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& Outline of this lecture.

Project preselection menu

Obligatory and optional model components
Drivers

Material models for soils

Material models for rocks

Handling in situ effective stress state

Handling gravity load

©00000O0CO0C

Effective vs total stress analysis

(©ZACE Services Ltd Single phase media



5 Setting options in preselection menu.

o Deformation mode can be
set in the preselection dialog
just on start or by invoking
it from menu
Control/Project preselection

Analysis type
@ Plane strain
" Axisymmetry

[k}

Problem type
Project preselection

|~ Frames only

[~ Stuctures only

[~ Dynamics

I~ Pushover

Unitsystem  [STANDARD ~
Versiontype  [Basic -

o
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o Deformation mode can be
modified in the Analysis &
Drivers dialog invoked from
main menu Control/Analysis
& Drivers

b

ot
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5 Obligatory and optional components of the model.

© Obligatory components:

o Geometrical model (mesh) video

o Boundary conditions (fixities+<loads>) video

o Driver(s) video

o Material definition (models+properties) video
@ Optional components:

o Load time functions video

to handle evolution of loads/imposed displacements but also
material properties in time

o Existence functions video
(associated with elements/boundary conditions) to handle
excavation /stage construction

o Initial conditions video
to set in situ effective stress state in explicit manner

o Data super-elements video
to handle spatial variation of the data e.g. E modulus with
depth

(©ZACE Services Ltd Single phase media


http://www.zace.com/videos/tut2d-1/tut2d-1-mesh.avi
http://www.zace.com/videos/tut2d-1/tut2d-1-bc.avi
http://www.zace.com/videos/tut2d-1/tut2d-1-drivers.avi
http://www.zace.com/videos/tut2d-1/tut2d-1-materials.avi
http://www.zace.com/videos/howdoi/ltf/ltf-edition.avi
http://www.zace.com/videos/howdoi/exf/exf-edition.avi
http://www.zace.com/videos/howdoi/init-stress/init-stress-def-q4.avi
http://www.zace.com/videos/howdoi/data-superele/data-super-ele.avi

& Drivers: General information.

© Drivers give an instruction to the program what is to be
computed and in which order

@ By default the Initial State driver is set up as the first and
the only one in the list for execution
(it always yields zero deformation !)

@ Available drivers:

Initial state

Stability

Time Dependent

Pushover ()

Dynamics ()
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& Structure types/Material formulations

&l 2_Soil V 7.15 - C:\Documents and Settings\All Users\Application Data\Z_Soil v2007\FULL\ZTMP\Untitled9 -

Fle Control Assembly Andyss Resuts Extras System configuration Help

O[a[@] % | 4ol E] Gl 1| BlEsscvesion <]

select option: Assembly/Material

Read) RAN 2047/1499 (MB) Rec
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& Structure types/Material formulations

Z_Soil V 7.15 - C:\Documents and Settings\All Users\Application Data\Z_Soil v2007\FULL\ZTMP\Untitled9 -
Fle Control [PESTNUVY Andlyss Resufts Extras System configuration Hep.

rﬁ e el

Materils
Existence function
Load function

Gravty

Seismic input.

click on: Materials

Set/modfy materils RAM 2047/1466 (MB) REC
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& Structure types/Material formulations

ts and Settings\All Users\Application Data\Z_Soil v2007\FULL\ZTMP\Untitled9

G| 7| B[Bascverson <] |
Existence function
Load function
Gravty
Seismic in| X
nst vy oo
T
ot | o o
[ press: | Add | ]
Setjmody materss an 20471466 (18 Rec |
(©ZACE Services Ltd
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& Structure types/Material formulations

Z_Soil V 7.15 - C:\Documents and Settings\All Users\Application Data\Z_Soil v2007\FULL\ZTMP\Untitled9

rﬁ e el

Existence function
Load function

Gravty

S —

ot e
e

Add/update material

Numbar 1 Neme foreme
Coninuum & sicira vpe

[Commusrn =] [ =

[ o fomdesbers |
o] conen

roll combo box: Continuum & structure type

Set/modiy materils RAM 2047/1466 (MB) [ReC [

(©ZACE Services Ltd Single phase media



& Structure types/Material formulations

Documents and Settings\All Users\Application Data\Z_Soil v2007\FULL\ZTMP\Untitled

Sl Andlyss Resuts Extras System configuration Hep.

