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wome, CNAP. 4 ¢ Réponse sismique d’un profil de sol

O Rappels d’élasto-dynamique

Equation de propagation

Elle est donnée par I'’expression de I’équation d’équilibre dynamique suivante :

_ °u .. §
div(o) = P oz = PU e o0 =piy

ou p désigne la densité du sol.

Loi de comportement élastique linéaire isotrope
Elle est donnée par I’expression suivante :

o= ATT(§)§ + Zﬂz' = O'ij = Askké',-j + 2[181']'
ou A et u désignent les coefficients de Lamé,

et inversement :

+v_ v 1+v
o = Eij = _Eo-kk‘si]' +T

_ v _= 1
& = —ETT'(O')(S + O'ij

ou E désigne le module de Young et v le coefficient de Poisson.
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O Rappels d’élasto-dynamique

* Relations entre les parameétres d’élasticité
Ces relations sont:

- Ev - _E _ u(34+2p) - A
T (1+v)(1-2v) et p=6= 2(1+v) ou E= A+ gU= 2(A+p)

telsque: E>0 et —1<v<+% (Enpratique:0<v<+%)

* Tenseur de déformation
Il est défini par I'’expression suivante :

€= %(grad(ﬁ) + tgrad(ﬁ)) e g (u” + u; )

* Equation de Navier
Elle est donnée par I'expression suivante :

A+ ngrad (div(ﬁ)) +uAi=pu & A+ pu; i+ u; i = piy;

M. Khemissa — Département de Génie Civil, Faculté de Technologie, Université Mohamed Boudiaf - M’Sila

7



PROPAGATION D’'ONDES
DANS LES SOLS




8
-
a

éluunll - walings 1000 dooly
Université Mohamed Boudiaf - Msila

Mohames udiaf

Dynamique des sols
Chap. 4 : Réponse sismique d'un profil de sol

0 Propagation d’ondes dans les sols

Mouvement d’ondes

Le mouvement d’ondes dans les massifs de sols se décompose en deux mouvements

distincts :

- Un mouvement irrotationnel, noté %, accompagné d’'un changement de volume
sans changement de forme.

- Un mouvement rotationnel, noté u,, accompagné d’'un changement de forme

sans changement de volume. Uq
Soit donc:
u=u, +u,
tels que :

u, = grad(¢p) (Mouvement irrotationnel) ~  --------.

u, = rot(Q) (Mouvement rotationnel)

ou ¢ désigne un potentiel scalaire et © un potentiel vectoriel.
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0 Propagation d’ondes dans les sols

* Ondes primaires / Ondes secondaires
On peut démontrer que les potentiels ¢ et Q sont donnés par les deux équations aux
dérivées partielles suivantes (7héoreme de Poisson) :

1 9%¢
AP =12 52
p
et
Ag - L 0°Q
V2 at?

. ,A 2u . . . L 1
ouV, = % désigne la vitesse des ondes primaires (Ondes longitudinales ou

Ondes de compression, Ondes P) et Vi = \/% la vitesse des ondes secondaires

(Ondes transversales ou Ondes de cisaillement, Ondes 5).
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0 Propagation d’ondes dans les sols
* Ondes primaires / Ondes secondaires

Ondes primaires (Ondes P)

Elles prennent naissance dans le foyer et
se propagent a l'intérieur de la terre avec
une amplitude qui décroit en 1/d,oud
désigne la distance épicentrale.

Elles se propagent Ilongitudinalement
avec une vitesse de lI'ordre de 7 a 8 km/s
en provoquant des compressions et des
tractions alternées (changement de
volume).

WOLFRAM
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0 Propagation d’ondes dans les sols
* Ondes primaires / Ondes secondaires

Ondes secondaires (Ondes S)

Elles prennent naissance dans le foyer et
se propagent a l'intérieur de la terre avec
une amplitude qui décroit en 1/d,oud
désigne la distance épicentrale.

Elles se propagent transversalement
avec une vitesse de lI'ordre de 4 a 5 km/s
en provoquant une distorsion dans le
plan normal a la direction de
propagation de l'onde qui résulte d’'un
cisaillement sans changement de volume

(changement de forme).
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0 Propagation d’ondes dans les sols
* Ondes de Rayleigh

Ce sont des ondes planes qui se propagent parallelement a la surface libre d’'un demi-
espace (milieu semi-infini) élastique, homogene et isotrope.

Oxx =0 et a,, =0 en tout point du plan X

>

Z

v

Leur vitesse de propagation, appelée vitesse de Rayleigh I/, est reliée a la vitesse des
ondes secondaires V; par la relation suivante :

Vg =1V,
ou r est la racine réelle de I'’équation suivante :
r3—8r2+8(3-2s*)r—16(1—-s%)=0

1—2V \ . [ .
avecs = —— = /2(1—1;) ou v est le coefficient de Poisson du sol.

A+2u
1, (x,2,6) = f(2)eVrD
Le déplacement correspondant est donneé par @1 u,(x,z,t) = 0
u,(x,2,t) = g(z)e Ve
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0 Propagation d’ondes dans les sols
* Ondes de Rayleigh

Ondes de Rayleigh (Ondes R)

Elles sont produites par les ondes de
volume a leur arrivée en surface.

Elles décrivent des ellipses dans le plan
vertical de propagation (semblables au
mouvement de la houle) et provoquent
des compressions ou des tractions
associées au cisaillement du sol.

Elles se propagent autour de la terre
avec une vitesse de l'ordre de 1.5 a 5
km/s dans les terrains compacts et
rocheux et 0.5 a 1.5 km/s dans les
terrains meubles. [ wotrram
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0 Propagation d’ondes dans les sols

EDITOR

PLOTS PUBLISH

9 o — 7 /
o b H || Compare ¥ E")ﬂ « "-';{{J A’, & %I u.»_ Profiler lé, =] Section Break [) @:>
New Open Save ¢ print GoTo AFind ¥ Refactor (2] =8 [ [ Analyze  Run P4 Run and Advance -
- - A - u Bookmark ¥ - E‘ - Section E} Run to End -
FILE NAVIGATE CODE ANALYZE SECTION RUN
e A » D: ¥ Université » Moodle » 2 DDS » DDS_Chapitre 2 - Comportement des sols sous chargement cyclique »
(& Editor - D:A\Université\Moodle\2 DDS\DDS_Chapitre 2 - Comportement des sols sous chargement cyclique\OndeDeRayleigh.m

InlegraleDeDUhamEI,m TP2_DDS_Karbi_ M151_2024.m TP2_sinusoide.m FonctionsMaths. m

Current Folder 4

1 cle; clear; close all;

2 nu=e.35; % Coefficient de Poisson

3 % valeur de s a modifier selon ton besoin (ChatGPT, @8/e4/2025)
4 s = ((1-2*nu)/2/(1-nu))"@.5;

5

6 % Coefficients du polynéme f(r) = r~3 - 8r~2 + 8(3 - 2s5"2)r - 16(1 - s"2)
7 a=1;

8 b = -8;

9 c =8 % (3 - 2%s"2);

1e d=-16 * (1 - s"2);

11

12 % Création du vecteur des coefficients

13 coeffs = [a, b, c, d];

14

15 % Calcul des racines

16 racines = roots(coeffs);

17

18 % Affichage des racines dans la console

ale) disp('Les racines du polynome sont :');

20 disp(racines);

21

22 % Tracé du polynéme

23 r_vals = linspace(min(real(racines))-2, max(real(racines))+2, 400);
24 f_vals = polyval(coeffs, r_vals);

25

26 figure;

27 plot(r_vals, f_vals, 'LineWidth', 2);

28 hold on;

29 plot(racines, zeros(size(racines)), 'ro', 'MarkerSize', 8, 'Linewidth', 2);
30 yline(e, '--k');

31 grid on;

32 xlabel('r');

33 ylabel('f(r)");

34 title(['Polyndme pour s = ', num2str(s)]);

35 legend('f(r)"', 'racines');

Command Window
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AmortissementRayleigh.m

& Figure 1

File Edit View Insert Tools Desktop Window Help

Dade @ 08 kE

AmortissementRayleighGraphe.m
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Ondes de Rayleigh : Solution de I’équation a I'aide de ChatGPT

@ 0 ISearrh Documentation

H4 w@9e

p o) - Sign In

OndeDeRayleigh.m OndeDeRayleighAnime.m nr

* Commandl Window —m

20t Les racines du polynéme sont QO racines )
3.5629 + 1.17641
3.5629 - 1.17641

10 - .

0.8742 + 0.00001

Polynéme pour s = 0.48038
N T T

Zoom: 10...
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0 Propagation d’ondes dans les sols

* Ondes monochromatiques planes

» Définition
Ondes monochromatiques : se dit d'une radiation composée de vibrations d'une
méme fréquence (Ondes propagées a la méme fréquence).

» Solution générale
Pour une onde monochromatique stationnaire de pulsation w, une solution
générale des eéquations de Poisson est donnée par :

(I):A-exp{v—-(Vp-t—lx-x—ly-y—lz-z)}
p

_ iw
ﬂ=B-exp{—-(Vs-t—lx-x—ly-y—lz-z)}

avec: ||| =\/l,zc+l§,+l§ =1 , I-B=0 et i’?=-1
= Vecteur des cosinus directeurs de la direction de propagation des ondes
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... Chap. 4: Réponse sismique d’un profil de sol

0 Propagation d’ondes dans les sols

* Ondes monochromatiques planes
» Composantes du déplacement
Sil'on pose :

fp =exp{i—w-(Vp-t—lx-x—ly-y—lz-z)}

fs=exp{i—w-(Vs-t—lx-x—ly-y—lz-z)}

les composantes du déplacement peuvent s’écrire comme suit :

I YR

ﬁzz—i]—i'f_g'E/\i

Nota: Les mouvements engendrés par les ondes de cisaillement (Ondes S)

peuvent se décomposer en :
un mouvement dans le plan horizontal SH (Cisaillement horizontal),

un mouvement dans le plan vertical SV (Cisaillement vertical).
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0 Propagation d’ondes dans les sols

* Ondes monochromatiques planes

» Amplitudes du mouvement des ondes de cisaillement
Les composantes horizontale et verticale du mouvement engendré par les ondes
de cisaillement s’écrivent :

Usy = Asy - fs
usy = Agy - f's

tels que :
iw B,

Agy = V.
s /l§+1§

iw IxBy—lyBy

Agy = —
Vs 242

désignent les amplitudes du mouvement des ondes de cisaillement horizontal SH

et vertical SV.
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0 Propagation d’ondes dans les sols

* Reéflexion et réfraction des ondes planes a une interface
Lorsqu’une onde atteint I'interface séparant deux couches de sol de caractéristiques
mécaniques différentes (poids volumiques et constantes élastiques), il se produit
des phénomenes de réflexion et de réfraction semblables a ceux observés en optique
classique. La loi de diffraction (Loi de Snell) est donnée par la relation suivante :
Vpl . Vs . VpZ . Vs2
sin(a) sin(B) sin(a’) sin(f’)

ou c désigne la vitesse apparente de propagation de 'onde incidente.

