manufacturer

Tel: weh
=l. WheED

2. Shaft-pipe dimensions and properties
fy |65 w | ksi x| 2 06 ind E (25000 |ksi

2 - -
. S |1 27 in3 . . .
1 fu|20 o | kesi S (1.3 Torsional pipe capacity
i Section | Pipe we | Fax|1.B9E in3 Telastic|14.84 k-ft
2 - ——— - ==t A A T
Chameter |3 in e (0 977 T Tplastic| 14.84 k-ft
Thick — ) 111720:; Tenzile shalt capacity
ickness 5 411720 |ind :
b ] . In " . £ 1 a}lﬁl: 1iﬂi lc.
- 2 ~_a n by v | T e | 2
Area plpe Apipe _d-lE I = S-"“:r £, 1.2 aLItII’I'EtE 1iﬂ.i l"
—cl : Define mechanical connection

Perimeter |9 4247775 in :
. [ tension strength

Add new helical section

Ava i Ia b I e H el ical Pi I e Typ es: Delete all 3. Helix dimensions and properties
= = +| Use different size plates Available configurations| pone e Select

y CI rcu Iar H 0 I I Ow PI I es Delete selected helical section

° Square SOIId PII?S ‘:._. fay * _] Diameter {in) Spacing ft) Thick {in) ?trfz?n:tive Area Lit. Capacity (k)

- Square Hollow Piles Y iD"'JE‘KL N L o
Bearing Capacity Methods for Helical Piles: 5 s |
'Y Cyl i nder M ethOd Add a new plate Delete selected plate | Save configuration | Delete corfig. | Add configuration
O I n d iVi d u al PI ate M et h Od [z Database kl Database e Database all 0] Cancel
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DEEP EXCAVATION DeepFND/HelixPile - Soils and Stratigraphy

s Soil Types 7 4 L . = = "
ot ¢ N o B S oo v' Create multiply soil types and define soil properties
Soil Name [F Color v" Soil properties estimation tools (NSPT values - test data)
Description | Miscell fill = = = . c
7 pmcrton|Macelanens v' Create multiple borings and define the horizontal stratigraphy
o — — o N B Show test data . .
v e e | SPLePT v" Add CPT logs and SPT Records - Estimate properties from records
= ) Clay _) |GM {intermediate geo mat.) c . . - -
O Gravel v Custom Layer mode: Create inclined soil layers
3. Default drained-undrained behavior for clays (See Theony Manual)
G i : —] Soil Layers 80 k
S ﬁ!-j;?ﬁ---i_ = E|E|Stl:l-|:l.|-E|Stll: ZET | S Awailable Borings 1. General Boring Information - Coordinates
4. Unit 11"i'EIQ|'ItS - DEI’ISI‘t}' m )
v ocf 5 ¥ dy et Mame  Boring 1
i _ _ Coordinates X 50 B YD ft
2 St_rength a——— a!-'d SR The x coordinate controls where the boring is shown in your design section view.
Drained strength properties Each design section uses one boring (scil strata). You can use a different boring on
o psf o & -3[:. degr each design section. i
III SPT Data Option (Applies to Design Section) F " c ﬁﬂ T "
SPT Record Mot assigned w Add edit SPT records 4t %
CPT Record Option (Applies to Design Section)
V(D 35 :
CPT Record | Mot assigned e Add edit CFT records =
5. Mtrest coefficients — —
Add New Soil 2. Boring Layers - Layer Elevations -15 ft -15ft
K“"C e MOCR - , : = =
Copy Soil o= KoNC * (OCR)"nOCR Top Soil type OCR ke Edit 35.25 ft
6. Ultimate bond (grouted piles when bond option is = » _ F ~ |1 0.5 Edit v (UND) e
Delete Selected Soil A 51 |1 0441 Edit =, 35 ft
E skin.u P - _
Delete all soils o v M 0.531 Edit
-2 GT = |1 D412 Edit
Paste Sail [ ] Rock joints are open filled with gouge . -
oK Add New Boring
Delete Selected
Baoring (Stratigraphy)

Clone Boring Insert Layer Delete Layer
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@ DEEP EXCAVATION

LwEEF EALAVATIVIN DeepEND/HelixPile - Vertical Analysis - Pile Length Optimization

