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INTRODUCTION

DeepXcav 2010 is a software program for braced excavations in soils with 2D limit-equilibrium and non-

linear analysis methods, and structural verification of all elements (with AISC, ASD, Eurocodes).
It offers the ability to analyze walls with multiple braces (tiebacks) in multilayered soils.
The non-linear analysis considers elastoplastic behavior for the whole soil-wall-support system.
The program also offers the ability o perform traditional limit-equilibrium analyses.
The graphical interface is completely interactive and the input is simplified to a great extend.
The program utilizes archives of wall types, structural and soil materials, ground anchors etc.

The analysis can be performed in either an utlimate state or at a service state (allowable design or
LRFD).

The program offers the ability o automatically set all critical settings according to the desired design
methodology.

DeepXcav 2010 — Advanced course 2



DEEPEXCAVATIC R ..

Geotechnical engineering and software programs.

Deep excavation software . Geotechnical and foundation engineering . Advanced Engineering Services

INTRODUCTION

It is strongly recommended to model all the necessary construction stages as the real construction
sequence affects the obtained results. It is therefore advised to subdivide the construction of the

model in more than one stages as required.
Stage O
> Define basic project information (name, coordinates etc).
> Reset global elevations o match the general site elevations.
» Material selection
- Definition of soil types and soil stratigraphy (borings).

- Definition of structural material archives for concrete, steel, and rebar steel used in walls and

supports (tiebacks, struts, slabs, etfc.).
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INTRODUCTION

>  Define the initial surface elevations and coordinates (horizontal, inclined, berms etc)..
> Apply surface loads: strip loads (uniform or trapezoid), linear loads, 3D.

>  Apply loads directly on the wall: Distributed loads, linear loads, moments, imposed displacements

or rotations.

»  Define basic wall type: Soldier pile walls, sheet pile, secant pile, diaphragm walls etc.
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INTRODUCTION
> STAGE 1
- Excavation

- Lowering the excavation to the first level (left or right, typically up to 10ft or 3.5m)

» STAGE 2

- Insert ground anchor, strut, or slab support above the excavation level. It is recommended to
create a separate stage where the support is activated and the excavation levels are kept the

same as in the previous stage.

- Define the newly inserted support type, basic dimensions, and prestress for ground anchors.
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INTRODUCTION

» STAGE 3
- Final retained ground level;

- Final excavation to subgrade level.

> STAGE 4

- Application of seismic loads if required. The seismic load can be applied at anytime during the
construction of the model, not only at the end. Like for the insertion of the supports, it is better

to create an appropriate phase in which only the seismic load is applied.
- Select the applicable structural design code (USA, Europe, etc).
- Automatic generation of the Design Approached (Europe).

- Calculate and verify the design.
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INTRODUCTION

> 4 levels of results
- Summary tables showing principal results.
- On screen diagrams.
- Detailed diagrams.

- Detailed tables showing wall results for every node and every stage along the wall.

>  Report

It is possible fo construct a report with simple drag & drop of prototype report sections. The

reports can include any stage and any design section of the calculation. Reports can be exported in
PDF and Word formats.

Do not forget to Press "Select all” to include all the stages and design sections for the report.
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Soil properties

¢' = friction angle used in calculations for non-clay soils and limit-equilibrium analysis.
Serves for the calculation of the lateral earth pressure coefficients K, Kaand Kp
E' elasticity of the soil (in non-linear analysis).

., = Constant volume shearing angle (used for clays in NL analysis).

b, is NOT used for sand, silt and rock soil types.

The program offers a number of correlations to help the user estimate ¢., and the calculation friction

angle ¢'.

., is required for clay soil types when a non-linear analysis is performed.
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SOIL PROPERTIES

dpeak = Peak angle of shearing (used for clays in NL analysis).
NOT required for sands, silts and rocks.

Correlations are available to relate ¢, with dpga¢ and ¢'.

Opeak iS required for clays in non-linear analysis and is used in determining the soil elasticity domain.

S, (undrained shear strength) is not enabled with sands, silts and rocks. E' and S, are required with
clays as it defines the elastic domain frontier. When the simplified clay modeling is used, Su is the only
parameter used together with the undrained elastic modulus E,.

c' (effective cohesion) is an optional parameter for sands, silts, and rocks. For clays it is only used in

limit equilibrium analysis during drained conditions.
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SOIL PROPERTIES -ELASTICITY SOIL DOMAIN

ELASTIC DOMAIN EVOLUTION

ELASTIC DOMAIM

INTERCEFPTS ON AXES
PROPORTIOMNAL
TO AFPPARENT COHESION
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SOIL PROPERTIES

P o028 degrees
% peak’ 28|  degrees

ElLOm I

Warning: Fcv = Fpeak for clay

One or more day layers has Fov = Fpeak

this might result in the model not converging.

It is recommended to use a smaller Fpeak than Fov (see theory manual)
Use typical Fpeak = Fov/ 1.5 when applicable?

Analysis warning: For clays when ¢pgag = ¢y

Analysis NL: it gives a warning since the apparent cohesion ¢’ cannot be determined
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SOIL PROPERTIES

k, = horizontal permeability coefficient.
k, = vertical permeability coefficient.

k, & k, used fo determine water pressures in ground water flow analysis (1D-2D) and hydrodynamic

effects during earthquakes.

Ka = active earth pressure coeffient. Calculated with Rankine method (default).

Kp = passive earth pressure coeffient. Calculated with Rankine method (default).