Onde S réfractée

Onde P réfractée

Couche 2 (py, 15, U3)

Couche 1 (p1, A1, 11)

~~~
5.-~~

Onde incidente ‘A\ Onde P réfléchie

0 Onde S réfléchie
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ﬁ'ﬁ Dynamique des sols
wome, CNAP. 4 ¢ Réponse sismique d’un profil de sol
0 Procédure de résolution numérique

* Position du probleme
Le probleme consiste a résoudre 1'équation d’équilibre dynamique suivante :

M+ Cu + Ku = F(t)

ou M désigne la matrice des masses, C la matrice des amortissements, K la matrice
des raideurs et F(t) le vecteur des forces appliquées.

Pour ce faire, on utilisera 'une des méthodes de calcul suivantes :

- les méthodes analytiques applicables aux problemes de géométrie simple
d’élasticité ou de viscoélasticité (généralement unidimensionnels).

- les méthodes numériques (Méthode des différences finies, Méthode des éléments
finis, Méthode des équations intégrales, ...).

Nota: - Pour les problemes linéaires, les matrices K et C sont constantes.

- Pour les problemes non linéaires, K et C sont fonctions de 1 et ii.
- En Dynamique des sols, on n’utilise pas la méthode de superposition
modale comme en Dynamique des structures, mais on utilise les méthodes

d’intégration des domaines fréquentiels.
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wiaeme CHAP. 4 : REépoNse sismique d'un profil de sol

0 Procédure de résolution numérique

* Principe des calculs

Pour résoudre I’équation d’équilibre dynamique précédente, on utilisera la
transformée de Fourier définie par I’expression suivante :

+ 0o

1 | |
p(t):ﬁJ c(we“dw | clw)= f p(t)e 't dt

Tout ce qu’'on a a faire, c’est de trouver la solution pour les pulsations w.
La transformée de Fourier permet de mettre I’équation d’équilibre dynamique sous

la forme suivante :

mit + cit + ku = e'®?

=
A SR
i+ 2ou+ o°u=—e"*
m
N— k : ) . s
ou W = /E est la pulsation propre et f = ﬁ le taux d’amortissement critique.
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wiaeme CHAP. 4 : REépoNse sismique d'un profil de sol

0 Procédure de résolution numérique

* Principe des calculs
La solution générale de I'équation précédente est de la forme suivante :

u(t) = e Bt lAei(B\/l—ﬁZt + Be~i® 1—ﬁ’ztl + H(w)eiwt
(Solution transitoire) (Solution stationnaire)

ou H(w) désigne la fonction de transfert donnée par I'expression suivante :
1

(1+2ipu— p*)k
ou A et B sont des constantes (conditions aux limites) et 4 = w/w .

Hw) =

La solution transitoire tend généralement vers zéro (elle s'amortit tres vite), on ne
s'intéressera alors qu’a la solution stationnaire. Soit donc:

+ 00

u(t) = % J c(wH(w)e ' dw

On notera que cette équation est valable pour tous les problemes linéaires.
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O Procédure de résolution numeérique

* Principe des calculs
En général, 'accélérogramme n’est pas périodique. On le rend d’abord périodique.

A

p(t) ~20s 435s

.|
AYABUAYA BUAYA

T

Vv

p

Zone de blancs

D’un point de vue numeérique, on peut écrire :

Tp
. 1 .
PO = ) Ca®ert | () =5 [ pO e ntde
0 0

Nota: Il existe actuellement des algorithmes numériques appelés « Algorithmes de
transformée de Fourier» rapides : FFT.
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ﬁ Dynamique des sols
wome, CNAP. 4 ¢ Réponse sismique d’un profil de sol

O Procédure de résolution numeérique

* Principe des calculs
A condition que le nombre de termes soit de la forme N = 2™, on peut alors écrire :

N/2

u(®) = ) H(wy) C(wy)e™nt
0

( Transformée de Fourier inverse)

Remarque : Sachant que le sol est loin d’avoir un comportement élastique linéaire,
on adopte alors le modele viscoélastique linéaire équivalent caractérisé par un

A

module de cisaillement défini par la relation G
suivante (Lysmer, 1975) :

6" = G|1-2p2 +2ip/1- §2|

On définit un niveau de référence moyen :

Ye = A¥Vmax »
puis on calcule la valeur de G* correspondante.

v

Condition de validité: y, < 1073 Vo y:e y
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wome, CNAP. 4 ¢ Réponse sismique d’un profil de sol
O Procédure de résolution numeérique

* (Cas des problemes non linéaires
On procede par intégration pas a pas dans le temps en utilisant le plus souvent

I'algorithme de Newmark. 'équation d’équilibre dynamique prendra alors la forme

incrémentale suivante :
mAu + cAu + kAu = AF

On notera que I'accélération pendant I'intervalle de temps At Varle linéairement.

= i(r) =) +oAi@E) | t<T<t+A 70 T a0

v

) = ) 4 ) Zf—thu(t) : o

, , a® |
=  u(®) = ul®) + tu(t) + %il(t) + im’l(t) JTAu(t)

(. 6 6 . . K £ = 2
Au(t) = — Au(t) — —u(t) — 3u(t)

At At u(t)
= < \ Al J—[Au(t)
Au(t) = —Au(t) — 3u(t) — —u(t) R
L At 2

t t+ At
M. Khemissa — Département de Génie Civil, Faculté de Technologie, Université Mohamed Boudiaf - M’Sila 26
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ﬁ”ﬁ Dynamique des sols
wiaeme CHAP. 4 : REépoNse sismique d'un profil de sol

O Procédure de résolution numeérique

* (Cas des problemes non linéaires
Reportons Au(t) et Aii(t) dans I’équation de propagation, on déduira le systéme

linéaire suivant :

-
k = k+—m+—c
kAu=Ap | A

Ap = AF + |2 1(®) + 3it(t) | m + |30() + i) | ¢

Remarques :
- Le choix du pas de temps est déeterminé par la stabilité de I'algorithme utilisé et la
précision des calculs effectués.

- Lalgorithme de Newmark est stable si At < % ; T étant la période du systeme.

- L'expérience montre que la précision est satisfaite si At < 0

- Pour N-pas de temps, on a N-systemes linéaires a résoudre.
- Il existe d’autres algorithmes qui permettent de résoudre le probleme non
linéaire.
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ﬁ'ﬁ Dynamique des sols
wome, CNAP. 4 ¢ Réponse sismique d’un profil de sol
0 Procédure de résolution numérique

* Discrétisation des profils de sol

Pour modéliser un profil de sol, on doit distinguer entre :

- Le cas unidimensionnel (1D) pour lequel 'utilisation d’'un modele discret n’est
pas indispensable dans la mesure ou une solution continue peut étre obtenue.

- Les cas bidimensionnel (2D) et tridimensionnel (3D) pour lesquels un modele
discret s’avere nécessaire notamment lorsque la géométrie n’est pas réguliere.

Le modele a masses concentrées reliées par des ressorts qui a été proposé par Idriss

et Seed (1968) pour discrétiser un profil de sol multicouche en est le plus simple.

e
P1,G1,hy g ke
; 1
nan - m; = E (pih; + pis1hitq1)
p' ) G ) h i g ki
iUt : B Gi
| B B | , l F
my
Pn, Gn h E/ ken
] TR : Modele d’Idriss et Seed (1968)

, 2
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wome, CNAP. 4 ¢ Réponse sismique d’un profil de sol

0 Procédure de résolution numérique

* Discrétisation des profils de sol
L équation d’équilibre de la masse i s’écrit :
myil; + kg (u; —w;q) — kiU —w)) =0 | i=12,..,n
Soit pour '’ensemble des masses :
Miu + Ku = Jk,u,
ou u,, désigne le déplacement imposé a la base de la colonne de sol et J un vecteur
colonne dont tous les éléments sont nuls sauf le dernier égal a 1.

Nota: - Dans le modéle viscoélastique linéaire équivalent, la matrice K tient
compte de 'amortissement du sol si elle est formée avec les modules de
cisaillement complexes G*.

- Le vecteur u représente les déplacements absolus.

- Le mouvement de référence est décomposé en séries de Fourier tronquées
et I’équation est résolue pour chaque harmonique.

- D’autres discrétisations que celle par masses concentrées sont possibles.
La méthode des éléments finis en est I'exemple type.
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wiaeme CHAP. 4 : REépoNse sismique d'un profil de sol

Universi

0 Applications pratiques

Résolution par ordinateur a l'aide de logiciels spécialisés tels que :
- CYCLIC

+ DEERSOLL cyelicid DEEPSGIL v7o
- SHAKE Beta 2.1.9, September 12, 2019

- PLAXIS

- FLAC

ProShake 2.0

NN/
NS
— @M CONNECT Edition A
S R
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CycliciD

Beta 2.1.9, September 12, 2019

g

—Inclination angle

Water table Loose sand
AV
Medium clay
Dense sand

AN \Y/
Input motioW edrock

Exemple : Massif sableux moyennement dense de 10 m de profondeur reposant

sur un substratum rigide avec la présence d'une nappe située a 3 m sous le T.N.
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i=n. Chap. 4 : Réponse sismique d’un profil de sol

Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Help

Model Input

Analysiz Type Soil Properties

Hlastic Analysis Plastic Analysis ) ;
o b ® I Cohesionless Soils  Cohesive Soils  U-Clay/Rock U-Sand  U-LigSand

Model Profil 1. Loose, Sit Perneabilty [ ]

Sail Profile Height (5m-300m} Loose, Sand Pemmeability |:|
Mumber of Blements 10 ™

. Loose, Gravel Permeahility |:|
Water Table Depth fm) Medium, St Pemeabilty ]

Inclination Angle (0-10.0deg.) ICI 5. Medium, Sand Permeability 1-10

Bedrock Rigid - 6. Medium, Gravel Permeability |:|
Input Mation 7. Medium-Dense, Sit Permeability |:|
Mation 8. Medium-Dense, Sand Permeability |:|

B Centro SOOE (1940] R
( ) 9. Medium-Dense, Gravel Permeability I:l

-
£ ol UEL I 10. Dense. Sitt Permeabilty ]

Humber of Cycles 12. Dense, Gravel Pemeabilty ]

Rayleigh Damping

= P

I Change Damping Coefficients... |

