COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL

CIVIL ENGINEERING

DEPARTMENT

EDUCATION LEVEL

Undergraduate

COURSE CODE

1063 | SEMESTER

COURSE TITLE

SOIL DYNAMICS

COURSE UNITS
O€ TTEPITITWAN TTOU 01 OIOAKTIKEG ATTOVEUOVTAI OE OIQKPITA €PN TOU IABAUATOG TT. X.
AiaAééeig, Epyaotnpiakég AOKRoeIS K.ATT. Av ol SI0QKTIKEG ATTOVELIOVTQI EVIQia yia TO
gUvoAo Tou pabnuarog avaypayrerigeBoouadiaicgwpes d1daoKkaAiagkaiToauvoAo

TwV OIOAKTIKWYV [IOVEOwWYV /

HOURS

ECTS

ECTS
CREDITS

Lectures

and Tutorials 4

lMpoobéoTe aeipég av xpeiaarei. H opyavwon didaokaliag Kai o1
010aKTIKEG uEBODOI TTOU XPNailuoTToI0UVTal TTEPIYPAQPOVTal avaAuTikd aTo 4.

COURSE TYPE:

IevikoU Yrof3d6pou, Eidikou YrréBabpou, Eidikétnrag

Elective

PREREQUISITE KNOWLEDGE:

«SOIL MECHANICS I»
«DYNAMICS OF STRUCTURES»

COURSE AND EXAMS LANGUAGE:

GREEK

COURSE OFFERED TO ERASMUS
STUDENTS:

NO

COURSE WEBSITE (URL):

https://helios.ntua.qgr/course/view.php?id=1553

2.

LEARNING OBJECTIVES

Learning Objectives

lMepiypaeovral Ta pabnaoiakd ammoreAéouara Tou Pabnuarog ol GUYKEKPILEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES

KaraAAnAou emmiTédou Tou Ba aTTOKTHOOUV 01 QOITNTEG UETA TNV ETTITUXT OAOKANPWON ToU Labnuarog.

SupPBouAcureite o lMNMapdptnua A

o [lepiypagn tou Emimédou Twv Mabnaiakwy AmoteAeaudrwy yia Kabe éva kUkAo armoudwv auuewva e MAaioio Mpoadviwy rou

EupwrraikoU Xwpou Avwrarng Ekmaidsuong

o [lepiypagikoi Acikteg Emmirédwv 6, 7 & 8 rou Eupwriraikou MAaiciou lMpoadviwv Aid Biou Maénang kai lNapdprnua B
o [lepiAnmrTikdg OOnyog ouyypapns Mabnoiakwv AtmoteAeoudrwy

Following a revision of the dynamics of simple (mass-spring-dashpot) systems under base excitation,
the course focuses on wave propagation in 1, 2 and 3 dimensions, by considering reflections, refractions
and generation of surface waves (Rayleigh and Love). In the sequel, it deals with the measurement of
the seismic wave propagation velocity in the lab and insitu (Crosshole and Downhole tests). Then, it
studies soil behavior under dynamic and cyclic loading. All the above are used for the estimation of “soil
amplification” of seismic motion with analytical and numerical methods. The course ends with the
elastoplastic response (accumulation of settlements, excess pore pressure buildup) and the liquefaction
of saturated granular soils under cyclic loading. Methods of evaluating liquefaction potential on the basis
of insitu SPT and CPT tests are studied, while liquefaction effects on engineering structures and

potential methods for their mitigation are

reviewed.




After the successful completion of the course, the students will be able to:

1. Acknowledge the peculiarities and the requirements of Geotechnical Earthquake Engineering
projects.

2. Estimate via experimental and empirical methods the necessary «dynamic» soil properties for use
in the foregoing projects.

3. Compute with robust analytical and computational methods: (a) the soil effects on seismic ground
motion parameters and the elastic design spectra, and (b) the soil liquefaction hazard and the

design of mitigation measures against its effects on engineering structures.

General abilities

AauBdavovragurréwn TiS YEVIKES IKAVOTNTES TTOU TTPETTEI VA EXEI ATTOKTHOEI O TITUXI0UXOG (OTTWS QUTEGC avaypa@ovTal GTO
lMapéprnua AimAwpuarog kai mapatiBevral akoAoUBwg) o€ moia / TTOIES AT QUTES ATTOOKOTIEI TO UGOnuas;.

Avalitnon, avdiuon kai ouvBean Oedouévwy  Kai
TANPOQOPIWY, HE TN XPACH Kai Twv QmapaitnTwyv
TEXVOAOYIWV

lMpooapuoyn o€ VEs KaraaTaoeic Afyn

amopdoewyv

Aurévoun epyacia Ouadikn

Epyaoia

Epyaaoia oe 01e6vég epidAdov

Epyaaia o€ diemotnuoviké mepidAiov

lNapdywyn VEwV EPEUVNTIKWY I0EWV

2XE0IA0UOC Kal OlaxeipIon Epywv

Sefaouég orn S1apopETIKOTNTA KAl OTNV TTOAUTTOAITIOUIKOTNTA ZBATUOS

aT0 QPUOIKO TTEPIBAAAOV

ETmideién KoIvwviKAg, ETayyeALQTIKACKaINBIKAG UTTEUBUVATNTAS Kal

euaiobnaiag o Béuara puAou
A0KnNan KPITIKAS Kal QUTOKPITIKNG

lNpoaywyn g AeUBEPNS, ONUIOUPYIKAS KAl ETAYWYIKAS OKEWNS

Search, analysis and synthesis of data and information, with the aid of necessary technologies
Independent work

Group work

Design and management of works

3. COURSE DESCRIPTION

. Dynamics of 1DOF systems under base excitation: Dynamic response of 1DOF systems under
harmonic base excitation, Elastic Response spectra.

