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Disclaimer

This report was written by students of TU Delft as a partial fulflment of
their Master’s degree, the report being the final deliverable for the course
CIE4061-09 Multidisciplinary Project. This project is part of the student
learning program, therefore the students are not obligated to achieve any
specific results outside the scope of this particular educational project. Al-
though the content of the report was written with care by the students
and read and graded by TU Delft tutors, all readers should be aware that
neither TU Delft nor the students can be held responsible for the use of
the report or other student’s results outside of this educational scope.



Foreword

After the earthquake in Nepal of April and May 2015 large parts of Nepal were devastated. The
catastrophic force left over half a million Nepalese homeless and over three-quarters of a
million homes were damaged. After this earthquake, the project Shock Safe Nepal was
initiated, a Multidisciplinary project of the initiated by students of the TU Delft which focused on
providing a technical research platform around rebuilding an earthquake safe Nepal and
striving to contributing to the quality of reconstruction in Nepal. It is undeniable that another
earthquake will hit Nepal in the future but the only uncertainty remains when this will happen. It
is of great importance that houses are rebuilt efficiently and affordably, but above all they need
to be earthquake resilient. Since then 4 teams have taken part in the project, we are the fifth
team. The design of a pilot building that the research of the previous teams led to was
constructed by the 4" team in the village of Ratankot. This design and building has been the
base of our report.

In February 2017, we left the Netherlands to spend 2.5 months in Nepal doing research. Team
5’s mission was technically validating and structurally optimizing the current design regarding
earthquake resistance. This consisted of determining the material properties of the used
materials, structural calculations and ways to optimize the design. From a house seen as a
validated black box, the upscaling possibilities of the design were explored. Large scale
implementation of a design would be easy if the only issue was the design, however there are
of course an enormous amount of aspects that must be considered when aiming for this. This
analysis of the context can be used by future teams.

We wish the following Shock Safe Nepal teams and all other organisations involved in
rebuilding of success.

Alexandra Widjaja
Emanuele Rossi
Focco Vons

Floris Sijbesma
Micky Schepers

Delft, September 2017
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Executive Summary

Shock Safe Nepal was founded as a
response to the 2015 Nepal earthquakes to
function as a platform to contribute to the
development of knowledge on earthquake
safe housing. The goal of the report of team
5 is to validate and optimise the design of the
pilot house that was created based on the
work of previous teams, and the
development on implementation plans for a
validated and optimized house. Literature
study, field work and interviews have been
performed resulting in main findings of this
report.

Primarily, the used materials were analysed
in the report, including bamboo, CSEB bricks
and concrete. They were analysed
consulting literature, conducting laboratory
tests in cooperation with the University of
Tribhuvan. Bamboo was mainly analysed
consulting literature sources, since
laboratory tests were not feasible. It was
found that its material properties are
immensely difficult to determine and can
vary from one column to another. However,
it remains a strong and cheap building
material. CSEB bricks were used due to its
availability, strength and price. The material
properties were derived from tests done by
Build Up Nepal and from literature sources.
Its mechanical performance is like that of
concrete. It's an easy material to build with
and incorporate steel rebar's. However, its
durability and consistency is something
which was not thoroughly investigated and
remains debatable. The concrete used, was
thoroughly tested, conducting slump cone,
compression and Schmidt Hammer tests. It
was found that the concrete used in the pilot
house is of acceptable quality, but there is
room for improvement by following clear
guidelines and technical assistance.

Subsequently, static calculations were
executed, regarding the roof, the load

bearing structure and the foundation. It was
found that these different components,
perform safely under static conditions, with
the applied loads, separately and combined.
The load bearing structure has turned out to
be a wall-bearing structure. This was not
assumed at first. Furthermore, after
calculations, it was found that the roof and
foundation were largely over dimensioned.
This is, however, determined considering
many assumptions, such as the sall
properties.

Regarding an earthquake situation, the walls
and bearing capacity were researched and
calculated following quasi-static conditions.
The earthquake conditions were derived
from the Peak Ground Acceleration.
Primarily the walls were researched. Two
scenarios were considered, a 3-point
collapse failure mechanism and punctual
overturning collapse failure mechanism.
Both mechanisms were tested for different
wall compartments. These calculations give
a small insight in the actual situation,
because dynamic loads are applied
statically, non-linear or dynamic calculations
should be conducted as well as FEM
modelling, for more thorough understanding.
It must be said that the rebar and resonance
effects were not considered. Regarding the
bearing capacity, a PGA of 0.6 was used and
from calculations, partly considering the soll
and superstructure inertial effects, the
bearing capacity would not fail. However,
superstructure resonance  was not
considered. Larger PGA’s were not
investigated, which means that it is not
determined under which conditions failure
would occur.

From these analyses the Structural
optimizations are made to the design. This
includes improving the joints between
different elements of the house. Regarding
the materials used the optimisations include



protecting the CSEB bricks from weather as
they are loadbearing. Guidelines are given
on the placement of the house regarding the
foundation and the slope. According to the
calculations the foundation is over-
dimensioned.

For the stakeholder analysis, extensive
research was done through interviews which
was combined with literary information
available. This was then used to create a
power interest grid and a network analysis,
which shows the links between different
categories of stakeholders and different
specific stakeholders. This analysis also
gave insight in the sheer number of
stakeholders involved in rebuilding Nepal
and the importance of defining the role of
SSN further.

The external factors that are important in
working in Nepal were analysed, this was
done regarding social, technical, economic,
environmental, political, legal and ethical
aspects and based on literature research,
field research and interviews.

Implementation methods of different types of
organisations in Nepal were analysed.
These findings were concluded in a SWOT
analysis of the organizations. Defining the
strengths, weaknesses, Opportunities and
threats of other organisation help to define
the direction that SSN should move in and
those aspects of building in Nepal that can
also be defined as strengths, weaknesses,

opportunities and threats to SSN or make
SSN different to other organizations.