P A O & o A e B X v Addaxial loads on the pile head (tension - compression)
e sedtions  sections|  pilcloads | Defult- | sehtings tep 100 e v Galculate tension - compression bearing capacity
it Section Extemalloads | _Cloys Analyss setings ages v' Optimize pile length for the defined tension and compression loads

Toargque= 20.559k-ft
Fcap.ten. ULT= 35038 k Feap.ten.ULT= 74.56 k
Fcap.comp. ULT= 242028 k Fcap.comp.ULT= 123 35 k S
Fcap.tension= 17519k Fcap.tension= 37.28 k 0 & Tarque [ESTik-ft
Fcap.comp= 1210.14 k Fcap.comp= 61.68 k 0 10 20 30
.\.
F .-'!'-\. e m F s
5ft Fshaft= 175.19k G fit
4t
-4t
) 1
51 o1
7 |
fi .l}
Fshaft= 7.92k }
201t . 28.75
=20t ) ’
V (UND.) .
—_ V [UND.) :.
|
2ot }é -'Illl_l-l—ﬂ..r |:
20t 3 5 fi ':I II . ~—
o | iy Foylinder= 24 .72 k L
3 ft 1 | '\
oL sl i I \
T Jg= 53.27ksf, Ng=37.75, F= 24.4k )
GT qTip= 53.2ksf, Ftip= 4.64k "|
I
R R R RN EEEEERER I GT III-
qTip= 65.07ksf, Ftip= 103495k )
1
k)
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Eb DEEP EXCAVATION DeepFND/HelixPile - Settlement Analysis Options

v" Option to estimate pile settlements
v Pile acceptance criteria: Davisson, ICC 355, NYC 2011, Butler-Hoy and more
v Estimate pile structural capacity from pile criteria

Pile acceptance criteria ot

Available criteria Acceptance criteria ‘/ Add aﬂd reVIGW AXIaI Lﬂad TeStS
1. Name
Fcap.ten.ULT= 222.21 k
ICC-AC358 Clastic — Feap.comp.ULT- 26241
b Fcap.tension=111.1k mpre Pk
2. 5et active/visible Feap.comp=121.21 k N 0 | :I:- | | | ;4|:.
' Crteron is active o be analyzed) B T— N
C1 (UND.) R Fshaft= 111.1k ~
/| Criterion is visible (on graphs) * i
3. BEquation
-2t
y=|0 + |0 D.:.- +((0 D,: +|1 PL/AE =g
D =Plate diameter D =S5haft diameter
Average plate size o = e

Define maximum net settlement

Ultimate load crteron (Critera determines ultimate load)
Determine load from criterion e o

Use deflection load slope \[ _
1 .:4;.:_-: '_.‘ii"

Settlement (in)
T

Add new criteria

Re=et to Elastic Reset to ICC355 Reset to Davisson qTip= 9.45ksf, Frip= 10.1k
Delete criteria Butler-Hoy NYC 2011-011
Pilz head s=ttlemant
&= Load te
:||-:: EEHCE' Boring 1 = 5TR Design Capacity [+comp)

RELIABLE www.deepexcavation.com

GEOEXPERTISE W degpex.com T: /1206.219-3300



Eb DEEP EXCAVATION DeepFND/HelixPile - Lateral Pile Analysis Options

v Define lateral loads on the pile head (both local X and Y directions)
e s v Define lateral soil properties (implemented PY models for different soil

Fecap.tension= 506 k

Fezp.comp= 73.57 k o typeS)

Pile Displacements (in) Pile Shear (kips) Pile Moment (kips-ft) . . .
: S I : v" Calculate lateral pile displacements for defined loads
. Hjlaj v' Perform pushover analysis
o4 28kt -
. v Add and review lateral load tests
v’ Calculate pile moment and shear diagrams
. A.General B. Prestress-Unbraced C.Comosion D. Results Py Lateral x-x  Lateral y
- P pacem: E:JEF'K Mot Lateral P-y pile response x-x
ﬁ:_;-f_ 3 _C.J 0 18 [—— P-Dx (stage 0) —e— Loadtest: TEST 1 |
0.125 212 209 T — — — — T
0.2 35 14,62 1 : : : ]
— — 16 L. S SO SUTUETEERERRRRRNTS RO ]
50 ft 0 12k-ft :; ; d: T : ' ]
..... > ‘ 14 Jooov b e
1 93 oot T SRS AU ;
. 15 = I = I 5 i ; i
51 —_— . 1 ! e 101 . . S AT e ]
Sl o S S B
Lateral Pile Analysis Settings R N~ A A D S
] — T
1. General 2. P-Y muttipliers 11 P R S S SO
1, Analysis mode ALy o1z o 5 ; ]
. - Tl S R EREREEEES ]
Pushover analysis (define displacements) b o s e o
Defined lateral Iu:uau:ls :Tm load menu) 0.0 O.IS 1.0 1.5 2,0 2.5
E— i Pushover analysis (define displacements) lateral displacement x-x at top
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DEEP EXCAVATION DeepFND/HelixPile - Structural Design of Piles

