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1. COURSE
CE3S4. Earthquake-Resistant Engineering and Disaster Prevention (Mandatory)

2. GENERAL INFORMATION

2.1 Course : CE354. Earthquake-Resistant Engineering and Disaster Prevention
2.2 Semester 9t Semester.

2.3 Credits 4

2.4 Hours : 4 HT; 2 HP;

2.5 Duration of the period : 16 weeks

2.6 Type of course : Mandatory

2.7 Learning modality :  Face to face

e CE2S1. Structural Analysis I. (7*® Sem)
2.8 Prerrequisites
e CE2S2. Reinforced Concrete Design I. (7" Sem)

3. PROFESSORS

Meetings after coordination with the professor

4. INTRODUCTION TO THE COURSE

Earthquake-Resistant Engineering and Disaster Prevention introduces the seismological and regulatory foundations re-
quired to design earthquake- resistant civil structures in Peru’s highly seismic environment. Students begin with the
fundamentals of seismology and plate tectonics, the typology of natural disasters, and disaster risk management, before
studying the Peruvian seismic design code (E.030) and the structural configuration criteria — regularity, redundancy, and
torsional control — that govern the layout of earthquake-resistant buildings. The course closes with structural dynam-
ics: from single- and multi-degree-of-freedom vibration theory to response-spectrum and modal analysis, providing the
analytical foundation for the seismic design of building structures.

5. GOALS

e Explain the seismological origin of earthquakes and the typology and management of natural disaster risk relevant
to civil engineering practice in Peru.

e Apply the Peruvian seismic design code (E.030) to determine seismic hazard parameters and select an appropriate
structural system.

e Apply structural configuration criteria to identify and avoid plan and vertical irregularities in the earthquake-resistant
design of a building.

e Analyze the dynamic response of single- and multi-degree-of-freedom structural systems subjected to earthquake
ground motion.

e Apply the modal response-spectrum method to determine the seismic design forces and displacements of building
structural systems.

6. COMPETENCES

ABET-1) An ability to identify, formulate, and solve complex engineering problems by applying principles of engineering,
science, and mathematics. (Usage)

ABET-2) An ability to apply engineering design to produce solutions that meet specified needs with consideration of
public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factors. (Usage)



7. TOPICS

Unit 1: Seismology and Natural Hazards (17 hours)

Competences Expected: ABET-1

Topics

Learning Outcomes

e Plate tectonics and earthquake generation mecha-
nisms through fault rupture

e Seismic waves: types (P, S, surface) and their prop-
agation

e Magnitude (seismic moment) and intensity (Modi-
fied Mercalli) scales

e Historical seismicity and subduction tectonic context
of Peru

e Typology of natural disasters: seismic, volcanic,
tsunami, and mass movement

e Disaster risk management: prevention, mitigation,
preparedness, and response (SINAGERD frame-
work)

e Seismological instrumentation: seismographs, ac-
celerographs, and national monitoring networks

e Explain plate tectonics and earthquake generation
mechanisms through fault rupture [Familiarity]

e Differentiate types of seismic waves and their effects
on buildings [Usage]

e Interpret and distinguish between earthquake mag-
nitude and intensity scales [Usage]

e Describe the historical seismicity and subduction
context of Peru [Familiarity]

e (Classify the main types of natural disasters affecting
Peruvian territory [Familiarity]

e Analyze the disaster risk management framework for
earthquake prevention and response [Assessment)

Readings : [Bol05], [Kra96)

Unit 2: Seismic Design Code and Structural Configuration Criteria (11 hours)

Competences Expected: ABET-2

Topics

Learning Outcomes

e Scope and structure of the Peruvian seismic design
code E.030

e Seismic hazard parameters: seismic zonation (Z), us-
age factor (U), and soil profile (S)

e Structural systems and seismic force reduction coef-
ficient (R)

e Plan structural irregularities: torsional irregularity,
re-entrant corners, and diaphragm discontinuity

e Vertical structural irregularities: soft story, weak
story, and mass irregularity

e Structuring principles: symmetry, redundancy, hy-
perstaticity, and continuity

e Minimum base shear and inter-story drift limits

e Explain the scope and structure of the Peruvian seis-
mic design code E.030 [Familiarity]

e Determine the seismic hazard parameters (Z, U, S)
applicable to a given site [Usage]

e Select the structural system and corresponding re-
duction coefficient R [Usage]

e (lassify the plan and vertical structural irregularities
of a building [Assessment]

e Apply structuring principles to propose a regular
structural configuration [Usage]

e Verify the minimum base shear and inter-story drift
limits [Assessment]

Readings : [Serl8|, [BM02]




Unit 3: Structural Dynamics and Earthquake Engineering (56 hours)
Competences Expected: ABET-1,ABET-2

Topics Learning Outcomes
e Single-degree-of-freedom systems and free vibration e Analyze free vibration of single-degree-of-freedom
systems and determine natural frequencies [Assess-

e Forced vibration and harmonic excitation ment]

e Damping models and energy dissipation mechanisms e Calculate structural response to harmonic and peri-

e Response spectrum analysis odic loads  [Usage]

e Explain the role of damping in reducing dynamic

e Earthquake ground motion characteristics and seis- e
response [Familiarity]

micity
e Multi-degree-of-freedom systems and modal analysis ° App{l{}} resp]onse spectrum method for seismic analy-
sis [Usage

e Time-history analysis and numerical integration )
methods e Interpret earthquake ground motion parameters and

seismic hazard maps [Familiarity]
e Seismic design philosophy and capacity design prin-

ciples e Perform modal analysis for multi-degree-of-freedom

systems [Assessment]

e Base isolation and energy dissipation devices ) ) o o
e Conduct time-history analysis using numerical inte-

e Performance-based seismic design methodology gration techniques [Usage]

e Design structures following capacity design and duc-
tile detailing principles [Assessment]

e Evaluate the effectiveness of base isolation and
damping systems [Familiarity]

e Implement performance-based seismic design proce-
dures [Assessment]

Readings : |[Chol7]

8. WORKPLAN

8.1 Methodology

Individual and team participation is encouraged to present their ideas, motivating them with additional points in the
different stages of the course evaluation.

8.2 Theory Sessions

The theory sessions are held in master classes with activities including active learning and roleplay to allow students
to internalize the concepts.

8.3 Practical Sessions
The practical sessions are held in class where a series of exercises and/or practical concepts are developed through
problem solving, problem solving, specific exercises and/or in application contexts.

9. EVALUATION SYSTEM
rkErkkk EVALUATION MISSING **#kksx

10. BASIC BIBLIOGRAPHY
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Bol05] Bruce A. Bolt. Farthquakes. 5th. W.H. Freeman, 2005.
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2017.

[Ser18]  Construccién y Saneamiento del Pert Servicio Nacional de Capacitacién para la Industria de la Construccién
(SENCICO) / Ministerio de Vivienda. Norma Técnica E.030: Diserio Sismorresistente. Tech. rep. Reglamento
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