Note: Ka and Kp within the soil type dialog are calculated with the corresponding friction angle. It is

strongly recommended to only use the default rankine values within this dialog.
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SOIL PROPERTIES
Autoestimate Ka-Kp when Soil friction values are changed

] Use default engine Ka and Kp (Rankine, soil friction only)

o. Include sall In parameter vanation

Include in parameter vanation (i.e. Eurocode, Statistical
analy=is). It is strongly recommended to keep this ophion
C .

- It is recommended to maintain the option Autoestimate Ka and Kp for friction angle checked. This

allows the automatic calculation of Ka and Kp when the friction angle is changed.
- The option Use default engine Rankine Ka - Kp is used in the NL analysis.

- Option include soil in parameter variation: Includes the soil type in soil strength reduction design

approaches (similar to Eurocode 7, etc)

A tool is available that allows the manual calculation of Ka and Kp based on various theories.
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SOIL PROPERTIES

Friction Angle, Wall Friction, and Slope Angle B
d=30000 >/° P=o0o000 =1°
Active Coefficiert Values
¢ - 30 o Rankine
e Ka : 0.333
Kah : 0.333
p'e= 0
Accept Value of
kKah

i ax=10 g
& =0.000 - az= o a
Coulamb Richards-5hi
0333 0.333 c'=lp kPa
0333 0.333 o, kPa
ﬂcceptﬁ:ﬁlue of Accept Value of Kah

Ka estimation dialog and data:
— ¢": soil friction angle
- B = surface slope angle

- 8 = wall-soil interface friction angle.

Note: For clays the angle d must necessarily be inserted in this window and it cannot change during all the
course of the analysis. For sands d can be changed from the main menu and can have various values in any

stage.

Note: When the window is closed the values of b and d are reset, however the Ka values are preserved.
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Deep excavation software . .
SOIL PROPERTIES
Active Coefficient Passive Coefficient
Surfoce Wall Surfoce Wall
Method Availgble | angle | Friction EQ. Available angle | Friction EQ.
Rankine Yes Mol | Not Mo Yes No' | No? No
Coulomb Yes Yes Yes Mo Yes Yes Yes Yos
Caquot-Kerisel Tabulated Mo Yes Yes Yes No
Lancellota No Yes Yes Yes Yes

! The Rankine values are converted automatically to Coulomb if the program detects soil-wall

friction or an inclined surface with a single slope angle.

2 Seismic effects are considered separately.
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A. General | B. Resistance | C. Blastoplastic | D. Bond
10. Soil Model and Behavior
Hastic-Plastic (Linear Load-Feload) SOIL PROPERTIES
Exponertial
Subgrade-modulus
10.1 Loading Elasticity Faramaters
Eve 20000 kP = The Elasto - Plastic tab is used to define the
exp| 05 - Prefsss kP > elastoplastic behavior of the soil (and therefore
— — the soil reactions) in each calculation stage,
i | R0 e depending on the drainage conditions and the
10.1 Simplfied clay model {Undrained analysis and TSP) stress history.
© Eug > © Keuld714.5 [khim3 For clays an option to use a Simplified clay model
Used only when Total Stress Analysis is selected (Undrained only) is also available (Total Stress Analysis).
10.2 Reloading Blasticity Modulus
Eurgoppp kPa | =

For all soil types:

-Evc = Elastic compression modulus during primary loading. The oedometer modulus can be used as a
rough approximation.

- Eur = Elastic modulus during reloading (on excavation side)

For the clays and the Simplified Clay Model:

- Eu = Elastic modulus during undrained conditions.
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A General | B. Resistance | C. Hlastoplastic | D. Bond

SOIL PROPERTIES

Ultimate Bond Resistance
for Tiebacks

skin.u 125 kFa -

The ultimate skin friction can be used to calculate the
geotechnical capacity. You must select use Soil Bond Option from
the Support Tab for this bond to be used. Otherwise, the options
on each tieback as defined in the Tieback Sections | Geotech tab

are used.

In the Tab D. Bond it is possible to select the ultimate adhesion value between the soil type and the fixed
length of ground anchors.

Note: The software considers initially an arbitrary default value. This value is used for all anchors whose
grouted length is within this type of soil layer. The possibility exists to define a custom value of skin
friction for each tieback type irrespective of the soil type. In order to activate this option go to the
Load/Support tab in the main program and uncheck the "Use soil bond values to calculate geotech
capacity of tiebacks). In this way the software uses the defined value of q in the window of the pulling
properties of each tieback section (archive).

A tool is available o correlate q with pressiometer test data according to correlations by Bustamante and
FHWA. Note that q is dependent both on the soil type and on the drilling technique.
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Surface profile definition

KzH=0.38 KzH=0.333
KpH=4.255 KpH=3
ELOm

=

E-&m E-&m

F
gt=20 kMim3
Fr="20 gr=d
E= 13000 kP2
Euwr=45000 kP= =

Conventional analysis: no warning.

NL Analysis: no warning.

