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=\ DeepEX Workshop - DeepEX Training
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Introduction
Part 1: DeepEX: Theory and Implemented Methods - Limit Equilibrium, Non-Linear Analysis
Part 2: Use of DeepEX - Wall Types, Support Systems, Software Interface, Soil Properties & Stratigraphy

Part 3: DeepEX - Design Examples & Training
v Anchored Walls - Excavations with Tiebacks
v" Braced Excavations & Cofferdams

v Top-Down Excavations (Slabs)

v Deadman Wall Systems

v" Circular Shafts

v" Box Excavations

v' Stepped Excavations

Part 4: Deep Excavation Case Studies

Part 5: DeepEX Additional Modules
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E # A Shoring Design Software Our Company
Deep Excavation LLC Websites: Contact Information:
240 W 35th Street, Suite 1004 www.deepexcavation.com sales@deepexcavation.com
New York, NY, 10001, USA www.deepex.com training@deepexcavation.com

v' Software solutions for excavation and foundation professionals
v Consulting Services - Design of deep excavations and pile foundations
v Vlirtual Reality applications for geotechnical engineers and contractors
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DeepEX Software - General Capabilities

== 4 A.| Shoring Design Software

Deep Excavation: Typically deeper than 3.5m, that requires structural support.

> A deep excavation system has to retain earth, water, and neighboring structures
> Unknown factors and risks

> Soil properties estimation

> Protect adjacent properties

> Design issues and Code issues
> Economy

> Constructability “‘
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DeepEX: Theoretical Background & Methods
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https://www.deepexcavation.com/en/resources/deepex-theory-methods
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Part | : DeepEX - Theoretical Background

Numerical simulations are part
of everyday design tasks.

IIIII

Necessary
condition:
Model Accuracy!!

/\/\/




Part | : DeepEX - Theoretical Background
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Quantitative and qualitative accuracy!

l— in site monitoring  ——
Model Input (Soil stratigraphy, Numerical Model | = Physical Structure |
material propertiesetc) | O Dinlgeno M€ FTIIETEN e
: H\ . j | ._;‘:- | r-‘;« ‘, "\ka ; i»; ‘”\f : .\. 4
~7 o~ 2 [ "\f/\f}{ o ‘
T

User Modelling decisions
( Analysis method,
constitutive models etc)

L Forecasting response —I
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Different Constitutive
material models

Part | : DeepEX - Theoretical Background

Different analysis

Methods:
LEM,NL FEM

\
Different support

models

It is important to have a good understanding of the
analysis method derivation and limitations

Different soil
pressure methods
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METHODS available in the

software:
S = L %I‘\N'——vv—& = 4 AN NVANAWA
YR
MR
Limit equilibrium Method Elastoplastic Winkler spring Finite element Method

Method
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Limit Equilibrium Method (LEM) :

- Easy method to verify. Gives a back check for more rigorous methods.
- prefailure strain is ignored
- Soil-structure interaction ignored

. R )
<§ . P <\
AN

2 <N 3 FSsiiding=Re/ Py ) My
L\ R :
| L L .

Calculation of lateral earth Determine fixity locations Calculate stability Calculate structural
pressures. and run beam analysis. checks design checks

on the wall



DEEP

=Y/ DeepEX Earth Coefficients in DeepEX

# A.| Shoring Design Software

At rest conditions (field stress conditions prior to the excavation):

VZ/ZANN

Qv

* h o \'%

Imposed stress field

- | | 77 NN
<

f
VYoV

(ko) *

On site measurement
( pressuremeter test)

Corelation formulas
(k, to OCR etc)



DEEP

U DeepEX Earth Coefficients in DeepEX

# A.| Shoring Design Software

AL=0

AL, AL,

extension compressio
n
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Rankine earth pressure theory (1857):

- Based on plastic equilibrium concept

« No friction between wall and soil Passive zone
T A /—> \
Active zone
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Coulomb earth pressure theory (1776):
- Failure surface is a plane
- friction between wall and soil can be considered

- Arbitrary slope at the sides of the wall
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Caquot and Kerisel earth pressure theory (1948):
- Failure surface is an elliptical curved plane

« Eurocode 7 and NAVFAC charts based on the theory




Earth Coefficients in DeepEX
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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

Dirive Resist Drive g1 Resist Drive -5 Resist Drive g1 Resist

KaH=0.304 [ KaH=0.304 KaH=0.441 [ KaH=0.233 KaH=0.413 [ KaH=0.304 KaH=0.413 [ KaH=0.304

KpH=32.342 KpH=32.542 KpH=5.737 KpH=2 KpH=7.08 KpH=3342 KpH=6.254 KpH=3.165
No surface slope Surface slope Surface slope Surface slope
No wall friction No wall friction Wall friction Wall friction
No seismic effects No seismic effects No seismic effects Seismic effects
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Deflection [cm) men
o =2 i BD0
|||||||||||||||||| I III LU rrrryprrii LI
E 212 f
-324. 7 kM-mim \
F
V1= 13 kN
$=20deg

ES: AZ 28, S
==t =244 8
EXN
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ElL. Om L Resist
-.'r-="':._|,-l.a—| HpH=d4 e Ao~ = =
- 260 200 -150 100 50
p=20ce ,
— — V4 !
Yy — ,
e il W =
"— — W A
— KaH=0.235 KaH=0.235 = ,’/
KpH=6.765 KpH=6.765 )
I’ -4
. . ’
\ 24 m Ko Conditions p
-6
1 Al Active earth *
Wall 1 pressures
51 Steel Sheets : B
yt=21 kN/m3 DES: AZ 26, Sxox= 2600 cm3'm (Ka Rankine)
$'=34 deg Fy'Sheat = 344 5 MPa
= Cantilever; Fres earth
WallG=66% 0 -
," 14
-16
/

oh' (Kpa)

Active pressure
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El Om ‘ . Drive ) Heasisy
yi=19kNm2 | FER — E o R
¥'=30 deg Ko Conditions
- ol m . N = ElL-Sm - /
— KaH=0.235 KaH=0235 — :
KpH=6.768 KpH=6.759 8 100" 200 300 40 500 60 70 800 90 1o
v
\
|.2%= M |‘ .
' passive earth
\ pressure
\ (Kp Rankine)
X
. |
L il \
Wall 1 \‘
51 Sties| Shests \
=21 kN/m3 DES: AZ 26, Sxor= 2600 em3/m ¢
= Cantilever: Fres sarth
WallB=66% @

------------

-16

-18

Active pressure
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Earth Coefficients in DeepEX

N7

Displacements and moments on the wall

| W :.__ 31
vis18kNm2z | 202 aEa 4
p= 30 de
' - KaH=0.235 KaH=0235 —
KpH=E.765 KpH=§€.765
Wall1
51 Stesl Shests
=21 kN/m3 DES: AZ 26, Sxor= 2600 em3/m
= Cantilever, Fres earth
Wall i=66% ©

M (KNm)

LEM

www.deepexcavation.com
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Earth pressure theories comparison: 9t e
Differences are not that significant in Ka but mainly in Kp E —
‘ =
6=0 all methods identical, for 550 difference higher for higher & : //

i

| [ LIt g e e gt ittaidit L1y
10 15 20 25 30 35 40 43
¢' (deg)
K 6/¢'=10 Ky 8/¢'=1.0
K, 8 /' =0.0 10 — ¢ 50
B8 G i :

' : 30 ! d
0.8 0.7 - b 7
& i)

' i
0.5 0.5 ~ s
0.4 0.4 13 ’_; ;./

: *‘-='--.. ===
03 ~— 03 ﬁ-]é:\h ‘ -

T 4 e _——
(0.2 \ 0.2 = 3 __..'"5-;:/!_..-—""_.;-'""-
Rankine 3 *":/
= =— = = Coulomb z '
—_— Caquot-Kerisel "
EERENEERE NN AN AR NN AN Cera i biaa b b i biona b o
ol D Do Trrea v te o bt 0.1 1
0 15 20 25 30 35 40 45 0 15 20 25 30 35 40 4 0 15 20 25 39 35 40 45
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¢ (deg) v lden) Chang-Yu Ou (2006)
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Apparent earth pressures

Y Y/ -
- Multilevel supported excavations experience different earth Stress accumulation
pressures )
effective active pressures multiplied by a factor and redistributed. Wall deflection

I - Stress relaxation
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Peck (1969) Method:

- based on multiple measurements of strut reactions of strutted excavations

Sands Soft Clays Stiff Clays
t  o2sm] - t o2t $
—* # A
| H —» | H 0.5H
0.75H
— _ L
0 EEHI
 § ¥ ¥ v
o+ +—r P
P P P
_ 4 ¢
p=065Kayvh p:};htl_ﬁ p=03yh
4 r (Range 0.2 to 0.4)
for — =1
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FHWA Method:

based on multiple measurements of strut reactions of strutted excavations

Multiple Supports Single Support
Clays & Sands Clays & Sands
2/3H1 4 PN ] 411
Y R1 R1 v
A -f':) A
Il RO |55 Ilz‘BH
H3 |
| R3 + F/ 5
2/3H4 § e H4 ! "7 |23H-HI)
i g— l —Pp v
Rsub? Rsub?
d P
Y

Sands: Total Load = 0.65 Ka y h”
Clavs: p=02yh to 04vh
Rsub = Apparent virtual reaction at subgrade
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Construction Stages with multiple support levels

Peck 1969 Pressures FHWA Apparent Pressures Custom Trapezoidal Pressures
— — _j-—\ —
3\ I\ i\
Two-Step Rectangular Pressures WMATA Pressures New York City DEP Pressures
3 — ¥ — \ —
BN =\ N
| ~ L] ~ L] N
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Example 2:

Deflection [cm) Moment [kN-m/m) Pressures [kPa)
D 2 150 -100 50 O 0 100 150 100 0 100 200

