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Design of Deep Excavations - Methods and Software Application

Presentation: Dimitrios Mamoglou, Senior Engineer, Deep Excavation LLC
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND Our Company
ENGINEERING
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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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND
ENGINEERING

PART 1: DeepEX Software Features and Analysis Methods

Click here to learn more:

More information: DeepEX — Software Features and
Capabilities
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https://www.deepexcavation.com/en/products/deepex-deep-excavation-software

DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND DeepEx - Shoring Design Software
ENGINEERING

DEEP
Ev Full Structural and Geotechnical Design of any Deep Excavation Model
VA

—

Wall Types in DeepEX Support Systems in DeepEX

v Soldier Pile and Lagging Walls v" Anchored Walls (Tiebacks and Helical Anchors)
v Sheet Pile Walls v Braced Excavations (Steel Struts and Rakers)
v Secant / Tangent Pile Walls v" Top/Down Excavations with Concrete Slabs

v" Concrete Diaphragm Walls (Slurry Walls) v' Dead-man Walls

v Soldier Pile and Tremied Concrete Walls v Bin-Type Walls

v" Combined Sheet Pile Walls (King Piles) v Cofferdams

v" Box Sheet Pile Walls v' Circular Shafts

v' Custom Walls v Cantilever Walls

ANALYSIS METHODS: LIMIT EQUILIBRIUM ANALYSIS NON-LINEAR ANALYSIS (SOIL SPRINGS) FINITE ELEMENT ANALYSIS

} | }

Soil Pressures: Active/Passive, At-rest, Moments and Reactions from Moments and Reactions from
Apparent Pressures (FHWA, Peck, Adaptive, Spring Analysis Finite Elements
Custom Trapezoidal +more)

Cumulative Results from Stages Full Soil-Structure Interaction
Beam Analysis: Blum’s, FHWA Simple Span,
CALTRANS +more Realistic Displacements Calculate Surface Settlements
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DEEP EXCAVATION

DeepEx Software - Wall Types

GEOTECHNICAL SOFTWARE AND
ENGINEERING

Soldier pile and lagging walls Secant pile walls Tangent pile walls
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SPTC walls Diaphragm (slurry) walls Sheet pile walls
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND
ENGINEERING

DeepEx Software - Support Systems
Anchored Walls (Tiebacks)

Braced Excavations (Struts and Rakers)
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND Soils and Stratigraphy in DeepEX

ENGINEERING
%2 Soil Types 2 X v' Create multiply soil types and define soil properties
Soil Types 1. Name and Basic Soil Type o o . .
ol [F oo v Soil properties estimation tools (NSPT values - test data)
51 : S o o L] ] ) °
&2 Doscrvton| A v" Create multiple borings and define the horizontal stratigraphy
2. Soil Type - Behaviour . o
Sand o]| Shomtest deta v Add CPT logs and SPT Records - Estimate properties from records
. . c
Gleon fine sands, and sightly sty sands. v' Custom Layer mode: Create inclined soil layers
Not defined v v" Soil Change Commands: Change soil properties through stages
3. Default drained-undrained behavior for clays (See Theary, Man sl )
—] Soil Layers
A General C Hastoplastc D.Bond E. Adv. | [ Available Borings 1. General Boring Information - Coordinates
4. Unit Weights - Density m Mame |Borng 1
¥ 15 kMim3 | = ¥ g |19
T ! ¥ bul F Coordinates X -20 m Y0 m
5. Strength Parameters and Poisson Ratio The x coordinate controls where the boring is shown in your design section view. 1.8
Drained strength properties . Each design section uses one boring (soil strata). You can use a different boring on
5 KPx N & |25 each design section.
Peak - constant vl SPT Data Option (&pplies to Design Section)
2 . |Omittec SPT Record | Not assigned w Add edit SPT records
T % neak’ |Omittec lv Pass same SPT log to boring (3D visualizations)
Add New Soil ¥[0.35 CPFT Record Option (Applies to Design Section)
. &. Permeability .
Copy Soil : C . ” A . .
opy 00 Kx/5.999935¢] yeee | > — T FT Record  Not assigned dd edit CPT record
Pelate Sseded Sa 8. At-rest coefficients ] 2. Boring Layers - Layer Elevations
Sai KoNC|0 577 > OCR |05 i
Paste Soi o n K )| Soi Type OCR | Ko Ed
Clone : 3 _ F j 1 0577 Edit
| 3 51 |1 047 Edit
;. Database L—j Database QK A0 52 j 1 0441 Edit
: -