The risks of building in Nepal must be
considered to create a realistic and feasible
long-term plan and need to be mitigated a
risk analysis is done. The findings in the risk
assessment are found in external risks,
design risks and construction risks. A plan is
then set up to mitigate external risks and
construction risks are the

The findings of the Long-term plan are
organized into a strategy for SSN, an
engagement plan and an implementation
pathway. The strategy is concluded in a
SWOT analysis which is then used to create
a TOWS analysis. This TOWS analysis
combined the internal and external strengths
and weaknesses to bring new creative ways
of maximizing strengths and opportunities
and minimizing the weaknesses and threats.
The Implementation pathway contains long-
term goals for SSN, that are structured into
regulatory, implementation, technical and
organizational goals and that can be added
onto by future teams.

This research is to be a logical step in a
series of research projects which will
contribute to the reconstruction of an
earthquake safe environment in Nepal. It can
be used as consultation advice, guideline or
as a base for in-depth follow up research on
one of the included topics.
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1 Introduction

1.1 Background Shock Safe

Nepal

It was April 2015 when all of Nepal was hit
by a huge natural disaster. A sequence of
powerful earthquakes devastated both the
homes and the lives of many people. A huge
effort has been made to recover and rebuild
the destroyed houses and families.
However, not all possess the necessary
means and not all areas are well accessible.
Following the initiative of Cas de Stoppelaar,
the Consul General of Nepal to the
Netherlands, students of the TU Delft
commenced the multidisciplinary student
program “Shock Safe Nepal” — a program
that allows engineering students of any
specialty to apply and expand the research
on earthquakes and earthquake safe
constructions through field and volunteer
work in disaster areas. This report was
written by the fifth team that did research in
Nepal, al builds on the knowledge of the
previous teams.

1.2 Problem definition

A large portion of the Nepali population lives
in rural areas, which have very few
expedients and poor accessibility. These
people have in turn little knowledge and
expertise regarding the (re)construction of
earthquake safe housing. Both the lack of
knowledge and resources resulted in total
devastation in rural areas, with little or no
centralised or organised aid at their disposal.
Yet it is inevitable that an earthquake or
earthquakes will recur, the only uncertainty
remains when.
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The research of the first 3 teams has led to
a design that team 4 created and a pilot
house that was built in Ratankot, however, it
is not possible to simply implement this
design throughout all rural Nepal. Before it is
possible for the design of the house to be
used elsewhere and the project can be
scaled up the structural calculations of the
house must be conducted. Furthermore,
there is no defined long term plan which is
needed to decide on the next steps for SSN
and the design of the pilot house. Therefore,
the problem is that there is a pilot house of
which the design must be validated and
optimised and in its possibilities for
implementation must be explored.

1.3 Goal

This project serves the purpose of helping to
rebuild the rural areas of Nepal, in such a
way that the houses will be earthquake
resilient and the Nepalese people are
supported in the development of their
country. Shock Safe Nepal aims at providing
a bridge between the knowledge on
earthquake safe construction and the people
of Nepal. The goal of team 5 was to validate
and optimise the house built by team 4 and
create a long-term plan for upscaling and
implementation.

1.4 Research question

The problem definition and goal leads to the
following research question:

To what extent is the structural design of the
house earthquake resistant and what is
required to create a long-term plan to
upscale in rural areas in Nepal?



This research question will be answered with
the following sub-questions:

What are the structural and technical
properties of the pilot house, and
what is the accessibility and
feasibility of the required materials?

To what extend is the design
earthquake resilient and in which
ways can it be optimised?

What are the most important factors
regarding the context and the
requirements to upscale and
implement further in rural Nepal?

What are the possibilities for SSN in
rebuilding Nepal?

What is the most feasible role of SSN
in rebuilding Nepal for the long-term?

12



2 Methodology

2.1 Scope

The aim of the field work in Nepal is to
validate and optimise the pilot building and
to upscale this design. This research has
been divided into two sections; the validation
and optimisation of the pilot building in
Ratankot and long-term plan for upscaling
and implementation of the project.

The validation and optimisation will solely be
focused on the technical aspects of the
current design. This includes an extensive
material study on the wused materials.
Namely, CSEB, bamboo and concrete.
(material properties elaboration).

After the material studies, have been
completed, a static analysis of the structure
can be exercised regarding the roof, the
bearing structure and the foundation. To
answer for the earthquake resilience, quasi-
static calculations will be made on the pilot
building, regarding the bearing structure and
the bearing capacity of the soil.

After finalising the material studies, it will be
clear where optimisations are needed.
These will only be addressed regarding the
materials that have been used. After the
static and quasi-static  calculations,
optimisations will be addressed regarding
the design, the dimensions and its structural
behaviour.

The aspects affecting the long-term plan for
upscaling and implementation regarding the
pilot house will be researched. The scope is
narrowed down to the factors affecting the
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current design, which includes stakeholders
that are related to the project when upscaling
the design, and the external factors such as
technical, social, environmental, safety,
political, legal and economical, in addition to
researching the organisations that are
currently rebuilding in Nepal as case studies.
In this research, the costs are not
considered. Now of writing the report the
previous SSN team was still completing cost
analysis of the current design, therefore this
is not in our scope.

2.2 |Inventory

The previous team has taken the designs of
the preceding team, researched alternative
construction materials and started the
construction of the pilot building. To us it is
important to investigate and continue the
work of the previous teams, which will
include the validation and optimisation of the
pilot building. It is of great value that we can
build and elaborate on the previous
knowledge, research and work done by our
predecessors. However, none of the teams
have done calculations regarding the design,
so this will be an unavoidable step to take.
Team 2 designed plans to further implement
and upscale the project. We will use this as
our foundation for research into creating a
long-term plan for upscaling.
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great importance to investigate their

2.3 Technical validation

The house built by team 4 needs to be
validated to make sure that the building is of
the right quality with respect to earthquake
resistance. The materials and soil properties
will be investigated and determined, after
which static and quasi-static calculations will
be made.

