USER
MANUAL

www.stacec.com

RISPOSTA
SISMICA
LOCALE

LOCAL SEISMIC RESPONSE

STACEC

¥
ATATAY

| SR2p

P LRLFANIAY
FaTatarg
AT 0 5 e > -
=] i ! SATE e ¥ Iy ‘“"E‘l
FaTaYafuvaS ' oo A oS ST fsl o g e N A Y
A A R AR R R K
P ATA AT ATATATATATAT NN 4 TaTa a - o e e Ex “‘.C'L. )
Ly

o AAr T ATaT &Y
FaTaTaY

& ATATATATATATATAVATLAT LY
PATAYATATATAYAYAATATAT L SN ATATAT)
T T T A A AT AT T AT AT AT AT YA AT A TAY

AArATaTAT S ey
& BRI NSO INEE)
T s T *:;,L';Yb"gﬂé >
R TATAT N AT W AVATAA
AT AT PR

[

=

™
< N
BOPOOR B EO0CHE SO DOOC R NSO OO RO R BEE STANAY LVAVAS
| OO R PO DO O IONEOORPORINBEK T DRIATSEK RV . AVAVAVAUAY



LSR2D - Local Seismic Response

COPYRIGHT

All materials by Stacec (CD with software files, hardware protection key, documentation, and so on)
are protected by copyright and intellectual property laws. All rights reserved.

It is forbidden to Transferring or Sublicensing the software.

No part of the materials including graphics or logos, available in this Web site may be copied,
photocopied, reproduced, translated or reduced to any electronic medium or machine-readable form,

in whole or in part, without specific permission. Distribution for commercial purposes is prohibited.
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LSR2D - Local Seismic Response

USER MANUAL

Local Seismic Response 2D
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LSR2D - Local Seismic Response

1. Introduction

The characterization of soil motion at ground surface after a seismic event is an issue
of extreme importance for structural design in seismic zones.

When no constructions are present on the ground, soil behaviour after an earthquake
can be described by three mechanisms: source mechanism, wave propagation from
source to site and local seismic response.

The last one is responsible of the modifications in terms of amplitude, time duration
and frequencies, which affect seismic motion of a rock formation (reference
earthquake), when it goes through layers from bedrock to the ground [Lanzo G. et
al.,1999].

Local seismic response phenomenon has been dealt with in many researches for the
last three decades. Those researches have been based on analyses of seismic
events registrations and numerical modeling. Lately the phenomenon has been
included into building codes.

Last italian seismic code (“Norme tecniche per le costruzioni, 2008, NTC2008 , §
3.2.2) proposes, a numerical approach (monodimensional or bidimensional) to
evaluate real seismic response of soil layers using single building scale or single
geotechnical system scale.

Numerical analysis for the local seismic response, is more accurate than the
simplified approach proposed by NTC2008 (soil categories), and let you identify layer
amplification, by finding period ranges more limitated than by using code approach
and consequently you'll have a structural design which is economically better.

Using LSR 2D (Local Seismic Response 2d) software by Stacec you can model the
problem in a 2D geometrical domain by a finite element approach, in time domain,
total stress, with a Kelvin-Voigt soil model.

L‘: ! STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

2.1 Graphical User Interface

Software main window is showed in figure 2.1. From this you can reach all the
windows to define your model.

LSR2D graphical user interface is characterized by a main window and other
secondary windows. Main window contains some menu from which you can access
al functionalities.

Right part of the main window is the Operative Area.

P 5 &= —_—

g XL/ /RN xLehaBRLAAAAS

‘Nuovo Progetto - Local D Vers, 3.10 — o[ )|
=

Accelerogrammi Modello Importa Zoom Zox
1D outtuf

Dat Modello Utiita alcolo

-

Selezione: Selezionare gli elementi per modificare le caratteristichs

LED

Fig 2.1 - Main window
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LSR2D - Local Seismic Response
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LSR2D - Local Seismic Response

Main window components
Buttons of the main window are listed below.

Data
Dat
» Clicking generali opens the editor of General Data.
II
Accelerogrammi
» Clicking opens the editor of acceleration-time curves.
LA
Curve di
L decadimento .
» Clicking opens the editor of decadence curves.
Model
Selezione
» Clicking enables/disables the feature that allows you to select model
elements.
C Punt . .
e Clicking "™ enables/disables the feature that allows you to add new points
to the model or select existing ones.
Segmento
» Clicking enables/disables the feature that allows you to add new line
segments to the model or select existing ones.
L. Spez . .
» Clicking "% enables/disables the feature that allows you to break a line
segment by adding a new intermediate point into the model.
L .St’at: .
e Clicking enables/disables the feature that allows you to add new layers
to the model or select existing ones.
» Clicking ““°" enables/disables the feature that allows you to add new

columns to the model or select existing ones.

L‘: ! STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)

7



LSR2D - Local Seismic Response

x

o Elimina .
» Clicking deletes the entire model.
Utilities
Maodello

e Clicking 10 automatically creates 1D model.

» Clicking Importa lets you import model from a dxf/dwg file.

Mesh

Calcolation

» Clicking enables/disables mesh generation.
<
Calcolo

e Clicking runs calculation.

Output

H:IF"TII

il

« Clicking Flot opens plot window where you can view calculation results.
@

S,

» Clicking Punti opens the window where you can view calculation results for
check points.
R
o/

=

Relaz
. Clicking "

e .
generates calculation report.

Zoom e Viste

e 0 e T

foom Ffoom Zoom Zoom
¢ Clicking ™ out fMutte finesta |ats yoy zoom the view.
=
i
Esporta
dxf

e Clicking lets you export the model to a dxf file.

Lrl.' ! STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

Secondary windows

Acceleration-time curves window

AP Accelerogrammi

BB

Nome Fattore di scala

fonula || ok |

Fig. 2.2 — Acceleration-time curves window.

Buttons of the window are listed below.

)

-8 Add a new acceleration-time curve.

*_E Delete the selected acceleration-time curve.

B Delete all acceleration-time curves.

1D Model window

By this window you can define properties of the stratigraphic column for 1D analysis.

=

Modello
You can open this window by clicking 1D in main window.

Lrl.' ! STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

r'f@ Creazione guidata modello 1D ﬁw
Generale -
4 Varie
Larghezza base 1.00 i}
|| |4 Caratteristiche bedrock
o 2200.00 Kg/m*
Vs 800.00 mfs
Vp 1500.00 m/s
Strati
‘B*EE e
Strato Spessare [m]  p [Ka/m?] Vs [m/s] Modello geotecnico Colore

I N N T

OK

| I Annulla |

Meaning of the controls in the window:

« Generale

Fig. 2.3 — 1D model window.

0 Larghezza base - length of the base of stratigraphy
0 Ro — bedrock mass density

0 Vs — bedrock S-wave velocity
0 Vp — bedrock P-wave velocity

Strati

. ‘BB

‘B
0 T Add a new layer

qp
0 H Add a new layer before the selected one

0 -8 Delete the selected layer

B
0 ~“EDelete all layers.

10
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LSR2D - Local Seismic Response

2.2 Plot — Viewing results

ke

To the aim of viewing soil behaviour open the plot clicking "'t in main window.
LSR2D lets you view results in the domain points and along check columns.

T Plot - Risuitat o calcol
olonn:

Elementi finit | Colonne di controllo |
aaas s
Coll

Ax 2l

Condizione 2 - RSL

AL
VAVAVAVAVANAVAVAVAVAVAS ro e A Aﬁmﬂ@,‘?

TAVAVAVA
¥

VAVAVAVAVAVAN TAAVAANAVAVAVAVAVAVAVAVAVAVAY
JAVAVANAVAVA LTS iy, Y y %ﬁ#ﬁ%&l‘{%ﬁﬁmﬁ!
FRINNINAA

AVAVAY

NSRRI O VAVAYAVATE
L ARSRDOL 0
5’3‘?’%&%&1&5&@ DO0G

Fig. 2.4 —Plot — FEM calculation results.
To view results at domain points click "Elementi finiti”.

To view results along check columns click ‘Colonne di controllo”.