Add Mew Boring

Delete Selected
Boring (Stratigraphy)

RELIABLE www.deepexcavation.com sales@deepexcavation.com

www.deepex.com training@deepexcavation.com
GEOEXPERTISE T: +1-206-279-3300




DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND Analysis Methods and Design Standards in DeepEX

ENGINEERING

Limit Equilibrium Non-Linear Analysis (NL) Finite Element
Analysis (LEM) (Elastoplastic Springs) Analysis (FEM)
Moment (kM-m/m} Pressures [kPal Deflection Moment Pressures Deflaction Moment Fressures
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Structural Codes: Eurocodes 1,2 & 8, ACI, LRFD, AISC, AS 3600 & 4100, CN (China) + more

Design Standards: Eurocode 7, DIN, BS, XP, AASHTO LRFD, CALTRANS, CN (China) + more
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND

ENGINEERING

Limit Equilibrium Analysis Concept (LEM)

v' Assume lateral earth pressures.
v" Determine fixity locations for forces at subgrade.

v Analyze wall beam with assumed loads. $=30dog—-5m
yt=21kN/m3 _
v' Advantages: Easy method to verify. Gives a back check ¥=22deg

for more rigorous methods.
v' Disadvantages: Soil-structure interaction ignored.
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND
ENGINEERING

Earth Coefficients in DeepEX Software

DeepEX Automatic Method Selection According to Project Parameters

Active Coefficient Ka
Parameters Horizontal Surface | Inclined Surface Wall Friction Seismic Effects Applied
Considered
Method Rankine Coulomb Coulomb No Effect
Passive Coefficient Kp
Parameters Horizontal Surface | Inclined Surface Wall Friction Seismic Effects Applied
Considered
Method Rankine Coulomb Caquot-Kerisel Lancelotta
Drive Resist Drive Resist Drive Resisi DrivE Resist

No surface slope
No wall friction
No seismic effects

Surface slope
No wall friction
No seismic effects

Surface slope
Wall friction
No seismic effects

Surface slope
Wall friction
Seismic effects

sales@deepexcavation.com
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DEEP EXCAVATION

CEOTECHNICAL SOFTWARE AND LEM: Soil Pressures Methods
ENGINEERING
Cantilever Excavations Construction Stages with multiple support levels
At-Rest Pressures Peck 1969 Pressures FHWA Apparent Pressures Custom Trapezoidal Pressures
3\ [ i\ [ ﬁ::ﬁ‘\j i
Two-Step Rectangular Pressures WMATA Pressures New York City DEP Pressures
j i + il \ —
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND Water Pressure Methods in DeepEX Software

ENGINEERING

Simplified Flow Hydrostatic Full Flownet Analysis

Pressures [ksf) essures (ksf) assures |ksf)
0 ' 1 2 3 2 essure IL_;f.' : 5 P | Pressuresfks) - u (ksf)

i

e B B WM N S SO0
im Em in T in T

e
i |

-\“ 1.716 ks =l oy 1.248 ksf i \

o 1.766 ksf g 1 B84 ksF

RELIABLE www.deepexcavation.com sales@deepexcavation.com

www.deepex.com training@deepexcavation.com
GEOEXPERTISE T: +1-206-279-3300




DEEP EXCAVATION

T — External Loads in DeepEX: Types and Pressure Methods

ENGINEERING
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Loads on ground surface: Loads on the wall: Load modeling options:
v’ Strip surcharges v' Strip surcharges v’ Elasticity equations
v' Linear loads v' Linear loads v Two-way distribution angle
v" 3D loads (buildings, footings, 3D v' External moments v One-way distribution angle
surface loads v" Prescribed displacements v' One-way distribution angle from soil friction
v’ Elasticity to vertical stress x Ka (or Ko)
v" CIRIA Special Pub 95 - 1993
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND Seismic Pressure Methods in DeepEX Software

