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Abstract 

The collapse of unreinforced masonry structures, which are distributed around the earthquake prone areas of the world, is 
one of the main causes of death in earthquake disasters. Due to improper methods, lack of knowledge for the construction 
and maintenance, every year thousands of casualties and collapsing masonry houses are reported. Even though, Sri Lanka 
was believed to have no seismic threats, it is now realized that Sri Lanka can no longer be considered as a country safe 
from seismic threats following the recent events that occurred in and around the island. Hence the need for evaluating the 
seismic adequacy of the existing masonry structures has come into focus. For this purpose, an expert system which 
contains specific knowledge for masonry structures was developed with the collected data from visual inspection survey, 
numerical calculations and field experiment. 
 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 7th International Conference on Building Resilience 
 
Keywords: Expert System; Seismic Vulnerability; Seismograph; Unreinforced Masonry Buildings.  
 

 
*Corresponding author: Tel: +94-(0)091-2245765 
Email: sudhira@cee.ruh.ac.lk 
 

 

Available online at www.sciencedirect.com 

 

Procedia Economics and Finance 00 (2012) 000–000  

 

7th International Conference on Building Resilience; Using scientific knowledge to inform 
policy and practice in disaster risk reduction, ICBR2017, 27 – 29 November 2017, 

Bangkok, Thailand 
 

Assessment Method for Seismic Vulnerability of Old Masonry 
Buildings in Sri Lanka 

 
Sudhira De Silvaa*, G.H.M.J. Subashi De Silvaa and H.M.S.S. Padmalb 

 
aSenior Lecturer, Department of Civil and Environmental Engineering, Faculty of Engineering, University of Ruhuna, Sri Lanka 

bCivil Engineer, Maga Engineering (Pvt) Ltd., Nawala Road, Colombo  

 

Abstract 

The collapse of unreinforced masonry structures, which are distributed around the earthquake prone areas of the world, is 
one of the main causes of death in earthquake disasters. Due to improper methods, lack of knowledge for the construction 
and maintenance, every year thousands of casualties and collapsing masonry houses are reported. Even though, Sri Lanka 
was believed to have no seismic threats, it is now realized that Sri Lanka can no longer be considered as a country safe 
from seismic threats following the recent events that occurred in and around the island. Hence the need for evaluating the 
seismic adequacy of the existing masonry structures has come into focus. For this purpose, an expert system which 
contains specific knowledge for masonry structures was developed with the collected data from visual inspection survey, 
numerical calculations and field experiment. 
 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 7th International Conference on Building Resilience 
 
Keywords: Expert System; Seismic Vulnerability; Seismograph; Unreinforced Masonry Buildings.  
 

 
*Corresponding author: Tel: +94-(0)091-2245765 
Email: sudhira@cee.ruh.ac.lk 
 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.proeng.2018.01.009&domain=pdf


62 Sudhira De Silva  et al. / Procedia Engineering 212 (2018) 61–682 De Silva et al./ Procedia Economics and Finance 00 (2012) 000–000 

1. Introduction 

     A developing country like Sri Lanka, majority of residential and public buildings can consider as masonry 
buildings, especially in rural areas most are adobe masonry buildings. Masonry buildings are popular due to 
their low cost in construction, construction easiness, and need of less labour skills, eco-friendly and use of 
locally available materials (Mendis et al. 2014). In the point of durability masonry buildings have a higher 
probability of failure under earthquake. Hence the existing masonry buildings usually associated to a high 
seismic vulnerability. It causing injuries or even death of their occupants. But due to economic reasons, 
masonry building construction is still can considered as the best solution for low income housing in 
developing countries. Due to the week properties of the materials, geometry, foundations, connections 
between walls – roofs- floors, stiffness of the horizontal diaphragms or the building condition, gravity load-
bearing walls, low flexibility of the floors, high mass of the masonry walls, existing masonry buildings are 
poor in seismic performance. Furthermore, “non-structural” elements (eg. partition walls) and their 
connection to the load-bearing walls can also be a reason for poor performance of these buildings. Recent 
geological studies found convincing evidence for a long suspected geological phenomenon that the Indo-
Australian plate is indeed splitting as shown in Figure 1. It is creating an intra-plate just about 400-500km 
from the southwest coast of Sri Lanka. Hence there is a potential of increasing seismic activities in Sri Lanka 
and need to consider the design requirement (Pradeep et al. 2016). 
    