'P 11441 kNim

e JED 51 ENm

/

Cioe]| Choois

== el

...............
SRS BE3ih ananmsis
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Free earth method Fixed earth method

TR N2 T —rr— T — —
H

Active earth pressure F Y S TR R

Passive earth pressure —>

¥
o
1)
5
¥
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Free earth method
Balances out Moment - Shear not balanced

Moment balancing point N\

Lo T | I

22 JEES
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Fixed earth method

Reversal of active-passive stress bellow pivot point
Comparison with advanced methods is recommended

Pressuras [kPz
o0 -300 -200 -10D0 O 100 200 -850 -700 500 -200 400 -300 -200 -100 O -0 400 200 -200 -100 0

=L oo )
F AT 2 kM/m g 224 3 kP2
yi= 15 kN/m3 _
$'=30 deg m |
-403 4 kPs
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 Blum'’s method

o FHWA method with simple spans (GEC-4)
« Mix between FHWA and Blum's

o CALTRANS Trenching and Shoring Manual
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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

Reaction for Virtual Available
embedment Fxb support resistance Rx

Conservative approximation of reactions, but non conservative calculation of

RRE _ . _ 1IN
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Shoring Design Software

Pin support at excavation base, simple spans

Shear Moments Net loading
g | me \ _____
21k \
S0 A\ i p
Reaction for Virtual Available
embedment Fxb support resistance Rx

Lower support reactions, no negative moments, but higher positive
moments



DeeptX Beam Analysis: CALTRANS Approach

Shoring Design Software

Pinned supports - simple span
Base at point of zero moment below bottom support
Shears and moments balance out

Shear Moments Net loading

_\ ..... - (<§ |
ok \\ . - o |
No Embedment Virtual fo o Fresist
Reaction support ' ~ Fdrive

Lower support reactions, no negative moments, but higher positive
moments
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moments

Simple span may be very conservative
Assume negative moments (20 of simple span)

Shear Moments Net loading

Negative
\ Moment

No Embedment Virtual
Reaction support



Beam Analysis
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Example 3:

Pressuras [kPa)

Shear (kN/m) Moment (kN-m/m)

-150 =100 =50 0 50 E] =50 i} 50 A 50 k. : A ] A 200 -\:-:' : 4 : : E : :

47.2 kNim 423 kFz
\ — e 14521 kN/m

kM/m —1
Ekmim - ' e 217.79KN/m

B kMim -4

1
(a}

EE 1 kN/m

2m

N 45214Ps

Wl 1

Stesl Shests

DES: AZ 26, Swx= 2800 cm3'm
Fy'Shest =344 EMP=

Supports: Californiz Tremnch Manusl 2011

Waill &= 30
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w7 DeeptX Wall toe Stability checks

LF: 1

I 34 L)
e Fp ¢

Available Resistance beneath virtual fixity point

Fipas =
P Hor.reaction at virtual point + driving pressures beneath virtual fixity point

_ Resisting moments about a point
FSrotation = — — (Eg.9.2)
Driving moments about the same point

Available wall embedment depth

FSembed = Eq.9.3
s Maox. Required embedment depth for F5 =1 from Equations 1& 2 above (Eq )
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Example 4:

| Tos Safet \
L E =
L = _— —_
=
-
Fo EMbDec= L. L0
- =
= =]
-
ol 3 | TFy = - =
““““ = 3 I Tl - LT g
Ficircular= : aH=0.308 Kadzoaos 1.2
e - = . i o
"_,'_||_: BE ™ il . m . +
= . m — WLy P - T -
5", 4 4 y
T = E = ‘; = ™
Moje Tewm ES e
—-r 2587 F
== - o W )
'Y= =5 "
R — 7 E87 9.625 kN/m3 —
e RN e e S _ ma s
- P — p=230 deg
=23 5lERJAan o i il

'.l:_ﬂ-l

HaH=0.255 KaH=0.259 5.24 m
KpH=4.822 KpH=4.832

152m N 459m

Wl 1 =
51 Stes| Sheats
=21 kN/m3 DES: AZ 26, 50or= 2600 emd/m
e FySheet =344.8 MPa
¢ oeg Supports: Beam analysis

[IN

Wall 5=30% ©

Boring 1



Water Pressure Methods ¢

www.deepexcavation.com

Hydrostatic Simplified Flow

Pressures [ksf) ) . . P

Full Flownet Analysis

ressures |ksf) :
ssures [kt Pressures |ksf)

u (ksf)

LN fa e LI LI PIRI = 2 OO
inin tn [ 5] [ 5] [ ] -

s \
1.765 ksf I —— 1.664 ksf
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BBBBBB

imanl L
ALEE
Loads on ground surface: _Loads on the wall:
v Strip surcharges v Strip surcharges
v’ Linear loads v’ Linear loads
v' Railway embankment loads v External moments
v 3D loads (buildings, footings, 3D v Prescribed displacements

surface loads
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Boussinesq's Equation:

- Point load on the surface of a semi-infinite homogeneous soil mass.

- Wall presence is neglected 0
- Pressure loads are considered through integration of multiple point
loads Oy
1-..’#_}.
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Terzaghi modification of Boussinesq's Equation:
- Modified Boussinesq's equation based on experiments on rigid walls.

- Rigid wall presence is considered
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Elasticity  1-Way Distribution 1-Way Distribution

WMATA PLATE A-6B

.

L %
iy b
]
4‘5 2: : “ E)“
- h_-FF' % *
L1 Y LY
i 1 . \
Y \ \

Elasticity ov. 2-Way Distribution CIRIA Approach

Elastic to

# /’Il O\\\\
vertical stress | iiiiJ{\L_
q=KaxAcy o | ’

-'-._::-'!QLS +|:.'I:|I-'Il.2 10 _-:'f:::
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Example 6:

KaH=0.333 [ KaH=0.333
KpH=2 KpH=32
" 152
= Wall 1
Si=sl Shests

DES: AZ 26, Seo= 2600 cm3m
Fy"Shest = 244 & MPz
Cantilever: Fres sarth
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- _ Moment [kN-m/m]} N - - Pressures (kPa)
=150 =10 -5 0 50 100 1580 -5 0 _E :
I ET 11 I 114 I rrri I I I rrii I rrii I | | | | I | | | |
142 3 kN-m/m.] ;_. T TE
25,7 kN-m/m J

138 kM-m/m

Procedure in DeepEX

« Define Seismic Accelerations Ax and Az
« Select Seismic Pressures Calculation Method
- Select a Seismic Design Standard
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Mononobe-Okabe :

W, : Weight of wedge in the active zone

W5 : Weight of wedge in the passive zone

Other Seismic Pressure Methods
. Semirigid

« Wood Automatic

« Wood Manual
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Occupancy category

Calculation of design acceleration

Seismic code Higher Moderate Lower
IS 189_3-Pm11_ _ 1.5 1.2 1.0

- The user can directly prescribe the design acceleratio [0 oo dine Code A > - 08 Free-field motion
ASCE/SEI 7 1.5 1.25 1.0

. NZS 1170 Part 5 1.3 — 0.6

- Use bedrock acceleration and factors to generate a,, sc 105 20 L5 10 | _W,_.
EAK 2000 1.3 - 0.85
Iranian Standard 2800 1.2/1.4 1.0 0.8 .

A

Z2 b Base Acceleration and Site Eftects
Hase Acceleration ~ Site Soil Response ‘ .
AxBase= Y-~ . Factor Ss= | AT L G

v

Topographic Site
Response St=

— Importance Factor |= 1

a e
k, ={""*’ 5=

1

Earthquake at Bedrock
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Calculation of Response R factor

Table 7.1 — Values of factor r for the calculation of the horizontal seismic

- Rigid walls experience greater forces compared to yielding walls he
coefticient

p Type of retaining structure r
ﬂi.’ HI, I Free gravity walls that can accept a displacement up to ¢ = 300 o-S (mm) 2
= = |§S— | | |
'L‘.I!.' . | i Free gravity walls that can accept a displacement up to &, = 200 a-S (mm) 1.5
"-x rg ,-’I r Flexural reinforced concrete walls, anchored or braced walls, reinforced |
concrete walls founded on vertical piles, restrained basement walls and bridge l

abutments

Eurocode EC8

3.3 Basic Wall Vio
O q"?:‘ﬁlb‘e Rjgelj “."/'Cn:rd rdeﬂ‘ujd

3.b. Flexible \Wall Behavior - R calculations

O) R= User R according to Richards Elms

R according to Building Code R according to Liao Whitman
3.¢c Specific R method options

3.c.1: R value (Structure Response)

-

R=1



DEEP

EY/ DeepkX Soil Pressure Methods (LEM Analysis)

# A.| Shoring Design Software

Example /:

_r-a’:-g'lant_lhr'-.-m_._"q'l:- N - Pressures [kPa)

ol B FRENE LT T R ¥ U o ~u =2 ut i

SEISMIC pressures

=== Moment capacity
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NON LINEAR ANALYSIS

- Fundamentals

- Setting up elasticity properties
- Limitations
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Removed soil prior to Beam elements modeling

Initial Free Field anchor Installa’ilcrn thﬁ. flexible wall
—————— g el R e R R iR T I -AAAA
MAA- P
Intermediate A m Spring element
excavation level A . -~ modeling the
FVvy | S A
—————— . it 4 L £ ST | “xaa  Bround anchor
Removed soil after WA J""M""'},E'L{
hor installation  mas P ~
- . anc i
-inal Excavation Level * FAA- AAAA S
_______ o _ _____________________WW m
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O'h/C'v=KpP

Unloading-Reloading

ﬂrh:HA'Urv—z'{:r'ﬁHA
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Linear Perfectly plastic Model | |
. Flastic behavior prior to yielding ﬂfhﬂ”"? lastic
« Detailed unloading reloading behavior '