ENGINEERING
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== Moment capacity

Mononobe-Okabe Method

Procedure in DeepEX Semirigid Method .. :
. o . (Frictional Soils)
» Define Seismic Accelerations Ax and Az > Total Vertical Stress at > Extension of the Coulomb Static
> Select Seismic Pressures Calculation Method Bottom of Wall x B Theory
> Select a Seismic Design Standard > B =0.75 in DeepEX > Accelerations added to a
o > Rectangular Pressure Coulomb Wedge
SRR (ARSI Ll Diagram > Seed & Whitman (1970) Seismic
v' Semirigid Thrust Redistribution
v' Mononobe-Okabe (frictional soils) > Inverse Trapezoid Pressure
v" Wood Automatic Diagram

v Wood Manual
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND Cantilever Wall Analysis Concept
ENGINEERING

Fixed earth method Free earth method

Balances out Moment and Shear Balances out moment
Shear not balanced
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND Beam Analysis - Blum’s Method
ENGINEERING

Pinned supports - continuous beam
Point of zero net soil shear below subgrade.

Use point of zero shear as a virtual support.

Shear Moments Net loading

Shear [k/ft) Moment [k-ft,/ft) Pressures [ksf)
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Reaction for Virtual  Available

Rx
) FS.passive= —
embedment Fxb support resistance Rx P

Fxb
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND
ENGINEERING

Beam Analysis - FHWA Simple Span Approach

Pin support at excavation base, simple spans

Shear

Shes

r(k/ft]

Moments Net loading

Moment [kft/ft) _ ) ) Pressures (ksf)
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DEEP EXCAVATION

T Beam Analysis - CALTRANS Approach

ENGINEERING

Pinned supports - simple span
Base at point of zero moment below bottom support

Shears and moments balance out

Shear Moments Net loading
| \ 123kM 434 ,__:.__:._< ] ?¥ — =
?&; I \ _ e e
204 \ e an 1 20 ded —
\ \ - {
. 2.3 k-t . ‘ -
o
#-36 dag o
No Embedment Virtual £ rotation = Fresist
Reaction Support | "~ Fdrive
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DEEP EXCAVATION

CEOTECHNICAL SOFTWARE AND Non-Linear Analysis Concept (Soil Springs)

ENGINEERING

Removed soil priorto  Beam elements modeling EP-Pertectly Plastic EP-Stram Hardenmg
Initial Free Field anchor installation the flexible wall of | B A

N\ o .

—————— - - e e e e e - - ———— :”’-“\-.-'"\-.-'""ul :_.“E Eﬁ _ ____r_-f"
W é f E] Yield — 4
| o i o Iy #-J
{

i Y 4
P e Soring element r 4 |
< ~»m modeling the 4 f 4 ?
—————— - __ —— - — e ————————— == = = ———— PR NN ground anchor | / 's_'- | i
Removed soil after WV i m 11’[{ ! 4 — L f -
I anchor installation  saAA- | AnAA - Strain, £ Stram, £

Intermediate
excavation level

| ) Elastoplastic Exponential
| AAA model model

-inal Excavation Level

miAd Soil Models
> Linear elastic perfectly plastic
» Exponential |
E= Evel(a, 0 +o, 0, )ipref "
» Subgrade modulus
» Small strain hardening
Reloading stiffness linear 3 to 5 x loading E
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DEEP EXCAVATION .. . ..
EOTECHNICAL SOFTWARE AND Finite Element Analysis in DeepEX (Additional Module)

