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Fig 1. Adobe dwelling/ Fig 2. Retrofitted house in Kashmir/ Fig 3. PP-band graph

The collapse of non-engineered masonry is
one of the greatest causes of death in major
earthquake events around the world, yet by

definition non-engineered structures remain
largely outside of the scope of modern engineering
research. For this reason, the majority of those at
risk remain so, despite the many recent advances
in earthquake engineering.

This project therefore aims to:
• Test a recently developed retrofitting technol-

ogy (polypropylene meshing), specifically aimed
at preventing the collapse of adobe (mud brick)
buildings under strong earthquakes. 

• Demonstrate the application of a recently
developed numerical tool, the Applied Element
Method, in dynamic modelling of blocky
masonry into the collapse stage.

• Implement the proposed retrofitting technique
in a seismically active region of the
Kathmandu Valley, Nepal.

Introduction
‘It remains something of a paradox that the fail-
ures of non-engineered buildings that kill most
people in earthquakes attract the least attention
from the engineering profession.’ 1

Between 75 and 90% of all earthquake fatali-
ties result from building failures 2 with a growing
disparity between vulnerability of those in devel-
oping and developed countries. The greatest risk

Extending the collapse time of 
non-engineered masonry buildings
under seismic loading

Joshua Macabuag, (formerly Oxford University),
was the winner of the Research Panels’
Undergraduate Research Grant Award 2006/07.
Here he presents his research with lecturers 
S. Bhattacharya (Bristol University) and 
A. Blakeborough (Oxford University)

1

2 3



32 The Structural Engineer 1 April 2008

TECHNICALNOTE

Fig 4. Applied Element Method / Fig 5. AEM wall wit h PP mesh incorporated far right

by far is presented to inhabitants of non-engi-
neered masonry structures such as those shown
in Fig 1.

The Kashmir earthquake of October 2005 cost
the lives of over 73 000 people 3 with the majority
of these casualties attributable to the collapse of
unreinforced masonry structures. Similarly
vulnerable, non-engineered masonry is wide-
spread throughout the developing world and so it
is imperative to consider low cost retrofitting of
such structures with the aim of limiting damage
caused by normal earthquakes and giving their
occupants a good chance of escape in the once-in-
a-lifetime event of a large earthquake. 

Retrofitting unreinforced masonry using
polypropylene meshing
Methods required to meet the needs of large
populations in danger of non-engineered
masonry collapse throughout the developing
world must be simple and inexpensive.
Polypropylene (pp) strapping is used as packag-
ing the world over and is therefore both cheap
and readily available. A retrofitting technique
has been recently developed at Tokyo
University whereby these common bands are
used to form a mesh, which is then used to
encase masonry walls, preventing both collapse
and the escape of debris during earthquakes 4.
This technology has been implemented in
Kashmir (Fig 2) following the major 2005 earth-
quake and is the subject of current research.

Shear failure due to in-plane lateral loading is

one of the fundamental failure modes of masonry
walls under seismic action. Therefore, retrofitted
and non-retrofitted masonry panels were tested
under static in-plane lateral loading to indicate
the effectiveness of the pp-mesh.

Conclusions from physical experiments
The main conclusions are:
• Non-retrofitted walls showed sudden brittle

failure and were unable to maintain significant
load after initial failure. It is this brittle fail ure
that poses the danger to building occupants
during earthquakes. 

• Retrofitted walls successfully maintained
integrity over large deformations, without the
loss of debris, allowing redistribution of the load
throughout the mesh and masonry, even after
several of the retrofitting straps have broken.
Fig 3 plots the comparative performances.  

Numerical modelling: an introduction to
the applied element method (AEM)
Efficient modelling techniques are required in
order to be able to test the extensive variety of
traditional masonry present across the globe, and
possible retrofitting techniques. In AEM, the
structure is discretized into elements, as in the
Finite Elements Method (FEM). However, the
AEM elements are rigid, carry only the system’s
mass and damping and are connected at coinci-
dent faces with normal and shear springs repre-
senting the material properties (Fig 4). AEM can
easily follow crack formation and propagation by

allowing the separation of adjacent elements and
is less computationally expensive than FEM tech-
niques for modelling similar effects 5.

