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Soil modelling in Paratie

The next document contains any information and direction to follow in Paratie Plus in order to

configure different soil constitutive models.

Here is a comparison with Paratie 7.0 controls.

Refer to the following table:

Clays mechanical behaviour (notes)

Pressures on a wall, assuming undrained conditions, result usually
lower than the ones calculated supposing drained conditions, so,
generally speaking...

ASSUMING DRAINED ASSUMING UNDRAINED
CONDITIONS ... CONDITIONS

sAlways with granular soil (sand | *When short term (2-3 months)
or gravel) checking cohesive soil

eAlways with cohesive soil | *When the wall is temporary
having a considerable
percentage of silt

*When long term checking a
cohesive soil

The following soil consitutive models are available in Paratie (both in the previous versions and

in Paratie Plus):
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v Granular soil constituve model (always drained conditions)
v' Coesive soil consitutive model (drained or undrained conditions) using effective
stresses — ESP.

v Coesive soil consitutive model (undrained conditions) using total stresses — ESP.

* Drained conditions for granular soil

In Paratie 7.0 the user chose the kind of soil in the soil eindow. To use granular soil it was enough
to select sand.

Choosing a sand soil the supposed behaviour was always drained.

%= LAYER Argilla -ESP_DR.prj
Id: |Sal:u|:uia superficiale k. | Cancel | Initial layer properties as will be ~
. d by P ti
I - ; itz of Measure SRR o e
lassification: |SEW":I ﬂ : E Lenath:|m = Layer hame hArgilla
LDrezcrnption: Classification Sand

| Force: kN

Uit weights

¥ag = 1% [EN]/[m]"3
1] Test Results ] 2] Resiztance ] ¥ o= 10 [kN]/[m]~3
' i Yo = 10 [kNI/[m]*3
Permeability
(" Yarable Moduli © “Winkler Constants E = 1le-00% [m] =

Initial stress parametbers
HC

Farameters E, = 0.56l&3
ocR = 1
Ve [0 |1 EUR: [24et b | n = 0.5

Drained resistance parametbers

c! = 0 [kPal

B = 26 [degrees]
E, = 0.39

Fp = 2.561

brained stiffness parameters
E,, = £000 [kPa]l [v]
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Selecting a sand soil it was possible to chose among three different options:

1. Give two modulus Evc e Eur (elastic vergin compression modulus and elastic unload-reload
modulus) constant with depth.
2. Consider elastic modulus variable with depth and depending on external pressure.

3. Give directly Winkler stiffnessr

In a similar way the user can set the same options in Paratie Plus:

Soil Types

Soil Types 1. Mame and B azic Sail Tepe
Soil Hame |F Colar
01 Descriot |
02 Description
S 2. Soll Type - Behawviour
Clay (® Sand O Sil Database
Elck ) Clay ) Rock
3. Default drained-undrained behavior for clavs [See Theon banual]
IIndrained behaviour Drained

4. General | B. Resistance | C. Elasto-plastic | D, Band
10. Soil Model and Behawvior

Elaztic-Plaztic [Linear Load-Beload)
E wporential
Subgrade-moduluz

101 Loading Elasticity Paramaters

« ]

> x >

10.2 Reloading Elazticity kMaoduluz
Add Mew Sail Euwrla500n KPa s

Copy Soil

Delete Selected Saoil

Faszte Sail

Default Behavior of clays iz defined in thiz dialog. Pleaze adjust the Drained and Undrained
behawvior for claps in evemn stage from the Analpziz tab.
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Silt and rock soils are modelled like a sand soil. Selecting then silt or rock only conventional

analysis results are affected and, using rock, the embedment check in non-linear analysis.
e Coesive soil — Drained and undrained conditions

Selecting Clay in Paratie 7.0, the cohesive soil consitutive model is activated.