Structural code options it

Concrete Code Opions v Structural Design Codes: ACI, AISC, LRFD, Eurocodes 2, 3 & 8, AS3600, AS 4100, CN + more

TR v v Calculate moment capacity
LACI 316 11 Perf Il check ding to the selected design standard
BT v' Perform all checks according to the selected design standar
3EC2 Geman Arrex Export detailed t with all structural design calculati
LEC2 Cyprus Annex v' EXport detailed report with all structural design calculations
5.EC2-French Annex
6 A strian & :
;_E':f Austrian Annex Structural code options P enuir= 10021 %
F-BC2-talian Annex mp.ULT= 147.94 k -
3-EC 2-Methedands Annex Concrete Code Options :nsion= 50.6 k 134 = calculations
5:EC2-LCzech Annex amp=72.97 k
10:EC2-Belgium Annex 1-AC1 318-11 > - adi G ; ™
- . : 10.6 k =gt o Calculate pile capacities for stage : Stage 0
11:EC2-Slovakian Annex 76 Tt ~ 75 41k41 . E
12:EC2-Danish Annex | ’:L -
13:EC2-Finish Annex _ F5 SHAFTRESISTANCE = 2 (preliminary geotechnical)
14:EC2-Swedish Annex SR TR LT
. L k-t
—15:EC8-Greek Annex . —aniE — _—
16-ECA-talian Annes 17-A15C 360-10 ALL. o F5 BEARIMG.RESISTANCE = 2 (geotechnical)
1?:ECE_"E'LISME!H .-':'-J:I'IE!I 1:ASD 1383 Edit Pile Dimensions and Data, Stage: 0 -
18:EC3-Bulgarian Annex 2-EC3 2005CEN / Basic description of shaft strength calculations, stage: 0
15:EC8-Cyprus Annex 1:LRFD 1%h Edition 2005 A General B. Prestress-Unbraced C.Comosion D. Resuts Py
20:EC8-Slovenian Annex 4:NTC 2008 e R i epssrsdd T e . _
21-ECE-French Annesx 5:EC3 2005-Bulgaria T Paxial = 12 k Lateral earth stresses determined with Mitch-Clemence approach:
FEEC2Greek Annex &-EC3 2005-Slovenia 2. Support Structural - Geotechnical Checks
23:EC2-2004 7-EC3 2005-UK Stress Check=[0712 | kh=0089 (e ) 0080 = normal stress
24:A5 3600-2003 8:EC3 2005-Norway Calculated Axial Support Capaciies
& i . AT i 7197 4794
25.CN (China} 3:EC3 2005-Sweden E 12 Pall= 230 K Pult= 14754k _ _ | | |
10-EC2 2005-Finland 3.1 Geotechnical Capacity 3.2 Structural Capacity  Adhesion values determine from cohesion or undrained shear strength with the following method:
u. o U 41 g7 Pall= 12029 k
11:EC3 2005-Denmark PallComp= 7357 k p 240
- = 147 94 k u|t= -C—u'.EI'Sk
12:EC3 2005-Portugal PultComp-= MxAll= N/Ck By using a tri-linear approach similar to API, where:
13:EC3 2005-Gemany DIN . Pall Tension- 506 k MU= NIC k
14:EC3 2005-Singapore T PultTension=  101.21 k Lu= 12368 ¥ : 5
15:EC3 2005-Greece a cfacter.l = 0.8 when c is smaller than c= 1ksf
16:ANSI/AISC 360-10 S e |
3 ] nstall Torque= 0 k-
1?N5C1|—- o c.factor.2 = 0.5 when c is greater than c= 2ksf
-IEES E:'Eu'1 AU
19:A5/NZS 4100 of-t
20:CN (China) A linear interpolation is assumed for intermediate values
%1:.-:—:.NSI.-;‘3E|§CI:3E:-'IE £ L. W
22:AISC 360-16 ALL. : T B =90 deerees. pile anele