Important factors of the validation of the
technical aspects of the model house are
material studies. The materials used are
CSEB (compressed stabilized interlocking
earth brick), concrete, steel rebar’s, cement,
stones and bamboo. The quality of the
materials varies immensely with respect to
each other and within the structure. It is of
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properties, for further static and quasi-static
dynamic calculations.

To fully prepare on-site visits and on-site
tests literature has been consulted. The
materials used for the model house are of
different quality than western materials.
Literature shall mainly be consulted to
prepare for tests and to find out the relevant
properties of the materials to determine its
quality. Furthermore, other NGOs, engineers
and organizations have already done some
research on the same materials, which might
be a useful source to consult.



A part of the material studies is the actual
inspection of the materials on site. The
material properties and qualities vary in
every way. The primary inspections will
mainly include taking pictures and
documentation. However, the local people
will also be asked to make some of the
materials to document the construction and
manufacturing process. This way the
proportions and ratios of the elements of
different materials can be determined in
more detail.

Since an inspection is just a first step in the
right direction, actual testing and calculating
had to be done to fully understand the
properties of the materials. Unfortunately,
not all materials can be tested. However,
everything that can be tested will be tested,
either on site or in a laboratory. The
university of Tribhuvan and the Pulchowk
campus have been so kind to furnish their
material studies laboratory for the tests. This
includes doing compression tests, slump
cone tests, sieve test, etc. By doing tests on
the materials, more data can be acquired,
which makes it easier to determine the
material quality. Besides, it will also
decrease the amount of assumptions made.

After data, has been collected and site visits
have been done a fair amount of knowledge
has been acquired. Now further steps
towards determining the quality and
properties of the materials can be
undertaken. Thereafter, static and quasi-
static calculations are in order.
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2.4 Long-term plan for upscaling
and implementation

After and while validating, upscaling the
project and implementation are researched.
This will be done through analysis and a
long-term plan.

First, the stakeholders are analysed and
their power, interest, attitude, goal and
problem perceptions are determined in the
stakeholder analysis. After the stakeholder
analysis, a power/interest matrix is drawn up
followed by a Murray Webster & Simon
graphic which shows the
power/interest/attitude for each actor. To
show the relations between the actors and
the impact they have, a network analysis is
made.

Second, a STEEPLE analysis is set out to
determine the external factors of the project
with the focus on upscaling and how these
impact the project. STEEPLE stands for
social, technical, economic, environmental,
political, legal and ethical factors.

Third, implementation methods  are
researched. This will be done by case
studies on multiple different ()NGOs.

Fourth, a SWOT analysis of SSN is made to
determine the opportunities and barriers.
After, a TOWS analysis is made to minimise
the threats and maximise the opportunities
of SSN.



Fifth, a risk management plan will be set up,
as risks should be considered with such a
project. Risks assessment will cover the
issues that can arise such as monitoring and
control, supply chain, health and safety,
workforce, coordination and financial
management.

Finally, with an engagement plan on how to
collaborate with stakeholders to achieve the
objectives and an implementation pathway,
a long-term plan with optimisations and
alterations will be provided together with
recommendations for the future.

MATERIAL ANALYSIS
STAKEHOLDER ANALYSIS

KNOWLEDGE TRANSFER
TEAM 4 TO TEAM 5

. l

STATICAL VALIDATION
IMPLEMENTATION METHODS

2.5 Timeline and project phases

The project is divided into three different
phases, shown in the timeline in Figure 2
below. The elaboration on previous
research, the validation and optimisation of
the pilot house and a long-term plan for
upscaling and implementation.

QUASI-STATICAL
CALCULATIONS
LONG-TERM PLAN
CONCLUSIONS
& RECOMMENDATIONS

INVENTARISATION

MATERIAL ANALYSIS,
PRACTICAL EXPERIMENTS
EXTERNAL FACTORS ANALYSIS

Figure 2 Timeline and project phases of SSN5

|

STATICAL VALIDATION

RISK ASSESSMENT
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OPTIMISATION HOUSE
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3 Materials
3.1 Bamboo

Bamboo is a tall grass type plant widely
spread across the globe and Nepal.
Worldwide there are more than 1250 species
and 75 genera of bamboo (SSN4, 2016).
Many different species find their roots in
Nepal, some of which are fit and used for
construction. The most commonly used in
Nepal Bambusa Balcooa. Previous teams
have done research on which type of
bamboo is fit for roof construction. They
have determined it fit for building shock safe,
due to its local availability, lightweight and
tensile performance. Subsequently
Bambusa Balcooa has been used for the
construction of the model house. Therefore,
in the following material analysis, solely this
specific type will be researched and
addressed.

To determine the mechanical properties of
bamboo scientific research and lab tests
have been carried out on a great variety of
species, among which Bambusa Balcooa.
However, to evaluate the material conditions
of bamboo the descent, the age, the
humidity content and diameter of the
material are of great importance (Bambus,
2002). These will vary from each bamboo
element to another. Unfortunately, the
resources to (locally) test the bamboo or in
the laboratory, are not available. Therefore,
when determining the material properties of
the bamboo according to the sources. Their
tests on bamboo properties and results, a
thorough comparison between the bamboo
used for testing and the bamboo used for the
house must be carried out.

18

Primarily the structural efficiency of bamboo,
the ratio between the moment of inertia and
the cross-sectional area is determined and
compared to commonly used construction
materials such as timber.

Bamboo has a hollow tube like structure, to
determine the moment of inertia the
following formula is used:
. w-(D*—d*b
B 64
With:

T =3.14

o
I

external diameter

internal diameter

t = wall thickness

Similarly, the formula for the cross-sectional
area is:

T (D? — d?)
=

Most bamboos elements have an average
wall thickness of 9 mm [Janssen, 2000]. This
gives an external diameter of D and an
internal diameter of d = 0.82D.
Consequently, this gives a value for | and A
of:

A

[ =0.03-D*
A =0.26 - D?