%= LAYER Argilla -ESP_DR.pri

Id: |.-’-\rgi||a 0k | Cancel | Initial layer properties azs will be -
3 used by Paratie Il
|nits of Measure

CIaSS|f|ca|3n: Clay i E Length: {m = Layer name hrgilla
Dezcriptio Clazsification Clay

| : Force: [kN
¥q = 19 [kN]/[n]*3

1] Test Results ] 2] Resistance ] o 10 [kN]/Im]~2
3] Main Properties 4] Compresszibility parameters ] Summary ] Fon 10 (kNI [m]~3

Unit weights

T_I,J|:IE Permeability
* ~oung Moduli " arisble Moduli € Winkler Constants kE = 1e-00% [m]

Initial stress paramebers

Parameters K,

Eve: [a000 | 1% EUR 24 | @ n

bndrained parameters
Initial behawviour drained
', = Z6 [degrees]

K, = 0.39

KPW = E_EB1

III'P = 18 [degreas]

E = 0._kZ8

ap -
K. 1.894 )

0. 56163

1
0.5

(=]

(w]

=]
mn

The same is in Paratie Plus:

2. Sall Tupe - Behaviour

() Sand 5l
() Clay ) Flock

Selecting a Clay constitutitive model the user can choose to consider the soil drained or undained

and to use an ESP or TSP model. (cfr Theory manual)
The following table summarizes every possible cofiguration:
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A B
MODEL DRAINED UNDRAINED
ESP (Effective stress
1 YES YES
path)
2 TSP (Total stress path) NO YES
Configurations A -1 e B-1 (ESP MODEL):
Select the initial behaviour:
LAYER dueQ2 -birth_1.prj ) Sand ) Sl Databaze
Id: IdueE!2 | QK. I Cancel | @ B O Glick

Units of Measure

Clazzification: ICIa_I,I

LI % Length:lm vl

Description:
Fi :I I
Igranulare arce: |t =
3] Main Praperties I 4] Comprezsibility parameters | Surnmary |
49 T L oy =] b oy
J
|mitial Behaviour
& Drained " Undrained
L if i jm] H

P B |
S i P
S i P

ot ID- j &

B ||:|. j &
Kac: Iomitted j &
Kee: Iomitted j &

— Undrained Parameters

5. [ [5]@

& “oung E. ID- j]’é’(
 winkler K I

3. Default drained-undrained I:uehelviu:ur fior clays [See Theomn kanual]
(®) Drained

) Undrained behaviour

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

4. Unit Weights - Denzity

A, Strength Parameters and Poizzon Fatio

“'D kPa E ¢’ degrees b
v 5 % peak’ degrees 3

B. Permeability
Fox| 0.0001 misec | ® K.z | 0.0001 mizec | *

7. Minimurm Pressures for clays [Conventional Calcs]
kin zh' kPa kin K.a

2. Include zoill in parameter variation

Include in parameter wariation [i.e. Ewrocode, Statistical
analyziz). [t iz strongly recommended to keep thiz option
checked.
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If necessary the user can modify stage by stage clays behaviour through this window:

i i — 1o N =
5= STEP 2 -ESP_DR.prj 220yt wal 0
STEF:  Histary Urits of Measure—————————— Dirive side i
LI Histare 0 j > ’VLength: Im Force: IkN . o) '
"r I I 2 Resistsids | g Friction -
Madify Structural M aterial I Autornatic Earthquake Generation |
General Settings I Wwiater Table | Surcharge MuodifyS oilProperty
Unit Weights
La_'r'EFZISoiI ;I’V'}!'d : Iomitted ¥ " Iomitted Pl Iomitted
~ DownHil Properties—— ~ UpHill Properties —————————— *?- Defaulk Behavior (See Soill Type dialog and Manwal)
Stifac: Permeability: Stifac: Fermeability:
Iomitted Iomitted Iomitted Iomitted
r— Granular r— Granular