Note: Remember to extend the model coordinates so that the
surface profile fits.
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Surface profle definition (inclined surface)

ElL Om .
= L =1 m
KaH=0.333 =0.256
KpH=2 KpH=T.
Sl
— E £5m
F
gt=20 kN/m3 i ]
Fr=20 grad DEEP: WARNING SPRING ANALYSIS
E= 15000 kP=
Eur=43000 kFa Mon-evel ground can not be captured directly by spring analysis
Do you want to show this warning again?
s [ w
Baoring 1

Conventional analysis: no warning

NL Analysis: Warning for approximations during analysis with inclined surface.
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HzH=Wedgs KaH=0.333
KpH=Wedge KpH=3
: —2m : -~ M
F Warning: Wedge analysis may not be conservative &|
gt=20 kN/m3 — -
Fr=30
o Wedge optimization analysiz might be not resulting in a proper solution
Consider not using optimization {Crive Ka button option)
Boring 1

Conventional analysis: Warning that wedge analysis optimization might not be
resulting in a proper solution.

Recommendation -> deactivate wedge analysis optimization from ka button
NL Analysis: no warning (left side modelled with a series of strip loads).

DeepXcav 2010 — Advanced course
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Surface profile definition
(Wedge analysis with Culmann’s method)

Ly

—= ?..._,
~Y i ‘\\*\
Active -~ 5
I
|
1
|
|
|
|

foree

Wall movement

away from C, .
- sall gy Passive
v H foroe
e - e
i) i
i
|

Wall movement
— & toward

7,
in)
g+
"
Yw
0+ b
by
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Surface profile definition

KaH=10.333 KaH=10.255
KpH=23 KpH= 2 054
El.-im

~

Warning: Wedge analysis may not be conservative |X|

Wedge optimization analysis might be not resulting in a proper solution
Consider not using optimization (Drive Ka button option)

i : i

Mondevel ground can not be captured directly by spring analysis
Do you want to show this warning again?

| s | m |

Conventional analysis: Wedge analysis optimization routine warning.

NL Analysis: Warning that certain aproximations are made.
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Available load types

Permanent/ Exists in Exists in
Temporary Paratie Conventional Conventional Analysis
Surcharge Type (P/T) Engine Analysis Comments
Theory of elasticity.
Surface Line load BET Mo Yes Can include both Herizontal
and Vertical components.
Line load PET Mo Yes Same as above
Wall Line Load P&T Mo Yes Same as above
Surface 5tri
- P EET Yes Yes Same as above
Surcharge
Wall stri
P EET Yos Yes Same as above
Surcharge
Arbitrary Stri
¥ >trp P&T No Yes
Surcharge
Footing (3D} P MNo Yes
— Theory of elasticity.
Building (3D} P Mo Yes . Y . . ety
- Vertical Direction anly.
30 Point Load BET Mo Yes
Vehicle (3D) T Mo Yes
Area Load (32D) FET Mo Yes
WMoment/Retation Yes MNo

DeepXcav 2010 — Advanced course 24



DEEPEXCAVATIOR Je...

Geotechnical engineering and software programs.

Deep excavation software

P

Geotechnical and foundation engineering

Advanced Engineering Services

50

50

Surface loads

50

EL O ml
L

!

I

F
ot=20 kN/m3
Fr=30 deg

E= 15000 kFa
Eur= 45000 kP=z

K=H=0.333
KpH=3

Surface loads or strip loads (infinite length) are available with different options:
- Uniform field surcharge applied on the whole side (directly on the vertical stress)

- Strip load with theory of elasticity or distribution angle.

- Strip load not applied on the surface or with trapezoidal distribution.

Note: a load of equal length to the halfspace, is automatically used as a field surcharge
surcharge even if the option is explicitly selected.

DeepXcav 2010 — Advanced course
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Surface loads
Field surcharge applied on model half space
(vertical stress increase on left)

Pressioni [kPa)

[ I I I ! I I 1
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
35 kPa \ 147 1 kP2 285 kPa

Thick: &0 cm, 15 L-D28, 15 R-D281 m
FykRebars =410 kiPa, Fok= 20kPa

=== GSforzi efficaci orizzontali
== GSforzitotaliverticali
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Strip load with distribution angle (NL Analysis)

Unifo

DY B
Y
b o N

rm load of finite length

DISTRIBUZIONE DI SFORZI VERTIC ALI DOVUTI AD LN
CARICO NASTRIFCRME
B=zZm; Dy=2m f=45°

Q 1N 02 0. 04
D T T L]
1 1 1
' | |
ZF . i
| 1 1 Kl
8 fremerende e b P e
[ i : Aoy /0 - distribuzione
- i i approssimata in base ad
| 1 I . . . -
‘ I T angob di diffusione f=45%
L I
I
B 1 I I
i i '
....... _ : L Adwe ! d - soluzione semispazio
il o ---i-- elastico - senza piano riflettents
E i |
| 2AGye ! 9 -solzione semispazio
o0 [ I I . _5_ elstico - con piano riflettente
| 1 1
i i i
n | 1 1
w1 1 1
i i i
] I I
- i B R F Faa—
E 1 1 1
1 I I
L 1 I I
=1 i i
- i i i
I ] K 1 1 1
Ayl
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Surface loads

Pressioni (kPa)

-0 =00 200 -1a0 0 100 200 00
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ]
B.om
i \
gt= 20 kM/m3 \
Fr=30grad \
E= 15000 kPa
Eur= 45000 kFa \
319.8kPa 151 .9kPa ‘( \ 151 9kPa 285 kPa
il 1
Criaphragm
Thick: B0 om, 15 L-028, 15 R-DZ8Am
FykFRebars = 410 b Pa, Fck= 20k4Pa
== Iforzi efficaci orizontali
Eoring 1

== Sforzitotaliverticali
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Surface loads

Strip modificato per mezzo del fattore m

DISTRIBUZIONE DI SFORZI VERTIC ALI DOVUTI AD LN
CARICO NASTRIFCRME

DY B B=2m; Dy=2m =45

it el - 0 01 02 02 04

E n T T T T T T L L T T L]

5 QF - ! ! !

. 1 I

. — ZF I |

: TE I i i il

: AR AT I Py S— 0 TN .t —

: o 'J [ i | Aoy /9 - distribuzione

: p - i | approssimata in base ad

i ‘ . i rall angob di diffusione =45

:E ZETA [ ] i

N . 1 !