< >
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DEEP DeepFND - Foundation Piles Design Software

FND PEXE HelixPile - Helical Piles Design Software

PART 2: DeepFND/HelixPile Additional Modules and Standard Packages

More information: Click here to learn more: Click here to learn more:

DeepkND - Features and Capabilities HelixPile - Features and Capabilities
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https://www.deepexcavation.com/en/products/deepfnd-foundation-piles-software
https://www.deepexcavation.com/en/products/helixpile-helical-pile-software

Eb DEEP EXCAVATION DeepFND/HelixPile - Pile Groups and Pile Rafts

_ v Create pile caps of any shape

S v Define pile configurations (positions, structural
- sections)
v’ Distribute the loads applied on the cap to each pile,
- according to the pile position
O v Design all piles and the pile cap e
v Top view/side section view/3D model S
O (O v' Option that the pile cap behaves as pile raft =
O
: L - - L o
oino) | h
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DEEP EXCAVATION DeepFND - 3D Finite Element Analysis

. | Model the interaction effects of pile rafts and pile groups in a detailed
- T T~ v" Monitor stress and displacement/settlement at any location at the
surface and within the soil medium
v" Use sophisticated constitutive laws to simulate soil behavior
v Calculate the response of your foundation system under dynamic
excitation
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@ DEEP EXCAVATION DeepFND - Pile Cap Design & Structural Checks

v Generate pile cap reinforcement strips
v Optimize cap reinforcement with a click of a button i %\ e
v Galculate punching strength for concrete caps for each pile N sl
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DEEP EXCAVATION DeepFND/HelixPile - Software Packages & Modules

DEEP Standard HelixPile
FND' Standard DeepFND Software Packages Software Packages
DeepFND Versions Single Piles Groups&Rafts DBEDFND Slﬂg|e PI|eS HB|IXPI|B - Slngle PI|BS
R v 7 z Vertical and Lateral Analysis of Single Helical & Non-Helical Piles Vertical and Lateral Analysis of Single Helical Piles
v v 7 DeepFND (Groups & Rafts) HelixPile Full
Axial = v v v Vertical and L_ateraI_AnaIysis of Single Helical & Non-Helical Piles Vertical and Lateral Analysis of Single Helical Piles
v v / Analysis or Pile Caps and Rafts (PY Spring Method) Analysis or Pile Caps and Rafts (PY Spring Method)
g ¥ ud Optional Module: 3D Finite Element Analysis Method
f : : Optional Module: Pile Cap Design
— — g g DeepFND Full
Sohana 7 Vertical and Lateral Analysis of Single Helical & Non-Helical Piles
ctural Checks) Optional v Analysis or Pile Caps and Rafts (PY Spring Method)
nance (12 Months) v v v 3D Finite Element Analysis Method
Cloud License (Network) Optional Optional v Pile Cap Design

1 Year of full Technical Support (training, questions, file reviews) is included in any software purchase
Annual Maintenance (after the first year) starting from only $650

Discounts for Additional Licenses

Additional Modules can be purchased and activated at any point in any software version

Cloud Licenses (Network) options are available

RELIABLE www.deepexcavation.com sales@deepexcavation.com

GEOEXPERTISE W degpex.com T: /1206.219-3300



iz oEer ExcAvaTION
in——

THANK YOU!
DESIGN AND OPTIMIZE ANY PILE FOUNDATION SYSTEM IN MINUTES AND GAIN A COMPETITIVE EDGE

BOOK HERE A FREE ONLINE PRESENTATION
E: training@deepexcavation.com

or Call Us at: +1-206-2/9-3300

: : CLICK HERE FOR EXAMPLES,
Learn from examples, videos and case studies VIDEOS AND ARTICLES

Prices and Licensing Questions: sales@deepexcavation.com
Technical Support: support@deepexcavation.com

TRUSTED BY

ARUP (0 FicrA i 558 2 wor: M I} KELLER

Learn tips and tricks of deep excavation design

el Y mA=COM



mailto:training@deepexcavation.com
https://www.deepexcavation.com/en/products/deepfnd-foundation-piles-software/deepfnd-training-examples-videos
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