Stress
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=l Um B Resist _
=18 KN/m?3 KpH=4.564 KpH=4.554
$ =230 deg BS
L m o E
E—2 KaH=0.235 KaH=0235 — i
KpH=6.768 KpH=6.789
ﬂ-l
a, .
o .-.__,.-’"-.- ffd_ _
(7 ’ ’
""-—-5 - "'}-.-:'ﬂﬁ.s
—gl—
2 f ~ g, | ¥ e Wall 1
. if-*’ - 51 Stesl Shests
0, = )2 : yt= 21 kN/m3 DES: AZ 26, Sxx=2600 cm3/m
0, = 0= K,VZ e Fy'Sheet = 3448 MPa
} ’ o ¢=34deg Cartilever: Fres sarth
Wall 5= 86% ©
\ .
‘ MC yield
q function
BS-stage 1
BS-Ko
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= - & RHesist
vi= 19 kN/m2 HpH=4 764 FpH=4 264
p=230deg
= ¥ __Sm . : v
— KaH=0.235 iH=0.235 —
KpH=6.769 ESjH=¢ 788
T
¢ : II'T| - .-"illlul"]'_| | 4 m
._-"
P - ,/’/
]
—--—!' - > 5:5+A03
—agl]—
”-//’l //f’ . ) Wall 1
R ? g1 Stesl Shests
f.T-l F!E "I'1=2- kN/m3 DES: AZ 26, So=2600 cm3'm
0, = 03 = Koz §'=34 deg FySheet=344.8 MP2
} ’ o = Cantilever Fres sarth
Wall 5=66% @
A °
MC yield
q function /
O ES-stage 1

ES-Ko
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DeepkEX

NN

(a) Stress dependent elastic
properties

el

S
-
-
LR

€l

(b) Triaxial test results

Gl

&

Non-linear winkler analysis

vy ®
L) .’
- . . .
’ ’0’. 0.
- %" o
*%° o S
¢ 8 o o

Go/Gmax

€l

(c) Oedometer test results

v (log scale)

(d) Small strain Stiffness
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Hyperbolic elastoplastic Model

EP-Stran Hardenmg

+ Inelastic behavior prior to yielding - A
- Pressure dependent nonlinear stiffness @ - e
» Detailed unloading reloading behavior b |TeC

' /
A

A f
|III | r_

Stram. £
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E(G3 >m)

(a) Stress dependent elastic properties

£l

(b) Triaxial test results

Non-linear winkler analysis

Go/Gmax

v (log scale)

(d) Triaxial test results



Non-linear winkler analysis

Dominating properties in excavations:

unrealistic bottom heave [unloading/reloading Unrealistic surface settlement [pre yielding
stiffness | + - stitiness ]

Unrealistic wall displacement without [small
strain stiffness and stress dependency ]
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Subgrade Model

- Elastic behavior
» Defined by a Kgyraqe modulus
- mainly use for calibration with elastic assumption



Finite element method (FEM)

# A Shoring Design Software

Mathematical formulation

Modelling assumptions . [Force |+ === === >

Displacement
Equilibrium Compatibility JJ Strain- :
/ i equations equations dlsplgcement i
. . TN ANY AW AN AN A - relation

o —— ¢ | - Constitutive -

i X | Stress relation UL
Physical structure e

Discretization

FEM numerical model |
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(a) Equilibrium equations
Stresses within the soil medium
must satisfy equilibrium

External body
forpes

div,o + b = pu

Mathematical form: Cauchy momentum | Acceleration
- Divergence of | (equal to zero
equation stress tensor for static

analysis)
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(b) Compatibility equations

(a) Original (b) Non-compatible (c) Compatible

du v ow

x e € e &z -

. . _ _ Ox Sy 0z
Strain to displacement relationship: o ow v W

STy T Ty x 0z



DEEE DeepkEX

27 Shoring Design Software  TiMite element method (FEM)

(c¢) Constitutive law

G3 A
Ovys
GysO o .
~ Constitutive law
7 . A Ao = fm(Ae)

T x ([ Ae,

Uniaxial stress-strain curve «Yléld surface in &JE A *’iEz
principal stress-space 4 :":"'-Tx}f > < ‘ﬁﬂﬂw \

;TH Ay

\, ‘ﬁTz}' ¥ \ al”tz}.-
Stress Strain

Increment Increment
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N/

Step 1: Discretize the continuum Step 2: Select interpolation functions

Step 3: Assemble the—global equation s?étem



]
Soil Pressure Methods (LEM Analysis)

# A.| Shoring Design Software

et Excavation to install oil
nER separator tanks next to
ha-i 0.8aH= su’-
1.289H=1.294 Kp

foste-os / preexisting wall

Dec -ﬁeﬂ—-i’*H EH=0 -::Ka-4=':' 68
Tan mmm, TpadeH=1.344
Pie Dam S ﬂSRebar-cﬁ SmO.C
1.?:

FykRebars = MPa, F
Cantilever: F:xe\. ganh
.\'JE!' E“ J..".': v a)

Wiil'

Tangent pie wall Remnforced 'e‘lepw&s
Pk—Dram 90 om, 10-\6 arsr @1 smO
FykRebars =500 MP3, Fck=32MP3z
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DeepkEX Features & Capabilities

1

R " .

) ‘

. \"'

Deflection
(inch)

Access deepexcavation.com
DeepEX Features & Capabilities



https://www.deepexcavation.com/en/products/deepex-deep-excavation-software

DeepEX Software - General Capabilities

# A.| Shoring Design Software

Full Structural and Geotechnical Design of any Deep Excavation Model

—

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, Apparent Moments and Reactions from Spring Moments and Reactions from Finite
Pressures (FHWA, Peck, Adaptive, Custom Trapezoidal Analysis Elements
+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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Common Wall Types in DeepEX

www.deepexcavation.com

Soldier pile and lagging walls

T T

04 I
: < :

S

Secant pile walls

| vty s || Ce, s g
~

Tangent pile walls

OO
< - k—=—A

SPTC walls

=)

Diaphragm (slurry) wa

Is

(a—

W

= T Foem

R i

S

hL

LTS
S

Sheet pile walls

. i

1

¥ U_\—‘
b 1 1] i

Combined sheet pile walls

N T

S 5

Box sheet pile walls

A
“LTQ_; iV

Custom walls

T._
t
3

gy

|
.

N7
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Anchored Walls (Tiebacks) Braced Excavations (Struts and Rakers)
zn:--'-.Fi” . ‘ l i _ \ 200,
: — ke et o] - - i
Vi £ a8 g1~ 20§t S 20 fit = = = -
— — . -0 fit ";:’ 0 —
- a1
Rock
07 B-E By
Circular Shafts (Ring Beams) Dead-man Walls (Tierods) Top-Down Excavations (Concrete Slabs)
E A —— — ~7 S
= ~ o2 F N |ans :: = =
aE D55 e — —
— y “F 204 =
01 [UND.) =
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Limit Equilibrium Non-Linear Analysis (NL) Finite Element
Analysis (LEM) (Elastoplastic Springs) Analysis (FEM)

Moment (kN-m/m} Pressures [kPa) Deflaction Moment Pressures Deflecton Moment Pressures
100 50 O 50 50 50 150 250 350 I_:m:-_ _ liir'-.-rl'l_."m:-“ Ii_af's_ N [em) [kM-rn/m) [kPa)
[TTTr[rrror[rrrr] EREE I RRRRNRRRRIRRRR]| ; . e = Thee e - 2 0 2 4 20 0 0 120 30 2!

[ i [TTT7TTT [T TTTT [ rn:rrrrrrq [T [T T

-\:l L 3 . ]
™)
MN/m N l i
—_— o ml
“— 106,63 kN/m
d T < d T ‘:'F-#-
_;.‘

I — ——

/

< Ih <

_-_-- | r




Diagrams, Reactions & Check Ratios:

31

52

-

Moment (k-ft/ft) _

GEC= 0928
5TR= 0.685

GED= -:I.EEE."______,_..--"

5TR= 0.504

T.1 k-t

Structural Checks & Design Calculations:

\ 10,703 ksf

Waill 7

Sobdier Pile-L=gging

File: HP14x85, Swo= 1231in3, @& ft O.C.
Fy'Bezam =30 ksi

Supports: Beam anslysis

Wall &= 50 @

= calculations

Axial stress: fa= P/A =0/26.1= Ok/int2

Bending stress in X-X: fbx= | Mxx + MxxDL| /Sxx = | 140.8240| x 12 in/ft /131in3=12.9k/in"2
Bending stress in Y-Y: fby | Myy + MyyDL|/Syy = |0+0]| x 12 in/ft /44 3in3= 0k/in"2
SECTION: HP14x89 Section is W or | beam

Dead Load Moments: MxDL= 0 k-ft, MyDL=0 k-ft

Classify section flange for compact/noncompact status, Table B4.1

05hbf

A= =11.951

Lf

Classify section flange for compression, Table B4.1

E st

\r=056 V S -13.487
fy

<

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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Shoring Design Software

8% Soil Types
Soil Types

Add New Soil

Copy Soil
Delete Selected Soil
Paste Saoil

Clone

|z Database

1. Name and Basic Soil Type

Soil Name |F
Description| Fill
2. Soil Type - Behaviour

Sand

Show test data
™~ (SPT, CPT. Hc)

Clean fine sands, and slightly sitty sands

Mot defined

3. Default drained-undrai

A General (. Hastoplas
4. Unit \Weights - Density
Y, 19 kMNim3 | >
5. Strength Parameters z

Drained strength proper
€5 kPz

w0.35

6. Permeability

B. At-rest coefficients —]

KoNC |0 577

L—j Database

— Soil Layers

Available Borings

1. General Boring Information - Coordinates
Mame Boring 1

Coordinates X -2 mi T (D mi

The x coordinate controls where the boring is shown in your design section view.
Each design section uses one boring (soil strata). You can use a different boring

each design section.
SPT Data Option (Applies to Design Section)
SPT Record | Mot assigned w Add edit SPT records
Iv Pass same SPT log to boring (3D visuslizations)

CPT Record Option (Applies to Design Section)

ar

Soil Types & Stratigraphy

www.deepexcavation.com

v Create multiply soil types and define soil properties

v Soil properties estimation tools (NSPT values - test data)

v Create multiple borings and define the horizontal stratigraphy

v" Add CPT logs and SPT Records - Estimate properties from records
v' Custom Layer mode: Create inclined soil layers

v" Soil Change Commands: Change soil properties through stages

_
£

Add New Boring

Delete Selected
Boring (Stratigraphy)

CPT Record | Mot assigned w Add edit CPT records

2. Boring Layers - Layer Elevations

Top . .