FHN [ e —_ i Ay 9 - sohwione semispazio
E
P 1

i I
2AGye ! 9 -solzione semispazio

I
I
I |
-18 pm----- === ---i-- elastico - senza piano riflettenta
[ |
1
i
i ehstico - con piano riflettente
I
i
I
1
i
I

-2 - - :' ————— -
I i i
n | 1
M 1
| |
S B8 R +ommee- SRR
LI ] 1 1
1 1 1
LN ] 1 1
= 1 : :
- i i i
I ] ¥ 1 1 1
Ayl
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Surface loads from elasticity applied on the wall
Input file NL analysis.

step O : Stage O
setwall Leftwall
geom 0 O
water -200 -1500

dload step Leftwall -0.2 10.7774 0 O

dload step Leftwall -0.4 17.7593 -0.2 10.7774
dload step Leftwall -0.6 21.069 -0.4 17.7593
dload step Leftwall -0.8 22.3904 -0.6 21.069
dload step Leftwall -1 22.8495 -0.8 22.3904
dload step Leftwall -1.2 22.9459 -1 22.8495
dload step Leftwall -1.4 22.8805 -1.2 22.9459
dload step Leftwall -1.6 22.7365 -1.4 22.8805
dload step Leftwall -1.8 22.5512 -1.6 22.7365
dload step Leftwall -2 22.343 -1.8 22.5512
dload step Leftwall -2.2 22.1213 -2 22.343
dload step Leftwall -2.4 21.8914 -2.2 22.1213
dload step Leftwall -2.6 21.6565 -2.4 21.8914
dload step Leftwall -2.8 21.4186 -2.6 21.6565
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Surface loads

When the theory of elasticity is used.

Press ioni (kFa)

300 200 -100 0 1o 200 00
————— 7T T
g.0m
F
qi=20kNim3
Fr= 30 grad
E= 15000 ks
Eur= 45000 kP
Pressioni (kPa)
/ \ o 50
265kFa 134.7kF3 144.2kF3 285kPy
Wl 1 T !
Ciaphragm
Thick: 60 om, 15 L-DZ8, 15 R-D28/ m
FykRehars = 410 MPa, Fok= 2MPs
22.95kPa
Baring 1

3
at=20 kN/m3
Fr=230 grad

E= 15000 kPa
Eur= 45000 kFa

Wall 1
Dizphragm

‘Thick: 60 cm, 15 L-D28, 15 R-D26/ m
FylRebars = 410 kP, Fok=20hiPa
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Surface loads

c¢'= 0kPa

14

12

=
o

Wall displacement (cm)

Surcharge Stripm=1 Strip Strip su Stripm=1.5

semispazio

Load type
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Surface loads

¢'= 0kPa

900

800 -

? 700

N
? 600 -

Z

X 500

)\

E—
4001
Q
g 300
£

= 200
O

; 100

Surcharge Stipm=1 Strip Strip su Stripm=1.5
semispazio

Load type
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Surface loads

c' =10 kPa

[4)]

IN

N

[

Wall displacement (cm)

Surcharge Stripm=1 Strip Strip su Stripm=1.5

semispazio

Load type
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Surface loads

c’'=10 kPa

600

a
o
o

D
o
o

N
o
o

=
o
o

Wall moment (kN-m/m)

Surcharge Stripm=1 Strip Strip su Stripm=1.5

semispazio

Load type
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WALL PARAMETERS
Diaphragm wall reinforcement options (left side and right side)

.l‘:_l-fi:' Wall Properties

Wall Sections

A Wall Type | D. Concrete-Rebar | F. Draw
1. Concrete Section Type

b
(.E} Hgdangmar T_ T e G 3 5 T 7 L3 ﬁ K: .EI
ibﬂ. =X} -:d 255§ .bJ U H -
L]
5
——— .
[ Use mare than one reinforcement sections .
2. Section Dimensions
D(24 in  A238 in"2  boo13824  ind
B12 in  Bw|35 3700 in tf] 24 0157:|in

3. Longitudinal Reinfarcement (Tension - Compression)
Top Rebars (left side)

Ctop
N & Bars ¥ #2 | =AsTop 474 in"2 3 in
Bottomn Rebars (Right Side) Chot
N & Bars # [H9 * | =AsBot 6 in"2 3 in
4. Shear Reinforcement
Bar# | =A= |0 in"2 sV(0 in sH D in
Add
— Shear reinforcement is spiral Metric Rebars 010 for 10mm Diam
- "' Treat wall as slab for shear capacity calculations (diaphragm walls only)
Copy
Faste
Redimesion wall automatically oK Cancel
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WALL PARAMETERS

Diaghragm walls shear reinforcement.