¢°a'°|1|— Ka:l— ﬂ %alc'il—Kail_ j
' " I_

- I 1 Kp: I #lll¢ Kp: j
— Clay | |
Behavior:

i [ |omitted
undrained
—
Soil Mate:
Mate:
Ok I Cancel |

When the user modifies clays behaviour under
Analysis menu, the changes regard both uphill and
downhill ground, for the actual stage. Selecting
Default the behaviour will be the one defined in the
Edit sol tipe data window. To distinguish between

uphill and downhill ground behaviour use the
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i.'..-".:

option Model/Advanced/Change soil Properties:

H;[ Change Soil Propetties "|

add change command e

Erase commands this stage

Erasze all change commands

Configure ESP before starting the analysis:

DJatabases  Display Result  Qptions  window

-

) v -

= History 0 Incremental Solution Selection: ESP_DR.prj

} %* 1% o ||| (||
= EED@SEE 0.05

[nits of Measure

1}
. Length: lm_ Force: W

baw. no. of lberations: |20

Mesh Denzty:

V' Minirnize Dutput File [ Solve &) Histories

IIV ﬁnlrul ESP during undrained Shess path I

Final results from the incremental analysis phase:

il

Cancel
Solve urtl Stepno: |End  w| Active Histony: | History 0 hd

Start Solver

In Paratie Plus it is a default option.

Concrete Code: EC2-2004
Eaveicimeumie, {o el
Mon linear Azzumphions: ESP
| ) f=] R == = BL=3t=10)18
Water g= 10 kMN./m3 Simple o
Adv. Ml surcharge method Beta= 45 deg

Drive Ka Hankine [Coul. d=0]
Resist Kp Rankine [Coul. d=0]
1=zt all clazsic Azsurnphiohs
Water g= 10 kMN/m3 Simple o
Dirive Ka
Hesist Kp

The ESP costitutive model allows to change the soil behaviour from drained to undrained (and

vice versa) during any stage.

If an ESP model has been chosen the parameters in the red frame ( in the following figure ) are

not to be considered.
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The Su parameter in ESP model is not essential, it is used as external border of the elasto-plastic

field (refer to the documents included into the installation folder or page 14).

3] Main Properties | 4] Compreszibility parameters | Summary
1] Test Results 2] Resistance

Initial Behawviour

' Drained " Undrained

— Effective Resistance Parameters

vp o o|e
b B sl@ ¢ [T sle
e T P S Y P
[ ng Ko Wﬂ@

— Undrained Parametef:
* Young E.: It' LA NE

S |4EIEI. v | J
" Winkler K I

-

A, General | B. Resistance || . Elasto-plastic || D Bu:unu:l|

4. Unit Weights - Denzity

5. Strength Parameters and Poizzon B atio
C'D kPa | &' degrees
5 UEI kPa = 2 degrees
v > % peak’ degrees
G. Permeability

KH mdzec ¥ Kz mse

3] Main Properties 4] Campreszibiity parameter | Surnrmary I

" Wanisble Moduli " Winller Constarts

— Parameters

EvC  [s000 [ 1% EUR [24ed b @
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|.-“-‘-. General || E. Fiesistance| C. Elasto-plastic |D. El:und|

1005 |:||I b odel ar‘u:l Behawior

" <hic: [
E:-cpu:unentlal
Subgrade-moduluz

101 Ln:nau:ling Elazticity Pararaters

107 Simplified clay model (Undrained analysis and TSP

® E“D s O Kwu|:|krw 3

|lzed o

This parameters are ignored by the ESP model.

Elastic modulus used are the same of the sand model.

Configurations B-2 e B-1 (TSP MODEL):

Under Analysis menu it’s possible to set TSP model:

Mesh Delta
0.4 s
nalisys ]

Witten by CGeotechnical -Structural Staff of Harpaceas 9



DEEPYCEY "

Devel oped by Ce. A S. srl, Italy and Deep Excavation LLC, U S A

Calculation Options

Winkler Analyziz Ophions [PARATIE]
Max. nurmber of [
iterations
Mesh Density
DELTA fr)

hdezh density divides wallz in elements and
generates active and passive sail springs.