Rayleigh Damping Coefficients: Analysis Parameters

Am= 715423 Ak = llustration of Model Parameters

Save Model & Bun Analysis ﬂ
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Université Mohamed Boudiaf - M'sila

Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Help

Model Input 1
For situations other than the rigid base, properties of bedrock are as follows:
Analysiz Type
() Hastic Analysiz (®) Plagtic Analysis ] ) N N
Bedrock type Shear wave velocity (m/s) |Mass density (kg/m”)
Mode! Profile Soft Rock 700 2500
Soil Profile Height (5m-300m) 10 Rock 1100 2500
Number of Blements 10 Hard Rock 1600 2500
Water Table Depth {m) ENE U-Rock (User-defined)” (User-defined)’ (User-defined) *
inati 0
Incination Angie (1-10.0deg) I: 1. Shear wave velocities for rocks are based on International Code Council (1998).
x Bedrock Rigid _ 2000 International Building Code (Final Drafi).
Input Mation 2. There are two options for a user to define own rock: one 1s to use the same
_ properties as the soil column at the bottom element; the other is that the properties
Motion
are defined by the user.
B Centro SO0E (1940)
Scale Factor (0.01-5.0) 1 3. User-defined shear wave velocity in m/s (suggested values between 100 and 6000).
-
S N 4. User-defined mass density in kg/m’ (suggested values between 1300 and 2500
Number of Cycles 10 kg-'mj}.
Rayleigh Damping
I Change Damping Coefficients... |
Rayleigh Damping Coefficients: Analysis Parameters

Am= 715423 Ak = (0.00909457 llustration of Model Parameters

Save Model & Bun Analysis ﬂ
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éluunll - walings 1000 dooly
Université Mohamed Boudiaf - Msila

Exemple : Massif sableux homogene en profondeur

1940 EI Centro earthquake

UGB Seism oSignal - ChUsers\Mohamed Khemissa\DocumentshSeismosoft\ElCentro.dat
File Edit View Tools Help ! }
O e hy Anl i .-%'\ r-"\. A | |
i . S gl “-ﬂt\\‘ ‘“—‘{\‘ & & ‘
W L 1 1 )
Sei Sm OSig n al Baseline Correction and Filtering  Time 5eries  Fourier and Power Spectra  Elastic/Inelastic Response Spectra Grou| * | * ] ‘ 28
Acceleration B ‘
= 0.2 A ‘\\ ~
{4}
E o N
= G A
§ =02 Los Angelesg
0 2 4 & g 10 12 14 16 18 20 22 24 26 28 30 El Qin
T UTC time 1940-05-19 04:36:47
Velocity ISC event 9013412
i USGS-ANSS ComCat?
3 €
input Mation o 20 Local date May 18, 1940
Mation - 0 Local time 21:35 PST
B Centro SWE(140)| 8 20 Magnitude 5.9, [
2 Depth 16 km (9.9 mi) ["]
0 2 4 & 8 10 12 14 16 18 20 22 24 26 28 30 Epicenter @ 32.733N 115.5°W 12
Time [sec] Type Strike-slip
) Areas affected United States, Mexico
Dls%acement Total damage  $6 million %!
S Max, intensity | EYTTa] "
E -5 Casualties 9 dead @
5 -10 20 injured &
I s
A 20
] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time [sec]
Acceleration: g Velocity: cm/sec Displacemnent: cm
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Chap. 4 : Réponse sismique d’un profil de sol

Exemple : Massif sableux homogene en profondeur

ProShake 2.0

Input Mation

Motion
B Centro SDOE (1940)

C:\Users\Mohamed Khemissa\Documents'\ProShake Data Folder\EQS\ELCENTRO.EQ

I Bureau A || Name Size |astMod Date Object Motion Parameters
gy Bibliothéques . -
« [ Ca PC | | DIAM.EGQ 30KB  02/03/2013 20:05:10 Number of Points 4187
w5y 05-55D(C) .
5] eSupport | PETROLIAcq 89KB  02/03/201319:04:42 | |TimeStep 0.020
lazarus || TAFT.EQ 64KB  02/03/2013 20:14:40 B .
ProgramDita || ToPANGA.eq KB 02032013 100516 | | oo fcedleraton (g) D3t
Programmes || TREASISLEG JDKB  02/03/2013 20:14:42 Peak Velocity (fisec) 1.149
Programmes {x86) || YERBAISLEG JDKB  02/03/2013 20:14:42
-« lemp Pezk Displacement (ft) 0.365
w - LUtilisateurs
Defautt RMS Accelerstion (g) 0.062
Defautt migrated
v Mohamed Khemissa Arias Intensity (ft'sec) 6.357
I aienv_fea2.015 . )
android Cumulative Absulute Velocity (g-sec) 338
assistant 2
bitrock Response Spectrum Intensity (g*2) 0.683
boﬁind Predominant Pericd (sec) 6.197
< > < b3 - s o
Acceleration Time History Response Spectra
04 1
03
— 02 B 0.8
5 508
50 5
g -01 g 04
=02
. 02
-03
-04 7 8
0 5 10 15 20 25 30 35 40 45 50 55 60 65 75 80 85 o1 01 1 10
Time (sec) Peried (sec)
[] Target Spectra
Description: | : LERLAE A . e <# Open T Open Folder x Cancel

1940 El Centro earthquake

-

Los Angeleso

UTC time
ISC event
USGS-ANSS
Local date
Local time
Magnitude
Depth
Epicenter
Type

Areas affected
Total damage

Max. intensity

Casualties
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El Cen

1940-05-19 04:36:47
9013412
ComCat

May 18, 1940

21:35 PST

6.9 M,

16 km (9.9 mi) [")

32.733°N 1155w [1]
(¢ 32.733°N 115.5%

United States, Mexico

$6 million (2!

X (Extreme)
9 dead @
20 injured &

36
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Exemple : Massif sableux homogene en profondeur

Université Mohamed Boudiaf - M'sila

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Help

Model Input
Analysiz Type Soil Properties
Elastic Analysiz Plastic Analysis ) ;
o b ® I Cohesionless Soils  Cohesive Soils  U-Clay/Rock U-Sand  U-LigSand

Model Profil 1. Loose, Sit Perneabilty [ ]
Soil Profile Height (5m-300m) 2. Loose, Sand Pemeability

Numbel Scale Factor The amplitude of the input motion 15 multiplied by the Scale Factor. The
water] Scale Factor may be positive or negative.

ncinet Frequency The Frequency (in Hz) has to be specified if harmonic “Sinusoidal Motion™ 15

Bedroo  chosen

Input Mot
wotion| Number of Cycles The Number of Cycles has to be specified if “Sinusoidal Motion™ is

a Ce‘_{ chosen.

|

u 1
X Scale Factor (0.01-5.0) b 10. Dense. Sit Pemeabiliy ]
I Frequency (0.552) 11. Dense, Sand Pemensiy ]

x Number of Cycles 12. Dense, Gravel Permeability I:l

Rayleigh Damping

I Change Damping Coefficients... |

Rayleigh Damping Coefficients: Analysis Parameters

215423 Ak = llustration of Model Parameters 7

Save Model & Bun Analysis
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Université Mohamed Boudiaf - M'sila

Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Help

Model Input
Analysiz Type x Soil Properties
() Hastic Analysiz <
Modele de Prevost (1985)
Madel Praofile S f \ .t\ |t I lJ: f_j']
R (Surfaces a criteres multiples) 2

Number of Elements
Water Table Depth (m)
Inclination Angle (0-10.0d

Bedrock

Input Mation

Motion
B Centro SDOE (1540)

Scale Factor (0.01-5.0)

L
r . ,
Frequency (0.5-5hz) g, Deviatoric plane
MNumber of Cycles '
Rayleigh Damping 2 Principal effective stress space

I Change Damping C

Figure 1: Multi-yield surfaces in principal stress space and deviatoric plane

Rayleigh Damping Coeffi (after Prevost 1985, Parra 1996, and Yang 2000).
Am= 715423 Ak = (0.00909457 llustration of Model Parameters

Save Model & Bun Analysis ﬂ

M. Khemissa — Département de Génie Civil, Faculté de Technologie, Université Mohamed Boudiaf - M’Sila 38



: Dynami I
e Chap. 4 : Réponse sismique d'un profil de sol
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Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Help
Model Input
Analysiz Type x Soil Properties
L Q=== = Cohesiorless Sails Cohesive Sois U-Clay/Rock U-Sand  U-ligSand
Model Profile Shear wave . .
o Friction . , Mas-i
Soil Profile . . velocity at 3 Poisson's Permeahllltv.
Cohesionless Soil 12 angle . d density®
Number of 10m depth ratio'  coeff.” (m/s)
(degrees) (kg/m
(m/s)
Water Tabl
et Loose, silt permeability 185 29 0.4 1.0E-07 1700
Bedocx | L00s€, sand permeability 185 29 0.4 6.6E-05 1700
o et Loose, gravel permeability 185 29 0.4 1.OE-02 1700
np ion
. Medium, silt permeability 205 315 04 1.OE-07 1900
B Cero ot 205 31.5 04 6.6E-05 1900
Scale Fact LA
Frecuency | Medium, gravel 205 315 04 LOE-02 1900
Nntor of permeability
Medium-dense, silt
2 bl -
Rayiich Dam| permeability 225 35 04 1.OE-07 2000
‘ Medium-dense, sand
‘ o 22 y
Rayiech O] permeability 225 35 04 6.6E-05 2000
AITI -
Medium-dense, gravel 225 35 04 10E02 2000 7
permeability
Dense, silt permeability 255 40 04 1.OE-07 2100
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Université Mohamed Boudiaf - M'sila

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Help

Model Input
Analysiz Type x Soil Properties
O Bastic Analysis @ Plastic Analysis Cohesionless Soils  Cohesive Soils  UClay/Rock U-Sand  U-LigSand
ol Frene Shear wave ”“;]h[:::ﬂl Poisson's Permeability Mass
s Cohesive Soil velocity b " i (m/s) densit ’
_— (m/s) strengt ratio  coeff.” (m/s) (kg/m
(kPa)
Water Tablf - o 100 18.0 04 1.0E-09 1300
Inclinati
" Medium 200 37.0 0.4 LOE-09 1500
Bedrock
sy 300 75.0 04 1.0E-09 1800
Input Mation
Mation
B Centro SO0E (1940) v

Scale Factor (0.01-5.0)
Frequency (0.5-5hz)
MNumber of Cycles

Rayleigh Damping
Change Damping Coefficients...
Rayleigh Damping Coefficients: Analysis Parameters

Am= 715423 Ak = llustration of Model Parameters

g

M. Khemissa — Département de Génie Civil, Faculté de Technologie, Université Mohamed Boudiaf - M’Sila 40

Save Model & Bun Analysis




er Dynamique des sols
oo Chap. 4 : Réponse sismique d’un profil de sol

Université Mohamed Boudiaf - M'sila

Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File Analyze Output Report Helg Add|hc}na| ViSCGUS Damp|ng

Model Input ) . : , . .
Seee In Cyelicl D, additional viscous Rayleigh-type damping is available of the form:
Analysiz Type

() Hastic Analysiz (® Plastic A = Am M+ :d'lk K
Mode! Profile where M is the mass matrix, C is the viscous damping matrix, K is the initial stiffness
Soil Profile Height (5m-300m) matrix. A, and Ay are two user-specified constants.

Number of Elements

Water Table Depth (m) The damping ratio curve £ ( f) 1s calculated based on the following equation:

Inclination Angle (0-10.0dea.) 4
Bedrock |“: =2 AT a
dr f = (a)
Input Mation
Motion . e
where f1s frequency.
Bl Centro SO0E (1340) 4 1 d
Scale Factor (0.01-5.0) (1) Specification of Ay, and Ay By Defining Damping Ratios
Frequency (0.5-5hz) . ; . e . .
The user can define damping coefficients by specifying two frequencies, f; and f; (must be
MNumber of Cycles

between 0.1 and 50 Hz), and two damping ratios, £ and £, (suggested values are between
9 Rayleigh Damping 0.2% and 20%).

I Change Damping Coefficients... |

Rayleigh Damping Coefficients: Analysis Parameters
Am= 215423 Ak = llustration of Model Parameters

Save Model & Bun Analysis ﬂ
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Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File Analyze Output Report Helg Add|hc}na| ViSCGUS Damp|ng

Model Input In CycliclD, additional viscous Rayleigh-type damping is available of the form:
Analysiz Type
() Elastic Analysis ® Plasicd C=A ., M+A K
Model Profie

where M 1s the mass matrix, C 1s the viscous damping matrix, K 1s the initial stiffness
Soil Profile Height (5m-300m) matrix. Ay and Ay are two user-specified constants.

Number of Elements

e The Rayleigh damping parameters A, and Ay are obtained by solving the follow equations

simultaneously:
Inclination Angle (0-10.0dea.)
Bedrock 3 Am :
& = * ‘4k’T fl (b)
Input Mation 4r f)
Mation
H Centro SO0E (1940) 2 A,
Ene + A f, (c)
Scale Factor (0.01-5.0) 4z f,
Frequency (0.5-5hz)
Number of Cycles s < <
(2) Direct Specification of A, and Ay:
X Rayleigh Damping
[ Change Damping Cosfiients.. || I he user can also directly define Rayleigh damping coefTicients A, and Ay
Rayleigh Damping Coefficients: Analysis Parameters
Am= 215423 Ak = llustration of Model Parameters

Save Model & Bun Analysis ﬂ
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Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Hel Damping Coefficients

Model Input
Analysis Type (®) By Defining Damping Ratios () By Defining Damping Coefficients OK
Damping Ratios
() Hastic Analysiz (®) Plastic A

Damping Ratio #1 (%) @ Frequency #1 (0.1-50Hz) iz
Made! Profile Damping Ratio #2 (%) @Frequency #2(0.150H2) [6 ]

Sail Profile Height (5m-300m)

Damping Coefficients
Mumber of Elements Mass Proportional Damping Coefficient Am
Water Table Depth {m) Stiffness Proportional Damping Coefficient Al
Recaculate
Inclination Angle (0-10.0dea.) Damping Curve
Bedrock e
Input Mation 150 ]
Mation . ]
B Centro SOOE (1940) A b
g 100
Scale Factor (0.07-5.0) %L ]
S i
Frequency (0.5-5hz) —
50 +
MNumber of Cycles b
x Ra’)“lelgh Damping T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20
I Change Damping Coefficients... |

Frequency (Hz)
Rayleigh Damping Coefficients:

Am= 715423 Ak = (0.00909457 llustration of Model Parameters

Save Model & Bun Analysis ﬂ
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Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report

Analysis Parameters

Model Input
Analysis Type Time Intergration Parameters
Elastic Analysi Pl
L @ Fla  Gamma [0.55 | k | UFSand | UHiqSand
Model Profile Beta |0.275625 | ]
Sail Profile Height (5m-300m)
MNumber of Element
HITREr e EEmerts Convergence Tolerance |'IE—|}5 |
Water Table Depth (m)
Inclination Angle (0-10.0deg.) Mass Matrix Type :l
Bedrock (@ Consistent Mass Matrix :I
Input Mation () Lumped Mass Matrix :I
Mation
Bl Centro SO0E (1340}
Free Vibration Duration 10 | [zeconds]
Scale Factor (0.01-5.0) :|
Frequency (0.5-5hz) :|
MNumber of Cycles :l
QK Cancel
Rayleigh Damping
I Change Damping Coefficients... ]
Rayleigh Damping Coefficients: X Analysis Parameters
Am= 215423 Ak = llustration of Model Parameters
Save Model & Bun Analysis ﬂ
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Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Help

Model Input
Analysiz Type Soil Properties
L Q=== = Cohesiorless Sails Cohesive Sois U-Clay/Rock U-Sand  U-ligSand
Model Profile

Soil Profile Height (]

MNumber of Element

Water Table DeptH Analysis in progress...

rcncten g ([ R 42

DL

Bedrock
Motion
B Centro SO0E (1940) w

9. Medium-Dense, Gravel Permeability

-

Scale Factor (0.07-5.0) _ 10. Dense, Sit Permeability
Frequency (0.55)
MNumber of Cycles

Rayleigh Damping

11. Dense, 5and Permeability

12. Dense, Gravel Permeability

11

I Change Damping Coefficients... |

Rayleigh Damping Coefficients: Analysis Parameters

Am= 715423 Ak = llustration of Model Parameters

x Save Model & Bun Analysis ﬂ
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Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Help

i Response Time Histories EI@

Response History Horizontal Acceleration Time History (Depth: 0 m)

(® Horizontal Acceleration Time History ]
(") Response Spectrum of Acceleration (vs. Period) 1
(") Response Spectrum of Acceleration (vs. Frequency) 2 ]
() Fourier Transform Amplitude of Acceleration 1
(") FFT Spectral Amplification of Acceleration
() Horizontal Displacement Time Histary 1

() Excess Pore Pressure Time History
() Shear Stress vs. Shear Strain 1
(") Shear Stress vs. Effective Confinement

Depth
Response History Output at 0Om w

Acc. (misfs)
I

(Initial Vertical Effective Stress: 0.0 kPa)

_‘| —
Show Data Values (This would slow down process) |
Data Values E
Time (sec) Rec. (mfs/s) A~ )
0.01 -0.000197 1
0.0z -0.002001 -2
0.0% -0.008515 :
0.04 -0.02341 :
0.05 -0.06054 -

D - DE _I:l - DSSSE W | T T T T | T T T T | T T T T | T T T T | T T

1] 10 20 a0 40
Time (sec
Add Figure to Report
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Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Help

i Response Time Histories EI@

Response History Horizantal Acceleration Time History (Depth: 5m)

(® Horizontal Acceleration Time History J
(") Response Spectrum of Acceleration (vs. Period)
(") Response Spectrum of Acceleration (vs. Frequency)
() Fourier Transform Amplitude of Acceleration E
(") FFT Spectral Amplification of Acceleration
() Horizontal Displacement Time Histary

() Excess Pore Pressure Time History 1
() Shear Stress vs. Shear Strain
(") Shear Stress vs. Effective Confinement

Depth
Response History Output at Bm w

Acc. (misfs)

(Initial Vertical Effective Stress: 73.6 kPa) 1

Show Data Values (This would slow down process) 1
Data Values

Time (sec) Zeo. (mfsss) L
0.01 —0.003353

-0z —0.018&5

.03 —0.04734 7

.04 —0_07E€%5 -2 -

-a5 —0.05%c43 4

.08 —-0.1082 v

1] 10 20 a0 40
Time (sec
Add Figure to Report
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Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Help

i Response Time Histories

Response History Horizantal Acceleration Time History (Depth: 10 m)

(® Horizontal Acceleration Time History ]
(") Response Spectrum of Acceleration (vs. Period)
(") Response Spectrum of Acceleration (vs. Frequency) 1
() Fourier Transform Amplitude of Acceleration d
(") FFT Spectral Amplification of Acceleration
() Horizontal Displacement Time Histary

() Excess Pore Pressure Time History
() Shear Stress vs. Shear Strain

(") Shear Stress vs. Effective Confinement %

E
Depth o
Response History Output at 10m w E

(Initial Vertical Effective Stress: 117.7 kPa)

Show Data Values (This would slow down process)

Data Values
Time (sec) Acc. (mfs/s)
0.01 —0.0c097
0.0z —0.107%
0.03 —0.1045
0.04 —0.1a1
0.a5 —i0.05452
D-DE _D-DSS I | T T T T | T T T T | T T
10 20 a0 40
Time (sec
Add Figure to Report
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i Response Time Histories EI@

Response History Response Spectrum of Acceleration (Depth: 0 m)

() Horizontal Acceleration Time History J
(®) Response Spectrum of Acceleration (vs. Period) 1
(") Response Spectrum of Acceleration (vs. Frequency)
() Fourier Transform Amplitude of Acceleration a -
(") FFT Spectral Amplification of Acceleration b
() Horizontal Displacement Time Histary
() Excess Pore Pressure Time History _
() Shear Stress vs. Shear Strain B

(") Shear Stress vs. Effective Confinement %
wo
E
Depth o
Response History Output st (Om w E y ]
(Initial Vertical Effective Stress: 0.0 kPa) |
Show Data Values (This would slow down process) |
Data Values E
Periocd (sec) Acc. (mfs/s) Y 2
0.01 2.732 7
0.01023 2.731 -
0.01047 2.731 ]
0._01a72 2_732
0.01097 2.731 ]
D'DllZS 2"?3 W D_l T T T IIIII| T T T IIIII| T T T IIIII| T T

0.0 01 1 10
Feriod (sec)
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Response History Response Spectrum of Acceleration (Depth: 5m)

() Horizontal Acceleration Time History

(®) Response Spectrum of Acceleration (vs. Period)

(") Response Spectrum of Acceleration (vs. Frequency)
() Fourier Transform Amplitude of Acceleration d
(") FFT Spectral Amplification of Acceleration b
() Horizontal Displacement Time Histary
() Excess Pore Pressure Time History