The aims of this preliminary investigation into
AEM were to show its potential application in
modelling the wide range of non-engineered
building types at risk and possible retrofitting
strategies; and that simple interface AEM
programmes are becoming available *.

Conclusions from numerical experiments
Realistic failure mechanisms were achieved for
the diagonal compression test simulation with
single-element bricks adequately capturing the
macro-behaviour of the wall including cracking,
and separation of elements. However, simulated
failure loads were lower than those observed in
physical testing, suggesting that further refine-
ment of the model is required †.

In comparison to many other numerical
methods, AEM’s ability to easily model element
separation and interaction makes it suitable for
the modeling of blocky masonry behaviour under
static and dynamic loading, through cracking and
large deformation to ultimate collapse, Fig 5.
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* AEM simulations were carried out using: ‘Extreme
Loading for Structures’ by Applied Science
International

† Complex masonry and geotechnical models have
been successfully created in dedicated studies
conducted in the USA and Japan:
(http://www.extremeloading.com/AEM_tech.asp?show
=References_Publications&type=common)
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Implementation of polypropylene meshing
in the Kathmandu Valley, Nepal
Given that the dwellings most at risk are built
outside of building regulations it is clear that a
sustainable solution can only be achieved by
raising local awareness of available methods and
allowing the building owners and tradesman to
themselves become the disseminators of the
proposed solution.

Parallel to the research detailed above, a
project has been proposed for the implementa-
tion of pp-band technology in Nepal as a part-
nership between Oxford University, the
Institute of Industrial Science Tokyo University,
the Indian Institute of Technology Bombay,
Nepal Engineering College and Khwopa
Engineering College Nepal. 

The project is titled ‘Improving the Structural
Strength under Seismic Loading of Non-
Engineered Buildings in the Himalayan Region’
and outlines a proposal to conduct training
courses for rural masons and public demonstra-
tions for community members in the seismically
active Himalayan region, to promote seismic
resistant building and retrofitting techniques,
focusing on polypropylene meshing.

This project has recently (Dec 2007) been

named among the 10 winners at the
Mondialogo Engineering Award ‡ Symposium
held in Mumbai, India and given €20 000
towards implementation of a pilot scheme to
be conducted in a rural village outside of
Bhaktapur, Nepal. This is with a view to
conducting similar projects at further high-
risk locations in order to address the issue of
seismically vulnerable housing throughout
the Himalayan region and further a field. 

The proposed course and public demonstra-
tion will be carried out during 2008 with the
cooperation of the international NGO
National Society of Earthquake Technology –
Nepal (NSET).

Summary
The following conclusions can be drawn:
• Retrofitting masonry walls with polypropy-

lene meshing allowed specimens to continue
to maintain load after initial failure of the
masonry and prevented the loss of debris,
even after the failure of several straps. Given
the low cost, high availability and relative
simplicity of the pp-meshing technique, this
technology may potentially be used to
prevent/delay brittle collapse of non-engi-
neered structures under seismic loading.

• The Applied Element Method (AEM)
adequately recreated observed failure mecha-
nisms under in-plane lateral loading, whilst
remaining computationally inexpensive. The
ability to easily model element separation

and interaction, highlights AEM’s application
in modelling the wide range of non-engi-
neered building types currently at risk, and
possible retrofitting strategies.

• PP-meshing for rural single-storey adobe
housing will be implemented near Bhaktapur,
Nepal during 2008, under a pilot scheme
funded by the Mondialogo Engineering
Award. se

‡ The Mondialogo Engineering Award is an initiative
set up by DaimlerChrysler and UNESCO that invites
engineering students in developing and developed
countries to form international teams to create
project proposals that address the United Nations
Millennium Development Goals
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