-f!":? STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

Condizione 2 - =51 -

-

vlassim

v | Mesh

v | Spostamendi
v | Velacita

v | Acczlerszic
v | Defarrazioni
v | Sforzi

« | Proories3 metsna

[[] Visualizze rumar: nos
[ Visualizza rumar: ellzmeti
[ Visualizza rech

Scala 1

In the graphical user interface controls showed in the previous figure, you find:

wnN

[}
= lets you export to a .txt or .jpeg file the viewed graph related to the
selected check column.

Combo box menu lets you select the check column for which see results.
Combo box menu lets you select the limit state for which see results.
Combo box menu lets you select the load case for which see results.

If you expand “Spostamenti” then you’ll find the combo box menu

# | Spostamenti

Spostamento X =

Spostamento X ‘

Spostamento £
V1 Accelerazion by which you can view results in terms of

displacements in the domain points or along the selected check column.

STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

If you expand “Velocita” then you'll find the combo box menu

~ | Velocitd

Velocitd X -

Velocita £
¥ Deformazioni - by which you can view results in terms of
velocities in the domain points or along the selected check column.
If you expand “Accelerazioni” then you'll find the combo box menu

| Accelerazioni

Accelelerazione X -

Accelelerazione X |

Accelelerazione £

Y/ Storz by which you can view results in terms of

accelerations in the domain points or along the selected check column.
If you expand “Deformazioni” then you'll find the combo box menu

# | Deformazioni

ymax

[T Visualizza numera nodi . by which you can view results in terms of
deformations in the domain points or along the selected check column.

If you expand “Sforzi” then you'll find the combo box menu

| Sforzi

— - by which you can view results in terms of
tensions in the domain points or along the selected check column.
If you expand “Proprieta Materiali” then you'll find the combo box menu

# | Proprietd materiali

G/G0 -

'

D [%]
P TS TS T - by which you can view material
properties in the domain points or along the selected check column.

STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

Itati di

[ Elementi finiti | Colonne di eontrollo

=]
Coll | Colt ]
SLV .
5 Condizione 2 - RSL =
) Mesh
- ) Spostamenti
Spostamento X -
) Velocith
) Accelerazioni
% ) Deformazion
¥ Sforzi
) Propriets material
5 [ Visualizza numero nodi
[¥] Visualizza numero elementi
[ Visualizza mesh
E Scala
~
15
0
0.1012 01014 0.10% 0.1018 0.102 01022 0.1024 0.1026
Sx[m]
2 heck / F /:
.3 Chec points resuits
1 Risitat punto o co =
™ o - 0 2z
T = & Lo )
LN Spetiro SpettroMedio _ Spettro Spetro Intensitidi | Saba Saba
Megiolnput  Output Lisciato Output Parametrizzato Housner | TXT JPEG |
Spettro di risposta cinematismo di controllo P (6)
i
T il
£ J W:
NI
g ?,J \m;
T
s [\ \
g \ \\
% Vi LA
I
/i
571“
— =
05 15 25 35

Periodo [sec]

— Spetiro i risposta SLV CDC (1)
— Spetro i isposta SLV CDC (2)
—— Spetirodirisposta SLV COC (3)

Spettrodirisposta SLV CDC (7)

Scala logaritmica [
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LSR2D - Local Seismic Response

Fig. 2.6 — check point results window.

Controls and buttons of the window are listed below.

E[ﬁ] ﬂ E_‘u" ‘J&DE (1) ‘JErequenza ‘JEccelerazi:uni "I]irezic:-ne}i ﬂ

1 2 3 4 5 6

Combo box menu lets you select the check point for which see results.
Combo box menu lets you select the limit state for which see results.
Combo box menu lets you select the load case for which see results.
Combo box menu lets you choose between time or frequency.

Combo box menu lets you choose between displacement, velocity,
acceleration.

Combo box menu lets you choose between direction X (horizontal) and Z
(vertical).

Y

Spettro
N Medio Input

Spettro Medio
Cutput

e

Spettro
Lisciato Output

arownpE

o

shows average input spectrum (available only with frequencies).

shows average output spectrum (available only with frequencies).

shows smoothed output spectrum (available only with
frequencies).

Spettro
P trizzat i i i [
. TETETEER shows parametrized spectrum (available only with frequencies).

i IH
Intensita di

H . . . . 1
%0 calculates Housner intensity (available only with frequencies).

f!} STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

Salva
TXT

Salva
JPEG

saves graph to a .txt file.

saves graph to a .jpeq file.

&

STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

3. Input
3.1 Input stages

Software main window is showed in figure 3.1. From this you can reach all the
windows to define your model.
Modeling consists of the following steps:

- Defining general data;

- Uploading acceleration-time curves and scaling them by peak ground
acceleration;

- Defining decadence modeling for soil shear modulus and viscous damping;

- Defining soil layers;

- Defining check points on ground surface;

- Defining check columns;

- Mesh generation;

- Defining load cases.

DT 1= N 1 v Progetio”LocalSeraic Resparce 20 Vers, 3.1 0 W [ ) o |
Home o
b ) ¥ y A i 5 Q& Q ]
B B R [ AN
Da <celerogrammi Selezione | Punto Segmento Spezzs Strato Colonna | Elimina  Modello Importa | s | Zoom X sporta
general fiment 10 in

Profilo stratigrafico | Anaiisi|

Selezione: Sels li elementi dell fia p

LED

Fig. 3.1 —LSR2D main window.

fﬁ'} STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

3.2 Entering data — General data

5

Dati

generali

You can open the window showed in fig. 3.2 by clicking in the main window.

By the item “Dati generali calcolo” you can edit:

- number of threads (“Numero di threads”);

- enabling/disabling setting material properties to zero for each load case
(“Azzera caratteristiche materiali”);

- relative error on shear modulus decadence (“Errore relativo sul decadimento
G);

- relative error on damping ratio decadence (“Errore relativo sul decadimento
D");

- choice between plane stress and plane strain (“Modello piano”);

- effective deformation ratio (“Rapporto deformazione effettiva”);

- maximum number of iterations for eigenvalue extraction (“Numero massimo di
iterazioni”);

- enabling/disabling FE model view (“Visualizza modello FEM”);

- enabling/disabling selection of natural modes (“Seleziona modi naturali”);

- minimum output spectrum period (“Periodo minimo spettro”);

- maximum output spectrum period (“Periodo massimo spettro”);

- output spectrum period step (“Periodo passo”);

- damping ratio ratio expressed as percentage for the calculation of the
response spectrum (“Smorzamento riferimento”);

- Users having the license of QUAD4-M (available by specific vendors and not
by Stacec) can run QUAD4-M solver directly from LSR_2D as an alternative to
the internal solver. To this aim you have to :

A) check the option (“Attiva QUAD4-M”);

B) define bedrock S-wave velocity (“Vs bedrock”);

C) define bedrock P-wave velocity (“Vp bedrock”);

D) define bedrock density (“Densita del bedrock”);

(@)

O O o

- Coefficient to determine effective shear deformation from maximum one;

L‘: ! STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

1B Dati generaii — e — - i |
[ Aol ][ ok |
4 Gl . Dati generali calcolo
Calcolo 4 Calcolo
I Numero di threads 2
Azzers caratteristiche materiali a
Errore relative decadimento G 100 %
Errore relativo decadimento D 1.00 %
Modello piano Deformazione -
Rapporto deformazione effettiva 0.65
Numero massima iterazioni 30
Visualizza Modello FEM =
Seleziona modi naturali ]
4 Opzioni output
Periodo minimo spettra 0.00 sec
Periode massimo spettro 400 sec
Periodo passo 0.01 sec
Smorzamento riferimento 5.00
4 Opzioni QUAD4-M
Attiva QUAD4-M =]
Vs bedrock 800.00 m/s
Vip bedrack 1500.00 m/s
Densits del bedrock 2200.00 Kg/m®
i

Fig. 3.2 — General data.

By the item “calcolo” you can edit:
- Eigenvalue extraction tolerance (“Tolleranza calcolo autovalori”);
- Eigenvalue extraction maximum iteration number (“Numero massimo
iterazione autovalori’);

¥ Dati generali - - —_ - i

[ Annuia | oK
4 L Calcolo
Dati general calcolo
m 4 Caleslo
I Tolleranza cakeolo autovalori 1606

Numero massimo iterazioni autovalori 1000

Fig. 3.3 — General data - Calculation.