7 I1ze simplified clay model [Mat
Recommended, zee manual]

Ilze Actual K.a K.p Equationz
Salve until ztage 0: Stage 0

Ilzer diving side [2 wallz]

To current ztage only: (0]
All stages

From stage {u]

k. Cancel

Selecting the option in the red frame, the yellow window will be updated:

Concrete Code: EC2-2004
P E 3 D00
Maon linear Azzumphionz: TSP
rain tate Clays elaL
Wwhater g= 10 kN/m3 Simple How
Adv. ML zurcharge method Beta= 45 deq
Dirive K.a Hankine [Coul. d=0]
Resist Ko Hankine [Coul. d=0]
1=t wall clazsic Azsurmphiong
Wiater g= 10 kMN/m3 Simple fow
Dirive Ka
Fesist Kp

TSP model has one plain limit: it is impossible to turn from an undrained to a drained condition

(effective stresses are lost).

So, in order to analyze a model composed by n drained stages and following m undrained

stages (THIS is possible), the user can select the same functions senn for the ESP model:
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2. 5ol Type - Behaviour

) Sand sl
(%) Clay () Rock

and in all m undrained stages:

aﬂ 15k wall = 0
Drrive side + Mo Frickion =
Resist side | : Mo Frickion -

DEEPXCAV”

Excavation LLC, U.S. A

"?‘ Defaul: Behavior {See Soil Tvpe dialog and Manual)

If, after an undrained stage, a drained stage is setted the model will surely collaps!

The solver launches, for the first n drained stages, th ESP model and then the used soil elastic

modulus will be:

| A Gereral || B. Hesistance| C. Elasto-plastic | D. Eu:und|

astic : [Line:
E xpaonential
SUbeade-mndulus
10.1 Loading Elasticity Paramaters

exp[ls | > Prefoic |kpa >

10. Soil Model and Behavior

u h
0 T TS B P T = L T B P e T

O] EUICI > 1 Kwul:l kM /i3

iz iz zelected [Undrained only)

10.2 Reloading Elazhcity b odulus

Eur 45000 kPa -

The soil elastic modulus used for the m undrained stages will be:

Witten by Geotechnical -Structural
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| &, General || B. Resistance | C. Elasto-plastic |0, Bu:und|

10. Soil Model and Behawior

Elaztic
Ewponential
Subgrade-modulus

: [Lingar Load-Reload)

10.1 Loading Elasticity Paramaters

E!.r-:: kPa

W

10.1 Simplified clay model (Undrained analysiz and TSP

®© Eui ] > O Keu[31430[kN/m3

10.2 Reloading Elazhicity bodulus

Eur 45000 kPa o .

anly]

During the undrained steps, S, has now an essential role if a TSP model has been chosen.
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COMPARISON BETWEEN CLAY ESP MODEL IN PARATIE 7.0 AND PARATIE PLUS

DEEPYCAY”

l—E.DDD
|—5.?DD -2.7
-10.000
40 40
B.0m .
T-
KaH=0.328 KaH=0.5238
KpH=1.334 4.”....K:-H?_L..aaft__..__.__.q.'_j __________ ‘m25m ______________ i
4 W sz |
5 1 [
4.3m
L Bl
il 1
Custom
&rgilla Sabbioza [DA.]
at= 19 kNim3
E= 2000 kPa
Eur= 24000 kFa
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Stages:

Overconsolidation Drained

Geostatic step Drained

1° excavation Undrained
Tieback Undrained
2° excavation Undrained
Long term Drained

A, General | B. Resistance || C. Elasto-plastic | D. Bond | Initial Behaviour

4. Unit 'weightz - Density

7, KN/ 7o 19 lkwmp <[]

5. Strength Parameters and Poizzon Ratio - Effective Resistance Parameters

C'E kPa b 5 El deqrees > a"‘l‘i’: ID' j &
Su G degrees b Pl IEE_ j & ¢ I'I g j o
TEE &peak' 18 |degress ket ol @ ke o8 @

E. Permeability Koo .

|2.551 >|¢ L |1.EE|4 >|g
Kx 1E-09 mezec m Kz

— Undrained Parameters

7. Minimum Pressures for clays [Conventional Calcs]

Mir sh'DkPa bt KaD S\W j@ * “Young E. IU- jjﬁ?