ENGINEERING

Soil Models:
v" Elastoplastic Model
v Exponential (Hyperbolic) Model (approximate solution)
e v Exponential (Hyperbolic) Model (complete solution): Soil
hardening model
e e
GT / < Wl
B NN | e

v Moments and reactions calculated with Finite Elements

v Consider full soil-structure interaction

v Calculate surface settlements B

v Design Tiedowns, Foundation Piles and Steel Columns Wail 1

Sieel Sheats
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DEEP EXCAVATION .. . ..
EOTECHNICAL SOFTWARE AND Finite Element Analysis in DeepEX (Additional Module)

ENGINEERING

Tunnel Options:

™ . A — S v Tunnel Analysis with FEM
e =311 Keri= gemzrap 1wz v TBM Tunnels
- o o - o= ¥ NATM - SEM Tunnels
"""‘_:j"‘ S ;(1"""‘ " v Oval and Complex Tunnel Shapes
; A v Tunnel Model Wizard
i v Cut-and-Cover Tunnels
..

Wall

-;-}h Q
Thidx 80 c L-Refars R-Rebareg)
St =413 8MF3. E 0. TNPz
Wasa50%
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND
ENGINEERING

Slope Stability Analysis and Soil Nails in DeepEX

«F8=2.068

;E-::.:;-= e y=ll PRift w=11 7555+ R=41 T

e S YT RS AL Bldg. 0
{Left exit pt: -35. TES, 20ft)

{Right exit pt: 27 357, Oft) b . .

[-2.3F| 24.53)

Wamenp| (k-ft )
430 50| s0 ||+30

«F5=1.974

(0, -10) o |
v’ Bishop Method
v’ Morgenstern Price Method (G.L.E.)
v Spencer Method
v Ordinary (Swedish) Method -
v’ Automatic Slope Search Method PG
v’ Single Point Slope Center :‘j
v’ Rectangular Slope Center Suppor
v’ Define Radius Search Limits it

v’ Clouterre Standards for Soil Nails
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND
ENGINEERING

PART 2: Projects Desighed with DeepEX

) ) Click here to learn more:
More information:

DeepEX — Project Gallery

2000+ users — more than 10000 projects worldwide!
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND DeepEX Software - Project - Braced Excavation

ENGINEERING

LaBrea Metro Station, Los Angeles, California, USA

v 100 ft (30.5 m) Excavation

v" Soldier Piles and Lagging

v' Lateral Bracing (Struts)

v Full Design with DeepEX

v 5 Stations designed and
under construction

WWW, deeexcavation .com Sa Ies@deeexcavation .COMm

www.deepex.com training@deepexcavation.com
GEOEXPERTISE T: +1-206-279-3300



DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND DeepEX Software - Project - Cofferdam

ENGINEERING

New Tapan Zee Bridge Cofferdams, New York, USA

v $3.9 billion project

v 90x45ft (27.5x13.7m) Cofferdams
v’ Lateral Bracing (Struts)

v" Full Design with DeepEX
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND DeepEX Software - Project - Braced and Anchored Walls

ENGINEERING

Soldier Pile Excavation Pits with Diagonal Struts and Tiebacks, Arkansas, USA

v 90 ft (27.5m) Excavation
v" Soldier Piles and Lagging
v' Pipe Struts

v 9 rows of Tiebacks
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND DeepEX Software - Project - Braced Excavation

ENGINEERING

Soldier Pile Excavation Pits with Diagonal Struts, Arkansas, USA

v’ 24 ft (7.3m) Excavation

v" Soldier Piles and Lagging
v’ Pipe Struts

v" Full Design with DeepEX
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND DeepEX Software - Project - Cofferdam

ENGINEERING

All American Canal, Imperial Irrigation District, Yuma, Arizona

v Cofferdam

v' Water Wall Design

v Water Depth up to 20’ (6m)
v Sheet Pile System

v Post Tension cable Ties

v" Full Design with DeepEX

vl >
g p“-" Q'. ) | :
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE AND
ENGINEERING

PART 3: DeepEX Additional Modules and Standard Packages

) ) Click here to learn more:
More information:

DeepEX — Software Versions
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DEEP EXCAVATION