A. Wall Type | D. Concrete-Rebar | F. Draw |

1. Concrete Section Type =
i) Rectangular T T ﬁ I __g'
el i 4
_‘L_ I N S N S ) 3 i =
o . | B
™' Use: more than one reinforcement sections L] .I [
2. Section Dimensions ::I
D 24 in A 283 in"2  boc13824  |ind { I
D
E12 in  Bw| 353700 in tf 24.0157:|in LEﬂf nght
3. Longitudinal Reirforcement {Tension - Compregsion) No‘l’e: In The defaul'l‘ Opfion
Top Rebars (left side) Ctop . .
N[ e e T e there is ho slhear rjelnforcemen‘r.
Botiom Rebars (Right Side) - sV = Ver‘f'ca spacing.
N6 Bars##9  -|<AsBot s |2 3 |n sH = Horizontal spacing.

4. Shear

Metric Rebars 010 for 10mm Diam

[ Treat wall as slab for shear capacity calculations (diaphragm walls only)

DeepXcav 2010 — Advanced course 37



DEEP:AGHVAIS “{Luc

Geotechnical engineering and software programs.

Deep excavation software . Geotechnical and foundation engineering .

WALL PARAMETERS

Warning: The reinforcement on the 2nd wall has the same layout (left & right) as the

1st.wall.

El.Om

KaH=0.333 KaH=0.333 KaH=0333 KzH=0.233
KpH=3 KpH=3  KpH=3 KpH=3
. _oncrete-Hebar | F. me|
T =
an Type £
ular T_-l.u AP & ®1 __g'
oa o = D' I -
4 |
L P S SR 1NN N N .
L] 1 L]
% 1
[ ] i B
one reinforcement sections L : [
ions I
x|
. . A28 |in"2 b13824 |ind { I
D
3 109 37007 | i 24 01577 .
B12 in  Bw| 35 3700%|in i 24.0157|in LE‘ﬂ nght
infarcement (Tension - Compression)
Ctop
rs ¥ H3 v =AsTop 474 in"2 3 in
ide] Chaot
rs # |H9 - | = AsBot g in2 |3 in
Bar# | =As (D in"2 sV|0 in sH|D in
Shear reinforcement is spiral Metric Rebars D10 for 10mm Ciam
[ Treat wall as slab for shear capacity calculations (diaphragm walls only)
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WALL PARAMETERS

For pile walls and sheeft pile walls:
The parameter unsupported length factor below the excavation is important.

B Wall Type | - oheet Files | F. Draw |
1. Section Designation from database)
Section AZ15 =
2. Sheet pile properties
h/15 in A774  |in"2t i
] T i
bj248 |in #0413 |in ; ;
boo 2708 | indit s(0413  |in |
Sux 36.08 @554  degrees et T
@ggﬂgﬁ G x wall w.dtD | A Wall Type | E. Lagging | B. Steel Beams | F. Draw |
1. General - Steel Beam Section
: : - LInsupported Length Lb
Recalculate Properties Section HE 300A et 3 f
[ Section is channel [ @Dﬂl‘tﬂd Length Lx >
.| x pile '/
[ Double channels =5 in FIIIEICEERE LT
| Iz Pipe
["'| Fill concrete
Effectiveness of Concrete for Stiffness [ .
Calculations (see theory manual) | <~ =
[ Bdit stnut properties manually
Threaded steel pipe reduction Py
| Reduce steel pipe capacity due to threads Thrﬂad?{rgn; 50 %
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WALL PARAMETERS

Unbraced length for structural design of soldier piles and sheeft piles

i T T 7 7777777
H H
STT T 777 77 TATT T
AH
7 £
With factor =0 With unbraced length increased by AH

AH = x/100 spessore paratia or
AH = LF x Wall width
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WALL PARAMETERS

Soldier piles and sheet piles: equivalent thickness calculation

Sheet piles: Teq =3 ﬂ

S<,I:: S = 1 for sheet pile walls

Piles:

J — (Es‘]tubo + Ecls‘]cls)

eq
EomN<,|:< N = 1/S, S = pile spacing

E.m = E mat. Selected
normalization material
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WALL PARAMETERS

Soldier piles: equivalent thickness in DeepXcav

.J — (Es‘]tubo + Ecls‘] riempimento+crosta)

“ E.N
s

E steel

R* x xR -R)
riempimento+crosta ~ +
4 100 4

S
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WALL PARAMETERS

TABELLA DI CONFRONTO SPESSORI EQUIVALENTI

PARATIE 7.0 PARATIE PLUS (senza camicia) PARATIE PLUS (camicia esterna)
Ltubo em) 1,2
Fest tubo | CIT1) 9
| tubo {cmé) 2246 2246
Fast (CM1)
Fint (CIT) 7.8 7,8 7.8
| cis - interno LCM4 2907 2907
lcts - cover (CM4) 0 6346
% area cls /
leis - tot (CMA) 11499 2907 5253
Eas (Mpa) 31000 31000 31000
Estea | Mpa) 210000 210000 210000
s (passo in cm) 40 40 40
N (=1/s) 0,025 0,025 0,025
Jeq (cm4) 98,58 bb,87 50,29
t (cm) 10,6 9,3 10,27
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WALL PARAMETERS
Soldier piles with offset

E. Pile offset options (double row of piles for soldier piles and tangent pile walls only)
W Use pile offset File offset 2 ft

W lUse stiffness increase Stiffness factor for A x (0.5 offzet)"2 |50

H

0.45

1260 cm3

ALL: HE 3004

A X A(oﬂtsetj2
palo 100 2

—
Offset

A = Steel or concrete element area.
x = Factor for increase in stiffness by user.