El ) Sail Type OCR Ko Edit
e [ |1 0.577 Edi

3 51 |1 0.47 Edit

0 52 |1 0.441 Edit
: -
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Shoring Design Software Include All Construction Stages

v Create all intermediate construction stages

v Review the results for each stage & recognize the critical stages

v Perform an efficient model optimization

v' Get more realistic results for methods that consider staging (NL, FEM)

---------------------------------------------

i<

i<

IN
]

1<

Stage 0: At-Rest Conditions Stage 1: Cantilever Excavation

Stage 2: Support Installation Stage 3: Further Excavation




v Assume lateral earth pressures. —— o

v" Determine fixity locations for forces at subgrade. coer .
v Analyze wall beam with assumed loads. ety "
v' Advantages: Easy method to verify. Gives a back check _ Li | N éJ
for more rlgorous methOdS. “:EJ‘E;’;E' £2 kFs 181.8 kPa A 181.8 kPa 62 kP3 e
v' Disadvantages: Soil-structure interaction ignored. T g ———
D72kst ¢ PALKIR 1
N i

Soil Pressures Surcharge Water Pressures Seismic Pressures Net Pressures



Soil Pressure Methods (LEM Analysis)
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Cantilever Excavations Construction Stages with multiple support levels
At-Rest Pressures Peck 1969 Pressures FHWA Apparent Pressures Custom Trapezoidal Pressures
i\ [ ™\ B N\ [
| ~ " ~ [1 ~
Two-Step Rectangular Pressures WMATA Pressures New York City DEP Pressures
O\ B 2\ B # A\ B
______ | ~. [ ~ 5 ~
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Simplified Flow Hydrostatic Full Flownet Analysis

Pressures |ksf) sssures (ks essures [ksfi
:. ] ) ) . ) Pressure IL-_f_, . Pre u[._ [ kesf) . u (ksf)

L =i - L Fa
I 1 I I I 1 1 1 I 1 1 1 I I I I I 1 1 1 I 1 I I | I I 1 I I I 1 1 1 I I I T T T | T T T | T I 1 | I 1 1 I

LN o L3 G MRS = S S
inm Mmoo tmtmtm




2« Shoring Design Software External Loads: Types & Pressure Methods

l ‘ = | Ly — ! N - "
c.—j 4 kRt 45_{13{,2;&'1‘\\\ E|a5'F-ic|m *{jhmﬁ D .z
— | - g=Ka xAc,, g| ‘
Loads on ground surface: Loads on the wall: Load modeling options:
v' Strip surcharges v Strip surcharges v Hasticity 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



~ Moment [kM-m/m} N B N Pressures [kPa)

=== Wall Bending
=== Seismic pressures
= MNloment capacity
Procedure in DeepEX
> Define Seismic Accelerations Ax and Az

> Select Seismic Pressures Calculation Method
> Select a Seismic Design Standard

Seismic Pressure Methods
v Semirigid
v'Mononobe-Okabe (frictional soils)
v Wood Automatic
v Wood Manual

> Total Vertical Stress at
Bottom of Wall x B

» B =0.75 in DeepEX

> Rectangular Pressure
Diagram

Pressures (ksf}
| |
:'_E.:':- o - o
F
yt=125 pof —
#=20 deg T
A5 =
51 |
yt= 133.758 pof 7
¢r=3“1-¢hg 0 j-: -
0.245 ksi
-2t Sabili
GT
yt= 140,127 pof
o= 205 psf
=36 deg
45H
Semirigid Method

= PRI -

1,rl=11|:5|:-:f
#=30deg -
A5t 0 ossas
51
yt= 133.758 pef 0 degdt
o34 deg z
— a0
yi= 140,127 pof
= 205 psf
§'= 36 deg
45
Mononobe-Okabe Method

(Frictional Soils)

» Extension of the Coulomb
Static Theory

» Accelerations added to a
Coulomb Wedge

> Seed & Whitman (1970)
Seismic Thrust Redistribution

> Inverse Trapezoid Pressure
Diagram
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;_f::.::.': ars v=l PRif w=73] 758fH R=47°
\:_e-de;_:d:ié-}:;é'zi??‘ I R BI'::IQ- I:'
«F5=2.068 (Right exit pt: 27,237, Oft) I z x

{-3.3T| 24.53]

fematioa] ..

|IIII|III|III| }{FS=1FET4

T 51
v’ Bishop Method

v Morgenstern Price Method (G.LE)
v Spencer Method

v Ordinary (Swedish) Method .
v Automatic Slope Search Method S

v’ Single Point Slope Center : HP 102 Sl 1507, @3RO.C
v Rectangular Slope Genter Suppons: Calfomia Tfench Manusl 201
v’ Define Radius Search Limits . |
v Clouterre Standards for Soil Nails - Lo
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DeepkEX - Shoring Design Examples

-
— l
= =

Fill

- -:I
Rock
B-2
El Om
-
. S
= = =g = =
——— :1 —=——=
el
Dizphragm Diaphr2gm
-Rebars 181 m eba
500 MPz, F 500

Supports: California Trench Manusl 2011 Suppons: Calformia Trench Manusl 2011


https://www.deepexcavation.com/en/products/deepex-deep-excavation-software/deepex-software-training

Example 1: Excavation with Tiebacks

Soil Properties & Stratigraphy

EL Dt LJ' Drive Resist
=125 g it ; : i Elev. yt ybulk C’ ¢’ Eoed Eur
e — i (ft) (pcf) | (kN/m3) | (psf) | (deg) | (ksf) | (ksf)
0 25 120 20 30 300 900 0.5

|

sl KpH=2.537

v:;ESpgtf:f 0 ft F - Sand 1

§'=34 deg 30 fit
-6.5 S1-Sand 135 125 60 34 520 1560 0.4
-20 GT - Till 140 130 100 36 600 1800 0.4

Water table at El: -50ft

Wall Section Properties
X=0
Z=0

X-Coordinate
Top Elevation
Wall Type Driven Soldier Piles
HP12x75 (H Beams)

8ft

Pile Section
Pile Spacing

Lagging 2 in Timber Lagging

Support Properties (Tiebacks)

v' Create Model Graphically (All Stages)

v Review Different Driving Pressure Diagrams (Peck, FHWA) First Row Second Row
v' Use Wall Friction Z=-8ft Z=-18 ft

v' Review and Evaluate the ReSliHS : ) Hor. Spacing o o

v Perform Model Optimization (Embedment Depth, Wall Section, Anchors . : :

v Evaluate Drilled Soldier Piles in 2 ft Holes Section Type 4x0:61n Strands 4x0:61n Strands
v Examine Seismic Pressures Strands 270 ksi Strands 270 ksi
v' Estimate Prestress for the Anchors Free Length 25 ft 20 ft

v" Run Non-Linear Analysis Fixed Length 25 ft 25 ft
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Soil Properties & Stratigraphy

EL Dt

N

N

yit= 123 pof
=20 psf

20 ft

51
yt=133 pof
=80 psf
p=34ceg

AN NI N NN

-6.531t

Create Model Graphically (All Stages)

Use Wall Friction

Review and Evaluate the Results

Perform Model Optimization (Embedment Depth, Wall Section, Struts)
Examine Water Pressure Methods (Simplified Flow, Full Flownet)

Run Non-Linear Analysis

45 ft

qon Elev. vt ybulk c ¢’ Eoed Eur
(ft) (pcf) | (kN/m3) | (psf) | (deg) | (ksf) | (ksf)
0 25 120 20 30 300 900 0.5

F - Sand 1
-6.5 S1-Sand 135 125 60 34 520 1560 0.4
-20 GT -Till 140 130 100 36 600 1800 0.4

Water table at El: 6.6ft

Wall Section Properties
X-Coordinate X=0 X =40 ft
Top Elevation Z=10ft Z=10ft
Wall Type Steel Sheet Piles Steel Sheet Piles
Pile Section AZ 19 AZ 19
A50 Steel A50 Steel

Support Properties (Struts)

First Row Second Row
Z=2ft Z=-9ft
Hor. Spacing 10 ft 10 ft
Section Type PP24x0.5 (Pipes) PP24x0.5 (Pipes)
A50 Steel A50 Steel
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EL Ot LJ,

yi= 123 pef
o= 20 psf fzs

[IN

5.0 ft

51
=133 pcf
o= 80 psf
$'=34deg

v' Create Model Graphically (All Stages)
v" Use Wall Friction

v" Review and Evaluate the Results

v" Run Non-Linear Analysis

25 deg

Example 3: Excavation with Rakers

20 ft

Soil Properties & Stratigraphy

F - Sand 1
-6.5 S1-Sand 135 125 60 34 520 1560
-20 GT -Till 140 130 100 36 600 1800

Water table at El:-6.5ft
Wall Section Properties

X-Coordinate X=0
Top Elevation Z2=0
Wall Type Secant Piles

Pile Section 2.5ft Diam. Concrete Piles

Pile Spacing 4 ft

Reinforcement 8#8 Bars, #4 Shear Reinf.