SEOTECHNICAL SOFTWARE AND 2D Sections and 3D Models Design - Export Holograms
ENGINEERING
vomen v" Full Design - 2D Sections and 3D Model
= = v' Structural & Geotechnical design of Tiebacks and Struts
= ‘ ' v' 3D Building Loads
k7l X v" Full Model Optimization (Walls and Supports)
2 e v’ Virtual Reality Model Visualization - Export Model to HoloDeepEX

$=36d=g

Rock
yt= 171.975 pcf
o= 2088 psf
$=30deg

B-2

FooF e cfishisge
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Eldg. 0

Building Damage Assessment - Additional Module to DeepEX 3D

v Perform Damage Assessment of all Buildings close to an excavation site
v Review Crack widths, Damage Categories, Strains etc. for all building

walls.
Building Damage Results O
Deflection [inch) Il t [ H-ft:
g i 300 [boo 00 0 ‘Jlll{Iﬁ{il 200 |00 Bidg. 0
L L LR | RN L L B R U Maximum values All elements  |ndividual elements  Horizontal movement  Settlement  Boscardin-Cording Chatt  Hogging Chart (Burand 1979)
— T = : g Damage T Dam
. 805k 8 .out y.Max y.Ave Cplin) Ctin) Crp (in) Crit (in) Cat Crack E-:us':.a cdin
93PSt 5T SF—95185 k e wicth
i:""':-.b ! Bottom side continuous bazement wall 203 |0 0.005103 |0.002551 |0 0 0 0 Moderate | Megligibe | Moderate
480, 8 14,68k Left side continuous basement wall 277 |0 0.000752 |0.000376 |0 0 0 0 Negligibe | Negligibe | Negligibe
34 AR H 787k Right side continuous basemert wall 626 |0 0002511 |0.00125 |0 0 0 0 Megligibe | Megligibe | Negligibe
Clay (UND.) -I:-""'"# Top side continuous basement wall 0 0 0 0 0 0 0 Megligihe | Megligibe | Megligibe
Exterior wall at floor 1H. 0. {-10.67, 30t0 -20.67.30) 407 |0 0.025554 |0.001561 |0.2327 0.3337 0.1551 0.2225 Moderate |Moderate | M/A
0.6 in Exterior wall at floor 18. 0, (-20.67, 70ta -10.67,70) 0 0 0 0 0 0 0 Megligbe |Medligbe |MAA
51 = Units Value Exterior wall at floor 1H. 0, {-20.67, 30t -30.67,30) g7z |0 0.022453 |0.002095 |0.07958 0.0299 0.0532 0.0199 Slight Slight MR
b Max. horizontal strain: & H Max - 0.087083 Exterior wall at floor 1E1. 0. (-30.67. 70 to -20.67.70) D 0 0 0 0 0 D Neglighe |Negligibe |M/A
005 Max. tensie sran- & T Max 0.005a41 BExterior wall at floor 18 0, (-30067, 30to -40.67 30) bad |0 0014831 |0.001949 |0 0 0 0 Megligbe |Megligbe |MNAA
Max._ principal girain: & P Max 0. 00645 Exterior wall at floor 18 0, (40067, 70to -30.67.70) 0 0 0 0 0 0 0 Megligbe |Megligbe |MAA
P o w 0. (10067, -10.67, 435 (0 0.02574 0 0.153 0.2154 0.102 0.1436 Slight Slight MAA
- Max. anguiar distodion: deg 0,754 Exterior wall at floor 18, 0, (-10.67, 40to -10.67.30) 3 2 2 2 iq iq
- Exterior wall at floor 18. 0, (40067, 30to -40.67 40 3 |0 0.007772 |0.001901 |0 0 0 0 Megligbe | Megligibe |M/A
Max. out of plane rotation: 8 .out deg 0 oer : ° ) 919 91d
_ f— Exterior wall at floor 1H. 0, {-10.67, 50to -10.67 40) 169 |0 0.02417 |0 0.2936 0.1803 0.1957 0.1202 Slight Slight MR
Mazx. shear strain: v.Max 0.02574
— Exterior wall at floor 161, 0, (40.67, 40 to -40.67.50) 331 |0 0.002266 |0 0 0 0 0 Megligibe |Megligibe |N/A
Boring 1 Ave. shear strain: . Ave 0.003353 _ - — - — —
: — Exterior wall at floor 161, 0, {-10.67, 60to -10.67.50) 336 |0 0.013%45 |0 0.0476 0 0.0317 0 Wery glight | Very slight | N/A
Cumulative principal crack width Cp in 0.2936 ) . . . . - - - — —
Exterior wall at floor 18 0, (40067, 50to -40 67 60) 0 0 0 0 0 0 0 Megligbe |Medligbe |MAA
Cumulative tensi b width C i in 03409
Hmiiative tensle erack W Exterior wall at floor 161, 0. (-10.67. 70ta -10.67.60) D i i i D 0 0 Negigbe |Negligibe | N/A
—= i [ 0.1957
Max principal crack width Crp. Max " ’ Exterior wall at floor 1E1. 0, (-40.67, 60to 40.67.70) 0 i i i D 0 0 Negighe | Negligbe | N/A
i I. i : HH?E ry n—s n N N n nn n 07 n - n n i n wrl - -
e in < Exterior wall at floor 281 10, (1067, 30to 2067.30) 407 |0 0025554 |0.001561 |0.1975 (02805 |0.1317 |0.187  |Shght  |Sight | N/A
Max. damage category Moderate Exterior wall at floor 261 10, {-20.67, 70to -10.67.70) 0 0 0 0 0 0 0 Neglighe |Neglgbe | N/A
Damage category crack width Moderate Exterior wall at floor 26, 10, (-20.67. 30to -30.67.30) B72 |0 0.022453 |0.002095 |0.1566 0.2011 0. 1044 0.1341 Slight Slight AR
Damage category Boscardin Cording Moderate i >
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A —— Export All Project Sketches to DXF
ENGINEERING
; .~ e e e e 2D Sections:
5 v Export all 2D Sections Sketches for each Construction Stage
) - v' Export Wall Section Details
10 v Export 2D Sections with Result Diagrams
15 Sl 3D Models:
e e Faw v Export all 2D Sections and Wall Details
g g v' Export Full Project Plan Sketches
i - 5 v Export Elevation Sketches for each Project Wall
5 Wall Section 22 It = o ¥
50 i Hﬁr'_.-:'tégsl:'yj?il] ;Eilr;c'::‘:!hk;iu . [ (] (] I
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v Design gravity walls (any shape)
v Design pile supported abutments