With the formulas determined above, a ratio
between the inertia and the area can be
determined by taking the square of the area.
Which gives:

A% =0.07 - D*
The ratio between | and A will then be:
[ = 0.40 - A?

In comparison to a rectangular timber beam
which has a ratio between | and A of: I =
0.16 - A2 [mm]. This is much less efficient



ratio than the bamboo ratio. Which indicates
that the structural efficiency of bamboo is
good.

The Young’s modulus is depended on and
affected by many factors. The Young’s
modulus of the bamboo varies for the
compression, tensile, bending and
transversal shear strength. These modulus’
must therefore all be determined separately
to acquire the actual properties of the
bamboo.

Sekhar and Gulati (1973) found that the
Young’s Modulus increases with an increase
in the density (Mbuge, 2000). This is a major
factor that must be considered, not only
when determining the Young’s modulus, but
also when determining the critical stress of
the bamboo, since the density affects this.

Furthermore, the Modulus of Elasticity
decreases with an increase in the moisture
content (Godbole & Lakkad, 1986). Hong
Fan and Chengmou Fan (Fan & Fan) have
also done research on the effect of the
moisture content on the mechanical
properties of bamboo. For the modulus of
elasticity, they have shown that an increase
in moisture content from 5% to 20% has a
significant diminishing effect on the modulus
of elasticity. From 20% the modulus of
elasticity will remain a constant value. They
have shown that this applies to the modulus
of elasticity of compression, tensile and
bending. The laboratory results and source
must be carefully revised, regarding the
bamboo used in Ratankot, when consulted.

The compression strength of bamboo finds
its origin in the cellulose fibres along the
length of the bamboo. The density of these

19

fibres differs from the inner to the outer
shells, with a higher density of cellulose
fibres on the outside than the inside.

The E-modulus of cellulose is 70000 N/mm2
(Janssen, 2000). Normally the cross-section
bamboo will consist of 50% cellulose fibres.
Which indicates that the E-modulus of an
average bamboo will be 35000 N/mm2. This
value slightly differs from the inside to the
outside, since the density of the fibres differ.
A general rule of thumb is used to determine
the E-modulus for the inside and outside of
the bamboo. Most bamboos have an outside
fibore percentage of 60% and an inside
percentage of 10% (Janssen, 2000).

Outside E-Modulus = 350-%fibres outside
=350-60=21000 N/mm*2

Inside E-Modulus = 350-%fibres inside

=350-10=3500 N/mm"2

In addition, research, has been done on the
inner and outer cellulose percentage of
bambusa balcooa, by Xiaobo Liin 2011. The
outer holocellulose percentage of 3-year-old
bamboo was determined to be 70% and the
inner on 65% (Li, 2004). However, the
mechanical properties of the bamboo are
mainly determined by the alpha-cellulose
(Janssen,1981). Generally, the alpha-
cellulose content in bamboo is about 45 -
50%. The outer alpha cellulose percentage
of 3-year-old bamboo was determined to be
49% and the inner on 43% (Li, 2004). The
modulus of elasticity of alpha-cellulose
however, is less than that of cellulose. The
young's modulus of alpha-cellulose is like
that of cotton fibres, namely approx. 50 MPa.



By using the rule of thumb, the outer and
inner E-modulus of the bamboo is estimated:

Outside E-Modulus:

= ((50000-0.50))/100-% fibres outside=
=250-49=12250 N/mmA2

Inside E-Modulus:

= ((50000-0.50))/100-% fibres outside=
=250-43=10750 N/mmA2

This gives a mean E-modulus of 11500
N/mm2. Sharma et al. (2011) has also
shown that the average alpha cellulose
content is approximately 47.2%, which gives
an E-modulus of approximately 11800
N/mm2.

Janssen also determined another rule of
thumb to determine the modulus of elasticity,
when laboratory tests are not available.
[Janssen, 2000] This rule of thumb is based
on statistics. It is calculated as follows:

E = 24 - Density of bamboo

Considering these statistics are based on
different species of bamboo and can
therefore not be used to determine the
elasticity modulus of Bambusa Balcooa.

Naik (2012) and Kabir et al (1991) have done
research on the compressive strength of
Bambusa Balcooa. However, they have both
failed to determine or document the
compressive Young’s Modulus of the
bamboo. Due to a lack of research done by
laboratory tests on the modulus of elasticity
of Bambusa Balcooa.

The results of the calculation of the elastic
modulus using the first rule of thumb of
Janssen with the alpha-cellulose content.
The results are put in the Table 1 below:
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Compressive E-Modulus
Bambusa Balcooa
[N/mm2]

10750 - 12250

Method

Alpha-cellulose content -
rule of thumb Janssen
Table 1: first rule of thumb of Janssen

To conduct compression tests on bamboo,
many factors must be considered. This
translates in the fact that any source used
must be critically examined and judged on its
credibility.

Primarily the test setup is something to
seriously revise. The effect of the plates on
the friction and failure pattern is of notable
significance.

The moisture content in the bamboo must be
considered. Sekhar and Rawat (1956),
Prawirohatmodjo (1988) and Janssen
(1981) have shown that the moisture content
is a significant factor when testing bamboo
on compression. Studies by Hong Fan and
Chengmou Fan (2000), have shown that
regarding the compressive strength, the
moisture content will have a negative effect
when increased from 5% to 20%. After 20%
moisture content the compressive strength
will  remain  approximately  constant.
Regarding the model house, the moisture
content is ranges from 12% to 15%, which
indicates an air-dry condition.

Xiu-xin et al. (1985) and Fangchun (1981)
studied the effect the age has on the
bamboo for compressive strength. The
results show that the strength increases with
age. However, for different species of
bamboo, different favourable aged bamboos
are desired. Different studies show different
desirable ages.