-f;'*? STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

3.3 Input — Acceleration-Time curves

H"‘"

Accelerogrammi

By clicking in the main window, you can open the windiow showed in

fig. 3.4.

powey, K F yIR™ y B oR=8" ~ NSNS SN § e
EE

Hama Fattora di seadn

— —

Annudls || {a] 4

Fig. 3.4 — Acceleration-time curves.
The window lets you load acceleration-time curves from *.txt file.
Text format in the file should be:

0.00 5.70E-04
0.01 1.55E-03
0.02 2.26E-03

First column contains time instants and secondo ne accelerations.

By clicking (= you have to define file path, then you specify measurement units and
the value of peak ground acceleration which scale the curve (see Fig. 3.5).

-f!":? STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

f|||l> Accelerogrammi

], =
“B
Nome Fattore di scala
e : »
ﬁ'p) Scelta unita di misura ﬂ
Scegliere le unita di misura utilizzate nel file d'arigine
I Accelerazione  m/s® =
Tempo sec -]
PGA 2.60000 [my/s7]
Annulla ok |
Annulia OK
Fig. 3.5 — Add an acceleration time curve.
" = -3
1) Accelerogrammi E@M
B,
Accelerogramma Input
Nome Fattore di scala
1 Accelerogramma (1} 1.64
2 Accelerogramma (2) T\
~ |
3 Accelerogramma (3) TTIe
4 Accelerogramma (4) 164
5 Accelerogramma (3} 164
g
_g A A it
i
o
£
=]
=]
©
5
T
o
Q
=y
2
3
0 5222 10.444 15.666 20.588 26.11
Tempo (sec]
— Accelerazione al bedrock
b n ]
[ Esporta grafico ‘H Annulla QK

Fig. 3.6 — Viewing an acceleration-time curve.

STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

N.B. Scale factor (circled in red in Fig. 3.6) can be mean as tha ration between user
PGA used when adding the acceleration-time curve and the acceleration peak of the
record added. This value can be changed by the user in every moment.

Holding “Ctrl” key you can select more than one acceleration-time curve (see Fig.
3.7) and scale all of them.

I N
i¥) Importazione accelerogramma da REXEL L&J
I\‘JU | » Computer » Discolocale (C:) » Programmi (x86) » Stacec » LSR_2D » Accelerogrammi - | 44 | | Cerca Accelerogrammi jo [

Organizza = MNuova cartella =~ 0l @
‘e Preferiti MNome Ultima rmodifica Tipo Dimensione
4 Download || Gravita Documento di testo 1KB
= Risorse recenti =] H=1-(1) Documento di testo 67 KB
B Desktop || H=1-(2) Documento di testo 67 KB
= H=1-3) Documento di testo 67 KB
= Raccolte =l H=1-(4) Documento di testo 67 KB
| H=1-(5) Documento di testo 67 KB
"M Comnputer =] H=1-(6) Documento di testo 67 KB
!f_, Disce locale (C:) | EFH=) Documento di testo 67 KB
s Data (D) | Zero Tipo - Documento di testo Documento di testo 1 KB

Dimensione - 66,1 KB
&‘i Rete Ultirna riodifica - 10/01/2014 16:23
Momefile: "H=1-(7)" "H=1-(1)" "H=1-{2)" "H=1-(3)" "H=1-(4]" "H=1-(5)" "H=1-(8)" - IAccelerogramma v‘
[ Apri J I Annulla |

Fig. 3.7 — Multiple selection of acceleration-time curves when uploading.

3.4 Input - Decadence curves

Linear equivalent model, on which calculation is based, takes into account y soil
shear deformation-dependent variation of shear modulus G and viscous damping
ratio D. These properties must be assigned to each layer on the basis of the nature
and appropriate tests.

A

C..-n-'e-di
Clicking #=29"™="% in the main window you open this editor which is showed in fig.
3.8.

You can assign to each layer a couple of decadence curve among the ones loaded in
the editor; see paragraph on the definition of layers.

f!} STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)
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LSR2D - Local Seismic Response

b et e N R r  ——— | C) e

Coedidecadmemo | Clay Seed & Sun (1989)
BEN

1) Send Seed & Idriss (1970) = Modulo di taglio
(5 cmsesnsmann |

3) Average Rock
& Stokoe (2001}
5) EPRI (23) Pl=10
5 EPRI(83), PI=30

4) Dar

7) EPRI (93], PI=50
5) PRI (93} P=70

9) EPRI(93),0-20 7
10) EPRI (93), 20-50
11) EPRI23), 50-120
12) EPRI(93) 120-250
13) EPRI(33), 250-500 7t

14) EPRL (23), 500-1000 %t
15) GEI (83), 0-50

16) GEI (83). 50-100 #
I g
| Modulo di taglio || Smorzamenta | 1)
BEHE L
yi%l G/60

» I

2 0.000: 00 04
H

4

X o
s

7

8

g 0
0

o1
0.0001 0.001 om 0 1 Rl

vI%]

Exporaganco ] | [ Amuls |[_0OK

Fig. 3.8 — decadence curves editor.

Default curves are based on material models available in literature. You can add

ap
other curves to the editor, by clicking ~B  These curves can be defined manually or
by loading a .csv file.

3.5 Defining model — Stratigraphy for 1D analysis

B.

Modello
Clicking 1 in main window, you open the wizard Creazione guidata modello
1D showed in fig 2.8.
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- 5 IR
i#) Creazione guidata modello 1D ﬂ

Generale

4 Varie

Larghezza base 1.00 m
4 Caratteristiche bedrock

p 2200.00 Kg/m*

Vs 800.00 m/s

Vp 1500.00 /s

Larghezza base
Larghezza della base della stratigrafia.

Strati
L -
H*EEE
Strato Spessorelm]  p[Ka/m?] Vs [m/s] Madello geotecnico Colore

I N K L T |

| ok || Ancnuiia |

Fig. 3.9 — Creazione guidata modello 1D.

In this window you can edit:

- Length of the base of the column;

- rho — density of the bedrock;

- vs — bedrock s waves velocity;

- vp — bedrock p waves velocity.
You can also edit number and properties of each layer.

- Name (“Strato”);

- Thickness (“Spessore”);

- Density (rho);

- S wave velocity (Vs);

- Poisson coefficient (Ni);

- Decadence model.

- color.

By clicking ~B you add a layer.
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3.6 Defining model — Startigraphy for a 2D analysis

2D stratigraphy model defining consists of points and lines which connect these
points and define the boundaries of the layers.

Basic Input

k

Punt
Point definition - Click e , then click in the graphical area: a point will be added. By
clicking the point you select it and can edit its properties:

- Name;

- Specifying if it's a check point;
- X and Z coordinates;

- X and Z cinematics;

- Mesh size;

- Fx and Fz static loads.

/

Segmento
Line segment definition - Click , then click a sequence of points in the graphical
area or a on points already defined to add one or more line segments.

.St’at:
Layer definition - Click , then click on the vertices or in the inside of a mono-

connected polygon or box-select one or more mono- connected polygons to add one or more
layers. Select one or more layers to edit layer properties:

- Name;

- Description;

- Color,;

- Decadence curve model for stiffness and damping;
- r—density of material;

- Vs — S waves velocity;

- Ni— Poisson coefficient;

- Gini —initial G module;

- Dini —initial viscous damping ratio;
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4 Varie

4 Dati
Mome strato
Descrizione strato
Colore
Maodello geotecnico
p
Vs
Mi
Giniz

Diniz

Sotto rilevato

Sotto rilevato

#FFDATODG i
Clay S5eed & Sun (1989)

1850.00 Kg/m?
A400.00 m/s
0.30

207.20 N/mm?
1.00 %

Fig. 3.10 — Single layer data.

. . : . Im
You can also import a stratigraphyfrom a dxf or dwg file. Click =it to open the

import window,

Layers
Selezionare i layers del dxf da
importare:

Opzioni
Unita di misura disegno:

Metro [m]

Apri file dif

Model

(i} b

| Annulla || Ok H

Fig. 3.11 — import from dxf/dwg.
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Select measurement units of the drawing, click “Apri File dxf” and select the file to
import.

Then you have to define and assign layer properties.