Note: the increased moment of inertia DJ is only used in the
equivalent thickness of the wall during analysis and not for the
structural capacity calculations.
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WALL PARAMETERS

Custom wall Release

bottom
and top.

User mat.

3. Dati genera

| . i 12J
= 5 | | o
’{Tn?].p Ma: f;‘ﬂ“ b:s?m\aﬁgﬁan tim) T =3 —%

paratia paratia €q S
10 0: Use... » 3750000 | Al w | Mone | |1

0: Use... » | 3750000 [ None »

To °
P Inertia Equiv.

elevation thickness AT

X For conventional analysis only first user beam is used,
‘ War'r" ng: For Spring Analysis, ALL beams are used.
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Custom wall

Correct modelling

WALL PARAMETERS

S A

8 m
3. Dati generali sezione
SLSSS S
e ot I::n” E:’Er;cnln Svincolo _— | Y
c om -4
/N 7
£ e Youse. v 23333.(
7 /m
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WALL PARAMETERS

Sezioni personalizzate

fL S S
LSS S A e
Assurdo!
8 m
3. Dati generali sezione
SIS
Top ot - Su’incnln Su'inclnl‘n 1
) ) fcmd ) a8 sommita
/"R paratia a /
8 \|0:Use.. v 23333l None (1~
A\ 17 [0 use.. |v|83333 ¢ Tone \v @ 7 m
4 | >
ST
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WALL PARAMETERS

Release options
[ S

sy alk

3. Dati generali sezione S S S S

Svincolo | Svincolo
Top Mat. F;_I“ basze sommita

(m) parati I3
g 0: Uge... » |33333 | MNone Shear 1 A
& 7 0: Use... » [833337 | Mom.. \w

£ I111
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WALL PARAMETERS

Custom walls

Currently a wall of this type can
be modeled with the custom wall

I\ S or with multiple wall elements.
With custom walls it is not
possible to perform a structural

(o St

|

|

: With additional wall elements it
|

|

[

e //////

is now possible to use different
wall sections (Version 8.1)
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WALL PARAMETERS

Wall width (conventional analysis)

4m excavation 4 m in sand

KaH=0.223 KaH=0.232
KpH=3 KpH=3

: -2m -2

. DIMEnsions
Wwidth d |0.29 m
Hor. Space 5 (1.5 m
Passive width (below exc) 09 m
Active width (below exc.) 3] m
The “passive width and active width below exc.” are wsed to multiply
soil prassures on the wall elemeant below the excavation grads [se=
manus).
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WALL PARAMETERS

Safety factors for conventional analysis

_ F, resisting side

FS,.ive = =
PR, driving side
M resistin
|:Srotational = - . g
M driving
£S 3 Provided wall embedment length (below excavation)

embedment length —

Embedment length required for FS =1from preceding safety factors
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WALL PARAMETERS
Active and passive widths (conventional analysis)

4. Dimensions
Vidthd 045 | m (
Hor. Space 5 |1 m
Passive width (below exc) 045 m ‘ <
Active width (below exc)|[ 45 m
The "passive width and active width below swc.” are used to multiphy
soil pressures on the wall lemeant below the excavation grade [s2= \
manual).
[ Oimensions e
Wwidth d [0.45 m
Hor. Space S m
Passive width [below exc: m <
Active width (below exc.) | 45| m
The "passive width and active width below exc.” are used to multiply A\
soil pressures on the wall element below the excavation grade (see
Imanual}.
4. limensions -
Wfidth d | D.45 m
Hor. Space S 1 m
Passive width (below exc )| 1 m ‘ <
Active width (below exc. m
[The “passive width and active width below exc.” =l muiltiply
F::nil pressures on the wall element below the excavation grade (se=
anuzl).

FSH = 1597
FS... = 1.053
FSimc = 2001

FS, = 0.356
FS... = 0234
FSimc = 0.234

FS, = 1.459
FS.., = 1284

| FSy¢=1.333
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Ground anchors (Tiebacks)

1.3 Lengths
Lfree 8 m
Lfix 5 m . .
e Percentage of the fixed length included
[ Auto Length in the stiffness calculation.
Herizontal
Spa[:ingal m
=
nates at Wall 1.3 Lengths . - | ) ,
m Liree 0 m Modellazione micropali di ancoraggio
1 m Lfix 5 m
Effective Lfix 50 % Lfix
" [ DEEP09_CONTRACTOR 23|
KaH=0.2333
Typg MOTE: Typical Tieback free lengths >=5m mess
Do you want to use 5 m7
- [ Yes ] ’ Mo ] i

LT
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Conventional analysis options

Analysis menu:

Classical

Seneral Properties Model Loads/Supports Seismic Analysis Stability+ Design Results Report
Mesh Delta Single ~ Mult. -~ -.?- Y‘-TI_.- B0 15t wall - 0 E E Supports: Beam -
e [ _ Driveside : Mo friction - _ _ Cantilever: Free-earth ~
. Clays:  Analysis: . rive Pressures: Resist Pressures:
L - Approach: Service Default = Simple - Resist side : Mo friction = Active ™ Pascive ™ Below grade:Mormal =
Analisys Fa | |Des, Approach (EUR etc) ™ || Water behaviour = Include Wall Fricticn i wentional Analisys Methods (Current Stage) i
Stability + Menu:
Z e
General r ies Model Loads/ Supports Seismic Analysis Stability+ Design Results Report View Help
< | Use Conventional F5 V| 1. Resist/Driving Force | Cut wall to Elev. Zcut || 7] Calculate basal V! Estimate wall Dx(max. Displacement |/ Ectimate surface settlements
stability F5 / from F5 Basal and = L
V| 2. Resisting/Driving Morment Zeutln In?ielxty System Stiffness) Use modifications (Rec.)
¥ 3. Based on length Settlement Options
Mon-linear F5 l4 | \Wall Embedment Stability Safety Factors T« B.E.F. Stability 4 || Basal Stability T« Clough 1990 fa Surface Settlernents F
NL Classical Classical