D s[@| Prevrocesng G| 7| S [Basicverson <] |

Mesh info

Materils
Existence function
Load function

e —

Numbsr [T O
(TR | [£eic =
Contruumior st

LY e

e
e

jambronss

Get/mody materials RAM 2047/1466 (MB) [Rec|
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& Materials for continuum: common data groups

Obligatory
o

D N Elastic: parameter.
Q |Unit Welght Young moduluz  E |1DDDDD [kM/m™2] | :
Cancel |
© |Flow/2D Paisson ratio v ID.3 il |
/ Help |
Flow/3D
D ata mode I Standard j

o
o
‘Init. state Ko (2D)‘

‘Init. state Ko (3D)‘

O [Heat|
o [Funidy
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& Materials for continuum: common data groups

Obligatory

T
Weight / unitvolume. y [ie kN3] Mass / unitvolume o [fo374080 gy
@ | Unit wei ght Mapleriorboryoss [T s [
Fluidweight/ untvolume % [10 [kN/m3) Fludmass /unitvolume B [10171621  [kg/m"3)
e Ee p
@ [Flow/2D
Flow/3D s
for deformation (single phase) analysis in total stresses specify the saturated
Specific weight yesr below the water table and the dry specific weight yo above;

in effective stress analysis specify buoyant weight Yo = Ysat - for: Cancs|
C for deformations+flow (two-phase) specify yp (dry) and initial void ratio e, =
reep s i i _nep |
B Stendord =]

‘Init. state Ko (3D)
NB. Mass and body force multipliers visible only

if Dynamics is activated in the project preselec-
tion
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& Materials for continuum: common data groups

Not meaningful for single-phase
o
e Unlt Welght Fluidd bulk modulus E‘F 3a37e+038 [krAT"2]

Q F|0W/2D Darcy's coefficient
: - 1
F|0W/3 D Darcy's coefficient Koz [tn/lzy]

Darcy's coefficient Ky 1 [tmickay]
o —
Q Inclination angle =x' == |3 1] [cded]

’Init. state Ko (2D =apuration
’Init. state Ko (3D Residual saturation ratin Sp 0

o Saturation constant . 2 [14m]
o

Help ‘ 6.4 | Cancel |
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& Materials for continuum: common data groups

Not meaningful for single-phase
o

@ | Unit weight Fluid bulk modulus 3.37e+038 [kN/m"2]

Residual zaturation Sr i}

0 FIOW/2 D Seepage alpha o 2 [1/m]
Flow/3 D Az k Direction ¥ Directiony’  Direction 2

1 Imiday] |1 [0 [0

Q 2 1 [mAday]  [[0 [ o

o 3 [ [méday]  |[O [0 [
’Init. state Ko (2D A2l > | A2 > | A2l |

[Init. state Ko (3D Hop  [[ ok ] cencel |

0 Data mode Standard ﬂ
o
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& Materials for continuum: common data groups

Optional

O [Elastic]|

@ | Unit weight
@ |Flow/2D

Exponential

Hypetbolic 1

Flow/3D e
Q |Creep ad o w2 |oae 0 ke
(5 ) Bd [0 0 Be I 0
‘Init. state Ko (2D | sdsencerce: [0 Basencetc: 1

MNon linear creep

Init. state Ko (3D a
Heat S

(6
@ | Humidity

v Advanced Help ‘ Ok Cancel
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& Materials for continuum: common data groups

Optional

o Imitial State Ko [2D)
Q | Unit Weight Yalue (0.0 ignore Ko)

(s Ka [x] ]
Creep

Creep Inclination angle <&'= 0 [deg]

o
o

Init. Ko (2D
nit. state Ko ( 7 Advanced Help HT' Cancel |
‘Init. state Ko (3Dw

O [Heat|
o [Funidy
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& Materials for continuum: common data groups

Optional

°
Q Walue [0.0 ighore Kao)
O [Flow/2D Ko<ty I

Flow/3D kobeal |0

Ko principal Axiz

o Awiz Direction#  Direction™”  Direction 2
o 1 0 E

’Init. state Ko (2D 5 [0 [1 [

’Init. state Ko (3D 3 |[o [ [

o K20 > | B20] > | A7) > |
o

g b Lok ] cance |
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& Materials for continuum: common data groups

Optional
© [Elastic
@ | Unit WEight Solidl thermal dilatancy 12005 nsel
Fluid therral ilatancy A 0 e
Heat transter parameters
() FIOW/ 2D Heat conduclivity B AER [KN/elay/C]
Heat capacity 2000 [kN/m"2/C)
FIOW/3D Source term
[+ Saource term
0 Creep H infinite for heat source 105000 KN/m™2]
a C 5 [1/day]
Q Dormanttime 02083333 Tdley]
‘Init. state Ko (2D | °* m 8|
Reference temperature 20 o

Init. state Ko (3D
e eat Database ‘ Helg | Ok Cancel ‘

[ Advanced
@ Humi

i

NB. For all models except Aging concrete only
Heat dilatancy is meaningful for single-phase
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& Materials for continuum: common data groups