Support Properties (Raker)

First Row
Z=5ft
Angle from Hor. 25 deg
Hor. Spacing 10 ft

PP24x0.5 (Pipes)
A50 Steel

Section Type

Elev. yt vbulk c ¢’ Eoed Eur
i (ft) (pcf) | (kN/m3) | (psf) | (deg) | (ksf) | (ksf)
0 25 120 20 30 300 900 0.5

0.4

0.4



Example 4: Excavation with Struts

Soil Properties & Stratigraphy

Elev. yt vbulk c ¢’ Eoed Eur
(ft) (pcf) | (kN/m3) | (psf) | (deg) | (ksf) | (ksf)
0 25 120 20 30 300 900 0.5

F - Sand 1
ELOft ELOf
peimseet | ] > .. -6.5 S1-Sand 135 125 60 34 520 1560 0.4
51 T =+ —
s 00 20 GT-Till 140 130 100 36 600 1800 0.4

Water table at El: -6.5ft

Wall Section Properties

X-Coordinate X=0 X =50 ft

Top Elevation Z2=0 Z2=0

Wall Type Secant Piles Secant Piles

Pile Section 2.5ft Diam. Concrete Piles 2.5ft Diam. Concrete Piles
Pile Spacing 4 ft 4 ft
Reinforcement 818 Bars, #4 Shear Reinf. 8#8 Bars, #4 Shear Reinf.

Support Properties (Struts)

First Row Second Row Third Row
v Create Model with the Model Wizard (All Stages) Z=9ft et 2=-29ft
v Add Train Loads Hor. Spacing 20 ft 20 ft 20 ft
v Review and Fvaluate the Results PP24x0.5 (Pipes) PP24x0.5 (Pipes) PP24x0.5 (Pipes)
v" Run Non-Linear Analysis Material | A50 Steel A50 Steel A50 Steel

v Add Basement Walls and Base Slab - Remove Struts



L20ft

OOT*ATAN O D

C20wW G100

Waler data »

A Waler Data B, Loading Pattems  C. Stages-Activate D Joirts
Analysis Options
MName |C_1

Elevatin "

General waler section (steel or concrete) e

Waler section | H-Waler . Edit | End corner taken at | At edge of waler

Reductions in axial force due to interface fnchion

Analysis | Automatic - Point loads for soldiertangent pile ~ | [ Toall

Start corner taken at | At edge of waler e

S

[ \waler is a cap beam lgnore {full axial load calculated)
Wall penmeter Ferimeter =
Wall segment /M1 T Unsupported length in verical direchions
LA tﬂm Mot attached to a bracing line ~ R e

Start-End Modes  Connection options ~ Extenions [ Apply to all walers
Connect to other waler |Ise custom waler angle
Startnode N1 ~C_D = | Loading [ Use user defined angle from horizontal

End node |2 ~C.2 * [~ Loading Strut reacton method
Pesition strut reaction at stnd center (largest ~ | Apply to all walers
Supportindex 2= H. -25 =
Loading check baox will treat the edge as free but connected waler will be loading as point load.

Show full calculations Ok Cancel

407t

AN NI NI NI NN

—
Select

Review Steel Connection Options

Export the 3D Model Hologram

Q) Show all tems

Show only selected elevation

Create the 3D Frame Model (120ft x 40ft Excavation)
Review Structural Sections for Struts and Walers
Review Locations of Struts for each Bracing Level
Analyze the 3D Model and Review Results

Results for walers (30)
Elev. Moment Shear Axial RAT RAT M Weight Section
b Name R <) (k) ) - : - k)
AD 9 wes  [1w0725 (21708 (I 0570 40028 |W16x100
AT 3 37897 [11241 (2145 [N R 0 712 120084 |W16x100
A2 9 0163 (10725 21708 (I 0575 40028  |W16c100
A3 3 7897 (1241 2145 [HSESEEEE 0 712 120084 | W16x100
Results for steel connechons (walers to struls)
Strut :;?;'}‘?'d SZ | Weld Length {in) e o | BaseFL
b WALE: A_O-STRUT: AD AD 0.375  |13.628 0333 |N/A
WALE: A_3:STRUT: A A3 AD 0375 |0 0339 |N/A
e > P — Py
Results for struts and anchors (30)
Results for struis (30)
Length Moment f!?:ﬂ;la RAT Weight Section
F Name m (Aft) 9] 9] Mame
AD 12139 |2.31 27017 [0253 15256  |PP24xD...
AT 12139 |2.31 27017 |0253 15256  |PP24xD...
A2 12139 |2.31 27017 |0253 15256  |PP24xd...
[ 12 41946 k| T017 ] 1 E2ELC =] ¥ 0]




= Shoring Desion Software ~ £xample 5: Top-Down Excavation (Slabs)

Soil Properties & Stratigraphy

p . Elev. vt ybulk (o ¢’ Eoed
ELOft 1 ELOR (ft) (pCf) (kN/m3) (pSf) (deg) (ka)
0 25 120 20 30 300 900 0.5

=_F _  — ’ﬂ‘ £ ‘%’ ﬂ‘ = ;l = =

v j:P:f Esa Z 558 ’_th% z &5 F-Sand 1

yt= 135 pcf T - Ty THr Tl T - -

ot S on| fn - 6.5 S1-Sand 135 125 60 34 520 1560 0.4
20  GT-Till 140 130 100 36 600 1800 0.4

Water table at El:-6.5ft
Wall Section Properties

X-Coordinate X=0 X =80 ft

Top Elevation Z2=0 Z2=0

2ft Thick Concrete Diaphragm 2ft Thick Concrete Diaphragm

Long. Reinf. 3 #8 Bars /ft of wall (leftand 3 #8 Bars /ft of wall (left and
right) right)
Shear Reinf #4 Bars @ 6in Spacing #4 Bars @ 6in Spacing

Support Properties (Slabs)

First Row Second Row Third Row

v' Create Model with the Model Wizard (All Stages)

v" Review and Evaluate the Results
v Run NL Analysis - Adjust Slab Stiffness (shrinkage) — e e e

Z=-1ft Z=-10 ft Z=-21ft
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ElL &it ELEt

[N

yi= 123 pcf
c=20psf | esg

51
yt= 125 pef L
=60 psf AZ 19 Shest Piles
4'=34deg Stesl Shests
DES: AZ 19, Sioe=36.08in3ft

Example 6: Deadman Wall

(N

EOft

v Create Model Graphically (All Stages)

v" Use Wall Friction

v" Review and Evaluate the Results

v' Examine the Interaction between the Walls
v" Impact Load Adjustment Factor

Soil Properties & Stratigraphy

Elev. yt vbulk c ¢’ Eoed Eur
(ft) (pcf) | (kN/m3) | (psf) | (deg) | (ksf) | (ksf)
0 25 120 20 30 300 900 0.5

F - Sand 1
-6.5 S1-Sand 135 125 60 34 520 1560 0.4
-20 GT -Till 140 130 100 36 600 1800 0.4

Water table at El: 0
Wall Section Properties

Z=8ft Z=8ft

Steel Sheet Piles Steel Sheet Piles

AZ 19 AZ 19

Material | A50 Steel A50 Steel
Support Properties (Tierods)



Example /: Slope Stability Analysis

www.deepexcavation.com

Crtir satacase? 3. y=8 1548 Elev. vt vbulk ¢ ¢’ | Eoed | Eur
(ft) (pcf) | (kN/m3) | (psf) | (deg) | (ksf) | (ksf)
0 F - Sand 125 120 20 30 300 900 0.5
= Momant {kft/ft) - FS=3.137
———— 6.5 S1-Sand 135 125 60 34 520 1560 0.4
EL Ot 32 k-ftfit L] | Pl A & _ —
e 1255 20 GT-Til 140 130 100 36 600 1800 0.4
iy (i o | Water table at El: 501t
;:3:3: 8. 74 kif s 30 f . .
- o * Wall Section Properties
\ e Wall Type Driven Soldier Piles
Support Properties (Tiebacks)
= swpport First Row Second Row
v' Copy the Anchored Wall Model (Example 1) : . .
.y . . . . 4 x 0.6 in Strands 4 x 0.6 in Strands
v Slope Stability Analysis (Morgenstern-Price, Circular Slope Surface Options)
m Strands 270 ksi Strands 270 ksi



Example 8: Soil Nails - Slope Stability Analysis

www.deepexcavation.com

Elev. vt vbulk c’ ¢’ Eoed Eur
(ft) (pcf) | (kN/m3) | (psf) | (deg) | (ksf) | (ksf)
0 25 120 20 30 300 900 0.5

Shoring Design Software

F5=1.482

F - Sand 1
— TN By -6.5 S1-Sand 135 125 60 34 520 1560 0.4
“’:zﬁm - o — 20 GT-Til 140 130 100 36 600 1800 0.4
= e Water table at El: 50t
- = Wall Section Properties
-’ Driven Soldier Piles
s — HP12x75 (H Beams)
S 2 in Timber Lagging
Support Properties (Tiebacks)
Boring 1 m First Row Second Row
m Z=-8ft Z=-18 ft
v Copy the Anchored Wall Model (Example 1) 8 ft 8 ft
v Create d BerICh and Add SOII Nails . . ] 4 x 0.6 in Strands 4 x 0.6 in Strands
v Slope Stability Analysis (Morgenstern-Price, Automatic Slope Surface Options) . ,
m Strands 270 ksi Strands 270 ksi



= # .| Shoring Design Software

Example 9: Circular Shaft

S - J Elev. v
! 1 = (ft) (p
T- T~ | _ 4 _
2.5 fi E 831 ggel T ;'fp:f 0 F - Sand 1
N O e 65 S1-Sand 135
295 fi #=34 d=g
E=520 kst

v' Create Model with the Model Wizard (All Stages)
v" Review and Evaluate the Results

Water table at El: -6.5ft

X-Coordinate
Top Elevation
Wall Type
Pile Section
Pile Spacing

Reinforcement

Section Type

-20 GT-Till 140

Soil Properties & Stratigraphy

t vbulk c ¢’ Eoed Eur
cf) (kN/m3) | (psf) | (deg) | (ksf) (ksf)
25 120 20 30 300 900 0.5

125 60 34 520 1560 0.4

130 100 36 600 1800 0.4

Wall Section Properties
X=0
Z=0
Secant Piles
2.5 ft Diam. Concrete Piles
4 ft
8#8 Bars, #4 Shear Reinf.