/NL
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Example 1: ¢,, = ¢pq With clay model

Excavation 4.5 m in clay. Wall = default diaphragm wall

Ocy = 21°, §peqx = 15.1° mmp  Max displacement = 2.09 cm

Oev = 21°, Gpoqe = 21° WP Max displacement = 2.32 cm
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TO APPARENT COHESION

Deep excavation software . Geotechnical and foundation engineering . Advanced Engineering Services
Example 1: ¢, = @peax With clay model
'
?‘V
K ELASTIC DOMAIN EVOLUTION
A.cv /
AA ji 0
S ELASTIC DOMAIN
-
o
£
_b::-
INTERCEPTS OM AXES y
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Example 2: Clays with overconsolidation

Excavation 6. 5 m in clay. Wall = diaphragm, 40 cm, 6¢16mm reinforcement

200 200
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Wall displacement (cm)

Example 2: Overconsolidation and clays

I
o

35
30
25
20
15
10

(8]

o

0 5 10 15 20
Carico [t]
—e—carico 2° step -# NO carico 2° step |
S =«
o
R
©
- 40
o
; 20
0
0 5 10 15 20 25 30
Carico [f]

—+—carico 2° step -#-NO carico 2° step
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Example 2: Sovraconsolidazione nelle argille

K ELASTIC DOMAIN EVOLUTION

ELASTIC DOMAIN

|

ELASTIC DOMAIN EVOLUTION
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Example 3: Effect of undrained shear strength Su
Excavation di 4.5 m in clay. Wall = diaphragm (default)

Su = 25 kPa: NOT CONVERGED
Su = 30 kPa: 6.39 cm

Su = 35 kPa: 4.8 cm

Su = 40 kPa: 4.8 cm

35 50

Su [kPa]
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Example 4: Imposed displacement

Excavation 5.0 m in sand. Wall = diaphragm (default)

Basic analysis (no imposed <
displacement)
Max displacement: 6.26 cm
Step 1 Step 2
DeepXcav 2010 — Advanced course
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Example 4: Imposed displacement

6.8

&
-u..,‘.l

@
o))

Max spostamento [cm]
» @
= on

&
w

6.2
0 1 2 3 4 5 6 7

Spostamento imposto [cm]

DeepXcav 2010 — Advanced course 63



DEEPEKCAVATIOH der.. e

Geotechnical engineering and software programs.

Deep excavation software . Geotechnical and foundation engineering . Advanced Engineering Services

Example 4: Imposed displacement

K ELASTIC DOMAIN EVOLUTION

ELASTIC DOMAIN

|~

N L ELASTIC DOMAIN EVOLUTION

= O
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Example 5: Conventional analysis

Excavation di 5.0 m in sand con parametri di default. Wall = diaphragm (default)

KaH=0.%33 KaH=0.233 " = -
KpH=2 KpH=32 ﬁﬂ:g'm KKEbE:g'm
5m 5 m
Tom :

B ‘ 10 m

Eseguite 8 analisi convenzionali con diverse lunghezze d'infissione:

da3malOmapassolm
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Example 5: Conventional analysis

12

—
(9 0] o

Max spostamento [cir
o

2 3 4 5 6 7 8 9 10 11

Lunghezza d'infissione [m]
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Example 5: Conventional analysis

3,0

I:SPASSIVE

>
25 _—

',..-""
o //‘/
/ |:SROTATION
] _—

15 P/ / |
/ — FS| encTH

0:5 A

FS

s
@O

0,0

2 3 4 5 5 7 8 9 10 11
Wall embedment (m)

‘ Note: Conventional analysis always convergesl!!
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ANALISI CONVENZIONALE + NL

Sommario esteso |

. Momento Taglio
Spostamer  Cedimers Maomento paratia Taglio paratia fk

paratia (zm) E{aﬂ?-’m} paratia (M-m) {ich/m)

{cm)

3.81 35 391.85 391.85 5753 5753

ﬁ

Mode/ collapses +
results do not include all stages in NL

Risultati analisi

P Irfissione =3m

F5 F5 F5

. . assiva azione| irfissione
mm) Review of the classic & &

classica) classica) classica)

safety factors: 068y 025 026
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Soil propertie dialog

Soil type properties:

3. Default drained-undrained behavior for clays (See Theony Manual)
(#) Undrained behaviour () Drained

A.General | B. Resistance | C. Basto-plastic | D. Bond |

| A General | B. Resistance | C. Hlasto-plastic | D. Band |

4, Unit Weights - Density

7,20 km3 > 7419 knmir =[]

5. Strength Parameters and Poisson Ratio

0 kPa » & 28 degrees >
Su 150 kPa > % o Omitec degrees 5
v 045 = % peak’ Omittec degrees Py
&. Permeability
Kx 1E-10 mizec = Kz 1E-10 mlsec | *

7. Minimum Pressures for clays (Conventional Calcs)
Min sh' g kFa MinkKa g

8. Include soil in parameter varation

Include in parameter variation (i.e. Eurocode, Statistical
analysis). It is strongly recommended to keep this option
checked.

