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Earthquake disaster in home country and earthquake disaster prevention
efforts (My research introduction: Part 1)

Mestar Mohammed (JSPS Fellow, Hiroshima University)
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Introduction

Every journey has a beginning, and mine was marked by a tragic event that shaped my research direction. On May 21st, 2003,
while I was preparing for a research master's degree in building sciences, with a focus on heat transfer, a devastating earthquake
struck the town of Boumerdes in Algeria, my birthplace. The seismic event, with a magnitude of 6.8, resulted in significant social
losses, including over 2,200 fatalities, more than 10,000 injuries, and over 200,000 individuals left homeless. The economic impact
was equally severe, with 6,181 public structures damaged, not including private properties. Among these public buildings, 564
schools were seriously affected, comprising 373 primary schools, 119 junior high schools, and 72 high schools (Fig 1). The total
estimated damage from the earthquake reached approximately US$5 billion. This event profoundly influenced my perspective. I
realized that I could not continue to focus solely on heat transfer in buildings when the impact of natural disasters on communities
and their infrastructure was so severe and widespread.

Fig. 1 Destroyed schools in Algeria during the seismic event of 2003. Source: EERI Learning from Earthquakes
Reconnaissance Report

Research background in Canada on Seismic Vulnerability and structural performance

The seismic hazard is generally moderate in the Canadian eastern part (Quebec) and large urban centres are faced with similar
earthquake hazard levels. In general, earthquake mitigation of public buildings has remained scarce, and no systematic vulnerability
assessment program has been implemented on a large scale. The building seismic vulnerability assessment is based on collecting
information by inspection and investigating the drawing plans. However, this approach is not practical for the evaluation of a large
sample, such as in the Quebec region where exists more than 2700 building schools (Fig. 2). A large number of schools were built
using wood material as Lateral Load Resisting System during the period 1950 to 1969 as can be seen in Fig. 3. These schools need
more attention as wood can be more vulnerable with regards to additional natural parameters such as humidity and termite...etc.

A three-tier screening procedure for the seismic vulnerability assessment of Quebec school buildings was proposed during my
master research studies in the Ecole de Technologie Supérieure Montréal. The procedure is designed as a tool for school boards
professionals and other technical personnel (Fig. 4). Tier-1 screening aims to classify school buildings within four priority groups,
with a view to identify facilities that are not at risk and discard them from the pool to be screened at the next level. At this level,
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(a) Distribution of public schools in Quebec (Q Uniform hazard map for Quebec, PGA for 2%
probability of exceedance in 50 years

Fig. 2 Seismic vulnerability in Quebec (Fig. 2b is referred to Earthquakes Canada)

three parameters are used: the seismic hazard, the year of

construction and the number of students. At Tier-2, the

sample of schools is considered at the level of school boards

(minimum of 30 school buildings). Seismic microzonation

mapping information is used with general data on structural

1 Steel Frames (SMF) configuration to prioritize buildings, with a moderate or

¥ Wood Posts and Beams (WPB) high risk, that need to be inspected. At the third level (Tier-

ARz NG 3), the inspection of the buildings identified at Tier-2 is used

to prioritize which facilities will require a detailed seismic

evaluation and eventual mitigation. This assessment is

realized by applying a score procedure. The proposed 3-Tier

procedure is applied to a sample of school buildings in
Montreal, on the basis of visual inspection data.

To carry out my project with more reliability and
precision, I proposed to the researchers panel the use of
ambient vibration measurements (AVM) with the aim to
validate the results supposed to be carried out using statistics

B Concrete Shear Walls (CSW)
B Steel Braced Frames (SBF)

Fig. 3 Distribution of public schools according to LLRS type
and year of construction

Seismic Risk
R

Building
Hazard RG vulnerability Conseé‘gences
RB -
J

- I :
TIER-1 { Seismic hazara ! | Code design I 1" Exposiie ")
! i level (Yearof | | (Numberof !
SCREENING 1 saM) 1 construction) | | ‘Students) !
; RSN ST e
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TIER-3 Structural
SCREENING characteristics

Fig. 4 Concept map of the proposed three-tier evaluation procedure
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only. A modal model was constructed based on the results of the AVM, using the natural frequencies of vibration, damping and mode
shapes. The measurements were performed using wireless devices that have 3 velocimetric channels with adjustable dynamic range
and sensitivity and 3 accelerometric channels with an operating range [0.1, 1024] Hz on all channels. The devices have GPS receiver
with internal and/or external antenna for positioning and absolute timing/synchronization among the different units. The devices
have also a built-in radio module for synchronization among different units and alarm transmission if the signal is above threshold.
The measurement of the dynamic characteristic of a whole building can be done using 3 devices at least, 2 of the units are used as
reference and remaining can be moved at different position until the complete building is scanned (Fig. 5).

Capteurs de
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Fig. 5 Example for a 3-story building in Tlle-de-Montréal (top) and recording (bottom).
Adapted from Mestar Mohammed (2014)

Using these ambient vibration measurements, [ was able to construct fragility curves that are important for seismic risk mitigation
(Fig. 6).
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Fig. 6 Fragility curves for the light damage state as a function of spectral displacement.
Adapted from Mestar Mohammed (2014)
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