() Shear Stress vs. Shear Strain 4
(") Shear Stress vs. Effective Confinement

Depth
Response History Output at Bm w

(Initial Vertical Effective Stress: 73.6 kPa) 1

Acc. (misfs)

Show Data Values (This would slow down process) 1
Data Values

Periocd (sec) Acc. (mfs/s) Y
0.01 2.€0%9

0.01023 2.€0%5 .

0.01047 2.€0%5

0.01072 2_€07

0.01097 2.€07

D'DllZS g'EDS L D_l T T T IIIII| T T T IIIII| T T T IIIII| T T

0.0 01 1 10
Feriod (sec)
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Response History Response Spectrum of Acceleration (Depth: 10 m)

() Horizontal Acceleration Time History

(®) Response Spectrum of Acceleration (vs. Period)

(") Response Spectrum of Acceleration (vs. Frequency) g
() Fourier Transform Amplitude of Acceleration E
(") FFT Spectral Amplification of Acceleration 1
() Horizontal Displacement Time Histary

() Excess Pore Pressure Time History F
() Shear Stress vs. Shear Strain E
(") Shear Stress vs. Effective Confinement % 1
E .
Depth o E
Response History Output at 10m w E 4 -
(Initial Vertical Effective Stress: 117.7 kPa) ]
Show Data Values (This would slow down process) 1
Data Values ]
Periocd (sec) Acc. (mfs/s) Y 2 ]
0.01 3.424 ]
0.01023 3.4 7
0.01047 3.38¢ i
0._01a72 3.354
0.01097 3.429 )
D'DllZS 3'4?2' W D_l T T T IIIII| T T T IIIII| T T T IIIII| T T

0.0 01 1 10
Feriod (sec)
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Response History Horizontal Displacement Time History (Depth: 0m)

() Horizontal Acceleration Time History b
(") Response Spectrum of Acceleration (vs. Period) 0
(") Response Spectrum of Acceleration (vs. Frequency)

() Fourier Transform Amplitude of Acceleration

(") FFT Spectral Amplification of Acceleration

(®) Horizontal Displacement Time Histary 005
() Excess Pore Pressure Time History -
() Shear Stress vs. Shear Strain b
(") Shear Stress vs. Effective Confinement

E
Depth % -0.1
Response History Output at 0Om ~ o i
(Initial Vertical Effective Stress: 0.0 kPa) E
Show Data Values (This would slow down process) )
Data Values 15
Time (sec) Disp. (m) Y .
0.01 1.51%e-0&
0.0z 8.719e-06 1
0.03 2.508e-05 E
0.04 5_.05%=-05 ]
0.a5 8.283e-05
D'DE D'DDDllSl W _I:|2 _l T T T T | T T T T | T T T T | T T T T | T T

1] 10 20 a0 40
Time(zed)
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Response History Horizantal Displacement Time History (Depth: 5m)

() Horizontal Acceleration Time History

(") Response Spectrum of Acceleration (vs. Period)

(") Response Spectrum of Acceleration (vs. Frequency)
() Fourier Transform Amplitude of Acceleration

(") FFT Spectral Amplification of Acceleration

{®) Horizontal Displacement Time History -0.05 4
() Excess Pore Pressure Time History E
() Shear Stress vs. Shear Strain ]
(") Shear Stress vs. Effective Confinement

Depth
Response History Output at Bm w

Disp. (m)

(Initial Vertical Effective Stress: 73.6 kPa) E

Show Data Values (This would slow down process)

Data Values 015 4

Time (sec) Disp. (m) Y i

0.01 .432e-0¢€
.02 .92%e-0&
.03 -.1€5e-05 _
-04 -052e-05
.05 .2€6e-05
-0& -433e-05 v -0.2

1] 10 20 a0 40
Time(zed)
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Response History Horizontal Displacement Time History (Depth: 10 m)

() Horizontal Acceleration Time History
(") Response Spectrum of Acceleration (vs. Period) E
(") Response Spectrum of Acceleration (vs. Frequency) 04
() Fourier Transform Amplitude of Acceleration

(") FFT Spectral Amplification of Acceleration E
(®) Horizontal Displacement Time Histary 02 4
() Excess Pore Pressure Time History _
() Shear Stress vs. Shear Strain 1

(") Shear Stress vs. Effective Confinement

Depth
Response History Output at 10m w

Disp. (m)
T

(Initial Vertical Effective Stress: 117.7 kPa) E

Show Data Values {This would slow down process) -0.2
Data Values

Time (sec) Disp. (m) Y

0.01
.02
.03
-04
.05
-0&

0.4 4

1] 10 20 a0 40
Time (sec)
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Response History Excess Pore Pressure Time History (Depth: {m)

() Horizontal Acceleration Time History

(") Response Spectrum of Acceleration (vs. Period) E
(") Response Spectrum of Acceleration (vs. Frequency) 0.4
() Fourier Transform Amplitude of Acceleration
(") FFT Spectral Amplification of Acceleration E
() Horizontal Displacement Time Histary 02 4
(®) Excess Pore Pressure Time History _
() Shear Stress vs. Shear Strain 1

(") Shear Stress vs. Effective Confinement

Depth
Response History Output at 0Om w

EFP (kPg
=
|

(Initial Vertical Effective Stress: 0.0 kPa) E

Show Data Values {This would slow down process) -0.2
Data Values

Time (sec) EPP (kPa) Y

0.01
.02
.03
-04
.05
-0&

0.4 4
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Time (sec)
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i Response Time Histories EI@

Response History Excess Pore Pressure Time History (Depth: 5 m)

() Horizontal Acceleration Time History
(") Response Spectrum of Acceleration (vs. Period)

[=7]
=

(") Response Spectrum of Acceleration (vs. Frequency)
() Fourier Transform Amplitude of Acceleration

(") FFT Spectral Amplification of Acceleration

() Horizontal Displacement Time Histary

(5]
=

(®) Excess Pore Pressure Time History
() Shear Stress vs. Shear Strain
(") Shear Stress vs. Effective Confinement

Is
=

Depth
Response History Output at Bm w

(Initial Vertical Effective Stress: 73.6 kPa)

EFP (kPg
(5]
=

Show Data Values (This would slow down process)
Data Values

=]
[

Time (sec) EPP (kPa) Y
0.01 a

.02 -5.15e-05

.03 -0.0002422

-04 0.000745¢

.05 0.0052€68

-0& 0.01433 v

1] 10 20 a0 40
Time(zed)
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Response History Excess Pore Pressure Time History (Depth: 10m)

() Horizontal Acceleration Time History J
(") Response Spectrum of Acceleration (vs. Period)
(") Response Spectrum of Acceleration (vs. Frequency) 1
() Fourier Transform Amplitude of Acceleration 1007
(") FFT Spectral Amplification of Acceleration 7
() Horizontal Displacement Time Histary 4
(®) Excess Pore Pressure Time History 80
() Shear Stress vs. Shear Strain A
(") Shear Stress vs. Effective Confinement

60—
Depth

Response History Output at 10m w

EFP (kPg

(Initial Vertical Effective Stress: 117.7 kPa) 4
a1 4
Show Data Values (This would slow down process) 7

Data Values i

Time (sec) EPP (kPa) Y
D.0L Q 20
.0z 0.001122
.03 0.0034% 7
.04 0.01534 7
.05 0.02926 ‘J
.0E 0.04€63 > 0—

1] 10 20 30 40
Time(zed)
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Response History Shear Stress vs. Shear Strain (Depth: 0.5 m)
() Horizontal Acceleration Time History

(") Response Spectrum of Acceleration (vs. Period)

(") Response Spectrum of Acceleration (vs. Frequency)
() Fourier Transform Amplitude of Acceleration

(") FFT Spectral Amplification of Acceleration

() Horizontal Displacement Time Histary

() Excess Pore Pressure Time History

(®) Shear Stress vs. Shear Strain

o
L
(") Shear Stress vs. Effective Confinement =
g
Depth %
Response History Output &t | O'm ~ E
_—
Lo

(Initial Vertical Effective Stress: 0.0 kPa)

Show Data Values (This would slow down process)

Data Values
Shear straim (%) Shear stress (kPa) Y
2.875e-07 &.9%95%e-05
3.23e-08 0.0007364
1.714e-05 0.004173
5_757e-05 0._.01401
0.0001388 0.03377
D_DDDQ‘ESZ D'DESDE W - T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T
-0.015 -0.m -0.005 1] 0.005 0.o1
Shear strain (32)
Add Figure to Report
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Response History Shear Stress vs. Shear Strain (Depth: 4.5m)

() Horizontal Acceleration Time History J
(") Response Spectrum of Acceleration (vs. Period) E
(") Response Spectrum of Acceleration (vs. Frequency) E
() Fourier Transform Amplitude of Acceleration 1
(") FFT Spectral Amplification of Acceleration 10
() Horizontal Displacement Time Histary
() Excess Pore Pressure Time History

(®) Shear Stress vs. Shear Strain

(") Shear Stress vs. Effective Confinement

Depth
Response History Output at Bm w

Shear stress (kPa)
=
|

(Initial Vertical Effective Stress: 73.6 kPa)

Show Data Values (This would slow down process)

Data Values -10
Shear straim (%) Shear stress (kPa) Y ]
4 15ce-0& 0.002e7% 1
3.4%e-05 0.0225
0.0001353 0.085583 ]
0_0003556 0_2318 4
0.000851s 0.4457
0.001084 0.6985 v -20

-0.15 -0.1 -0.05 0 0.05
Shear strain (32)
Add Figure to Report
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Response History Shear Stress vs. Shear Strain (Depth: 9.5 m)

() Horizontal Acceleration Time History g
a0+

(") Response Spectrum of Acceleration (vs. Period)

(") Response Spectrum of Acceleration (vs. Frequency) ]
() Fourier Transform Amplitude of Acceleration 1
(") FFT Spectral Amplification of Acceleration 20
() Horizontal Displacement Time Histary
() Excess Pore Pressure Time History

(®) Shear Stress vs. Shear Strain

(") Shear Stress vs. Effective Confinement

Depth
Response History Output at 10m w

Shear stress (kPa)
=
T N

(Initial Vertical Effective Stress: 117.7 kPa)

Show Data Values (This would slow down process)
Data Values :
Shear straim (%) Shear stress (kPa) Y 7
€.332e-05 0.05216 -20
0.0002047 0.251 ]
0.0007143 0.588¢
0_0011s 0.571 |
0.001e33 1.343 30