Optional

e Humidity [X|
0.m

e U nit WEIght Hygral dilatancy
e FIOW/2D Hurnidity fransfer parameters
Parameter 'a' for moisture concuctivity 0.08
FIOW/BD Wl parameter for moisture conductivity: 075
DI parameter for moisture conductivity: 3.6e-007 [m*2/day]
Q |Creep
‘ Init. state Ko (2D
v Advanced Help | ’Tl Cancel |

Init. state Ko (3D

Heat NB. For all models only Hygral dilatancy is
meaningful for single-phase

(6
@ | Humidity
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& Materials for continuum: soils (basic)

Q@ Elastic
@ Mohr-Coulomb

e Basic setup

Mohr-Coulomb

Vield

a v i
Cohesion c fo [kN/m"2]
Fiiction angle o [0 [deg]

[~ Advanced
e s <

Cancel

o Advanced setup

Mohr-Coulomb

Vield | PlasticFlow

Dilatancy angle v o [deg]
Cohesion c fo [KiN/m"2]

™ Dilatancy cut off
Friction angle o [ [deg]

eimu o eaax

e
[ CutoftRankine  fe 7 | e I
[v Advanced
Datamods | Standard = Heo | oK Cancel

Remark: dilatancy cut-off ()
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& Materials for continuum: soils (advanced)

© Drucker-Prager

@ Cap

© Cam-Clay

@ Duncan-Chang

© ECP Hujeux (only monotonic kernel)()

Remark: For plane-strain applications Drucker-Prager model will
always yield same safety factors and bearing capacity as the

standard Mohr-Coulomb model (plane-strain matching must be
used)
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& Materials for continuum: concrete and rock

@ Elastic

@ Aging concrete

@ Rankine (through standard M-C model)
@ Multilaminate

© Hoek-Brown (M-W)

@ Mohr-Coulomb (M-W)

@ Rankine (M-W)
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& Materials for continuum: Multilaminate model

alpha phi psi cohesion Cutofl 1t

slpha 1 Phi1 Psil Cohesion 1 Ft 1 I™ Advanced

[d=a] [d=a] [d=a] [kN/m™2] [kN/m"2]
Flans 1 -
|30 [30 [0 D] W (10

-
Plans 2 ~
Jo [0 jo jo —
Plane 3
jo [o jo jo —
Hep | oK. Cancel |

‘ 1

tg(alpha)/

© To deactivate weakness plane put zeros to all data

@ Switch to advanced mode to activate intact rock model
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& Materials for continuum: Hoek-Brown model

@ Basic setup

Hoek-Brown parameters

10 [kN/m"2]
1 [KN/m"2]

052

[N/m"Z]

Vil
Cmpr. Strength e
Tensile strength  1c

Eccentricity (2) e

[ Cutoff it

v Advanced

Saftening
[~ Boftening

Plastic Flow
@ Deviatoric
(" DruckerPrager

" Tensile Meridian

i

(" Hoek-Brown

o
(1]

Help

‘ oK

9

@ Advanced setup

Hoek-Brown parameters

e |10 [kN/m™2]
Tensile strength 10 [1 [kN/m"2]

052

Yield

Crnpr. Strength

Eccenticity (s) e

e [kN/m"2]

[~ Cutaff

[v Advanced

Plastic Flow Softening

# Deviatoric I+ Sotening

@ BieerEEsE Crack opening at failure
W 0001

" Tensile Meridian

(" Hoek-Brown
Constants

a
b 0
P

11E

Help Cancel

X
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& Effective stress analysis: Simplified treatment of water

Equilibrium: U:-J-J +f=0

A different treatment of the gravity is necessary above and
below water table

f; = ~PRY p; above water table
fi = (vSAT —~F) b under water table

Hence two material zones must be distinguished

DRY i
v Material 1

SAT F i
' — ¥ Material 2
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& Total stress analysis: Simplified treatment of water

Equilibrium: (U;j + djj p) ; +£f=0

@ A different treatment of the gravity is necessary above and
below water table

o f; =~PRY p, above water table
o fi = SAT p; under water table
@ Hence again two material zones must be distinguished

Material 1 DRY

\ A4 v
+
Initial pressure
Material 2 ySAT p (X)
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5 Effective/total stress analysis: Examples

Effective stress: footes.inp Total stress: footwt.inp
DRY
1 L <= ¥ S

SN p=0

SRS \\ <L

W W pSAT _ L F

,J,SAT
p=-145 kPa p=-145 kPa
video

@ Remark: Both approaches are equivalent
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http://www.zace.com/videos/howdoi/init-press/init-press-def-q4.avi

& Handling in situ stress: General

Two different approaches can be used
@ (A) Running the Initial state driver with optionally additional

constraint put on K"t

o (A1) with explicit setting of o, as the initial guess
o (A2) without explicit setting of o,