Support Properties
Cap Beam Ring Beam
Z=-15ft Z2=-13ft

3ft x 3 ft Concrete Beam 36 in x 42 in Concrete Beam



Example 10: Box Excavation

Soil Properties & Stratigraphy

Elev. yt vbulk c ¢’ Eoed Eur
(ft) (pcf) | (kN/m3) | (psf) | (deg) | (ksf) | (ksf)
0 25 120 20 30 300 900 0.5

b
| o
i
A |
A1
A |
A1

F - Sand 1

-6.5 S1-Sand 135 125 60 34 520 1560 0.4

20  GT-Till 140 130 100 36 600 1800 0.4
Water table at El:-6.5ft

Wall Section Properties

Secant Piles
2.5 ft Diam. Concrete Piles
8#8 Bars, #4 Shear Reinf.
Support Properties
m Top Level Second Level
v Create Model Graphically (All Stages) z=8it Z-ast
W16X100 W16X100

v Review and Evaluate the Results
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Deep Excavation Case Studies

o éou nd floor
A | o Cap 900E00 T ound fleor
. A | -— Cap 900300 =
: Ancher f |
-
g 1 basement wa [] el | T -— anchor for
g = basemen [}
3 wer ground 2 I
,,,,,, BT rground
_Waler P
j.‘/ - Strut
£ Basement 1
5l & r i~ e ] Basement
g 5 S E ...::::;;::::_._
= :
M e M E E \
Basement "':::312:::::-. eeeeeeee =
f/.-’///EEEEEIS [,{g{tp/fl/;// 13
32}
2000 cn-t 4000 cm = 3 /; o
L Moment [kN-m/m)
Bore pile (800
- @1200(L = 20.00m)
+ bentonite pile
li]
v L e
d

SEIOI
J‘. :‘*‘:‘:
A EVAVAY

4
,;‘::_.;,3\ '1' A\' ::‘ &'A

Yol

Wall Bending
Wzll Displacemeant



https://www.deepexcavation.com/en/resources/case-studies
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BERLIN EXCAVATION
(benchmark case study)
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E # A Shoring Design Software excavation (2002)

a7 DeepkX German Society for Geotechnics benchmark

- Selected an existing excavation in berlin (with monitoring results and detailed soil investigation)
- Sent to various university institutes and consulting companles known to deal with Excavation numerical analysis.

« (athered analysis results and created a X
COm prEhenSWG report 30 m 500 2 - 3 x width of excavation
I g
i % oW = = -3,00m below surfa:?él
. — j‘p ................................. ,L‘%_;? ? =

SN Sigp2 =9 30m iﬁaﬂ

Example with prescribed properties as published ﬂﬂ;m%g“_fgﬁfnm ....... »

By Schweiger.

top of hydraulic bamer -30.00m
. /////////// // o N

SRR R R R

7 -32_.00m = base of diaphragm wall

\

;”j #D.Bm
. ‘rr:”san ifi i .

depth of layer] Esz® | Eu™ | Eoed® | v [P| © | <u| Per| M | R |Ri 5 e aatrosaect anchor Toree. 1. row: T68KN
© 2. rowz!}dﬁKN
m kPa | kPa | kPa | °|°|kPa| - |kPa 3 row: SE0KK
c distance of anchors: 2I row: %%gm
0-20 | 45000 [180000| 45000 |35|5| 1.0 |0.2/100|0.55|0.9| 0.8 g & | 3 row: 135m

x diaphraam wall: Cross §ect|::1n area:’lEr:c;m:’- -

20-40 | 75000 [300000| 75000 |38|6| 1.0 0.2|100(0.55 0.9/ 0.8 : (E b S006 kPa. d < 0.8 m) Youngs modds =Tk

-40  [105000|315000|105000|38|6|1.0]0.2]100]055]0.9] - sand

0
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= eep German Society for Geotechnics benchmark

# A.| Shoring Design Software excavation (2002)

Stage GF: Greenfield conditions (Ko based imposed stress field)
Stage 0: activation of diaphragm wall

Stage 1: excavation at level -4.8m

Stage 2: activation of anchor 1and prestressing and groundwater lowering to -9.4m
Stage 3: excavation at level -9.3m

Stage 4: activation of anchor 2 and prestressing

Stage 5: groundwater lowering to -14.5m

Stage 6: excavation at level -14.35m

Stage I: activation of anchor 3 and prestressing

Stage 8: groundwater lowering to -17.9m

Stage 9: final excavation at level -16.8m




German Society for Geotechnics benchmark

# A.| Shoring Design Software

excavation (2002)

[

displacement (cm)

de'ﬁlfh (m)

)
o
e L

-25

¢ measurements [1]

deepex FEM

= = deepex Non Linear Winkler

reference model in [1] (with plaxis)

35 |

Stage 1

depth (m)

displacement (cm)

-10 \

-15

-20

-25

P
Y 1
|
\

¢© measurements [1]

deepex FEM

= = deepex Non Linear Winkler

reference model in [1] (with plaxis)

(68]
q

Stage 9
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# A| Shoring Design Software excavation (2002)

- Most participants trusted the strength indicated from the experiments
- stiffness generated from the tests was considered too low by many participants

- significant variation was ohserved however in the assumption of the dilatancy
angle y, ranging from 0° to 15°.



DeepEX German Society for Geotechnics benchmark
Shoring Design Software excavation (2002)

f AtbA 1.« Some of the participants used an incorrect stiffness
e i1+ some participants incorrectly calculated the prestress force
E A7+ Mohrcoulomb based models
F Vi | sissi /0« Fixed anchors
VLT e ]« the difference in modelling the groundwater lowering (0.5-1.5¢m)
;"'1, 3 7 / I 4 i 14 é
s || Y SitdE 5
. Eg " \I:"%Zn " L | b 24
ol T T i} o _ _ _
S VN R e Major issues where caused by the selection of the soil properties
- o _ prior to the FEM model construction
L RNIRIER ::

I | v ™
=250 -225 200 -17/5 -150 125 100 -7 A0 -25 0 25 50
honzontal displacement [mm]
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EXCAVATION OF TAIPEI NATIONAL
ENTERPRISE CENTER
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e — e — — — — — — — — '-=
I p——— | - <

re- P

f

///// /////////

eeeeeeeee
u Rebar stress meter

" (d) (e) (f)
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Figure 3.33 Excavation of the Taipei National Enterprise Center: (a) plan and (b) profile.

Soft silty

clay
N=2-~4

Coose sillPr san
N=4-]

Soft to
medium
silty clay
N=2~35

Medium loose

Compact
to dense
silty sand
N =14 ~37

Dense
gravel

Nﬁ-lgg_

x

ilty sand; N=22~24
SHiff silty clay: N=9~11

Inclinometer
Extensometer

#  Heave gauge

(b)

(O]

A

RIS

LRV BA

Diaphragm wall

F

Settlement point
Piezometer

—a—a— Earth/water pressure cell

Table 3.3 Excavation process of TNEC

Stage  Day Excavation activities
—29 ~ Installed devices outside of the excavation zone, including in-soil inclinometers,
extensometers, observation wells, and electronic piezometers
1-89 Constructed the diaphragm wall, including installation of the earth/water
pressure cells, in-wall rebar strain meters, and in-wall inclinometers
89-147 Constructed piles and the steel columns
|47—155 Installed devices inside of the excavation zone, including the piezometers and
heave gauges
I |156—162  Excavated to the depth of GL-2.80 m
2 164—169  Installed struts H 300 x 300 x 10 x |5 at the depth of GL-2.0 m. The preload
of each strut = 784.8 kN
3 181-188  Excavated to the depth of GL-4.9 m
4A 217 Constructed BIF floor slab at the depth of GL-3.5 m
4B 222-238 Dismantled the first level of strut and constructed the |F floor slab. Started
the construction of the superstructure
5 233-255  Excavated to the depth of GL-8.6 m
6 279 Constructed the B2F floor slab at the depth of GL-7.1 m
7 318-337  Excavated to the depth of GL-11.8 m
8 352 Constructed the B3F floor slab at the depth of GL-10.3 m
9 363-378  Excavated to the depth of GL-15.2 m
10 400 Constructed the B4F floor slab at the depth of GL-13.7 m
IIA 419423  Excavated the central zone to the depth of GL-17.3 m
12A° 425429 Installed struts H 400 x 400 x 13 x 21 at the depth of GL-16.5 m in the
central zone. The preload of each strut = | 177 kN
| 1B 430436  Excavated the side zones to the depth of GL-17.3 m
128 437-444 Installed struts H 400 x 400 x 13 x 2! in the two side zones at the depth of
GL-16.5 m. The preload of each strut = 1177 kN
I3 445460  Excavated to the depth of GL-19.7 m
457 Finished the superstructure
14 464468  Cast the foundation slab
I5 506-520  Constructed the BSF floor slab at the depth of GL-17.1 m
16 528 Dismantled the second level of struts
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Water content
PL @® LL