D'DDQDE'L l'ESE W T | T T T T | T T T T | T T T T | T T T T | T T T T | T

-5 -4 -3 -2 -1 0
Shear strain (32)
Add Figure to Report
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Profile Type Horizontal Displacement Profile
(®) Horizontal Displacement (Relative to the Bass) 0w L |
() Horizontal Acceleration i & Max.
» - Min, L
Excess Pore Pressure 7
O | & AbshMax,
() Effective Corfinement 'S ® P!
() Shear Strain 1
() Shear Stress jI [ ] L
Options -4 ® Y
L1 End E
= i
Min. O
Abs. Max.
Data Values
Depth Max. Min. 2&bs._Max. A
a 0.0085%375 —0.15543
—1 0._008827 —0.15545
—2 0.002615 —-0.1553%5
—3 0.0023458 —0.15532
-4 0.007543 —0.15513
= 0_00725585 —0_.158€3
—F M AnE>as - 18508 b
L4 >

Felative displacemert ()
Add Figure to Report
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Prafile Type Excess Pore Pressure Profile
(") Horizontal Displacement (Relative to the Bass) 0w
() Horizontal Acceleration i & Max.
» -8 Min,
Ex Pare P 1
(®) Excess Pore Pressure ] ‘& Ao
() Effective Corfinement 'S
() Shear Strain 1
() Shear Stress
COptions
L1 End E
-
Min. O
Abs. Max.
Data Values
Depth Max. Min. 2&bs._Max. A
a a a
—1 a a
—2 a i}
—3 u} a
-4 3e.64 —0.00034142
= €€.5%¢ —0.00024223 _
_c 4% NC32 —4 2050a-n5 LS 1” _* T T T T | T T T T | T T T T | T T T T | T T T T | T T T
< > 1] 20 40 g0 a0 1an

Excess pore pressure (kPa)
Add Figure to Report
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Prafile Type Shear Strain Profile
(") Horizontal Displacement (Relative to the Bass)
() Horizontal Acceleration | & Max,
-8 Min,
Excess Pore Pressure A
O 5 | & AbsMax,
() Effective Corfinement -
(®) Shear Strain
() Shear Stress
COptions
] End E
A=
Min. O
Abs. Max.
Data Values
Depth Max. Min. 2&bs._Max. A
-0.5 0.0120%¢ —-0.01718%
=1 _5 0_.02258 —0_.032€e55
—2.5 0.025108 —0.042352
—-3_.5 0.042237 —-0.075757
-4.5 0.0&85%c68¢e -0.17117
=55 0.0%93483 —0_4c344
—& g n 12&£20 -2 a%7 b
L4 >

Shear strain (34)
Add Figure to Report
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) ) Response Profiles EI@

Prafile Type Shear Stress Profile

(") Horizontal Displacement (Relative to the Bass)
() Horizontal Acceleration

-8 Max.
-8 Min,

() Excess Pore Pressure 7 @ AbshMax

() Effective Corfinement Z
() Shear Strain
(®) Shear Stress 1

COptions -4
L1 End E
= i
Max. -'% i
Min. 1 i
Abs. Max. -b
Data Values 7
Depth Max. Min. 2&bs._Max. A |
-0.5 2._.08&62 —-2.75922
=1 _5 £.4554 -8 _.8285 -8 7
—2.5 10.77¢ —-14_313 7
—-3_.5 l4.232 —-15.437 -
-4.5 1l3.045 —20.145 i
=55 21 .051 —-20_287
- 72 @11 —33 132 ¥ I T T
< > =20 1] 20

Shearstress(kPa)
Add Figure to Report
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Responses/Parameters Settlement
(@ Settlement |
() Volumetric Strain |
C) Max. Shear Strain 1
() Shear Wave Velocity Vs1

() Shear Stress Reduction Coefficient rd E
() Max. Shear Stress

Data Values -4 <

Depth Settlement E_
-0.5 0.04872 =
-1. 04872 E} b
-2. 04872 O
-3, 04872 -
-4 04854 i
-5. 04812
-E. 0.047
-7. 04021
-5 0.02813
-g. 0.0125 -8

[ e Y s e Y

oW N o n
(=]

n 0.m n.nz 0.03 0.04

Settlement (m)
Add Figure to Report ﬂ
| Save Model & Bun Analysis |

M. Khemissa — Département de Génie Civil, Faculté de Technologie, Université Mohamed Boudiaf - M’Sila 67




~ Dynami I
oo Chap. 4 : Réponse sismique d’un profil de sol

Université Mohamed Boudiaf - M'sila

Exemple : Massif sableux homogene en profondeur

F Cychic1D - DD5_Cyclic_Menocouche.clc

File  Analyze Output Report  Help

f/q Settlernent Estimation EI@

Responses/Parameters Max. Shear Stress
() Settlement 0
() Volumetric Strain :
C) Max. Shear Strain 1
() Shear Wave Velocity Vs1 -2
() Shear Stress Reduction Coefficient rd :
(®) Max. Shear Stress -
Data Values -4
Depth Max. Shear Stress E
-0.5 2_752 o= 7
-1.5 8.629 =3 T
-2.5 1431 (i
-3.5 1544 -6
-4_5 20._15 7
-5.5 21.05 7
—6_5 23.81 7
—-7_5 2g.45
-8.5 29_07 -84
—S_5 32.02
_1 D 1 T T T T I T T T T I T T T T | T T T T | T T T T I T T T T | T
1] 5 10 15 20 25 a0
bax. ShearStress (kPa)
Add Figure to Report ﬂ
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Exemple : Massif sableux moyennement dense de 10 m de profondeur reposant

sur un substratum rigide avec la présence d'une nappe située a 3 m sous le T.N.
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R No. of Values: 4187
1 El Centro (1540/05/18) station = El Centro - Im 4187 0.020 0.344 250 8192 Yes
No.of Fourier Tems: 8192 ~
Cutoff Frequency {Hz): 250
Apply as Outcrop Motion
El Centro earthquake (1940) ol cicse
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¥ ProShake 2.0 - Educational Version [( 5 ohamed Khemissa\Documents\ProShake Data Folder\DD5_ProShake_Monocouche

File Edit View Tools Windows Help & Input Manager ¢ Solution Manager ‘¥ Qutput Manager

“u P =
e @ HR
MNew Open Import Save Save | Validate Rep -

ProShake 1x As... Data

{:.)| " Earthquake Motion Fourier Spectrum Plots

Fourier Power Spectrum
Project

Project |dentifier: | DDS_ProShake_Maonocouche

- COvZ2m
5
|

Te-06
Project Description: |Cc-urs de Dynamigue des sols Fr6e-08
[43
o
- Be-06
Frofiles  Motions g
%4&05
{E Insert )y %3&05
< 206
Group Description:
M 1e-06
0 Au it & A FPTERTR. T PR | T vy
A ) . ) 0 1 2 3 4 5 & 7 g % W0 Mm 12 13 14 15 1 17 18 19 20 1 22 23 24 2B
Effective Strain Ratio: 0.65 Freguency (HZ)
N Mation Data
Mation File Name: |C:'-.User5 “Mohamed Khemissa', Plot Parameter Parameter Log Scale Crosshair Position Chart Actions
A (O) Fourier Spectrum (®) Frequency [ X-redis ¥ l:l i Copy to Report
i : EDUSHAKE/PROSHAKE 2.0
G JERIEE | () Phase Spectrum () Period [ t-redis Y- l:l @ Copyto Excel
El Centro {1940,/05/18) station @® Power Spectrum € Reset Flot
E Description:
Motion - Mumber of . Peak Cutoff Number of .
Select Humber Description Values TimeStep  pocelerafion  Frequency  Fourier Terms Cutcrop Mation
R No. of Values: 4187
1 El Centro (1540/05/18) station = El Centro - Im 4187 0.020 0.344 250 8192 Yes

No.of Fourier Tems: 8192 ~

Cutoff Frequency {Hz): 250

Apply as Outcrop Motion

El Centro earthquake (1940) oo

Ready
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‘roShake 2.0 - Educational Versi chamed Khem ocuments\ProShake Data Folder\DDS_ProShake_Monocouch
File Edit View Tools Windows Help & Input Manager ¢ Solution Manager ‘¥ Qutput Manager
~u ey = = [ = ~ Layer Plot ~ Profile Plot =~ Messages
IDs o UWEE = 0 @ P... £ WO
> - - S o % [Data checked OKI
MNew Open Import Save Save | Validate Feport Spreadsheet | Settings  Response Soil  [7] Status Bar Copwert About—Help
N ProShake 1x s Data Spectrum Data Models Motion File
Project Program Options Ltilities Help
P < Units
Project |dentifier: |DDS_PmShake_Monocouche | Analyst Name: |M. Khemisza | Mo. of Profiles: 1 - O US Customary
U Project Description: |Cc-urs de Dynamique des sols | Project Date:  (31/03/2024 [@~ Mo of Motions: 1 B ® Metric
T Frofiles  Motions
{EInsert @ Duplicate | Mation 1 of 1 | 'ﬁj

M Group Description:
A Effective Strain Ratio: 065 Emor Tolerance (%) 1.00% Maximum kerations: 50
N Mation Data Motion Plots

Mation File Name: |C:'-.User5'-.|'\"|ohamed Khemissa‘DocumentsProShake Data Folder'-.EOS'-.ELCENTRO.EC|
A Acceleration Time History... e

Mation Title: |EDUSHAKE."PROSHAKE 2.0 EARTHQUAKE FILE | Velocity Time History... 5

El Centro {1940/05/18) station = El Centro - Imp Vall Ir Dist componert= 180 Displacemertt Time History... #

Description:
E Husid Plot... 2
R MNo. of Values: 4187 Peak Acceleration (g): 0.344 Fourier Spectrum... 25

No.of Fourier Temms: 8152  ~ Time Step {sec): 0.020 Response Spectrum... 52

Cutoff Frequency (Hz): 250 Nyquist Frequency: 250 Mation Parameters... %

Apply as Outcrop Motion
PruSH;;é}.U
Ready
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¥ ProShake 2.0 - Educational Version [C ohamed Khemi Jocuments\ProShake Data Folder\DDS_ProShake_Monocouche,
File Edit View Tools Windows Help & Input Manager ¢ Solution Manager ‘¥ Qutput Manager
I j r':, |é> H H (;',)| EE _@ i Response Spectra Periods ot Profile Flot  Messages
MNew Open Import Save Save | Valdate Report Spreadsheet | Setting Responss Periods £ | Damping ecked OK!
N ProShake 1x As.. Data Spectrum Data eneds smping
Project =
P e e Number Period Au:el;w—d;&] (@) Frequency ~
Project |dentifier: |DDS_PmShake_Monocouche | Analyst Name: |M. Khel » 1 0.020 0.157 50,000
U Project Description: | Cours de Dynamigue des sols |  Project Date: [31/03 2 0.040 0.157 25,000
T Frofiles  Motions 3 0.080 0.158 16.667
{EInsert @ Duplicate Motion 1 of 4 0.020 0.181 12500
5 0.100 0.169 10.000
M Group Description:
6 0.120 0.181 8333
A 7 0.140 0.203 7143
Effective Strain Ratio: 0.65 Emror Tolerance (%) 1
] 0.160 0.231 6.250
N Mation Data
Mation File Name: |C:'-.User5'-.|'\"|ohamed Khemissa‘Documents'ProShake Data Folder\EQS\EL 3 0.180 0.136 5.556
A 10 0.200 0.1%6 5.000
Mation Title: |EDUSHAKHPROSHAKE 2.0 EARTHQUAKE FILE
G 1 0.220 0.246 4545
El Centro {1540./05/18) station = El Centro - Imp Yall Ir Dist component= 13| 12 0.240 0.295 4167
E Description: : ; o
13 0.260 0.371 3.846
R MNo. of Values: 4187 Peak Acceleration (g): 14 0.280 0.400 3571
No.of Fourier Temms: 8192~ Time Step (sec): g 0.300 0.418 S
16 0.320 0.457 3.125
Cutoff Frequency (Hz): 250 Nyquist Frequency:
17 0.340 0.487 2541 v