- ELOm
N v' Use footings (3D loads) and design the foundation piles
5 lew Footing 0(3C
yt=19.5kN/m3 100
.1:.:_32.::_..; -
iAm El 0# ~ Drve FResist
T F - KaH=0.333 =H=0.333
o am yt= 125 pef KpH=13 KpH=13
— b= 30 deg - A
— . - = aH=1 aH=
- :..-:v': I |:|3‘-||' [l_”'“:lll I":FIH=- =
yt=20.5 kN/m3 a fi 3ft 31 W= 127 385 |:l-:f
§'=35 deg | gy S 21213 psf
=l 0% e Resist
F KzH= 25t
yi=125pc R KaH=0.263 KaH=0.283
Boring 1 ¥ =deg - - KpH=3.537 KpH=3.537
‘== . —
R r yt=123. 728 pef
E 1641 mr = §=34 deg
= - A
12 ft
45t
HaH=0.2¢ KaH=0.2%
KoH=3 852 KpH=3.832
51 SeraniPiles W21x 732
yi= 133,758 pof :7_-: LE eSS ¥ L 4
1:.:_2,4.::_..: SN Dl W3
- GT Pile: W21x73, So=121ind, @3.23f 0.C
yt= 140.127 pef i Baam =E-'_:' si, Fo'=2ks
o= S pef Cantilever: Fres sanh
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Sea Walls - Quay Walls - Wave Pressures - Overtopping

GEOTECHNICAL SOFTWARE AND
ENGINEERING

v' Load combinations for British Standards 6349 Parts 1-2 (Marine Structures-
Quay Walls)