3.7 Defining boundary conditions

'Qﬂ'n‘%‘?
o
[ ] -
E?Mr & R/ /7B B abo @R OO &
Bal Acceleogramm d‘ e Punto (Segmento| Spezza Strato Colonna  Elimina ModH Importa  Mesh Cakolo Plot Punti Relazione Zoom Zoom Zoom Esporta
generai  decadiment in out tutto (l dxf
Dati Modello ULH Calcolo Output Zoom e viste

coisx colt cox [ Senerdle

i Neme profi Prafilo stratigrafico (1)
| Mesh
| Tipologia mesh Triangol
i Passo 200
I Modello
I Irdefinito Lingo X &
Carichi

Maltiglicatore Feso 2roprio 0.00

Generale
(No descrption)

Segmento (5]

4 Dati segmento
Nome segmento 56

Restrzons Vincolato Z =
L. 4 Carichisatci Libero
& vy = S
z i
1 in Rigid
X Badrock
Smorat
- 5 5 = Diresione Nessuno
punti grsfics 52 ns secuenza d punt gia estent per nsere U o i ssgmenti Selezonare uno o il segment istent per modifcrl
LED Restrizione:

| [Restizione segmento rofio.

DALSR 2 _Nuovo Manusle\Esempio2C_ 1 sett 2015 4 crealsr

Fig. 3.12 — Boundary conditions

Segmento 5 (5)

4 Dati segmento

Restrizione segmento profilo.

Mome segmento 505
Restrizione Vincolato Z
4 Carichi statici Libero
ain Vincolato X
g fin Rigido
Bedrock =T
4 Smorzaton
Direziche Messuno
Restrizione

Fig. 3.13 — Boundary conditions
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Definizione del BedRock

Select bottom boundaries, check “Bedrock” and customize parameters.

Segmento 5 (1)

4 Dati segmento

Mome segmento 5
Restrizione Vincolato 7 -

4  Carichi statici

g in 0.00 N/
g fin 0.00 N/
Bedrock
p 2200.00 Kg/m®
Vs 800.00 my{s
Vp 1500.00 m/s

p
Densita di massa del bedrock.

Fig. 3.14 —Bedrock data.

3.8 Defining check points

These points are the ones for which you have frequency domain results.

R

Selezione

Click and select the point. Check the “Punto di controllo” flag property

(Fig.3.15). I twill be marked as red ( ).

You can define a local mesh refinement by the local mesh size (“Passo”).
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Punte P (1)
4 Dati punto
Risultati
Mome punto P (1)
Punto di contrallo
4 Coordinate -0.50.0.0:0,0.00
X -0.30 m
Z 0.00 m
4 Modo target MNodo target
Target cinematismao X
4 Mesh
Passo 0.5 m
4 (arichi statici
Fx 0.00 kM
Fz 0.00 kM
Passo
Passao.

Fig. 3.15 — Check point properties.

3.9 Defining check columns

Displacements, velocities, accelerations, deformations and stresses results will be

available for check columns.

=

Colonna

Click

Clicking on a column you can edit its name and position.

Colonna di controlle (1)

, then click on an active point of the stratigraphy to add a new column.

4 Dati

Mame

Colonna di controllo (1)

-0.25 m

Fig. 3.16 — Check column data.
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\pio2D_1sett 2015, crea - Local Seismic Response 2D Vers, 310 =S

%3\5, x
B X KRk//BF xEshebi

QQQ Q e
Dati  Accelerogrammi  Curvedi | Selezione Purto Segmento Spezza Strato Colonna | Elimina | Modello Importa | Mesh Cakcolo | Flot  Punii Reiazens | Zoom Zoom Zoom Zoom Esporta
generali decadimento D inout tutty finestra axf
Dati Modello Utita Caicolo. Output Zoome viste:
coisx Colt Colbx

Indefinito lungo X (&

4 Carichi statici
Maltipicatore Peso Propria 0.0

4 1
4 i &
3 S oY @ & -
: ; S —

-

DALSR 2 _ Nuovo Manuale\Esempio2D._ 1 sett 2015_u_crealsr
Fig. 3.17 — Check column definition.

3.10 Defining load cases

You can define one or more analyses (“Analisi”) and for each of these analyses you
can define one or more load cases (“Condizioni di carico”). A load case is
characterized by an X (horizontal) and a Z (vertical) acceleration-time curve.
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| Profile 5tratigraﬁc::-| Analisi |

Analisi

*BEE .

Mome

:
2 Analisi (2) 5LD
Condizioni di carico

==

Morme Accelercgramma X Accelercgramma Z

1
2 CDC (2) Acc (2) - 5LV Acc (2) - SLV
3 CDC (3) Acc (3) - 5LV Acc (1) - 5LV
4 CDC (4) Acc (4) - 5LV Acc (@) - 5LV
5 CDC (3) Acc (3) - 5LV Acc (3) - SLV
6 CDC (&) Acc (B) - 5LV Acc (1) - SLV
7 CDC {7 Acc (7) - 5LV Acc (7) - SLV

Fig. 3.18 - Analyses, load cases.

a
Click B respectively in the “Analisi” frame or in the “Condizioni di carico”
frame to add an analysis or a load case (remember that for each analysis you
should add 7 load cases as stated by Italian building code NTC 2008).
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4. Mesh and Calculation

4.1 Mesh generation

You can customize general mesh parameters (fig 4.1)
* Mesh type (quadrilateral/triangular)
e Mesh size (“passo”).

4 Generale
Mome profilo Profilo stratigrafico (1)
4 Varie
InGruppoCperazioni [l
4 Mesh
Tipclegia mesh Quadrilateri b
Passo 2.00 m
4 Modello
Indefinito lungo X [l
4 Carichi statici
Moltiplicatore Peso Proprio  0.00

Fig. 4.1 — Mesh parameters.

And you can customize local check point mesh size to get a more accurate solution
in the neighbourhood of the point (see paragraph 3.8).

Click Mesh or |
To generate and view mesh (see fig. 4.2).

@ Aggiorna Mesh ‘
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%—vr\
B r K Né‘/

ZEEE] TR

A o«

m Acce \mgammr cm Selezione Punto |Segmento| Spezza Strato Colonna Elmina Mwu o Inporta | Mesh Calcolo ?lct Zoom Toom Esports
cadimento out t N finestra
Modelo Utiita Talcolo Output meviste
Profilo straigrafico -
Numero di nodi: 873
i e T o oot oo Reide
umero di element: i 1 1 Nome profila Profilo stratigrafico (1)
! ! ! 4 Mesh
| s) { Tipologia mech Triangoli
! { Passo 200 b
| | 4 Modello
| | 5 Indefinto lungo X @}
4 Garichistatii
Moltpicatore Peso Proprio 000
(10)
Moltiplicatore Peso Proprio
Specica un mltplizatore peril peso proprio del madelo.
Segmento 5 (2)
4 Dati segmento
Nome segmento 50
Restrizone Vincolato Z
4 Carichistaici
7 o w e
i) @
AN VAN qifin 000 Nm
[:-] [t
z ar Bedrock ]
{ 5 ! =
Direzone Nessuno
—————— v T = Y Direzione
Input Segmentos Cliccae un sequenza di puni el s una sequenza di puntiga esisentiper inserire uno o il segmenti Selzionare uno opil segmentiesistent per modfical | R
LEh,
Mesh g =
A l 5 Aggiorna Mesh

DALSR 2. Nuoo Mandale\Esempio2D_ L sett 2015 u crealst

Fig. 4.2 —Mesh generation.

4.2 Calculation

Once the input is defined you can run processing by clicking

showed in fig 4.3 open.

During processing you will see in the dialog window:

- Finite element model (top of the window);

o

Calcolo .