Other than that there are several incidents that local residents have complained about low-scale 
tremor occurred within last two decades and many damaged houses, especially in Hali-Ela, Haputhale, 
Badulla, Nuwaraeliya, Ampara, Damana, Mahiyangana areas in Sri Lanka (Panagoda 2012), (Silva 2012). It 
is observed that the damage caused by such earthquakes tend to be very high due to lack of preparedness 
against them special on building and relevant infrastructure (Pradeep et al. 2012). It is very much essential to 
study to control the effects of the earthquake since the most of the building structures in Sri Lanka have not 
designed to bare the earthquake forces. Though the newly constructed buildings in Colombo area adopted to 
earthquake building designs, local people in other rural areas build their masonry buildings without 
considering the seismic resistance. In the case of urban rehabilitation programme this attention may become 
critical for the designing of future disaster mitigate plan. It is considered being a timely requirement to assess 
the performance levels of masonry buildings for different return period earthquakes which happens without 
any advance notification.  
 

Figure 1. The Indo-Australian seismic plate and the splitting path (C.B. Dissanayake.2010)` 
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     Due to those reasons the seismic vulnerability and risk assessment of existing masonry buildings are truly 
essential. Developing a computer based assessment method (expert system) with past earthquake damage 
history & repair thereof, construction practices being adopted, building typology, seismic zoning of the area, 
building samples, detailed survey of selected buildings, quantitative and qualitative analysis will help to 
assess the seismic capacity or the seismic vulnerability of existing masonry buildings. This expert system will 
unable to select required seismic retrofitting, and identify the particular weaknesses and deficiencies to be 
corrected after scoring for the serious of field questionnaires as a qualitative measurement. 

1.1. Objectives 

     Objective of the current study is to evaluate the condition state of the existing masonry buildings against 
seismic vibration and development of expert system with respect to the masonry performances.  

2. Methodology 

2.1. Selection of building type 
 

     In order to estimate seismic vulnerability of existing building stocks on a wide spread area as historical, 
engineered structure, non-engineer structure, residential, public and many. It is imperative to make suitable 
path for selection of building samples, analysis and determine the risk levels. This expert system work with 
residential, school and hospital masonry buildings since those are the most damaged structures during the 
post-earthquakes and can easily upgrade with low cost retrofitting methods to enhance the existing seismic 
vulnerability level. 

2.2. Selection of area 
 
    The Colombo area was the most critical in seismic activities, as recorded in the history. But today so many 
constructions and projects in that area have consider the seismic effect and most of all the designing are done 
with respect to seismic resistance. Hence Colombo area is not considered to the field investigations and data 
collection. But there are other areas which also record the low-scale tremor and many damaged houses during 
past years, especially in Nuwaraeliya, Haputhale, Hali- Ela, Bandarawela, Badulla, Mahiyanganaya, Ampara, 
and Damana (South-East area of the Sri Lanka). Those areas were selected as the source for the data 
collection of the existing performance of the masonry buildings. 

2.3 Visual inspection survey 
 

     As the first phase; visual observation survey data take in to account for measure the seismic vulnerability 
of masonry buildings in selected area. The visual inspection survey method is designed to be implemented the 
overall quality, safety of the existing structure without performing any structural calculations.   
 
    The visual inspection and the qualitative expert system combination is expected to take around 30 minutes 
for inspect, data collect and decision making process in each building at site. Since it is not practical for any 
destructive tests to analyze the quantitative parameters of selected masonry buildings; visual inspection is the 
best method to carry out to risk level identification. 
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