8. Include =ail in parameter waration £ \finkler

* Drained " Undrained

et

Include in parameter wanation [il.e. Eurocode, Statistical I
analysiz). It iz strongly recommended to keep thiz option

checked. /

| &, General || B. Resistance | C. Elasto-plastic | D. Ennd|
10, Soil Model and Behavior
Elasti i [Linear Load-Feload]

" Wariable Moduli  © winkler Constarts

E sponential
Subgrade-modulus

— Parameters

EVC [0 | 1% EUR: [2det b |4

10.1 Loading Elasticity Paramaters

« [05 ]
10.7 Simplified clay model#hdrained analyziz and TSP

> O Kwu[3143.0]kiim3

Jzed only when Total Stresz Analysiz iz selected [Undrained only)
10.2 Reloading Elasticity Maduluz

Eur2400f KPa

E

Witten by CGeotechnical -Structural Staff of Harpaceas 14




DEEPYCAY

Devel oped by Ce. A S. srl, Italy and Deep Excavation LLC, U S A

Su has been setted as 400 kPa; this means NOT to consider it; that is to put a very far from the

boundary limit to the elasto-plastic field.

UNDRAINED BEHAVIOUR Il modelio di Paratie —24

with redundant control

G’ . O Aq =0 \__TS BOUNDARY
v v
A ' uy
TSP

Uy,

2s, P ES BOUNDARY Uh ; Gh
|

In fact in Paratie 7.0, when the user selected disable:

Undrained Parameters

f* “'ruiwno £ In w1
S |0 > CPT correlation cone Factor = 15

CPT correlation variable cone Fackor
Carrelation with OCR and PI

Disalple
s

————— > | L
[T

the parameter was brought to a very high value.

This option (disable) is no longer available in Paratie Plus, because Su could be used by the conventional analysis.

The measure than is to force a high value (write 400kPa).

Witten by CGeotechnical -Structural Staff of Harpaceas 15
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STAGE DISPLACEMENTS
2° Argille ESP ;
History 0 WALL LeftWall: DISPLACEMENTS AT STEP_ 5 Def | ecti on
i T n
excavation 1 i ——  Y-DISPLACEMENT [m] T T T T
! E | 4.02em
23 ! |
] i
N !
47 i
5 i
] | Iz
-6 o i x = 0.0072019
1 7 =-10.000000
- !
] i Min
= i x = -0 00024334 - _
1 , 7 = 0.000000
g I
] |
-00003 0 000080001800027000360.004500054 0006300072 0.72cm
L.T. ° ] :
] ——  Y-DISPLACEMENT [m] Defl ecti on
14
. i
-2 _: T | T T
3
4
-5 3
] Max
6 X = 0.0061751
1 z=-7.300000
7 Min
. ¥ =0.00039115
93 z=0.000000
-9 _i 1 0DEIem
3
'10 L TTT TTTT | TTTT | TTTT | TTTT | TTTT ‘ TTTT ‘ TTTT | L | TTTT |
0 0.0007 0.0022 0.0037 00052  0.0067
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o 0
2 ] ——  MOMENT [KN'm/m] Monment (kN
. -1 _E i) [1] an
excavatlon -2 T T T T T T T T T T T T ]
3
4
53 " 577 kNmim -
| ax F)
63 X=3472 20 deg-
E z=-5.700000
-7 3 ;
] Min
3 X =-57.661
e z=-2.500000 34.1 kN-m/m
93
10 e e e e e
-66.6 -55.5 -44.4 333 -22.2 -11.1 0 114 222 333
LT °
o E —— MOMENT [kN*m/m]
-1 —
] Monent (kN
=z —
] 0 0 s0
-3 —— e
E Im
-4
-5 {
31 Max
63 x = 69.031 42,1 kNATim
; 2=-5.300000
73
3 Min
] % =-42 066
83 2=-2.500000 70 kH-mim
-9 {
10 1