Clay-maodel Spring Parameters
KaCw 0.361 = kKzP 0.381 >

KpCW 2.77 =Y KpP 2.77 >
Autoestimate Ka-Kp when Soil friction values are changed

[7] Use default engine Ka and Kp (Rankine, soil friction only)

IMPORTANT: KaCV, KaP, KpCV and KpF are defined in the
HORIZONTAL DIRECTION.

RECOMMEND: Define Ka and Kp values without wall friction ar
slope effects (best to Use Rankine Ka, Kp). Define Slope from the
Model Tab. Define Wall friction from Analysis Tab. Automatic
Procedures here use only Soil Friction and Wall Friction=0 and

Slope Angle =0 deg
9.2 AMrest coefficients

KoNC 0531 = nOCR 05
Ko = KoNC * (OCR)"nOCR
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Elastic parameters disabled when only conventional analysis is used.

Soil properties:

| A General | B. Resistance | C. Biasto-plastic | D. Bond |
10. Sail Model and Behavior

10.1 Loading Elasticity Faramaters

Eload| 20000 kFa |.=
exp| (5 = Pref958 |iPa |2y A General | B. Resistance | C. Elastn-pﬂastic| D. Bond
& |05 3 fe 4 h 05 == lltimate Bond Reszistance
& — for Tiebacks
10.1 Simplified clay model (Undrained analysis and TSF) —
. R — - - 125 kP=z >
@ Eug > ) Kwu[4714 5 | khim3 Sl
o . The ultimate skin friction can be used to calculate the
Used only w!'uen Tmél .STFE:SS Analysis is selected (Undrained only) geotechnical capacity. You must select use Soil Bond Option from
10.2 Reloading Hasticity Modulus the Support Tab for this bond to be used. Otherwise, the options
Euwrlgoppe kPa | on each tieback as defined in the Tieback Sections / Geotech tab
— are used.
10.3 Subgrade Reaction Modulus Approach
kv 4714 57 | kN/im3 our 114143 5 [kNim3 |
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+f] Edit Wall Data x

1. Wall Name Wil Section Drawing (Plan) |
Wall 1
2. Wall Section Properties
Section Wall 1 T Edit section data
Equivalent wall Thickness: m
3. Dimengions

Top EL. |D m ) _WALL: )

T'ﬁﬁ: |=ft R B01E, Right R: 6016 over 10
Depth L 15 m L . i - -
A58 & sb s & 8 s
Bottom |-15 m J'_—-—“---—'—"‘""-'"“—'—u— . .
Use custom passive Bev. K’—S:‘A
0 m ;

430 Wall Coordinates

wnfall O m Cut-of-plane v 0 m
5. Wall Friction - Base Adhesion Options A
© o Wl Foten S oy
= Use wall friction as a 0l £ Be ity - Bl des (BEF Analvsis O
' percentage of friction angle Z . Beam continuity - Release codes | alysis Oinly)

| Top translation | Top rotation
() Use set wall friction at Do | Bottom translation | Bottom rotation
7. Wall Nodes (Analysis Settings)
MNumber of Nodes nD (0- 200
ertical undrained adhesion percentage (classical anaMws) Conventional analyses use nD to divide wall into smaller elements.
- . . BEF uses Mesh DELTA as defined in the "Analysis Tab” in then main
0 % of Su for clays undrained analysis form and recalcubates ni.
oK Cancel
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PILE SPACING EFFECTS

A Wal Type | D. Conorete-Rebar | . Draw] Spacing can account for 3D
1. Wall Type 2. Wall Name effects.
@) 5“"1?; gll:; and gl 1
() Sheet pile wall 3. General Section Data In NL 0n0|YSiS The aCTive
(") Secart pile wal Sﬁ:;:h;:F'ies T-ﬁ-—_;_h"_ﬁr“d: Widfh iS Used SOIeIY fOf‘ The
Tangent Ple Wall . __ o I.“ i i’ water pressures, and the
(== 5 same active and passive
. Soldier pile an .
\:, tremied concrete IUse OMLY reirforcement Ise plain concrete W|d1.hs are used .
(. Custom
4 Dimensions 5. Structural Materas For continuous walls it is
- Concrete - Rebar Materials
Concrete mat, better to use the same
C20/25 = =
Passive width (below exc.) |1 Rebar steel mat. spaClng (1 m o lf.r).
5410 -

Active width (below exc.) 1

Steel Beam Matenals

Fe360

soil pressures ontt‘ewallelane D E:mava‘t{ﬁae
manual).
6. File offset options {double row of piles for soldier piles and tangent pile walls only)
Use pile offset File offset | 0 m

|lze stiffness increase Stiffness factor for 4 x (0.5 offset)"2 |0 WG
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Important Command

HELLO

Hello by the development team £3

The development tearmn would like to thank you for using our software,

This program has been created with a lot of love and effort 2]

Deep Excavation LLC: Dirnitrios Konstantakes

CeAS 5R.L: Bruno Becci, Pierangelo Fellotti

HarpaCel5: Paclo Sattarning, Carle Pucci, Ada Zirpoli, Michele Boatti

EFG Group: Marco Pezzela, Ghenadii, Andrea Massioli

Many thanks to everybody that alse helped but is not mentioned here.

We wish that this program helps you finish this project soon so you can enjoy you
weekend by the sea or mountain more often @)
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