The cross-sectional area of the bamboo is
mostly considered to be of cylindrical nature.
However, the cross-sectional area is not a
perfect cylinder and can more relate to an
elliptical shape. The error which this
irregularity brings forth lies between 0% to
16%. This error directly corresponds in the
estimation of the stresses (Arce, 1993).

Moreover, the thickness and density of the
bamboo will differ and will not be
homogenous throughout the cross-sectional
area. This implies that failure patterns may
not correspond.

Meyer and Ekelund (1923) where the first
ones to do research on the effect of friction
between the steel plates and bamboo. The
compression implies a longitudinal strain on
the bamboo. Consequently, a lateral strain
occurs as per Poisson’s Effect (Janssen,
2000). Janssen (1981) and Oscar Arce
(1991) have done more research in this
phenomenon. When inducing a longitudinal
force on the bamboo, the stiffness will mostly
come from the outer part bamboo, due to the
variation in axial stiffness. This means that
an uneven distribution of stresses will occur.
The compression in the outer rings generate
relative tension in the inner rings, which
induces a radial bending moment. [Oscar,
1993]. Furthermore, as per Poisson’s law the
compression in the outer rings will create
tangential expansion, which will in turn
creates contraction in the inner rings. The
tangential expansion of the outer rings will
induce longitudinal cracking eventually
leading to failure. Oscar Arce (1993) has
also shown by lab tests that the difference
between expansion of the outer rings and
contraction of the inner rings, will eventually
lead to annular cracking and failure.

To conclude, when the steel plates perform
the longitudinal force on the bamboo, it
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becomes thicker in the middle. The steel
plates keep the specimen together through
friction at the top and bottom, inducing lateral
strain at these places. The lateral
reinforcement of the steel plates keep the
bamboo together, resulting in more
longitudinal force, this in turn give false
results of the compression strength of the
specimen. Therefore, a major important
factor when performing compression tests
on bamboo, is the usage of friction free
plates.

Furthermore, the height to cross-sectional
area ratio is of notable consideration. To
avoid tapering as per Poisson’s effect, this
results in height diameter ratio of 1:1.

When performing tests on the bamboo it is
important to keep in mind the distinction
between bamboo compressive strength as a
material and the compressive strength of the
columns (Arce, 1993).

Naik (2012) has carried out laboratory
research on the compressive strength of
Bambusa Balcooa. Unfortunately, these
tests fail to show the modulus of elasticity of
the bamboo. However, Naik did provide the
moisture content. The determined
compression strength is approx. 69 N/mm2.
Kabir et. al (1991) has also carried out
laboratory tests on the compressive strength
of Bambusa Balcooa. Like Naik, Kabir also
failed to show the modulus of elasticity of the
bamboo, but did provide the moisture
content. The moisture content of the bamboo
was determined at 12% and the
compressive strength ranges from 51.0 to
57.3 N/mm2 in air dry condition.

Janssen (2000) has created a rule of thumb
to determine the compressive strength of the
bamboo when laboratory tests are not



available. He has discovered a ratio between
the density of the bamboo and the
compressive strength is present. The rule
follows:

Ultimate compression strength

o, = 0.094 - airdry density

Allowable compression strength

0.094 : airdry density
oy =
7

Notable is that Arce (1993) did not find a
correlation between the density and the
compressive strength of the bamboo. He
provides a possible explanation, which says
that there is a correlation between the friction
and the density of the bamboo. Which would
indicate that friction free plates have not
been used. Furthermore, the rules of thumb
only apply to the statistics of the tests
executed by Janssen. The bamboo of these
tests is not of the same species as Bambusa
Balcooa, which means the rule of thumb
cannot be applied to the compressive
strength of the used bamboo. Sckliar el al.
(1962) and Fangchun (1981) have also
determined a similar correlation and ratio’s.
However, these were also derived from
different bamboo species, which indicates a
fault rule for Bambusa Balcooa.

Unfortunately, no further research with
friction free plates has been done on
Bambusa Balcooa and the experiments of
Kabir and Naik cannot be validated.
Assumptions must be made through a
comparison (Table 2). The modulus of
elasticity derived from the previous chapter
is 11500 N/mm2.

A comparison of the results is given in the
table below.
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Moisture Ade Densit Compressive
Method  Content 9 Y Strength
[%] [years] [kg/m3] [N/mm2]
Kabir 12 4 820 51.0-57.3
Naik 8.5 5 850 69
Mahzuz 15.5 3 812 N.A.
(ROT)

Table 2: assumptions by comparison

The moisture contents of Kabir and Mahzuz
will be more comparable to the bamboo in
Ratankot, rather than the moisture content of
Naik (Naik, 2012). The densities are almost
similar and will not make the difference. The
age of the bamboo in Ratankot is two years,
which is closest to the age of the bamboo of
Mahzuz. By using the density ratio between
Kabir and Mahzuz and multiplying it with the
compressive strength and indication can be
made.

PMahzuz 812
= *Opgapir = —=—=*57.3 =
c Dkabir Gc,kablr 820
= 54.74 N/mm?

Unfortunately, this value does not consider
the previously determined modulus of
elasticity. Therefore, the value for the critical
compressive strength ¢_c=54.74 N/mm”"2,
will serve as an indication for the critical
strength. Further calculations will be done by
apprehending the modulus of elasticity.



The tensile strength and maximum strain of
bamboo can be observed and researched in
two different ways. With tangential tensile
tests or parallel tensile tests. Most research
on tensile strength has been carried out
performing parallel tension, due to the
complications a tangential test provides.

Studies by Hong Fan and Chengmou Fan
(2000), have shown that regarding the
tensile strength, the moisture content will
have a negative effect when increased from
5% to 20%. After 20% moisture content the
compressive strength will remain
approximately constant.