B  Moment [kft/ft) - v Wave pressures with Sainflou, McConnel, Proverbs
- ?-I--. I I I - -{-I.-. I I I -_.--I. I I I |4--I I I I -I I I I I 4I-.-.I I I I _I.--.I I I I .{-.I-. I 1 1 - / Average overtopping VOIume CalCUIationS
—ELE5 . — | v' Block/segmental walls with individual shear resistances and densities
v=10828pct | L v" Quay caisson walls (3D) with infill zones. The program can calculate the 3D
weight
—_— J — v' Quay wall wizard - Create a model in minutes
-
Pressures [ksf) Pressures [ksf)
51 e - N1 3 z - ] - 2 2 4
gzﬁzézif I Iﬁl I I I I I I I I I I I I — -.I-. I I I I I I I I I I I I I I I I
"_“--..__} o ] '] --;5;5
' 241.9 ™ ~ ¥ on
: e = 3 = — = F 0
= 13 W SHET
= M,
Boring 1 & < o 147
h,
Y
\"-\ '-_I'_-':':'.
= :
] ﬁ\\ L L
P Fas i oVE Pressures - 40 Wave pressures ‘\
0.13
020029
o o i L o
& Fit il & Fit
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Steel Connections

Steel Connection Data
Kame and sechon yps
MName _ ALE: A& _1-5TRUT: Ab

Horizontal angle dag

Shffenera are not requined

M. weld stress check (all aages)

Irput Stage Resuls
Connection Opbions
Selected Welds

Wiedd Sz | 305 1y

Canmection Stub
Type Use H (or W) beam siub

Shib section |W3Ek135

‘ield Size|0.375 in

Min. overlap with strut| 24 | in
Clegrance 1o sl-.rl-j - ifi
Weeld (pipe to connectar) (0375 - | il
Stiffeners
Stiffarsar Mame Lacation Thick iin) Hisight (ini Wigth dn)
I - & =] oS 57955 10.323
PL1_H Hattam i 3. 7955 1 585
PL2T Tap i ([ 5.7955 10923
FLZ_H Battam - = b 194
|

0K Cance

B TUANT Bl | 2§ (=T F| (LS T I

T i b
II .Ill-l Il
A . ""'-.,

v' Generate all steel
connections

v Check Steel Connections
(Struts and Walers)

v Optimize Steel Connections
with a Click

v Adjust weld sizes and apply
plate stiffeners
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Soil Estimation - Statistical Analysis

SPT Mift 2. Boring Layers - Layer Elevations
CI' | T' | ZIG Depth SPT | RQD (%) ~ ) ) ) ) )
» D | v Estimate Soil Properties with different methods
k R ° ° ° ° ° °
- - v' Review a statistical analysis of the estimated properties
. . 16 T v’ Select the project values with a high level of certainty
21 16
* 36 12 Select Se 4 Loubie-CliCK 10 ed
* . 12 Set 1 Content: Image -
- - - : i
6 18 2 Result Type . 80 120 3
ot ” 12 [ |y estimate CE ‘ g i I £ ’ ? J |
= = 90 E 0% R i A 3%
ot i AF 15 M 1HQDe 80 E :
Add Mew Record =0 J U ¢ = !
[ e E eqt e 70 B |
Delete Selected ‘ '- d _; e e . J', J
. He:nrd Insert poirt Delete point I qBond esmate T E 5 7 2P
50 = 4
¢ Import from tab * oE A .
. delimited file oK Cancel = o /)
E ! 1 ®
= s le *
= !
Name and matenal = .//. & s
S O S ,,...-4[-“”“"“' ~
Determine confidence values - = =Ll : e L J
Set 1 3 er b 25 80 12
{ - e 4 Summary Results
5 e Parameter estimation for v pcf
2. Density and Strength 3, Blasticity 4. Bond Resistances 5. Lateral Ple 6. OCR Desialy:»
. - . : Sod type: F Viewing filters
S?If:ct Equations to use for esimating soil parameters Sanm’,;{. count: 13 s s 2| [Mibodngs Al oatimation seis N
2.A: Soil Density Average Input values — — — —
.................................... Averace Nspt= 15 21 bpf i e e aik ek iaes e, ot s = B P R Py aaas i
vy Kullhawy, Mayne, 1950, Table 2-9.pg. 1-54 .. DR Bowles et al. DeepEXapproach hverage Reiaive dansky DR« 40.52 B e e T
DR. Manual of Estimating Soil Parameters, Table 2-9, pg. 2-19 ! ' ‘ S ] B LR ' iR ' J !
Estimate results
-'v.'era\";e estimate y= '115:'339'_:%
2. B: Effective Friction Angle 2. C: Undrained Shear Strength ﬁd""df i ";ffs‘fé:'c’
iax. vaie y A= 1LV ) £ 2
W)l © Parry. 1977 (Perko, Helical Pile v Su=006NPz= C«_‘:cs N (ksf). K;,]Ifa_x-f-,', Mayne, 1990, Eg4-59.p] | Tﬂfu:—vZI::I 1q:~; s ; J++ - B . % n
@ triaxial compression calibration, FHWA NHI 132031 Su (ksf) =0.13 N, Terzaghi-Peck 15967 syt | 2t 507% lower bound +7y *%n T
¢ ® Kullhawy. Chen, 2007 Suvs OCR, Ladd 1877, Jamiolkowski 1985 e c 4 4 %
v © Terzaghi & Peck, 1967 Su clays, Koutsoftas & Ladd, 1985, vs. OCR and Pl 5. Adjust or Pass to soil type Boring

