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Quelques éléments de géophysique



Structure du globe terrestre
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Géodynamique interne
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Sismicité et tremblements de terre

Seismogram A — Nagpur, India

One
minute
First P wave First S wave

Seismogram B - Darwin, Australia
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Seismogram C - Paris, France
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Failles majeures et séismes

Séisme en Turquie
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http://en.wikipedia.org/wiki/File:San_Andreas_Fault_Aerial_View.gif

Différents types d’ondes



Différents types d’ondes

* Onde de volume
— Ondes primaires, P (onde longitudinale ou de compression)
— Ondes secondes, S (onde transverse ou de cisaillement)

e Ondes de surface
— Ondes de Rayleigh
— Ondes de Love

Ondes de
Calme Fremiére Fremiere Ravleigh

SiEmigque aonde P aonde S
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Ondes P ou ondes
primaires (ondes de
compression ou
ondes
longitudinales)

Ondes S ou ondes
secondes (ondes de
cisaillement ou ondes
transverses)

Ondes de volume

P wave
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Ondes de surface

Ondes guidées par la surface de la Terre. Leur effet est comparable aux
ridules formées a la surface d'un lac. Elles sont moins rapides que les ondes
de volume mais leur amplitude est généralement plus forte.
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* Ondede Love: le déplacement A
est essentiellement le méme 3
que celui des ondes S sans '
mouvement vertical. T=1 H
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* Les ondes de Love provoquent
un ébranlement horizontal qui
est la cause de nombreux T=2
dégats aux fondations des
édifices. Les ondes de Love se
propagent a environ 4 km/s,
elles sont plus rapides que les =3
ondes de Rayleigh.
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Ondes de surface

Onde de Rayleigh : le
déplacement est
complexe, assez semblable
a celui d'une poussiere
portée par une vague, un
mouvement a la fois
horizontal et vertical,
elliptique, en fait.
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Ondes de volume et ondes de surface

Milieu non perturbé
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Oscillations dans un plan perpendiculaire
Ondes de 33 direction de propagation

Oscillations dans un plan vertical avec
un mouvement elliptique des particules

Les types d'ondes sismiques
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Stabilité d’une faille



Origine d’un séisme

Séisme: Rupture brutale de [I'écorce
terrestre; libération soudaine d’énergie
élastique emmagasinée: ondes

Loi de Gutenberg-Richter

LogN=a+bM M, magnitude
N, nb d’événements

Séisme Espagne 23 Avsil 2006,

8232888858858
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Conditions de stabilité d’une faille

So~0 f Ot _ 3P _p@2en)2 4pP
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Normal stress: Op = 0.5 (01 + 63) + 0.5 (01 - 03) cos2f3
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w 4
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Conditions de stabilité d’une faille
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Conditions de stabilité d’une faille
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Conditions de stabilité d’une faille
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Essais de cisaillement cyclique



Complexité des structures géologiques
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}

[ Hiérarchie des phénomenes ]

D’apres Pinho da Cunha (1992) 21



Essais de cisaillement 3D

* Stress and displacement servo-controlled in the 3 directions

* Fluid injection : Control Pressure Volume

s, /u, ﬂ

Vertical actuator

_—

/ Sensors

specimen

\
s./(u,/2) Q T s,/ (u, /2)
T : ==L : )

Horizontal actuator Horizontal actuator

Boulon M. (1995), A 3D direct shear device for testing the mechanical behaviour and the hydraulic conductivity of rock joints. Second
Int. Conf. on Mechanics of Jointed and Faulted Rock MJFR-2, Vienne, Balkema ed. Rotterdam, Pays Bas, pp 407-413. 22



BCR3D:

Servo-Controlled Direct Shear Equipment
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BCR 3D : Servo-Controlled Direct Shear Equipment
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Shear test on artificial saw tooth joints

T &—

(
\

TS mmy

15 mm

Dilation angle = 15°

Ny - ol

M. K Jafari, K Amini Hosseini, F. Pellet, M. Boulon, O. Buzzi (2003), Evaluation of Shear Strength of Rock Joints Subjected to Cyclic Loading,
Soil Dynamics and Earthquake Engineering, vol 23, no 7, pp 619-630.



Shear Stress, MPa

Shear stress- shear displacement curve for 10 cyclic
displacements

Constant Normal Load test Sliding along the artificial asperities
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Asperities degradation due to 10 cyclic displacements

Constant Normal Load test
c,=1.2 MPa

Sliding along the artificial asperities
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-0.50
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M.K. Jafari, F. Pellet, M. Boulon, K. Amini Hosseini (2004), Experimental study of mechanical behavior
of rock joints under cyclic loading, Rock Mechanics and Rock Engineering, vol 37, no 1, pp 3-23.



Shear Stress, MPa

-1.00

-1.50

Shear stress- shear displacement curve for 10 cyclic
displacements on replica of natural joint

Constant Normal Load test

c,= 1.2 MPa

1.50

1.00 -

193.

Shear Displacement, mm
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Asperities degradation due to 10 cyclic displacements on replica
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Damage to Rock Discontinuities Under Cyclic Loadings

Degradation of Rock Joint Strengths under Small Repetitive Earthquakes
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Shear Stress, MPa
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Normal Displacement, mm

Asperities degradation due to 10 cyclic displacements
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Shear Stress, MPa

Shear stress- shear displacement curve for 5 cyclic
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Normal Displacement, mm
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NC : Number of displacement cycles
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Measured versus
evaluated shear strength
by the
mathematical model
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Glissements de terrain en Iran



Tectonic context and seismic hazards of Iran
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History of destructive earthquakes

Bam (2003), Silakhor (2006), Varzaghan (2012)




Other earthquakes associated with slope instabilities
in North of Iran along Alborz Mountain Ranges




Earthquakes and geo-hazards

 Ground Motion Amplification
* Lands subsidence
e Soil Liguefaction

* Landslides and rock slope instabilities

41



Rock slope instabilities in some recent earthquakes

Manjil-Roudbar Earthquake, June 1990 (Mw: 7.3)

* Fatalak village with over 100 population was completely buried under landslides.