Xiu-xin el al. (1985) and Fangchun (1981)
studied the effect of age on the bamboo for
tensile strength. The results show that the
strength increases with age. However, for
different species of bamboo, different
favourable aged bamboos are desired.
Different studies show different desirable
ages.

Parallel tension tests have complexities as
well as the tangential test methods. When
testing the tensile properties of the full
column, Janssen (1981) has shown that the
main problems arise at the grip sections of
the bamboo. The large pressure generated
from the grip will produce large shear stress
in the inter-fibre planes (Arce, 1993). The
combination of the weak nature of the
material in the transversal direction of the
material and the shear stresses, will cause
the material to crush in the grip sections.

Furthermore, the irregularities, such as initial
cracks, of the bamboo in both the cross-
sectional area as the longitudinal length of
the bamboo, will bring forth multiple
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complications, difficulties and

inconsistencies in the test results.

When consequently testing on parallel
tension Arce (1993) has found that it is
preferable to use a straight specimen, with
minor change in cross-sectional area. Which
results into a specimen, simply being a strip
of bamboo.

A few conclusions, derived from the
laboratory tests of Arce (1993), regarding the
parallel testing on bamboo were found:

- A significant correlation was found
between the density of bamboo and
the parallel tension strength.

- The nodes are the weakest link when
exercising parallel tension on the
bamboo. It has been found that the
elastic modulus of the node section
is 40% of the internode sections.
Furthermore, the tensile capacity of
the node sections is 30% than the
tensile strength of the internode
sections (Arce, 1993).

- The bamboo has only been tested
using strips. A full bamboo column
has yet to be tested, also considering
the nodal sections, which tend to fail
under less tensile stress.

The rule of thumb developed by Arce goes
as follows:

Tensile strength — 0, = 0.4 - pgry

Unfortunately, this rule of thumb is derived
from statistics of the bamboo he has used.
This is not of the same species and therefore
unreliable. To stress the reliability, another
rule of thumb has been derived by Fangchun
(1981).



Tensile strength — a; = 0.307 - pgyy

The differences indicate the sensitivity of the
species. Also, these rules and correlations
do not consider the moisture content of the
bamboo, which have a huge impact on both
the maximum stress as the modulus of
elasticity.

Since no further research has been done on
the tensile strength of full column nor on the
tangential tensile strength of bamboo, the
main sources which can be consulted are
laboratory tests done by Mahzuz (2013) and
Naik (2012). The results of Naik and Mahzuz
have been summarized below (Table 3):

Density Age E-modulus
Source

p (kg/m?) [Years] E (N/mm?)
Naik 850 5
Mahzuz 812 3 6255
Source Eﬂ/oisture content Tensile strength

0) o, (N/mm?)

Naik 8.5 164
Mahzuz  15.5 92.84

Table 3: laboratory tests done by Mahzuz (2013) and
Naik (2012). (Mahzuz, 2013), (Naik, 2012)

Naik and Mahzuz have both determined the
tensile strength of Bambusa Balcooa.
However, using different aged bamboos and
with  different moisture contents. The
moisture content and age of the bamboo of
Mahzuz, is more likely to be like the bamboo
used in Ratankot. Therefore, it is determined
that the tensile strength of the bamboo will
be 92.84 N/mm2.
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The longitudinal modulus of elasticity is a
considerably like that of the compression
strength. However, the tests are performed
in a whole different manner. The
compression tests are performed on
cylindrical specimens with the full cylindrical
cross-sectional area of bamboo. The tensile
tests are performed on strip specimens.

Etensile = Ey = 6255 N/mm2

The tangential modulus of elasticity is
significantly lower than the longitudinal
modulus of elasticity. When tangential forces
occur in the bamboo, it's not the cellulose
that is affected but the lignin. The lignin is
significantly weaker to these forces than the
cellulose, which results in a lower modulus
of elasticity. Arce (1993) has found that the
tangential modulus of elasticity is about one-

eighth of the longitudinal modulus of
elasticity.
E, 6255
Ex =?=T= 782N/mm2

Tangential tension tests have been done by
Oscar Arce (1993). A three-point test has
been done on different parts of the bamboo.
The first concern and difficulty of this test
was the position in the bamboo to perform
the test on. The irregularities and the circular
shape of the bamboo provide difficulties,
deformities and eccentricities, which can
influence the consistency and validation of
the tests.

The main conclusions derived from these
test specimens were as follows:



- There was no correlation between
the density of the bamboo and the
tangential tension capacity.

- The tangential modulus of elasticity
is approx. one-eighth of the modulus
of elasticity from the longitudinal
direction. This is since the tangential
modulus of elasticity is mainly
determined by the lignin, instead of
the cellulose.

- Arce (1993) has shown that the fibres
play a dominant part in the tensile
strength of the bamboo, since they
can change the ‘texture’ of the crack
path. The more fibres the crack
trajectory encounters the more
energy is needed for fracture. This is
must however be researched in more
depth.

The overall conclusion which can be derived
from the research and findings of Arce, is the
fact that bamboo behaves in a very
proportional way and the tangential strain
and stress is very specific for the species of
bamboo and even each part and each
column. Meaning that more studies need to
be done on more species of bamboo, to find
a correlation between different properties of
the bamboo, to simplify the determination
and characterization of the different
mechanical properties of different bamboo
species.

Using the Poisson’s value for bamboo, the
critical strain parallel to the grains can be
determined. By using the modulus of
elasticity for compressive stress, the ultimate
bending stress can be determined. For
Bambusa Balcooa this will be as follows:
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_92.84
~ 6255

=0.3

Otensile

Elong = E, = 0.0148 mm

Vbamboo

Elat = glong * Vhamboo — 0.0148 - 0.3
= 0.0044 mm

Tlat = glat . Ex = 0004‘4‘ . 782
= 3.47 N/mm?

The maximum tangential strain is 0.0044
mm and the maximum tangential stress is
3.47 N/mma2.