Apply as Outcrop Motion
<7 0K 3¢ Cancel
Response Spectrum Data
Ready
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¥ ProShake 2.0 - Educational Version [C:\Us ohamed Khemissa\Documents\ProShake Data Folder\DD5_ProShake_Monocouche

File Edit View Tools Windows Help & Input Manager ¢ Solution Manager ‘¥ Qutput Manager

I r':, |é> | I H (;',)| EE _@ i7" Response Spectra Periods it Profile Plot ~ Messages
| 9 I

New Open Impaort Save Save | Valdate Report Spreadsheet | Setting Responss Periods | Target | | ecked OKI

N ProShake 1x As... Data Spectrum Data e =g ’
Project Program -
P Number Damping
Project Identifier: |DDS_PmShake_Monocouche | Analyst Name: M. Khel ) 1 500%

U Project Description: |Cc-urs de Dynamigue des sols | Project Date:  [31/02 b
T Frofiles  Motions

{EInsert @ Duplicate Motion 1 of

Group Description:

A Effective Strain Ratio: 0.65 Emror Tolerance (%) 1
N Mation Data

Mation File Name: |C:'-.User5'-.|'\"|ohamed Khemissa‘Documents'ProShake Data Folder\EQS\EL

Mation Title: |EDUSHAKHPROSHAKE 2.0 EARTHQUAKE FILE

El Centro {1540./05/18) station = El Centro - Imp Yall Ir Dist component= 13|

E Description:
R MNo. of Values: 4187 Peak Acceleration (g):
MNo.of Fourier Tems: 8192 - Time Step {sec):
Cutoff Frequency (Hz): 250 Nyquist Frequency:

Apply as Outcrop Motion

<7 0K 3¢ Cancel

Response Spectrum Data

Ready
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¥ ProShake 2.0 - Educational Version [C:\Users\Mohamed Khemissa\Documents\ProShake Data Folder\DDS_ProShake_Monocouche.xlsx]

File Edit View Tools Windows Help & Input Manager ¢ Solution Manager % Output Manager
™ =] = i el : -
\j vy I‘:)D H H =) EE Ij ﬁ ;.; Show Menu B= \y I@

Analysis started @ 03:18:42.809

New Open Import Save Save dlidast= Report Spreadsheet | Settings  Response Sl Status Bar Convert | About Help
ProShake 1 As.. Data Spectrum Data Models Mation File Preparing analysis data/updating report...
Project Program Options Ltilities Help Profile 1 started @ 03:13:46.651

Motion 1 completed in 0.071 sec

Project Identiier: DDS_ProShake_Monocouche Profile 1 completed @ 03:18:46.943

Analysis completed @ 03:18:47.052

Frofile Number Profile Description Motion Mumber Maotion Description Mumber of lterations ~ Max G Error (%) MEI_:X”E],? Er%ng Status Total elapsed time = 4. 244 sec
1 e sl 1 B ) 3 061% 083% T Completed

20 C0O0W0W

Ameo>2>=

@ Analyze

Analyze

Proshake 2.0

Ready
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¥ ProShake 2.0 - Educational Version [( 5 ohamed Khemissa\Documents\ProShake Data Folder\DD5_ProShake_Monocouche
File Edit View Tools Windows Help & Input Manager ¢ Solution Manager ¥ Output Manager
— —] k= 3 =, Messages
5 NEE = O = £ L

(:’ Lj] L k:é) IT:‘ lfsl, h_ :E:Eﬂj 1,,; — Show Menu EEEE '\3() -

New Open Import Save Save dlidast= Report Spreadsheet | Settings  Response Sl Status Bar Convert | About Help Left click column header to sort
U ProShake 1 As.. Data Spectrum Data Models Mation File Right click Select column to select /clear all
T Project Program Options Utilties Help Right click other columns to fitter by cument value.

Project Identffier: DDS5_ProShake_Monocouche Analysis Date: 03/04/2024 15:25
Ground Motion Stress and Strain Depth Plots =~ Response Spectra Transfer Function | Animation

U Profile Number Mation Number MNumber of lterations ~ Max G Error (%) MEEXHE? Er%ng Awg G Error (%) H"E”E,?T;E:I)ng Travel Time Ratio
T 1 1 6 061% 083% 061% 083% 133

Ame>2> =

Results

Ready

M. Khemissa — Département de Génie Civil, Faculté de Technologie, Université Mohamed Boudiaf - M’Sila 89




E Dynamique des sols
oo Chap. 4 : Réponse sismique d’un profil de sol

Université Mohamed Boudiaf - M'sila

Exemple : Massif sableux homogene en profondeur

¥ ProShake 2.0 - Educational Version [C:\Users\Mohamed Khemissa\Documents\ProShake Data Folder\DDS_ProShake_Monocouche.xlsx]

File Edit View Tools Windows Help & Input Manager ¢ Solution Manager ¥ Output Manager
= =] = i e 3 > Messages
E © JN @ = O S us = PO

New Open Import Save Save dlidast= Report Spreadsheet | Settings  Response Sl Status Bar Convert | About Help Left click column header to sort

(0

U ProShake 1 As.. Data Spectrum Data Models Mation File Right click Select column to select /clear all
Project Program Options Utilties Help Right click other columns to fitter by cument value.

T Project Identffier: DDS5_ProShake_Monocouche Analysis Date: 03/04/2024 15:25

P Solution Convergence Ground Motion 5 Depth Plots | Response Spectra Transfer Function | Animation

U Select Profile Mumber Mation Mumber Layer Mumber Outcrop Plot Type

T ” : z — (® Time History

() Fourer Spectrum

Stress and Strain
» Time History

Ame>2> =

Plot.. |#F

Ready
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¥ ProShake 2.0 - Educational Version [C:\Users\Mohamed Khemissa\Documents\ProShake Data Folder\DDS_ProShake_Monocouche.xlsx]

File Edit  View Tools Windows Help % Input Manager ¢ Solution Manager @ Output Manager
0 j rj’ 'C_)) H H (e ¥ Earthquake Motion Time History Plots
MNew Open Import Save Save alidate
PraShake 1: As.. C - .
U e Shear Strain Time History clear al
Fafe curment value.

T 0.001

Project Identifier: DDS_ProShake_Monocouche

Solution Convergence Ground Motion =
U :

Select Profile Number Mot E o  TEEPRTYS
&
T ! 5
-0.001 - —
M 0 10 20 30 40 50 60 70 20 50 100 110 120 130 140 150 160 170
Time (sec)
Stress a n d St ra i n Plot Parameter Plot Unit Crosshair Position Chart Actions
N (®) Shear Strain Shear Strain: % w nE l:l Copy to Report
Time Histor
A » y (O) Shear Stress Y: l:l @ Copy to Excel
C Reset Plot
Select Profile Mumber Mation Mumber Layer Number Outcrop
E 1 1 2 Yes
a4l Close
Ready
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¥ ProShake 2.0 - Educational Version [C:\Users\Mohamed Khemissa\Documents\ProShake Data Folder\DDS_ProShake_Monocouche.xlsx]

File Edit View Tools Windows Help & Input Manager ¢ Solution Manager ¥ Output Manager
0 j ’-:r 'C_)) H H (esh w Earthquake Motion Time History Plots
MNew Open Import Save Save alidate
ProShake 1. As... C ) .
U rosnate 11 Shear Stress Time History clear al
Project curment value.
T @
Project Identffier: DDS5_ProShake_Monocouche 1
P 20
Solution Convergence Ground Motion s 10
u ,
Select Profile Mumber Maoti g -10
oy
T 1 5
=-30
-40
-50
-60 - —
M 0 0 20 30 40 50 60 70 20 %0 100 110 120 130 140 150 160 170
Time (sec)
Stress a n d St ra i n Plot Parameter Plot Unit Crosshair Position Chart Actions
N (O) Shear Strain Shear Stress: kPa w nE l:l Copy to Report
Time Histor
A » y (®) Shear Stress Y: l:l @ Copy to Excel
C Resat Plot
Select Profile Mumber Mation Mumber Layer Number Outcrop
E : - 2 Yes
a4l Close
Ready
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¥ ProShake 2.0 - Educational Version [C:\Users\Mohamed Khemissa\Documents\ProShake Data Folder\DDS_ProShake_Monocouche.xlsx]

File Edit View Tools Windows Help & Input Manager ¢ Solution Manager ¥ Output Manager
~ T = . = il ° — Messages
;o | @ 3 Lo Hoow. = DO
O \j L/ C)> H M . A < = Show Venu | EBI= -) Left click column head
New Open Import Save Save dlidast= Report Spreadsheet | Settings  Response Sl Status Bar Convert | About Help click calumn headerto sort.
U ProShake 1 As.. Data Spectrum Data Models Mation File Right click Select column to select /clear all
T Project Program Options Utilties Help Right click other columns to fitter by cument value.
Project Identffier: DDS5_ProShake_Monocouche Analysis Date: 03/04/2024 15:25
Solution Convergence Ground Motion Stress and Sain [epth Plots ~ Response Spectra Transfer Function | Animation
U . Plot Type
Select Profile Mumber Mation Mumber Layer Mumber Outcrop
() Time History
T 1 1 2 Yes
(® Fourer Spectrum

Stress and Strain
» Fourier Spectrum

Ame>2> =

Plot.. |#F

Ready
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¥ ProShake 2.0 - Educational Version [C:\Users\Mohamed Khemissa\Documents\ProShake Data Folder\DDS_ProShake_Monocouche.xlsx]

File Edit View Tools Windows Help
- . | I = L
j iy |C)> H e
MNew Open Import Save Save date
ProShake 1 As..
Project

Project |dentifier:

DDS_ProShake_Monocouche

- Cv9-CO

Solution Convergence Ground Motion Stress and
Select Profile Mumber Moti
1

Stress and Strain
» Fourier Spectrum

Ame>2> =

=" Input Manager

¢ Solution Manager

" Earthquake Motion Fourier Spectrum Plots

& Output Manager

Shear Strain Fourier Spectrum

Ready

2e-05
Kl
@
=
£ 105
@
3
w
[:l Low el L
0 1 3 4 5 7 B % W0 M1 12 13 14 15 1€ 17 18 18 20 21 22 23 M 25
Freguency (Hz)
Plot Parameter Parameter Log Scale Crosshair Posttion Chart Actions
(®) Fourier Spectrum (®) Frequency [ X-Axis X l:l & Copy to Report
() Phase Spectrum () Period [ v-Auis Y: l:l @ Copy to Excel
() Power Spectrum c Reset Plot
Select Profile Number Mation Mumber Layer Mumber Outcrop
1 1 2 Yes
il Close

clear all

curment value.
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¥ ProShake 2.0 - Educational Version [C:\Users\Mohamed Khemissa\Decuments\ProShake Data Folder\DDS_ProShake_Monocouche xlsx]

File Edit View Tools Windows Help
= o =] . ]
15 ® HE @[
MNew Open Import Save Save Rep
ProShake 1 As..
Project