; dialog window

- Bedrock response spectrum for the load case being processed (curve —);
- Check point response spectrum for the load case being processed (curve —

visible at the end of each load case calculation);

- Elapsed times and informations on the status of the model at each step;

- Total and partial advancing stage by progress bar.
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s ———— % i

Modello FEM
v mm‘mvﬁ‘o'hm
N AR
e e
AR Ko ravan
WAV AN AATAYATAT ST
(YAVATAVANAVAVAVAY
AVAVAVAVAVAYS
Eventi Grafico
10:41:47 Nmero di gusci: 1529 R
ig:i:g ;”:amggr"t“i“ weshse Risposta spettrale in accelerazione
41148 Mesh completata
10:61:68 i
10:41:48
10:41:48 ANALIST AGLT ELEMENTI FINITI LINEARE EQUIVALENTE.
10:41:48 W ‘ h A
10:41:45 Allocazione menorda modello FEl 07
10:41:48 Pre-Process colome gi controllo
10:41:48 Risoluzione problena agli autovalord... A
10:41:48 Frequenza naturale del deposito - £1 = 3.79 [Hz] 1)
10:41:48 ‘
10:41:48 ] fl ‘ I
10:41:48 Analisi azione i carico: 1/16 (ANALISI STATICA) 2 05 \I
10:41:08 Salvatagg:o risultati elerenti Finiti S '
18:41:49 Calcolo azione di carico conpletato con suzcesso 4
10:41:49 2 04
10:41:49 s
10:41:49 Analisi azione i carico: 2/16 (ANALIST DIANICA) il
Numero di steps accelerogramma: 2091 7 0
Tterazione N L g ]
fistrice d snorzanento proporzionzle calcolata mediante le frequenze: <
- £1=4.53 W] //V\
- £2=1138 () 02
Stato convergenza Lineare equivalente:
- Errore su G/Gnay = 25.67 % \_\___
- Errore su D = 1553.63 % o1 —
e
Iterazione H:
Matrice d: smorzanento preporzionale calcolata mediante le frequenze: 0
1= 433 [H2] 05 15 25 35
- £2= 136 [H] Perodosec]
Stato convergenza lineare equivalente:
- Errore su G/Gnar = 2,33 %
- Errore su D = 10.27 % — Condizione: 2 Accelerzzicne arizzontale in Outcrop

0%
45%

= Stop

] e

Fig. 4.3 — Progress of the FEM processing.

5. OutPut

5.1 Viewing point results

Clicking F'°t opens window showed in fig. 5.1.
There you can view soil response in each mesh point in terms of displacement,
velocity, acceleration, deformation and stress.
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Elemeni finti | Calonne di controllo

aaaam, a4k
Al
781
197
22216
2478 i
2750 =
I (v) Spostamenti
29752 -
2205 ) Velocits
3478 : B ) Acreleazioni
L a7z . - - Acceleeraione X -
2973 ' e
¥ Defornazoni
42215
V) Shorzi
4ame s
4720 — J— ) Proprizts matertl

49693 [ Visuslizza numero noci

52185 ([ Visuslizza rumero elementi
54677 [ Visusliza rresh

Scala
7170

59662
42155
54847

Fig. 5.1 — Viewing results.
Clicking tab page “Colonne di controllo” you can view check column results; results
can be saved to .txt or .jpeg file (fig 5.2).

e ]

Elementifinti| Cclonnz d conirol

H )
cll Gl 5

s

Candizone 2- 3L z

Massim
/ ¥ Mesa

) Spastamerti

v Velocits
{(a) Accelracni ]
Accelelerazione X -

) Deformaioni

) Sforri

) Propries materal

[l Visuslzze numero nodi

[ Visuslzzs numero elermerti
[ visuslzzz mesh

z[m]

Saa

Ax[r/s2]

— hon cune

Fig. 5.2 — Check column results.
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5.2 Viewing time and frequency results

Check point results
To open check point results window (“Risultati punto di controllo ), from main

2

window click Punti - or select a point, right-click and select “Risultati”.

1) Risutat punto di e D

I
°6 - s - e - [Freauenza |~ Acceersioni |~ | Diresone
N {ibe i J di  Salva Salva

Fowner | T JPEG |

Spettro di risposta cinematismo di controllo P (6)

Accelerazione spetirale [m/s?]

{I;/

NV

V\%\\:’}{\};J&,

Spettrodirisposta SLV CDC (7)

Fig. 4.2 — Check point results window.

In the window you find:
(1) Combo box to select check point (if the point hasn’t been selected in the
main window)
(2)  Combo box to select analysis
(3) Combo box to select load case
(4)  Combo box to choose between time or frequency domain
(5) Combo box to choose between displacement, velocity or acceleration
(6) Combo box to choose between X or Z direction.

Salva  Salva
X IPEG

ouT ‘_-..\AM b Y
LR K fes
P5) b | XY > JCocy ¥ |[Tempa ¥ ||Accelerazioni | ¥ |[DirezioneX | 7] ) - . :
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st e —————————— . i

K e e
P s e = et K K K K8
: w5 |

Accelerogramma cinematismo di controllo P (5)

-

Temposec]

— Accelerogramma SLV COC (1)

Fig. 4.3 — Check point acceleration-time curve.
Once you defined these options (as in fig. 4.4):

(4) Click on the save icon (“Esporta ”) to get currently plot graph points to .txt or
Jpeg file

(5) In “Scelta unita di misura”  window confirm [sec.] and [m/s”2] clicking “ok” .

(6) Select type of spectrum.

(7) Name it and click “Salva” to save it

) Risultati punce dicomralic ™ 0 W S8 = T w =

Analisi (1) TR ~ R Frequenza 5 razioni ~ ) Direzione = S di 5 E L output Intensita Housner =]

o) [oluee | oo [ e | ] I i
(1) (2) (3} Spettro di risposta cinematismo di controllo P (3) (4)

fﬁ)%ua nita ci misura

W
E
®
: Sceglier le unith di misura con cui esportare i dati
-
g | Tempo
L 1 )’ \
]
g 4
2 SR A
' A = m
= ———
- —————— - -
R —?—— {F) Fvpurtee § puant’ =
; |
oE 15 2 25 [ e —— - @F 2
Periotia [sc] -
o Macsun elementa zermisponde ai criter i ricerca.
<%
o di isposta Analisi (1) COC (1) Risorse recent
i Anali
Deskton
Raccot
Ay
Cemputer
-
[T (7) |
Rete
toreie G e ]
Selgm 2 [Docurento citasco (od) v | Awida
2 spettro sz ato _‘

Fig. 4.4 — NTC2008 elastic response spectrum.
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5.3 Viewing column results

You can get results in terms of displacements, velocities, accelerations, deformations
and stresse for a check column.

For example to get X accelerations of check column in fig. 3.5 select “Accelerazione
X",

:] |
| Colonna (1) =
| Analisi (1) zl

| Condizione 1- RsL z)

Massimi z

() Accelerazioni

| Accelelerazione X -

Fig. 3.5 — Viewing check column results.

Select tab-page “Colonna di controllo”  of plot window to view the graph (fig.3.6).
Graphs can be saved.
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4‘» Plot - Risultati di calcolo — -~ -
Colonna (1)
] =
7
//
|
/
/
Fig. 3.6 — Check column X displacement plot.
5.4 Calculation report

Once you complete the processing you can generate calculation report by clicking
L
L/
Relazione . . .
in the main window.
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6 Example 1. Input a model for a 1D analysis

Step 1. Create new project
From menu file select “Nuovo progetto”

= S

& saiva progetto con nome.,

Ef Chiudi progetto
B3 Esci

Select “Salva progetto con nome” to save as.

. v Computer ¢ Discolocale (C) » Programmi (xB6) » Stacec » LSR.2D » Progetti yel |
Organiza Nuova cartella @
0 Prefenti = —
& Download B " B N B "
£l Risorse recenti “') ‘D “’)‘ “’) “’) “’)
] Desktop i
y 3 13 _Luglio_ Impart 13luglio_a 14 07 PP 15.07_ Analisi NuovoProgetto
i Raccolte aDxf Mano =
1M Computer - " }_ " v
ﬁ, Disco locale () *l) ‘@1 “’)‘ “’)‘ “’) “‘D}
—a Data (D) — — — —
e Disco rimovibile (F:)
NuovoProgetto_  MuovoProgetto_ P 070715 Profili Profilo Test_Leo =
= Bidimensionale Mono bidimensionale bidimensionale
€l Rete 2607
18 pC-BIAGIO
‘M PC-FRANCO ¥, =
Nome file:  Archivio Esempi01| o
Salva come: | Progetti Local Seismic Response 20 [lsr) v‘
# Nascondi cartelle [ Salva ] l Annulla ]

Fig. 6.1 — Saving project.

40
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Step 2. General data defining

e

Dati
Open general data by clicking aenerali |
Set values as showed in fig. 6.2 and fig. 6.3 and click “ok” to confirm.