X OCR SPT-N 54 (kN/m”)
0 10203040500 1 2 0 4 8 0 50 100 150 200
0 N — T 1 . — . I :
<
Silty clay o B o
3.6 Silty sand
8.0 b4 o
L ol =
¥=Ro o 8 e
=0, e
© o
> Silty cl X—ahX — - -
= Hiy ciay X o
L H—ad O B o
: oK L
8 © CPTU
o) B — a2 a LU .
33.0 Q o o Vane shear tes
De{?sglﬁnei sand o - = «* CK,U-AC
37 5 and silty clay . e e CK.U-AE
Dense silt or g
silty sand
46.0 ©
Gravel
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SHANGHAI METRO TUNNELS



SHANGHAI METRO TUNNELS- HU (2003)

South Bound Tunnel

North Bound Tunnel

yhala Borehole 4
B@rehul a2 _"-. Gmu nd Surface JII..' oo Borehole 9. 31;3\
gﬁlrwﬁﬂ?—mnﬁ {&{-ﬁiﬂﬂ:“" YA oA .—d-..,.—-'i 0.H ..-"‘-h'-,..-" -"w..,.-" .,.r-.x-.,..r' 7 w.‘..r 0.7 3

“}f"f_","

Eh,

N\

Borehole 1
284 308 -
124 'Q-.,;! 1I1{E|:|._’.'rml ?‘_,_,11__7__‘&
_.:_116 i 'll'E oft r:ln]r # ;o3e
—hE0 S, 612

| AR

& «/\\\@ff L.

T~ m/ ,h/r 577 ]

x\\\\\:\\\

'il’er;p oft :n'lt -3.
-13.16 —— 37- i
Clny/_\/ /V/AL//////////// ///
=EERE "-3 e =c3.80 _34 3
o
E A xﬁl]ty{]af ~.., S . . \ . '~. \x\u \x x
= -3%86 LS N S N Y. . 3530 4 N Mo N =35.77
m -30.81 | Silty clay .- fﬂf’ ""——'?—"? ....... < iau-:. ——L .'_’f’.__'?f.--—qair:
:;_-. 'sm';,'u'mi I-I:i-:.j._' izinniiziy 'j_'jIj_'j'_j'.j.'ij'.ijZj-;Lj'._‘Ij"_'j '''''''''''''''''''''''' LT
O e N e N L =T e e a e T e a m e e e te ee — -
N\ ix\xwaxx <<E N xaxxmxxxkx&xxx\xxx
27.00 | 49.00 __29.50
=
—
=N
E B ] T |
@ Borehole 5 R e Borehole fi_
3 f L"rl ound Surface .\ 5
Silty {L”r ['Jllt d ““Ix‘f:_. .-*'1. : ',"-;:\«* P W A AV A A i '1 I ;
.- [ -1.FII.- .h[',T_ ﬂﬂT -. —_— - F — F/- — — — /- F - F‘ e r
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# A.| Shoring Design Software

Stage GF: Greenfield conditions (Ko based imposed stress field)
Stage 0: activation of diaphragm wall

Stage 1: excavation at level -4.8m

Stage 2: activation of anchor 1and prestressing and groundwater lowering to -9.4m
Stage 3: excavation at level -9.3m

Stage 4: activation of anchor 2 and prestressing

Stage 5: groundwater lowering to -14.5m

Stage 6: excavation at level -14.35m

Stage I: activation of anchor 3 and prestressing

Stage 8: groundwater lowering to -17.9m

Stage 9: final excavation at level -16.8m



DEEEIP DeepEX Conclusions
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- Design of deep excavations has high epistemic and aleatory uncertainty
- Different levels of verification are essential

« At the end of the day numerical models are just tools
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www.deepexcavation.com

DeepkEX Versions & Additional Modules

Review Our Packages:

v' Customizable Packages
v Powerful Additional Modules Training Materials:
v' Personal Technical Support
v Videos, Examples, Manuals

Live Presentations:

TRUSTED BY

VN g 2. (I HATCH M B ! KELLER EBBE ATKINS
s - s I RICEL o

W RUSSO A/ Gulf Consult - nvysvcvce
@ 7 AN SAMSUNG C&T - ey - nsce Intemnationa



https://www.deepexcavation.com/en/products/deepex-deep-excavation-software/deepex_versions_and_modules
https://www.deepexcavation.com/en/products/deepex-deep-excavation-software/deepex-software-training
https://www.deepexcavation.com/en/schedule-presentation

=" Shoring Desien Software Finite Element Analysis and Tunnels ¢

www.deepexcavation.com

Resist Drive ELOm Drive esist
S I -+ vl 5 5 gy |« v DeepEX 2D FEM Engine (DeepFEM)
ot AR > i s == v Gonsider full soil-structure
T e . s> =>=>=>—=>—~ interaction

v/ Automatic FE options

3 el R N = =7 == v 3oil Models for FEM
.. Include Tiedowns & Foundation Piles

v N \ i Tunnel Options:
SN KLer: ~ / \ /¥ Tunnel Analysis with FEM
e v TBM Tunnels
wa v' NATM - SEM Tunnels
" o P E e ¢ S s0 dg v’ Oval and Complex Tunnel Shapes

FyRepars 2413 EMPaRe =20.7MP=

e A wagmny )N | /\ /\— v Tunnel Model Wizard
- =413.8MP3, JNF3
aphao | K S v' Cut-and-Cover Tunnels




2D Sections & 3D Models, 3D Holograms

v Full Design - 2D Sections and 3D Model

e v Structural & Geotechnical design of Tiebacks and Struts

o] T v’ 3D Building Loads

on] 500 v Full Model Optimization (Walls and Supports)

v’ Virtual Reality Model Visualization - Export Model to HoloDeepEX

P= F5.B2BE.F% 85 k
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Steel Connection Data

Hame and section bype
REL G WALE: A 1-STRUT:

Herizontzl angle A5 dag

Irput Stags Resuls

Connaction Cpbions
Selected \Welds

i:.i: K = s | n
Connaction Stub
Type| Use H for W) beam eiub w
Shib section |(W3Bx1315 ’

Min. overlap with atr_ltl'f: | in
n

Clearance o sl:r.|1|3

i
Weld (pipe to connector) |E' 375 'xl in

Stiffenars

Shffenera are not requined

Check & Optimize Steel Connections

Mz weld streas check (all stagea) [ 74

Stffanar Name Locatian Thick {in) Heught (n) Wigth in}
v Top =] 075 5, 7955 10.929
PLI_A Battam -| 075 , 7955 10
! PL2_T Tap ﬂ 0.75 5. 7955 10.929
PL2_B Battam |0 7955 10
M Size|0.3

T TTNOT E T ror rrer v e 11l

0K

\ _/

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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v Import your Excavation Site from Google Maps
v Import all buildings directly from Google

v’ Estimate the building dimensions and loads
v Generate 2D cut sections

v Perform Damage Assessment for all buildings

63

— .

BE! -005 0%Tdd

—

= ' —— Do
Extrudeditructure -

[J;IU'&'HW"-‘E]}'EE}EIEHE‘TFNE:- o
Extrudeditructure Extrudeditructure
ic Jp_-gi:_@-zax-:-m-;r-:z.r_'ﬁ-?lsﬂ[:HJH&bij_x-z:ﬁ-:-b-.th:--;b;Li N
El Ot
R it | ‘[' ] T- T T~ T~ —
1 0.82ksf 0.82ksf 0.82ksf . “}é
- g
: : 7 asn 10 ft T
51 = = .-_“:*:\_" =
10 ft
EE ft




Building Damage Assessment
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v Perform Damage Assessment of all Buildings close to an excavation site