-405 -27 135 0 135 27 405 54 675 81
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COMPARISON BETWEEN CLAY TSP MODEL IN PARATIE 7.0 AND PARATIE PLUS

Consider now the same model seen before: this will be analysez using a TSP model.

The last drained stage must be removed (using a TSP model it is impossible to turn from undrained

to drained behaviour).

The essencial parameters for TSP model are:

e Su

* Eu (or kwu)

Then:

|nitial B ehaviour
" Undrained

& Drained

— Effective Resistance Parameters

o o e
bor [E b|@ ¢ [B s|e
Koo 038 |4 Ko [oEm
Koo Wﬂ@ LS

— Undrained Parameters

g
j@ & “Young E.: |2-953+ ﬂfﬁ’é

© winkler Ko

S A0

A, General | B. Resistance | C. Elasto-plaztic | D. Bond

4. Unit " eightz - Denzity
7, km3 > 7 g 19 Jmr =3

f. Strength Parameters and Poizzon B atio

Cllil kPa - & El degrees b
j.u kPa > ¥ w'degrees N
v ¥ % peak! deqrees T

E. Permeability
Kox 0.0001 misec | F K.z | 0.0001 mizec | #

7. Minirmum Preszsures for clavs [Conventional Calcz]

kir zh' kPa kin K.a
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— Tupe

& “Young Moduli ¢ Wariable koduli

™ Winkler Constants

|.-'1'-. General || B. Heaistance| C. Elasto-plastic |D. Bl:lndl

10. Su:ull Mu:udel and B ehawviar

- e
E:-cpu:unentlal

Subgrade-modulus

— Parameters

a0 »| 1% EUR

EVLC:

24004 > |

101 Lu:uading Elazticity Paramaters

=
107 Simplified clay model [Undrained analysiz and TSP

® EU b Y Kwul:lkN.-"m3

lzed only when Total Strezs Analyziz iz zelected [Undrained only)
10.2 Reloading Elastizity Moduluz

Eurl 24000 KkPa

Stages:

Drained
Overconsolidation
Geostatic step Undrained
1° excavation Undrained
Tieback Undrained
2° excavation Undrained

Witten by Geotechnical -Structural
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STAGE

DISPLACEMENTS

Tieback

0 0.0003

—— Y-DISPLACEMENT [m]

Max
x = 0.0028625
z=-10.000000

Min
x=0.001331
z=-2.000000

Def | ecti on

]

.

3k

0.29cm

20

excavation

—— Y-DISPLACEMENT [m]

Max
x = 0.0067079
z=-9.300000

Min
x =0.0013802
z=0.000000

0.0073

Def | ecti on

T T

i}

0.ET cm
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STAGE

MOMENTS

Tieback

—  MOMENT [kN"mim]

Monent (kN

a0

hlan
= 14857
Z = -5.900000

tin
% =-51.78
Z = -2.500000

L L L L R R R N R

-56.7 486 405 -324 243 162 -81 0 81 162

1.8 kN-mim

p 100 kM

143k N-m/m

20

excavation

—— MOMENT [kN’m/m]

S0

Monment (kN
1]

om

Max
x =56.239
z=-5.100000

Min
X =-43.743
z =-2.500000

-484 -36.3 -242 -121 0 121 242 363 484 605

437 kN-mim

& 2kN-mim
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