® FHWA pilot database calibrations
®cv, Parry 1977 for clays
v © Kullhawy, Mayne, 1990 e % based o
v © Sabatini et. al, 2002, FHWA NHI-10-106 sz
®cv. Holtz-Kovac 1991, 1985 for clays vs. Pl, lower bound
®cv, Holtz-Kovac 1991, 1985 for clays vs. Pl, average
®cv, Holtz-Kovac 1991, 1985 for clays vs. Pl, upper bound

Lower bound |5(

RrCertage
ercenmage

Pass value to soil type
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DeepEX - Standard Packages and Additional Modules

Standard DeepEX Software Packages

DeepEX 2D

Basic Version

Design 2D Sections with
LEM and NL Methods

DeepEX 2D + FEM
DeepEX 2D
+ Finite Element
Analysis

DeepEX Marine Walls
DeepEX 2D
+ Gravity Walls
+ Sea Walls/Quay Walls
+ Soil Estimation

DeepEX 3D
DeepEX 2D
+ 3D Frame Analysis
+ Project Cost Estimation
+ Export 3D Holograms
+ Steel Connections

DeepEX 3D + FEM
DeepEX 3D
+ Finite Element
Analysis

DeepEX 3D

Advanced
DeepEX 3D
+ Finite Element Analysis
+ Building Damage
Assessment

Available Additional Optional Modules — Expand the Standard Version Capabilities

Finite Element Analysis
Available Add on

Gravity Walls & Pile
Abutments
Available Add on

Gravity Walls & Sea
Walls/Quay Walls
Available Add on

Soil Estimation &
Statistical Analysis
Available Add on

Export Sketches to DXF
Available Add on

DeepEX Licensing Options
* Single Licenses (activated in specific devices), Single USB Keys, Network USB Key Solutions
* 1 Year of full Technical Support (training, questions, file reviews) is included in any software purchase
e Optional Annual Maintenance options (after the first year)
* Discounts for Additional Licenses
* Additional Modules can be purchased and activated at any point in any software package
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THANK YOU!

DESIGN AND OPTIMIZE ANY DEEP EXCAVATION SYSTEM IN MINUTES AND GAIN A COMPETITIVE EDGE!

BOOK HERE A FREE ONLINE PRESENTATION

Learn tips and tricks of deep excavation design E: training@deepexcavation.com

or Call Us at: +1 - 206-279-3300

Learn from examples, videos and case studies TRAINING MATERIALS:
CLICK HERE FOR EXAMPLES & VIDEOS

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