{5} Dati generali

| Aol [ ok |
4 cagle - I Dati generali calcolo
Calcolo 4 Calcolo
Numera di threads 8
Azzera caratteristiche materiali i
Errore relativo decadimento G 1.00 %
Errore relativo decadimento D 100 %
Modello piano Deformazione o
Rapporto deformarzione effettiva 0.65
Numero massimo iterazioni 30
Visualizza Modello FEM ¥
Seleziona modi naturali L]
4 Qpzioni output
Periodo minimo spettro 0.00 sec
Periodo massimo spettro 2.00 sec
Periodo passo 0.01 sec
Smorzamento riferimento 5.00 %
4 QOpzioni QUAD4-M
Attiva QUADA-M [}
Vs bedrock 800.00 m/s
Wp bedrock 1500.00 mfs
Densit del bedrock 2200.00 Kg/m®
(Calcolo
(No description)
|
Fig. 6.2 — General data setting.
[ Dt general |
Annulla OK
4 Galeolo Calcolo
%ﬂéli\i cleolo 4 Calcolo
Tolleranza calcolo autovalori 1E-06
Numero massimo iterazioni autovalori 1000
Calcolo
(Ne description)
3]

Fig. 6.3 — General data setting.
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Number of threads should be set to the number of CPUs of your hardware.
Step 3. Design acceleration time curves.
Let's consider 2 analyses.

1. “SLV” (life safety limit state)

2. “SLD” (damage limit state)

Let Ag_SLV=10.264g e Ag_SLD=0.091g in accordance to Italian code NTC 2008.

=
Click ™= set PGA =2.59 m/s”2 for “SLV” analysis. Confirm by clicking “OK”.
i) Accelerogrammi O | B |
[ela=
Neme Fattore di scala
1) Parametri importazione i)
Scegliere i parametri da utilizzare per limportazione

Accelerazions /s’

Tempo sec

PGA 259 /5]

[ Freq Cut-0ff 2000 [Hal

Annula |[ 0K |
Annala [ oK |

Fig. 6.4 — Defining acceleration time curve.

Choose a compatible set of 7 acceleration-time curves for “SLV” analysis using
multiple selection and confirm by clicking “Apri” (fig. 5.5) .
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r ]
ﬂp} Importazione accelerogramma da REXEL M
@;\J" L v Computer » Data (D:) » Accelerogrammi_SLV - | 41 | | Cerca Accelerogramni SLV n |

Organizza Muowva cartella B= = [ @
“r Preferi': Mome Ultima modifica Tipo Dimensione
4 Dow || Gravita 05/06/2014 13:04 Documento di testo 1 KB
.:‘.'.'. Risaor | =1 H=1-f1) 10/81 /2014 16:23 Documento di testo 67 KE|
B Desk | =] H=1-(2) 10/01/2014 16:23 Documente di testo 67 KB |
= |EH-03) 10/01/2014 16:23 Dacumenta di testo 67 KB |
= Raccol | =l H=1:1) 10,041 /2014 16:23 Docurmento di testo 67 KE|
| | H=1-(5) 10/01/2014 16:23 Documento di testo 67 KB |
1M Comp | |_| H=1-{5) 10/01/2014 16:23 Documento di testo 67 I(El
& Discd | | _|H=1-) 10/01/201416:23  Documento di testo 67 KB|
caData || Zero 23/05/2014 12:28 Documento di testo 1 KB
an Disc
ﬁ Rete
1B pPC-E
18 pC-F
18 pC-F
M pCc T
Momefile "H=1-(7)" "H=1-(1)" "H=1-{2)" "H=1-(3)" "H=1-(4) ~ [_Acceiemgramm v]
| fpi || Aeodla |

Fig. 6.5 — Defining acceleration time curve.

Rename curves as in fig 5.6

b Accecrograri T

*BEWE,
Nome Fattore di scala
2 Acc [2) 5LV 1.02
3 Acc [3)_5LV 1.07
4 Acc (4) 5LV 1.08
5 Ace (3)_5LV 1.06
B Acc (8)_SLV 1.03
7 Acc [(7)_5LV 1.07

Fig. 6.6 — Defining acceleration time curve
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B Accaerogranm =R
g
e Acc (1) SLV
Nome Fattore discala
[l Acoswy
2 Acc () SWV 102 Accelerogramma Input
3 Al 10
25
4 Acc () 5LV 108
5 Acc )5V 106
6 Acc (6)5LV 103
7

Ace N5V 107 |

lerazione [m/s?]

Tampolszc]

paguie | | Late L0k

Fig. 6.7 — Defining acceleration time curve

Repeat the previous operations for “SLD” analysis with PGA = 0.256 m/s"2.

)

Scegliere | parametri da utilizzare per l'importazicns

r =
f@l Parametn importazione

= —

Accelerazione  |m/s’ =
Tempo sec | ¥
PGA 0.256 [m/s%]
[¥] Freq Cut-Off  20.00 [Hz]
| Annula || OK |

Fig. 6.8 — acceleration time curve parameters
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Acc ()

1 Acc(t) SV 10
2 Acc () SLV 102 Accelerogramma Input
H Acc()SWV 107

4 Acc@) 5LV 108 o

5 Acc(5)SLY 105

6 Acc(6LSWV 03

7 Ace(7)SLV 107 o

8 Acc(1)SLD o

s Acc2)SLD [35)

10 Acc3) SLD o1t A

u Ace(4) LD 011
12 Ace(5).5LD. 01t

13 Acc (6) SLD 012
s e |

&%_

o | T T 1 1
o
02
il 12 4 il 1 2
Tempo fsec]

R [N

o | i |_or ]

Fig. 6.9 — Defining acceleration time curve

Confirm by clicking “OK”.
Step 4. Stratigraphy definition

=

Modello
Click 1D . Setvalues as showed in fig. 5.10 and click “ok” to confirm.
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rﬂ@l Creazione guidata modello 1D } - ﬂw
Generale
4 Varie
Larghezza base 1.00 it}
4 Caratteristiche bedrock
p 2200.00 Kg/m®
Vs 800.00 my's
Vp 1500.00 /s
Strati
*H*EEE,
Strato Spessore [m]  p [Ka/m7] Vs [mis] i Madello geotecnico Colore
1 Strato (1) 3.00 1800.00 300.00 035 Sand Seed & Idriss (1970) | =
Strato (2) 6.00 1950.00 380.00 D35 Sand Seed & Idriss (1970)

T - K —-

[ ok || Annuia |

Fig. 6.10 —1D Modeling.
Step 5. Analyses defining

Add 2 analyses.
1. “Analisi (1)_SLV” (life safety limit state)
2. “Analisi (1)_SLD” (damage limit state)
For each analysis define 7 load cases.
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| Prafilo 5tratigmﬁcn| Analisi |

Analisi
o -
‘BIE;E
MNome

1 Analisi (1)_SLV

Condizioni di carico

‘HEE,.
MNome Accelerogramma ¥
il CDC(1)_5Lv Acc (1)_5LY
2 CDC (2)_5Lv Acc (2)_SLY
3 CDC (3)_5Lv Acc (3)_SLY
4 CDC (4)_5Lv Acc (4)_SLY
5 CDC (5)_5LV Acc (3)_5LY
6 CDC (@)_5LV Acc (8)_SLY

Fig. 6.11 — Load case definition.

5 STACEC s.r.l. — Software & Services for Engineering — S.S. 106 — Km 87 — 89034 Bovalino (RC)

47



LSR2D - Local Seismic Response

"Analisi mono - Local seismic Response 20 Vers. 3.0 F=En =5 |
i
- P ®
Y, . 2%
- InkS- N LNy
ezza Strato Coloa | Eimina | Modello Imparta | Mesh Cakcolo
(2 [ | ™ | (il b
Profilo stratigrafico | Anaisi |
‘Colonna di controll (1) e
| ‘BlEE
i
| Nome
@ 1 Analisi (1) SLV
2 Analisi 2) SLD
“
©
Condizioni di carco
‘BB
Nome Acceleragramma X
1 <oC st Acc D)W
2 <o @) sio Acc2)510
3 e @) S Acc3)510
4 CDC @S0 Acc 451D
5 CDC 51D Acc5)SLD
@ 6 CDC 651D Acc[6)SLD
) 7 [ Ac@sd__ -]
z
i
L ‘
x
Selezione: Seiezionarz gi elementi dell stratigrafa per modificare e caratieristiche.
HED

| PALSR 2 _Nuovo Manuale\Analisi mono.sr
Fig. 6.12 — Input analisi.