@ (B) Explicit setting of o,

Note that the initial state computation without prescribed value of

Kinsitu will yield

Ox Ox =

I

(©ZACE Services Ltd

ex. v = 0.2 will yield

Kirsitn = 0.25

which can be far below the real
value

Single phase media



& Handling in situ stress: Handling K™ constraint

The K(’;”Sit“ constraint is meaningful only for approach (A)

@ K/rsitU can be set globally (for all continuum materials)

Preprocessing

D& a

Mesh info

Materals
Existence function
Load function

Seismic input

& Z_Soil V 7.15 - C:\Documents and Settings\All Users\Application Data\Z_Soil v2007\FULL\ZTMP\Untitled4 -
Fie Control [JXCHILWN Analysis Results Extras System configuration ~Help

LIOX

Global seting for gravity loads can be lacally overwritten in
the preprocessor using aption Body Load.

[~ Advanced Help Cancel

RAM Installed/avalable ~2047/1416 (MB)

(©ZACE Services Ltd

Gravity vector |
Initial State Ko (2D)
Normalized
Direction X o 0000000 Value (00 ignore Ko)
Direction Y : f 00000 Kot T —
Ko () osl

v fiial Ko State] Open. >
N, narmalized values vill be used in the computafion
NE. B bt Help | ok Cancel

REC
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& Handling in situ stress: Handling K™ constraint

(cont..)

The K'sitU constraint is meaningful only for approach (A)

Fie Control [JRSzllY
fy=21"]

Preproce:

Materials

Set/modify materials

Mesh info

Existence functior

Load function
Add ‘ Modify ‘ Delete ‘
Gravity
. . List of defined meteriels
eismic inpu
P Narne [ cont/Struct. type | Material formulation_| ¥ Elastic Open
1 No name Canfinuum Mohr-Coulamb

Z_5oil V 7.15 - C:\Documents and Settings\All Users\Application Data\Z_Soil v2007\FULL\ZTMP\Untitled4 -

Analyss Results Extras System configuration  Hep

@ K™ can also be set locally (for all continuum materials)

OX)

Materials

X

Material definition

[ Unitweights

Open

Initial State Ko (2D) F A
low

I Creep

Open
Open

Open

Valug (0.0 ignore Ko)

Ko (<) 0.6
Ka(z) 0.6

[¥ Non linear

v finitial Ko Statel

[~ Heat

[~ Stahilty

| ok Cancel

[~ Advanced Help

Add selected material to database

(©ZACE Seryices Ltd | Single phagermediy




& Handling in situ stress: Knsitu' constraint: Remarks

@ For normally consolidated soils or sands we can make use of
simplified Jaky formula K"t = KNC =1 — sin(¢)
@ This setting is important in soil structure interaction problems

© Global setting for K" applies this constraint to all
continuum materials

© Local setting for K™ overwrites the global one for the
specific material (can be done only at the material level);

@ Setting K/t = 0.0 and K7™ = 0.0 cancels the constraint

@ In approach (A) final initial stresses may differ from the ones
specified by the user
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& Handling gravity loads: option Gravity vector

Gravity X
Body load components | Gravity vector | Bdy

Gravity.

Nomed values LTF
e o FF
Direction F [--o0000° Direction’y Fp
Direction 2 (O [o000000 B ? o

I It Ko S1en

NB. normed values will be used in the computation

NE NB
for greviy loads ity loads can be in
the preprocessor using option Body Load. the preprocessor using option Body Load.

v Advanced Help Cancel [v Advanced Help Cancel

@ Using this definition user may declare gravity vector b (default
is (0,-1,0))

@ This vector b is used to compute current body load vector
b = v b at each finite element
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5 Handling gravity loads: option Body load
components

Gravity @ Gravity m
(oo o] ytssmors Cryecs[Bs g

Normed values
Direction X Direction X

Direction Y Direction Y

T
Te

Direction Z Direction 2

[¥" Iniiel Ko State

NB. normed values wi

NEB NB.
for grevity loads ity loads can be in
the preprocessor using option Body Load. the preprocessor using option Body Load.

v Advanced Help Cancel [v Advanced Help Cancel

@ Option visible in the & mode

e Using this definition user may declare gravity vector b (default
is (0,-1,0)) plus load time functions independently for all
directions

@ In this case gravity direction vector is not normalized

@ Vector Eis used to compute current body load components
b; =~y b; LTF;(t) at each finite element
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& Handling gravity loads: Remarks

© Body load definition may be overwritten, at the element level,
during preprocessing session, using option Body load
@ For pseudo-seismic stability analysis the option Body load

components has to be used (for instance in 2D models one
may assume b = (0.1, —1.0))
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