Bending generates compression, at the
upper part of the bamboo stick, parallel to
the fibres. However, following Poisson’s law,
this compression will also mean
perpendicular tension stresses and strains.
These tension stresses and strains will
mainly be taken up by the lignin in between
the fibres, which in turn reacts very weak to
the perpendicular strains. This indicates that
the critical stress will be determined by the
lignin, since this will fail quicker than the
parallel grains. However, the longitudinal
fibres may also fail under compression.

Like the compressive strength and the
tensile strength, many factors can influence
the bending strength. Previously it has been
stated that the moisture content, the density
and the age of the bamboo must be carefully
studied and considered when determining
the values of the bending properties of
bamboo.

Therefore, many tests are either carried out
using the modulus of elasticity derived from
the tensile strength or compressive strength.



When testing on bending the fibres in the
outer skin of the bamboo will be subjected to
compressive stress more than the inner
layer. This means that often the modulus of
elasticity is used of the outer layer of the
bamboo parallel to the fibres. Therefore,
derived from the compressive modulus of
elasticity. This modulus of elasticity is mainly
higher since more cellulose is concentrated
in the outer layer of the bamboo.

Furthermore, research has been done by
Naik and Kabir on the bending capacity of
Bambusa Balcooa. There results have been
summarized in below (Table 4):

s Density Age E-modulus
ource

p (kg/m?) [Years] E (N/mm?)
Naik 850 5 13603
Mahzuz 820 3 9300 - 12700
Source Eﬂ/o;sture content Tensile strength

0 o, (N/mm?)

Naik 8.5 151
Mahzuz  15.5 69.6 - 92.6

Table 4: Naik and Kabir bending capacity.

The Young’s modulus for bending is derived
from the outer layer of the bamboo.
Previously it was found that the value for the
outer modulus of elasticity for the bamboo is
12250 N/mma2.

Since the moisture content of the bamboo
used in Ratankot is higher than that of Naik,
this will not be used. By using Kabir’s results
as a ratio, the bending strength with the
modulus of elasticity can be derived.
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92.6
0, = ——— 12250 = 89.32 N/mm?
12700

The critical bending stress of the bamboo will
be approximately 89.32 N/mm”2.

There are two ways of approaching and
determining the shear capacity of the
bamboo. Researching either the transversal
shear stresses or the longitudinal shear
stresses.

By performing a four-point stress on
bending, it must be carefully revised if the
material fails on bending stress or shear
stress. If the free span of the bamboo is too
short the transversal forces will cause
failure. Consequently, when the free span is
long enough the strength of the bamboo will
be tested solely on bending stress. This
indicates that a boundary value for the free
span length above which the strength is
tested on bending stress and vice versa on
shear stress.

Vaessen and Janssen (1997) have
researched the four-point bending test and
have made a model which determines the
critical length, depending on the dimensions,
the maximum shear stress and modulus of
elasticity of the specimen (Vaessen &
Janssen, 1997).

From their research, they have concluded
that the mathematical model gives a good
indication of the critical length. It is important
to note that modulus of elasticity and the
maximum shear strain and stress must be



separately determined for each different
species. After which the mathematical model
can be used to determine the critical length.

It is important to keep this phenomenon in
mind when either determining the laboratory
tests or judging and criticizing them. When
too little information on the test setup is
provided, it is advisable to look at other
research as well.

The Young’s modulus for transversal shear
can be determined using the findings of Arce

(1993). He has determined that the
tangential modulus of elasticity of the
bamboo is about one-eighth of the

longitudinal modulus of elasticity. Which is in
this case:

E, 11500
Ex ZKZT: 1437N/mm2

Using the Poisson’s value for bamboo, the
critical strain parallel to the grains can be
determined. By using the modulus of
elasticity for compressive stress, the ultimate
bending stress can be determined. For
Bambusa Balcooa this will be as follows:

Uc,bending 89.32
Elong = E, = 12250 0.0073 mm

Vpamboo = 0.3

€lat = €long * Vbamboo = 0.0073 - 0.3
= 0.00219 mm

Tiat = €1at - By = 0.00219 - 1437
= 3.15 N/mm?
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The maximum tangential strain is 0.00219
mm and the maximum tangential stress is
3.15 N/mma2.

The longitudinal shear tests are more
common and performed in a similar way as
the compression tests.

Since the longitudinal shear tests are mainly
performed parallel to the fibres and with a
similar set-up as the compression tests, the
Young’s modulus of the shear test is like the
compressive  Young's modulus. The
compressive  Young’s modulus has
previously been determined to be 10750 -
12250 N/mm2, with an average of 11500
N/mm2.

Naik (2012) has carried out laboratory tests
on the longitudinal shear strength of
Bambusa Balcooa. His results are shown
below (Table 5):

Source Density Age
p (kg/m?) [Years]
Naik 850 5
; Shear strength
Source I\ﬂmsture content
) oy (N/mm?)
Naik 8.5 11.9

Table 5: laboratory tests on the longitudinal shear
strength by Naik

Without further knowledge of the longitudinal
shear strength of Bambusa Balcooa, the
critical value is determined for 11.9 N/mm2.
It is important to note that this value will just
be used as an indication, since the other
properties of the bamboo of Naik are not all



like the properties of the bamboo used in
Ratankot. Therefore, when further
calculations are done, the longitudinal
modulus of elasticity, derived from the
compression modulus of elasticity, will be
apprehended.

Bamboo is considered as a suitable building
material thanks to its elasticity, flexibility and
structural capacity. These qualities are
mainly linked to the inner chemical and
anatomic composition of the material itself.
As the main known wood species, bamboo
is mainly composed by cellulose, hemi-
cellulose and lignin, up to a total influence of
90 % approximately on the total mass
[Higachi, 1957]. However, other than wood,
the structural response of bamboo does not
change considering different direction of
load applications (radial, longitudinal and
transversal), thanks to its lack of rays and
knots in the inner structure. This even results
in a more spread stresses distribution along
the hollow tubes length.