Step 6. Check column and check point
In 1D modeling the software define automatically them.
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7. Example 2. Input a model for a 2D analysis

Step 1 and 2 as in the previous example.

Step 3. Design acceleration time curves.
Let's consider 2 analyses.

1. “SLV” (life safety limit state)

2. “SLD” (damage limit state)

Let Ag_SLV=10.264g e Ag_SLD=0.091g in accordance to Italian code NTC 2008.

=
Click ™= , set PGA = 2.59 m/s”2 for “SLV” analysis. Confirm by clicking “OK”.
i) Accelerogrammi O | B |
[el==
Neme Fattore di scala
s} Parametri importazione —x
Scegliere i parametri da utilizzare per limportazione

Accelerazions /s’

Tempo sec

PGA s

[ Freq Cut-0ff 2000 [Hal

Annula |[ 0K |
Annala [ oK |

Fig. 7.1 — Defining acceleration time curve

Choose a compatible set of 7 acceleration-time curves for “SLV” analysis using
multiple selection and confirm by clicking “Apri” (fig. 7.2) .
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-
ﬂp} Importazione accelerogramma da REXEL

@O'| R Ccr_mpu‘ter v Data (%) » Accelerogrammi_SLV - | 3 | | Cerca Accelerogramni SLV 0 |
Organizza Muowva cartella B= = [ @
“r Prefer'r: MNome . Ultima modifica Tipo Dimensione

4 Dow || Gravita 05/06/2014 13:04 Documento di testo 1 KB
| Risor || H=1-(1) 10/01/2014 16:23 Documente ditesto 67 KB |
B Desk | =] H=1-(2) 10/01/2014 16:23 Documente di testo 67 KB |

= |EH-03) 10/01/2014 16:23 Dacurnenta di testo 67 KB |
&l Raccol | =l H=1:1) 10/01/2014 16:23 Documento di testo 67 KE|
| =1 H=1-(5) 10/01/2014 16:23 Documento di testo 67 KB |
L Compi | =1 H=1-16) 10/01/2014 16:23 Documento di testo &7 I(El
& Discd | | _|H=1-) 10/01/201416:23  Documento di testo 67 KB|
caData || Zero 23/05/2014 12:28 Documenta di testo 1 KB
an Disc
ﬁ Rete
1 pr-E
M pC-F
™ pCoF
M pCc T
Nomefile "H=1-(7)" "H=1-(1)" "H=1-2)" "H=1-3)" "H=1-() ~ | Accelerogramma v
| i | [ Annulia ]

Fig. 7.2 - Defining acceleration time curve

DL

‘BEBE.
Mome Fattore di scala
1 Accxl SLV 1.03
2 AccX2 5LV 1.02
3 Accx3 SLV 1.07
4 AccX4 SLV 1.08
5 Accx5 5LV 1.07
B AccXB SLV 1.03
7 AccXT SLY 1.07

Fig. 7.3 - Defining acceleration time curve.
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B tcaterogrm W S T R T |
BEE
& AccX7 SLV

Elimina tutt gli accelerogrammi fala

1 AccX1SLV 103
2 AcX2 SLV 102
3 AccX3 SLV 107
4 Acx4 8LV 108
5 AccX5 SLV 107
3 AccX6_SLV 103

Accelerogramma Input

=

_—

Tempolsec]

gt ]| Lo |06

Fig. 7.4 - Defining acceleration time curve

Repeat the previous operations for “SLD” analysis with PGA = 0.256 m/s"2.

i Paiametn impurtazioneﬁ

Scegliere | parametri da utilizzare per l'importazione

Accelerazione  |m/fs =
Tempo sec Sl
PGA 0.256 [/
[ Freq Cut-Off | 25.00 [Hz]
| Aonua || ok | |

Fig. 7.5 — Defining acceleration time curve
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4 A8 AccX7 SLD
Nome Fattore di scala
£ Acck1 SLY 103
2 Acc2SLV 102 Accelerogramme Input
3 A3 SLY L7
4 Accka SLY 108 i
5 A5 5LV L7
6 A5 SLY 103
7 AcckT SLY L7
8 Acck1 SLD 056
9 AccX2SLD 055 1
10 A3 SLD 058
1 AecXd SLD 058
12 AccX5 SLD 057
13 AcckSLD 056 . | " I ) Al :
1 roaso  [EEIE 2
15 Acc TERO 000
7w
il I ] i
] |
N
42 ’ i‘ T “ | T 1 ‘ l

4 1 12 " 1 1 2

Tempa sec]

— Aocelerazionesl bedrock

] ——

Esportagaico | | dnnula

Fig. 7.6 - Defining acceleration time curve
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ll_E' Accelerog rarnmi T —
SBIBE
Nome Fattore di scala
Y roasy | s
2 Acc¥2 SLV 1.02
3 Acc¥3_SLV 1.07
4 Acc¥d SLV 1.08
] Acc¥5_SLV 1.07
] AccXb SLV 1.03
7 Acc¥T_SLV 1.07
8 AccX1 SLD 0.56
a Acc¥2_SLD 0.55
10 AccX3_5LD 0.58
11 Acc¥d SLD 0.58
12 AccX5_5LD 0.57
13 AccXB_SLD 0.56
14 AccX7_SLD 0.58
15 Accd_TERO 0.00

Fig. 7.7 - Defining acceleration time curve
Add a curve “AccZ_ZEROQO” with a zero scale factor.

Confirm by clicking “OK”.

Step 4. Analyses defining
Add 2 analyses.
1. “SLV” (life safety limit state)
2. “SLD” (damage limit state)
For each analysis define 7 load cases and assign acceleration-time curves previously
defined.

Set Z acceleration time curve to “ AccZ_ZERO” so you can consider only horizontal
seismic motion.
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Profilo stratigrafico |-5=naltst|

Analisi
‘BB 3
-8 -B =8
Mome
1 5LV
2 SLD
Condizioni di carico
G e -
B HEL
Mome Accelercgramma X Accelerogramma £
™ oca | housy | o
2 COC (2) Aok SV AccZ FERO
|3 COC (3) Acckd 5LV oo FZEROD
|4 COC (4) Acckd 5LV Acc? ZERD
5 COC (3) Accks 5LV dccZ FERD
& COC (&) Acckh SLV AccZ FERD
[ COC ([7) Aok T SLY dccZ FERD

Fig. 7.8 - Defining analyses
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Step 5. Stratigraphy definition

¥

Punto

Click and add the points:
1. 1(-10,0);
2. 2(50,0);
3. 3(50,30);
4. 4 (30,30);
5. 5(25,35);
6. 6 (15,30);
7. 7(10,30);
8. 8(-10,30);
9. 9(-10,15);
10.10 (50,18);
11.11 (24,28);
12.12 (20,35).

/

Segmento
and add the segments:

1-2,
2-10,
10-9,
9-1,
9-8,
8-7,
7-6,
6-12,
9. 12-5,
10.5-4,
11.4-3,
12.3-10,
13.4-11,
14.11-7.

o=

Strato
Click , click in the inside of the polygon 7-6-12-5-4-11-7. First layer will be
added. Assign to it parameters as showed in fig. 7.10

0
ONOURWNRER
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- b Rk//BEF xE = Reki A8 &

Dati | Modello | ueia Calcolo Output | Zoom e viste

Profilo stratigrafico. | Analisi

coisx colt colx 2 Sencrife
i i Nome profilo Profilo stratigrafico (1)
! 4 Mesh
| Tipologia mesh Triangoli -
i Paso 200 n
! 4 Modello
1
I Indefinito lungo X (]
4 Carichi statici

Moltiplicatore Peso Proprio  0.00

I
1
1
1
1
i
i Rilevato
| 4 Varie
| 4 Dati
1 Nome strato Rilevato
| Descriione sirsto
I Colore #regazer | -
- ! @ Modell i 970 ..
z i 3 1800.00 Kg/m*
1 s 35000 s
b ' M -
Giniz 15035 Niman
. inserire uno o pid stat Diniz 100 %
L@y

DALSR 2 _ Nuovo Manuale\Esempio2Dist

Fig. 7.9 Defining layers
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Click in the inside of the polygon 8-7-11-4-3-10-9-8. Assign to it parameters as

showed in 7.11.