Project ldentifier: DDS_ProShake_Monocouche

- Cv-CO

Solution Convergence Ground Motion Stress and
Select Profile Mumber Moti
1

Stress and Strain
» Fourier Spectrum

Ame>2> =

=" Input Manager

¢ Solution Manager

¥ Earthquake Motion Fourier Spectrum Plots

@ Output Manager

Shear Strain Phase Spectrum

Phase Angle (degrees|

=
oo
w
-
=]

m 12 13 14 1 1% 17 18 1™ 20 N

Freguency (Hz)

22 1 M B

Ready

Plot Parameter Parameter Log Scale Crosshair Posttion Chart Actions
() Fourier Spectrum ®) Frequency [ *-Awis ¥ l:l I Copy to Report
(®) Phase Spectrum () Period [ v-Auis Y: l:l EI Copy to Excel
() Power Spectrum c Reset Plot
Select Profile Number Mation Mumber Layer Mumber Outcrop
1 1 2 Yes
oMl Close

clear all

curment value.

A

W\~
ProShake 2.0
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¥ ProShake 2.0 - Educational Version [C:\Users\Mohamed Khemissa\Documents\ProShake Data Folder\DDS_ProShake_Monocouche.xlsx]

File Edit View Tools Windows Help & Input Manager ¢ Solution Manager ¥ Output Manager
0 j rj’ 'C_)) H H (e ¥ Earthquake Motion Fourier Spectrum Plots
MNew Open Import Save Save alidate
PraShake 1: As.. .
U rosnate 11 Shear Strain Power Spectrum clear al
Project curment value.
T Be-11
Project Identffier: DDS5_ProShake_Monocouche
P Be-11
Solution Convergence Ground Motion Stress and %4&11
U g
Select Profile Mumber Maoti §3.}11
@
T 1 £ 2e-11
=
1e-11
0 ks
M c 1t 2 3 4 5 & 7 & % W0 M 12 13 14 15 1€ 17 1&8 18 20 2 22 23 M 25
Freguency (Hz)
A Stress a n d St ra i n Plot Parameter Parameter Log Scale Crosshair Posttion Chart Actions
N (O) Fourier Spectrum (®) Frequency [ X-Axis X l:l & Copy to Report
A » Fourler SpeCtrum () Phase Spectum (O Period [ Y-Axis ¥: l:l @ Copy to Excel
(®) Power Spectrum c Reset Plot
Select Profile Number Mation Mumber Layer Mumber Outcrop
E : : 2 Yes
il Close s
Read ProShake 2.0
Ly 3
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¥ ProShake 2.0 - Educational Version [C:\Users\Mohamed Khemissa\Documents\ProShake Data Folder\DDS_ProShake_Monocouche.xlsx]

File Edit View Tools Windows Help & Input Manager ¢ Solution Manager ¥ Output Manager
~ T = . = il ° — Messages
y N @ E = O o = L@
0 \j L/ C)> H H . A < = Show Venu | EBI= -) Left click column head
New Open Import Save Save dlidast= Report Spreadsheet | Settings  Response Sl Status Bar Convert | About Help click calumn headerto sort.
U ProShake 1 As.. Data Spectrum Data Models Mation File Right click Select column to select /clear all
T Project Program Options Utilties Help Right click other columns to fitter by cument value.
Project Identffier: DDS5_ProShake_Monocouche Analysis Date: 03/04/2024 15:25
Solution Convergence Ground Motion Stress and Strain DepthPlols  Response Specira Transfer Function | Animation
U Select Profile Mumber Mation Number
T L |

Depth Plots

Ame>2> =

Plot.. |#F

Ready
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Chap. 4 : Réponse sismique d’un profil de sol

Exemple : Massif sableux homogene en profondeur

ohamed Khemiss

ocuments\ProShake Data Folder\DD5_ProShake_Monocouche

File  Edit

e ® HE L

MNew Open

View Tools Windows Help

slidate Rep

Import Save Save
ProShake 1 As..
Project

Project |dentifier:

Solution Convergence

DDS_ProShake_Monocouche

Ground Motion | Stress and 9

- Cv9-CO

Ame>2> =

Depth Plots

Profile Mumber

Ready

=" Input Manager

¥ Depth Plots

¢ Solution Manager

Acceleration (g)
01 02

& Output Manager

03 04

Depth [m|

Plot Parameter
(@) Peak Acceleration

() Peak Velocity
() Peak Displacement

() Peak Shear Stress
() Peak Shear Strain

() G/Gmax
(C) Damping Ratio

(O) Peak Avg. Acc.
() Peak Rel. Velocity
(O) Peak Rel. Displ.

(O Cyclic Stress Ratio
(C) Eff. Shear Strain

(0) Shear Modulus
Ord

Profile Mumber

1

Metion Mumber

1

Plot Units
Acceleration: a

Depth: m

Statistics

Log Scale
O #-Awis

[ v-tuis

Crosshair Posttion

Profile - Layer: l:l

[] Hide Selected

Chart Type

[ step Chart

[] Spline Fit

Chart Actions
@ Copy to Report

@ Copy to Excel

€ Reset Plot

a4l Close

clear all

curment value.
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File Edit View Tools Windows Help & Input Manager ¢ Solution Manager ¥ Output Manager
0 j r':; Ié) H H (e ¥ Depth Plots
MNew Open Import Save Save slidate Rep Plot Parameter
U ProShake 1 A5 & (O Peak Acceleration (O Peak Avg. Acc. clear all
T Project DD o1 V€|00i'f‘6’ém"560] 03 04 (® Peak Velocity (O Peak Rel. Velocity curent value.
Project Idertiier: BDS_FroShake_Monocouche () Peak Displacement (O) Peak Rel. Displ.
P 1 () Peak Shear Stress (O Cyclic Stress Ratio
Solution Convergence Ground Motion Stress and 9§ 5 (") Peak Shear Strain (C) Eff. Shear Strain
U Select Profile Number 3 O G/Gmax O Shear Modulus
T 1 . (C) Damping Ratio Ord
= ; Plot Units
§ Velocity: m/sec ~
&
M Depth: m ~
7
Statistics
A 8
Depth PIOtS [ Hide Selected
N :
Log Scale Chart Type
10
A O #-Awis [ step Chart
[ v-tuis [] Spline Fit
Select Profile Humber Motion Humber Crosshair Posttion Chart Actions
]
. 1 1 o — T
R  — T
Profile -Layer: | | € Reset Plot
a4l Close
Ready




~ Dynami I
Chap. 4 : Réponse sismique d’un profil de sol
Exemple : Massif sableux homogene en profondeur

éluunll - walings 1000 dooly
Université Mohamed Boudiaf - Msila

¥ ProShake 2.0 - Educational Version [( ohamed Khemissa\Documents\ProShake Data Folder\DD5_ProShake_Monocouche

M. Khemissa — Département de Génie Civil, Faculté de Technologie, Université Mohamed Boudiaf - M’Sila 100
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* Modéle de calcul : Caractéristiques du massif de fondation

B Iichr-Coulomb - Massif de fondation
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* (Cas d’une vibration harmonique : Multiplicateur du chargement dynamique
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* (Cas d’une vibration harmonique : Résultats des calculs

. PLAXIS 2D Qutput (20.04.00.790) - [momo2022 - Chart 1]
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. PLAXIS 2D Qutput (20.04.00.790) - [momo2022 - Chart 1]

File Edit View Format Options Expert Window Help
i. | L & | F | X m | | | L ==z} | |Earthquake [Phase_3] (Step 2202) V|: |
I _ 4
Deplacement - Temps
= ! ! ! ! ! ! i

u, m]

-20.0 : : : : : . + + ;
0.00 1.00 200 3.00 4.00 5.00 6.00 7.00 8.00 9.00 100

Dynamic time [g]

M. Khemissa — Département de Génie Civil, Faculté de Technologie, Université Mohamed Boudiaf - M’Sila 188



Dynamique des sols

— —_ Chap. 5 : Réponse sismique d'un profil de sol

éluunll - walings 1000 dooly

Université Mohamed Boudiaf - M'sila

O Exemplen”®:3
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i— Chap. 5 : Réponse sismique d'un profil de sol

Université Mohamed Boudiaf - M'sila

o Exemple n°: 3

* (Cas d’une vibration sismique : Séisme d’Upland-California, USA

View SMC-data (UMCORRECTED ACCELEROGRAM])

1990 Upland earthquake

LPLAND EARTHOUAKE [28/02/41330 23:43:00)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15[]_ __________________________________________________________________
1 1 1 1 1 1 1 [ 1 1 1 1 [ 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

e |

_Santao
Barbara - 'f

San Diegog.

IDD_ E ___________________________________________________________
0 |\}|!|'rl11 {41 % I 1 A

c 1 2 3 4 3 6 ¥ & 9 10 11 12 13 14

Time (8}
Maoment magnitude : Mt Epicentral distance : 5.00
Surface-wave magnitude @ M4 Peak value : -233.90 cm/fs2
Local magnitude : B0 Sample rate : 200.00 Hz

Finite Elem & for Soil and Rock Analyses
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https://en.wikipedia.org/wiki/1990_Upland_earthquake#:~:text=The%201990%20Upland%20earthquake%20occurred,total%20losses%20of%20%2412.7%20million.

ﬁ Dynamique des sols
o Chap. 5 : Réponse sismique d’un profil de sol

Université Mohamed Boudiaf - M'sila

O Exemplen”®:3
* (Cas d’une vibration sismique : Résultats des calculs

. PLAXIS 2D Qutput (20.04.00.790) - [RPA2003_7154 - Accel] X
File Edit View Format Options Expert Window Help - 8 X

=] | Oy & | A | o el | 1] | B = | Structure [Phase_7] (Step 2000) : |

>
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Université Mohamed Boudiaf - M'sila

Exemple n°: 3

* (Cas d’une vibration sismique : Résultats des calculs

.FL.!«\ 2D Output (20.04.00.790) - [RPA2003_Z154 - Veloc.]

=) | = I | D%E| = ma | p@ | 0W. Ep ==] | Structure [Phase_2] (Step 2000) = |
S Vitesse - Temps
A C
Min. —0.205 | —0.169 | —0.104
Max. +0.168 | +0.135 | +0.093

Dynamic time [s]
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Exemple n°: 3

* (Cas d’une vibration sismique : Résultats des calculs

. PLAXIS 2D Output (20.04.00.790) - [RPA2003_7154 - Displ.]
File Edit View Format Options Expert Window Help

) | oy & | 7 | o el | =1} | === | Structure [Phase_3] (Step 2000) = |
S Déplacement - Temps

0.200
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Dynamique des sols

Chap. 5 : Réponse sismique d'un profil de sol
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O Exemplen”®:3
Cas d’une vibration sismique : Animation
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Merci de votre attention

Fin du Chapitre Quatre
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