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ABSTRACT

Chiang Rai is located in the Northern region of Thailand. The city is in a seismic
risk region where many buildings have inadequate code enforcement. Hence, this study
adopted multi-criteria decision making assessment for spatial seismic disaster
management. The study could be classified into three parts. The first part, the study
proposed a spatial seismic assessment in Chiang Rai Municipality by simulating
earthquake scenarios to identify the urban damage. The second part, fuzzy logic and
artificial neural network were used for prioritizing building rehabilitation based on
earthquake risk assessment. Finally, the fuzzy logic was used to prioritize for repairing

the building after the earthquake event.

In the first part, this study presents a spatial study of the seismic performance of
buildings in Chiang Rai Municipality to establish an earthquake scenario with an
assumed magnitude of 5. The results of the building’s damage shown the area that
suffered the most occurred in a high density building zone. The extent of building
damage in the area was about 400,000 sg.m. in every 1 sq.km. or 24.79% of the entire
area. The number of human losses was calculated for two different times. There were
about 712 deaths during the nighttime (at 2:00 AM) and 1,027 during the daytime (at
2:00 PM). Finally, the earthquake risk mitigation is able to initiate the rehabilitation of
some important existing structures to improve their seismic performance for moderate-

seismic activity. The important buildings considered here were hospital/emergency



services buildings, schools and government offices, which resulted in the highest
consequences. After the rehabilitation of the important buildings, the reduction of the
complete damage of those buildings was more than 49% and human losses were
reduced 75% during the nighttime and 70.85% during the daytime.

In the second part, most buildings in the area have been designed and constructed
based on old building design codes without seismic consideration. Therefore, those
buildings are required to upgrade for earthquake mitigation. Due to time, resources and
budget limitations, it is not feasible to retrofit all buildings in a short period. Hence, the
objective of this study in this part is to prioritize building retrofit based on earthquake
risk assessment. The risk assessment of a building was made considering the risk
factors, including (1) building vulnerability, (2) seismic intensity and (3) building
important. The building vulnerability was obtained from rapid visual screening surveys
in the field based on expected structural performance. To estimate the seismic intensity,
an attenuation model was adopted for estimation of spatial variation of ground shaking.
The important building was defined base on building occupancy. Then, integrating all
the risk factors with their uncertainties, the total risk were calculated by using fuzzy
analysis based model representing the knowledge of a human expert in a set of fuzzy IF-
THEN rules. To use this methodology, all buildings in the study could be prioritized.
Given six different buildings as an example, hospitals, temples, schools, government
offices, factories and houses could be prioritized for the seismic retrofitting
respectively. Furthermore, artificial neural network was used to substitute the fuzzy
inference process, to reduce operation cost and time. The observed data could be
divided into 2 parts, training data as 70% and predicting data as 30% of the whole data.
The study can be concluded that the architecture of the neural network of damage score
is composed of 3-6-1 nodes: (Input Layer—Hidden Layer—Output Layer), also, Root
Mean Square Error (RMSE) was equal to 0.0145. Regarding the total risk score, it is
composed of 2-5-1 and RMSE was 0.0083. Both damage score and total risk score

exhibit the RMSE close 0.00, indicating the forecast accuracy being highly reliable.

For the third part, many of the buildings are damaged after an earthquake event. It

is unable to immediately repair at the same time with a limitation of engineers,



equipment and budget. From the reason, the study was aimed to evaluate a priority of
repairing buildings. This section proposed a method to identify critical buildings and
prioritize their repairing requirements using fuzzy logic. The evaluated factors were
composed of building damaged level, indirect impact and building occupancy. With the
vague information, the IF-THEN rule based form was adopted to evaluate an important
index of each building. The results of the analysis were found that the buildings having
more important, severely damaged and high indirect impacts on the community, such as
hospitals and power factories will be considered with higher priority for repairs. The
important indexes of the buildings were 0.718 and 0.500, respectively. For buildings
with less importance as parking buildings, the important index was 0.108 which

identified as non-urgent repair.

As a result, this information is a vulnable source for the government officers to
use as a tool to initiate the preparation work and recovery plan against a repeat of this
kind of disaster. Forthermore, the building information from the study are incorporated
with the fuzzy logic and artificial neural network for indentfying the critical buildings in

the prone area and prioritizing their retrofitting requirements.