Profilo stratigrafico | Analisi

4 Generale

Mame prefilo

Profilo stratigrafico (1)

4 Mesh
Tipclogia mesh Triangoli -
Paszo 2.00 m
4 Medello
Indefinito lungo X ]
4 Carichi statici
Moaltiplicatore Peso Propric  0.00
Rilevato
4 Varie
4 Dati
Mome strato Rilevato

Descrizione strato
Colore

Maodello geotecnico
p

Vs

i

Giniz

Diniz

#rrsazeez | ~

Sand Seed & Idriss (1970)

1800.00 Kg/m®
350.00 mys
0.28

154.35 M/mm*
1.00 %o

Fig. 7.10 — Defining layer properties
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Profila stratigrafico | Analisi |

4 Generale
Nome profila Profilo stratigrafico (1)
4 Mesh
Tipolegia mesh Triangoli hd
Passo 2.00 m
4 Modello
Indefinita lunga X (]
4 Carichi statici

Maoltiplicatore Peso Propric 0,00

Sotto rilevato

4 Varie
4 Dati
MNome strato Sotto rilevato

Descrizione strato

Colore #FFDA7ODE | v
Maodelle geatecnico Clay Seed & Sun (1989)

p 1850.00 Kg/m?

Vs 400.00 m/s

Mi 0.30

Giniz 207.20 N/mm®

Diniz 1.00 %

Fig. 7.11 - Defining layer properties

Click in the inside of the polygon 10-2-1-9. Assign to it parameters as showed in fig.
7.12
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Profilo stratigrafico | Analisi |

4 Generale

Maome profilo

Profilo stratigrafico (1)

4 Mesh
Tipologia mesh Triangoli -
Passo 2.00 m
4 Modello
Indefinito lungo X [
4 Carichi statici
Maltiplicatore Peso Proprio 0.00
Base
4 Varie
4 Dati
Mome strato Base
Drescrizione strato
Colore #FFF5DEB3 7
Modello geotecnico Average Rock
p 2200.00 Kg/m?
Vs 600.00 mis
Mi 0.20
Giniz 554.40 M/mm*
Diniz 1.00 %

Fig. 7.12 — Defining layer properties

Line segment 1-2 is the bedrock boundary. Select it,
check “bedrock” and assign properties as in fig. 7.13.

59
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smic Response 20 Vers

KX kk@y%ﬁ%x.-m%%; Q%4 &

Eﬂ

Dati  Accelerogrammi  Cumedi | Selezione Purto |Segmento| Spezza Strato Colonna | Elimina  Modello Importa | Viesh Calcolo | #lo elazione | Zoom Zoom Zoom Zoom Esporta
generali decadimento i out tutto finestm o
Da

i | Modello | uws | cakolo | Output | Zoom e viste |

Profilo stratigrafico | Anslisi

Coisx Colt Celdx [ Seersic,
i i i Nome profilo Profilo stratigrafico (1)
I | 1
I I I [hiMesh
! ! Teckgeme) Trangol -
i ! asso 20 =
] 1 4 Modello
I 1
I I Indefinito lungo X a
4 Carichi statici

Moltiplicztore Peso Proprio. 0.0

Segmento § (1)
4 Dati segmento
Nome segmento sw
Restriziore Libero -
4 Carichisuaic
gxin 0.00 N/m.
gxfin. 0.00 N/m.
R @ i ) Nim
fn I Nim
3 Bedrock
LX I3 2200.00 Kg/m?
Vs 800.00 m/s
[ liccare di punti el suuns : pil segmenti. i segment esistenti per modificarl. ) 1500.00 mfs
nang sedrock
|| sesrock.

DALSR 2 _ Nuavo Manuale\Esempio2Diisc

Fig. 7.13 - Restraints

Select line segments 1-2, 1-9, 9-8, 2-10 and 10-3 (fig. 7.14) and apply Z restraint
(“Vincolato Z7).

b B "8
B W X (R / /BF x B oRho@ie ) A &
Do st G| [ P Sty S koo | Ei ol por| s Gl | Pkl Rcione| o B T Joom, e
Dati —

n out futto finesta dif

| Modelo | vae | cakoo | Cutput | Zoom eviste |
Profi strstigrafico | Aralis
coisx oot conx s Gemersie
i i i Nome srofio Prafilo stratigrafico (1
1 1 1
I I 1 4oty
| | Tipologia mesh Triangoli -
! ! asso 200 n
| | *
1 1 4 Modello
1 1
I 1 Indefinito lungo X ]
4 Carichistatici
Moltipicatore Peso Propria  0.00
@ & Selezione multipla (5 element))
4 Dati segmento
o i @ Nome segmento
5 & Restrizione. [VincolatoZ |5
4 Carichistatic
* quin 000 Nim
qufin 000 Nim
- el i i Ie Garater i Bedrodk =
(51~ B Restrizione:
|| Restizions segmento profio.

DALSR_2_ Nuovo Manuale\EsempiodDisr

Fig. 7.14 - Restraints
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Step 6. Check column

S<

Click Celonna and add 3 check columns, one on the left of the embankement, one in

the middle, and one on the right (see fig. 7.15).

Curve di Modello Importa | Mesh Calcolo | 2! azione | Zoom Zoom Zoom Zoom Esporta
iecadimento 1 in out tutto

Dat Modello Utiita Calcolo Output Zoom e viste

B b L RE//BF xE=ReBR ) A28

Profilo stratigrafico | Analisi

4 Generale

Coisx Colt ColDx

Nome prafila Profilo stratigrafico (1)
4 Mesh

Tipologia mesh Triangoli -
Passo 200 m

4 Modello

Indefinito lungo X a

4 Carichi statici

Moltiplicatore Peso Proprio 0.0

Selezione multipla (3 elementi)
Datip
& Risultati
& Nome purta
Punto di controllo
A 2 Coordinate
x m
z m
@
4 I @ B
2 B =3 B
|2 ! —
% !
Fx 000 PN
P piu per Fz 0.00 N
LED Punto di controll

DALSR2_ Nuouo Manusle\Esempio2Disr

Fig. 7.15 — Check column

Step 7. Check point

4

P
Click une , select points 6, 7 and 12 and check “Punto di controllo”.
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8. Exporting of output

8.1 Exporting the plot of variation of horizontal acceleration
with depth along check column

ke

Click Pt to open plot window.

Click tab-page “Colonna di controllo”.  Select column (“Col 1”) ,analysis (“SLV"),

load case (“Condizione 6 — RSL"), horizontal acceleration (“Accelerazione X”) and
[}

click (fig. 8.1). Showed plot will be saved to a .txt file.

e e — — —— A —— i oo
Hement ] Colonne di contolo

Coll | con
|

| =71

——y

Fig. 8.1 — Saving check column result plot

8.2 Exporting smoothed horizontal acceleration spectrum

N
Click Punti to open check point results window Select check point (“P6”), analysis
(“SLV”"), all load cases (“Tutte”), domain (“frequenze”), spectrum type
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(“accelerazione”), direction (“*X”), smoothed output spectrum (“Spettro output lisciato”)

I 1.-'.

Salva

and smoothing number (10), then click L3 (Figg. 8.2 e 8.3).

T oo

Spettro di risposta cinematismo di controllo P (6)

e spettrale [m/s?]

elerazi

sweoc (1)
SLVCDC @)

[111

bt s e

|

Fig. 8.2 — Check point output
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T =k
fﬁ!} Esportare | punti? ﬂ

Salvain: W Desktop - @ 5 B g

I A =
= | Raccolte i
P
) } . el Cartella di sisterna
Risorse recenti —13
- | leonarde E
: - & Cartella di sisterna
Decktop
. « B | Computer
? LS| artella di sisterna
B | g
Raccolte .
% ] Rete
M. | Cartella di sistemna
-
Computer 05450464554
@ . Cartella di file
Ret-e ¥ I mmm m mrm Clalmraki -
Mome file: SpettroMedio - [_.EE“.E‘.j
Salva come: IDoc:..Lm&ﬂtu ditesto (bd) "l I Annulla |

Selezionare il tipo di spettro da esportare

) Spettro di risposta SLV CDC [2) -
) Spettro di risposta SLY CDC (3)
| ) Spettro di risposta SLV CDC (4)
| |2 Spettro di risposta SLV CDC (3)
) Spettro di risposta SLV CDC (6)
) Spettro di risposta SLV CDC (7)

Fig. 8.3 — Saving spectrum points
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