Bldg. 0
v Review Crack widths, Damage Categories, Strains etc. for all building walls.
. Defizction linch} . o *'ﬂfgg B |0 Building Damage Results - X
T T T | T T T |II||||II|IIII| ||||||I||||| Eld‘gl:l
== —i e o Maximum values Al elements  |ndividual elements  Horizontal movement  Settlement  Boscardin-Cording Chat  Hogging Chart (Budand 1979)
E 8.0 ki
R A N I e~ Dam. #
e e 0.0 ki 8 .out y . Max y . Ave Cpiin) Ctiin) Crp (in) Crt (im) I:[:J:tmage Crack gam. i
width nscardin
1 (UND. o
F____'L ' P Bottom side continuous basement wall 203 |0 0.005103 |0.002551 |0 0 0 1] Moderate | Megligbe |Moderate
A Y-
i 1782 kK Left side continuous basement wall &7y o0 0.000752 |0.000376 |0 1] 1] 1] Megligbe |Megligbe |Megligibe
Clay [UND.) k’fﬂ Right side continuous basement wall 826 (0 0.002511 |0.001256 |0 0 0 1] Megligbe |Medgligbe |MNedligbe
L, Top side continuous basement wall 0 0 0 0 1] 1] 1] Megligbe |Megligbe |Medligibe
Exterior wall &t floor 16. 0, {-10.67, 30 to -20.67,30) a0y |0 0.025554 |0.001561 |0.2327 0.3337 0.1551 0.2225 Moderate | Moderate |MAA
s1 ek Exterior wall at floor 161 0, (-20.67, 70to -10.67.70) 0 0 0 0 0 0 0 Negligbe | Negligibe | N/A
Units Value BExterior wall at floor 16. 0, (-20.67, 30to -30.67.30) avz |0 0.022453 |0.0020595 |0.0753 00259 0.0532 0.0155 Slight Slight MNAA
2050 ¢ b Max. horizontal strain: £.H Max - 0.087083 Exterior wall at floor 161. 0, (-30.67, 70to -20.67.70) 0 0 0 0 0 0 0 Negligibe | Negligibe | N/A
Max. tensile strain: . T Max 0 D05R41 Exterior wall at floor 161, 0, (-30.67, 30to -40.67.30) had |0 0.014831 |0.001949 |0 1] 1] 0 Megligibe | Megligbe |M/A
Rock Max. principal strain: £.P.Max 000646 Exterior wall at floor 18. 0. (-40.67. 70to -30.67.70) 0 0 0 0 0 0 0 Negligibe | Neligbe | N/A
Mazx. ancular diskodion: P deg 0,754 Exteriar wall at floor 18. 0, (-10.67, 40to -10.67 30) 435 |0 0.02574 |0 0.153 0.2154 0,102 0.1436 Slight Slight MAA
i [ 7 7 M |0 0.007772 |0.001901 |0 0 igi igi
Max. out of plane rotation: 8.out deg 0 Exterior wall at floor 18, 0, (-40.67, 30 to -40.67.40) 0 1] Megligbe | Megligbe |N/A
] - BExterior wall at floor 16. 0, (-10.67, 50to -10.67.40) &5 (0 0.02417 |0 02936 0.1803 0.1957 0.1202 Slight Slight MNAA
Boring 1 Max. shear strain: . Max 002574
Exterior wall at floor 18. 0, (-40.67, 40 to -40.67,50) 391 |0 0002266 |0 0 0 0 1] Megligbe |Megligbe |NAA
Ave. shear strain: v Ave 0.003355
Exterior wall at floor 18, 0, (-10.67, 60to -10.67.50) 336 |0 0013545 |0 0.0476 0 0.0317 1] Very slight | Very slight | NAA
Cumulative principal crack width C p in 0.2336 ) — —
3403 Exterior wall at floor 1E. 0, (40.67, 50 to -40.67.60) 0 0 0 0 0 0 0 Megligibe | Megligbe |M/A
Cumulative tensil b wi _ in .
umulaive tensie crack width C 1 BExterior wall at floor 18 0, (-10.67, 70to -10.67 60) 1] 1] 1] 0 0 0 1] Megligibe | Megligibe | NAA
Max principal crack width Crpp.Max in 0.1957 Exterior wall at floor 161, 0, (40.67, 60 to £0.67.70) ] 7 7 0 0 0 0 Negigbe | Negigbe | N/A
Max tensile crack width Crt.Max in 0273 Exterior wall at floor 28 10, (1067, 30to 20.67.30) 407 |0 0.025554 |0.001561 |0.1975 |02805 |0.1317 0187  |Sight  |Sight  |N/A
Max. damage category Moderate Exterior wall at floor 28. 10, (-20.67, 70to -10.67 70) 1] 1] 1] 0 0 0 1] Megligbe |Megligbe |NAA
Damage category crack width Moderate Exterior wall at floor 281, 10, (-20.67, 30to -30.67.30) 872 |0 0022453 |0.002095 |0.1566 0.2011 0.1044 0.1341 Slight Slight N/A v
Damage category Boscardin Cording Moderate . >




Elewation (feat)
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-55
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SteelSheets

S mm

10.00 |

10.00

20,00

50.00

2D Sections:

v Export all 2D Sections Sketches for each Construction Stage
v Export Wall Section Details

v Export 2D Sections with Result Diagrams

3D Models:

v Export all 2D Sections and Wall Details

v Export Full Project Plan Sketches

v Export Elevation Sketches for each Project Wall

u1]

u1]
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Design gravity walls (any shape)
Jesign pile supported abutments

A NEANERN

Use footings (3D loads) and design the foundation piles
51 lew Footing O(3C
yi=19.5 kN/m3 10
'*lI:SEdEg W—;U
2 m El. Ot N Dirive Resist
T F i KaH=0.333 H=0.333
= yi= 125 pof KpH=2 H=23
p'=30 deg . o L —
05 . = KaH= KaH=1
52 sl _ Clay [UND.] KpH= 1 o= |
yi= 20.5 kN/m3 i 3ft St yit= 127 383 pcf [
.*.:_35.:_:-.; :.__i -Elu=-3--3- -E' FEf
i .F KaH= 25 ft
=1Zap KpH= -

N =30 00 12 f KaH=0.283 KaH= 0,283
oring KpH= 12537 KpH= 12537
2H=0.242 -

— KpHi;.E-E?' yt= 133.758 pof
— ; :I:|=El4':—:"_
— e
45t
FaH=0.2¢% FaH=0.2%
o KpH=3.852 KpH=3.852
yt=133.758 pef SecantPiles W21X7T3
it Secant pile wall
GT File: W21x73, o= 1313, 83. 207 O.C.
yt= 140.127 pcf Fy'Beam =30 ksi, Fo'=3ksi
o= 200 psf Cantilever: Fres eanh




Sea Walls - Quay Walls - Wave Pressures ¢

# A | Shoring Design Software www.deepexcavation.com

v’ Load combinations for British Standards 6349 Parts 1-2 (Marine

1800 1200 500 0 D 800 1200 1600 Stl‘UCtUI‘GS-Quay WaIIS)

e L A I v Wave pressures with Sainflou, McConnel, Proverbs

) ) v Average overtopping volume calculations

‘ - v’ Block/segmental walls with individual shear resistances and densities

v’ Quay caisson walls (3D) with infill zones. The program can calculate the
3D weight

v Quay wall wizard - Create a model in minutes

Pressures [ksf) Pressures [ksf)

L
L
[IN

— e




SPT Nift 2. Boring Layers - Layer Elevations
1] 10 20 -
I : : : I Depth SPT RGD (%) L]
G 5 0
11 11 0
5 = 16 11 0
* &1 16 0
. 26 13 0
- K1 13 0
36 18 0
L ]
41 14 0
. Fe
Add Mew Record 46 d u
. W
® Delete Selected
Fecord Insert point Delete poirt
L ]
Impart from tab
Y delimited file oK Cancel
1. Name and matenal
< ‘ Determine confidence values
nSet 1 | at Lower bound |22

2. Density and Strength 3. Blasticity 4. Bond Resistances 5. Lateral Pile 6. 0OCR

Select Equations to use for esimating soil parameters
2 A‘ Soil Densib,

DR, Bowles et al., DeepEX approach
DR, Manual of Estimating Soil Parameters, Table 2-9, pg. 2-19

2. B: Effective Friction Angle 2. C: Undrained Shear Strength

W © Parry, 1977 (Perko. Helical Pile Design Manual) v Su=0.06 N Pa=0.125N (ksf). Kullhawy, Mayne, 1990, Eq 4-59, p

@ triaxial compression calibration, FHWA NHI 132031 Su (ksf) = 0.13 N, Terzaghi-Peck 1967
v| © Kullhawy, Chen, 2007 Suvs OCR, Ladd 1977, Jamiolkowski 1985
v O Terzaghi & Peck, 1967 Su clays, Koutsoftas & Ladd, 1985, vs. OCR and Pl

® FHWA pilot database calibrations
®cv, Parry 1977 for clays

v © KLJ“‘?.\'.",’ /1:~,r- 1990

v © Sabatini et. al, 2002, FHWA NHI-10-106
®cv. Holtz-Kovac 1991, 1985 for clays
®cv, Holtz-Kovac 1991, 1585 for clays v
®cv, Holtz-Kovac 1991, 1985 for clays v

Pl, lower bound
Pl, average
Pl, upper bound

w v v

v’ Estimate Soil Properties with different methods

v'Review a statistical analysis of the estimated properties

v Select the project values with a high level of certainty

[ 1. Select Set
| Set1
i : 2 Result Type

’ ; y estimate

|11 @ estmate

||| Su estimate
E estimate
|qBond estimate

JOoubDIe-CIICK 10 edi

Content: Image

4 Summary Results

Parameter estimation for

Density: y

Soi type: F

Sample count: 13

Average input values

Average Nspt= 15.31 bpf

Average Relative density DR= 40.52 %

Estimate results

Average estimate y= 115138 pcf
Standard deviation y= 4 266 pcf

Max. value y max= 120.9 pcf

Min. value y min= 109 4 pcf
Confidence level y.des=115.138 pcf
Conrfidence level at 50% lower bound

5. Adyust or Pass to soil type

Lower bound |50

Detemmine new design value bas

bound percentage

OWer

Pass value to soil type

y pcf
80 120 160
NE LT L ' |
0 = 0% Range | Ave 4t
E o 14D ' 2
g0 E |
.y !
, = | y
- [
60 & 53 g5y
N =3 - >
% T E ,-1" ®
“E ° |
= //'
= 2308 K :. 2308
i v K J °*
E oo | °
= = 'ﬁ'. FEa, 1 S
— mczmEEss = T I 3y |
80 120 160
y pcf
Viewing filters
Base model v | Al borings All estimation sets v | All soll types
25 30 -?:. 30 4 50 100 110 ’1 130 140 200 -'?:. .G;i" 800 1000 O "'..-7
LLALE LAL ™ | S 2 GRS R R A | 2 F &) S i FEi.l
+*.' il Hry
; + ¥
Boring 1
OK




The Future is Here!

v Import your City Map with all Structures from Google

v’ Define your Tunnel Construction Stages and Location on the Map

v’ Automatically Generate 2D Cut Sections along your Tunnel

v’ Define your Metro Station Locations on the Map and Design Them

v Analyze the Tunnel, Calculate Settlements considering Soil Volume Loss,
Consolidation and Water Drawdown

v’ Estimate the Damage Cost for all Imported Buildings

And more!

” & — EUR1934

*  EUR 1095078.24: Total average co:
EUR 2656596.8: Total 95% cost

 J
Call I =10 )
= Nowg




Thank You!

www.deepexcavation.com
www.deepex.com

sales@deepexcavation.com

support@deepexcavation.com
1:1-206- 279 - 3300
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