 Some other villages in the area were damaged by slope instabilities.

* Rock-falls blocked several main and rural roads that caused some delays in providing
emergency response services .




Rock slope instabilities in some recent earthquakes

Firooz Abad-Kojour Earthquake, May 2004 (Mw: 6.2)

* About 80% of casualties (32 of 41) was due to landslides and rock-falls

* Most of the local roads were blocked after earthquake due to slope instabilities




Rock slope instabilities in some recent earthquakes

Bam Earthquake, Dec. 2003 (Mw: 6.5)

* Some buildings and channels were damaged by slope instabilities

Arg-e-BamCitadel (before and after the earthquake)

F. Pellet, et al (2005), Geotechnical performance of Quanats during the 2003 Bam, Iran, earthquake, Earthquake
Spectra, EERI, vol 21, n° S1, pp137-164.



Rock slope instabilities in some recent earthquakes

Shafts Bam Ea rthq ua ke,
Dec. 2003 (Mw: 6.5)

* channels were damaged
by slope instabilities

|<7 Infiltration zon Water conveyance part of the
gallery




Legal and institutional basis for reducing the impacts of geo-
hazards associated with earthquakes in Iran




Evaluation and preparation of geo-hazard risk

mitigation and management plans

A. Knowledge and information

1.

) 3.

Public awareness about geo-hazards and the importance of living in safe
places;

Knowledge and information of local and national authorities and managers
about the risk of geo-hazards and necessity of risk reduction planning;

Professional knowledge and skill of researchers and experts on geo-hazards
risk mitigation measures.

B. Institutional capacities

4.

Applicable laws and regulations for managing construction in hazard zones,
compensation for losses by insurance or other fiscal measures;

Efficient institutional arrangements and structures for conducting risk
management activities at local and national levels;

Adequate financial resources and mandates for controlling construction in
geo-hazards prone areas.



Evaluation and preparation of geo-hazard risk
mitigation and management plans

C. Risk assessment and mapping
7. Available information and databases on geo-hazards
8. Technical capacity to provide necessary information for risk assessment

9. Prepared micro-zonation maps at the local and national levels

D. Risk reductions and countermeasures

10. Capacities for risk reduction (ground stabilization and improvement, safe
construction in hazardous sites, etc.)

11. Available monitoring and early warning systems for controlling unstable
areas and information dissemination

12. Level of application of advanced technologies for reducing the potential
impact of instabilities (such as automatic shut down systems for gas and
water networks, etc.)



Micro-zonation maps of Tehran

Peak Ground Acceleration (PGA): earthquake in Tehran based on probabilistic analysis.
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Evaluation of existing situation in Iran based on the
developed elements

Risk Reduction and
Countermeasures

Risk Assessment
and Mapping

11

12

- Excellent

Knowledge and

Very Good
Information

Good
Moderate
Weak

Very Weak

3 4 Nothing

Institutional
Capacity
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Evaluation of existing situation in Iran based on the
developed elements

12

Risk Reduction and 11

Countermeasures

Knowledge and
Information

Good:

8. Technical capacity to provide
necessary information for risk
assessment

3 9. Prepared micro-zonation maps
at the local and national levels

3. Professional knowledge and
skill of researchers and experts

on geo-hazards risk mitigation
measures.
Risk Assessment Institutional
and Mapping Capacity
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Evaluation of existing situation in Iran based on the
developed elements

12

Risk Reduction and

Knowledge and
Countermeasures

Information

Very weak:

1. Public awareness about geo-hazards and
the importance of living in safe places;

11. Available monitoring and early warning
systems for controlling unstable areas and
information dissemination

12. Level of application of advanced
technologies for reducing the potential
impact of instabilities (such as automatic
shut down systems for gas and water
networks, etc.)

Risk Assessment

Institutional
and Mapping

Capacity
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Conclusions and recommendations

* In order to improve the existing conditions, it is necessary to determine
priorities for strengthening each parameter by defining short, mid and
long term programs.

* |Institutional capacities should be enhanced in short term plans by
enforcing regulations, allocating budgets and strengthening institutional
capacity.

* Among the indicated parameters, those related to risk assessment and
risk mapping as well as promoting knowledge and information should be
carried out in short to mid-term programs prior to planning for
remediation activities.

For success in making such plans, it is necessary to centralize the
coordination of all activities of relevant organizations involved in geo-
hazard risk reduction and prevention
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Conclusions and recommendations

As an example, for reducing the impacts of landslides associated with
earthquakes:

1. It is necessary to evaluate the risk of slope instabilities and impact of
earthquakes on them;
2. Such information should be integrated with urban and rural development plans;

3. Simplified versions of such maps should be prepared and distributed among
people and local authorities along with information to promote their knowledge
on potential hazards

4. In the places exposed to such instabilities, based on cost-benefit analyses; the
appropriate measures for risk reduction should be determined and applied.

All of these procedures should be implemented in the context of integrated
risk reduction plans and should be managed and supervised by local and
national disaster management authorities in order to be successful.
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