2. 1D wave propagation in soils: 1D P & S wave propagation equation, refraction & reflection
phenomena.

3. 2D and 3D wave propagation in soils: Refraction and reflection of P & S waves at interfaces, Snell’s
Law, Rayleigh and Love waves.

4. Soil response under cyclic loading: Shear modulus degradation & hysteretic damping increase,
permanent strain accumulation & excess pore pressure build up due to cyclic loading. Analytical
modeling of dynamic soil behavior.

5. Measurement of seismic soil parameters: Laboratory & in situ measurement of seismic soil
properties for small-medium-large cyclic strains. Student training in the execution and interpretation of
Crosshole and Downhole tests.

. Seismic ground response ("soil amplification”): Analytical and numerical analysis of seismic
ground response with the frequency domain (equivalent linear) and the time domain (non-linear)
methods. Term project.

. Earthquake-induced soil liquefaction: Methods of liquefaction potential evaluation. Liquefaction
induced soil settlements, shear strength degradation, lateral ground spreading. Ground improvement
methods to mitigate liquefaction effects.

4. TEACHING METHODS — STUDENT ASSESSMENT

TEACHING METHODS:
lNpbowrtroue mpéowrtro, E€amoordoswg
EKTTAIOEUON K.ATT.

Lectures.

Solving of simple example cases (tutorials).
Discussion of case histories

Execution of geophysical testing insitu

TEACHING MEDIA:
XpnonT.l1.E.omAibaokaAia,omv | o
Epyaarnpiakny Ekmaideuan, atnv Emkoivwvia
IE TOUG POITNTES

PowerPoint Slides.
PC calculations with specialized software
e Support of learning process via the Helios platform




ACTIVITY IMPORTANCE
COURSE ARRANGEMENT:
lNepiypagovral avaAuTika o Tp0TToS Kai uéBodol
d10aokaliag.
aAééeig, Zeuivapia, Epyaatnpiakn Aoknon, Aoknon | Lectures 52
lediou, MeAétn & avdiuon  BiBAioypagiag, (1 3 x 4)
®povriaripio, [lpaktikh (Tomobérnan), KAviki -
Acknon, Karirexviké Epyaorripio, Aiadpaotiki | «Term project» and small 26
didaokalia, Ekmaideutikés emokéwerg, Exkmovnon | homeworks
ueAéTng (project), Zuyypagn epyaaciag / pyaciwy, (20 + 2X3)
KaAAirexvikny dnuioupyia, K.ATr.
Weekly study 13
Avaypdgovral ol WPES UEAETNS TOU QOITNTH YIa KABE (1 3x1 )
uabnoiakn opactnpEIdTNTa KaBwWe Kal Ol WPES unN
KaBodnyouuevng UEAETNS WOTE O OUVOAIKOS POPTOS : :
epyaciag o€ emimedo e€aunvou va avrioToiXEl aTa Ereparatlon for midterm and 34
standards tou ECTS final exam
(9 + 25)
OVERALL: 125

STUDENT ASSESSMENT:
Mepiypaen e diadikaaiag aloAdynong

MNwooa  AéioAdynong,  MéBodor  aéloAdynong,
Alquopowriky  n Zuumepacuarkn,  Aokiuaoia
lMoAamAng  EmAoyng, Epwrnhoeic  Zovrouns
Amavrnong, Epwrrioeis Avarrruéng Aokipiwy, EmmiAuon
lMpoBAnudarwv, Tpamrm) Epyacia, EkBeon /
Avagopd, Tpogpopikn Eééraon, Anuéoia
lMapougiacn,  Epyacmpiakh  Epyacia,  KAivikn
Eééraon AaBevoug, KaAAirexvikny Epunveia, AAAn /
AMeg

Avagépovral pnTa mpoodIopICLEVA KPITHPIA
aéloAdynang kai eav kai ou givar mpooBdaaiua armro
TOUS QOITNTEG.

I. Term project and small homeworks (up to 20%+10% = 30%
of the grade, only in favor):

[I. Mid-term exam (up to 20% of the grade, only in favor),
including:
- Problem solving with calculations
- Short answer questions

1. Final exam (50% to 100% of the grade), including:
- Problem solving with calculations
- Short answer questions

5. TEXTBOOKS - BIBLIOGRAPHY

-Proposed bibliography :

Textbooks:

Indicative Bibliography

MtroukofBaAag. I., Znueiwoelg ESagpoduvapikng: Oéparta kai E@apuoyég MewTeXVIKAG ZEIOMIKAG
Mnxaviknig, 2022 (in Greek) — Available in Helios

Geotechnical Earthquake Engineering, Steven Kramer
http://faculty.washington.edu/kramer/GEEbook.pdf

Geotechnical Earthquake Engineering, lkuo Towhata
https://link.springer.com/book/10.1007%2F978-3-540-35783-4

An introduction to soil dynamics, Arnold Verruijt
https://geo.verruijt.net/software/SoilDynamicsBook.pdf

-Related scientific journals:

earthquake-engineering

o0 Journal of Geotechnical and Geoenvironmental Engineering, ASCE:
https://ascelibrary.org/journal/ijggefk

0 Bulletin of Earthquake Engineering, https://link.springer.com/journal/10518

0 Soil Dynamics and Earthquake Engineering: https://www.journals.elsevier.com/soil-dynamics-and-|