For a deeper understanding of the whole
chemical properties of bamboo, both the
longitudinal and transversal composition of
the material will be explained.

The flexibility and elasticity of the material
depends on the inner longitudinal structure
of the bamboo elements. Microscopically,
the structure is present as an organized
architecture of hexagonal cells. Holo-
cellulose fibres (hemi-cellulose and a-
cellulose) are aligned along the length of the
bamboo hollow tubes, imbedded in a lignin
matrix, providing a high flexural tensile
strength and rigidity. a-cellulose is the main
component, for a total amount of around 40-
55% of the total mass depending on the age
of the considered bamboo. It is a
homopolysaccharide made of glucose
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molecules (CsH1206) kept together by
covalent glycosidic bonds, working as sugar
rings and making the inner structure
continuous along the bamboo length. This is
ensured by the tendency of a-cellulose
molecules to stay linear and make
intermolecular hydrogen bonds, while hemi-
cellulose supports the walls of the molecules
made of a-cellulose [Xiaobo Li, 2004].

Figure 3: B. balcooa walled hexagonal cells [Sharma et
al. 2011]

It is the a-cellulose content that gives
structural resistance to the material, that will
be considered for the calculation of the
Young Modulus further. It will be considered
that different amount of a-cellulose can be
found in the internal and the outer side of the
bamboo hollow tubes as visible from Figure
3 (Li, 2004).
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Figure 4: hemicellulose and alfa-cellulose content in
horizontal layers of bamboo [Xiaobo Li, 2004]

Figure 2: hemicellulose and alfa-cellulose
content in horizontal layers of bamboo [Xiaobo
Li, 2004]

Bambusa balcooa, compared to other
bamboo species, has longer fibres ranging
around 2-2,2 mm, ensuring more
performative tearing resistance (Sharma et
al. 2011).

The matrix of the material is then made of
lignin, which is a polymer of phenylopropane
units interconnected together. It is present
with an average amount of around 20-25%
of the total mass. There is no significant
difference about the amount of lignin present
in the different horizontal layers of bamboo;
however, the total amount of lignin is
strongly dependent on the age of the
bamboo, increasing with the time. This
matrix provides the structural rigidity to the

bamboo keeping interconnected together
the homocellulose fibres [Scurlock, 2000].

The remain portion of material then includes
starch (2-6%), deoxidized saccharide (2%),
fat (2-4%) and protein (0,8-6%) depending
on the age of growth (Li, 2004). These
components are considered as “ash content”
or “ash portion”, including the whole
inorganic components of the inner structure
of the material. Chemically, they are mainly
made of calcium, silica, potassium
manganese and magnesium, with the latter
two in low proportion. As for the lignin, the
amount of ash does not differ between the
horizontal layers of the bamboo. However, it
decreases with time, ensuring less
weakness points for older hollow bamboo
tubes.
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Figure 5: Lignin and ash content depending on bamboo
ages [Xiaobo Li, 2004]



The structural capacity of the cross section,
as well as for the longitudinal direction,
strongly depends on the chemical
composition of the material. It will be
explained how the Young modulus of the
material changes referred to the quantity of
a-cellulose present in is different horizontal
layers. Vascular bonds are here present,
with different density through the cross
section; higher the distance from the
centrum, higher the bonds’ density [Shito et
al., 2002]:

: it 3
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Figure 6: Cross section of bamboo and bonds distribution
[Shito et al. 2002]

The risk of degradation mechanisms for
bamboo elements is already widely well-
known. Bamboo can be attacked by factors
that compromise its durability during all the
stages of its harvesting, storage and on site
location, by bacteria, fungi and other
organisms [Liese and Kumar, 2003]. Due to
the high dependency on the nature and the
specie of the material itself, the weather
conditions and the processes that bamboo
elements follow during their processing,
scarce researches are nowadays available
to mark common results or model that could
be used to determine durability properties in
relation to the material itself and
environmental conditions [Kumar et al,
1994]. However, a rough guideline on the
service life of untreated bamboo has been
made and it is shown below [Janssen, 2000]:

e 1-3 years where open and in contact
with soil;
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e 4-6 years under cover conditions and
free from contact with soil;

e 10-15 years under monitored and
safe storage/use conditions;

Many factors influence the durability
behaviour of bamboo elements in certain
environmental conditions. Firstly, the hollow
tube shape of bamboo sticks allows a
double-direction entrance for harmful
organisms into the material. Wooden
materials have generally solid and compact
inner structure, that permits the entrance of
organisms only from the outer direction;
even if the wooden surface was attacked, it
could still offer a good performance even
without the outer layer. This is not valid for
bamboo hollow tubes, made even worse by
the its cross-section dimension with limited
thickness. In this case, no natural nor
chemical treatment are available to modify
the structure and the shape of the material to
improve the durability performance of
bamboo.

Another factor that plays an important role
regarding the durability is the environmental
condition where the bamboo grows and is
then used on site. The high moisture
percentage, or the inner water content,
permits the transportation of damaging
organisms from outside to the inner structure
of the material. This mostly happens during
harvesting phases. Once these organisms
are inside, they cannot be expelled naturally.
Furthermore, inner composition of bamboo
layers includes high percentage of glucose
units joined by glycosidic bonds (CsH120s),
that can feed fungi and bacteria once they
are present inside. The high amount of inner
water and the starch content in the structure
of the material create a perfect environment
for organisms to grow and destroy bamboo
layers.



The risk that organisms can damage the
material is actual even after the material
have been cut. The outer bark of bamboo
makes the material compact and waterproof,
as well as the continuous inner layer. The
high silica content of these layers make a
resistive coat for insects and bacteria
entrance. However, conductive vessels are
still internally present and they can work as
bridges to let organisms getting inside the
material structure. The inner presence and
distribution of vessels, as well as for the
bonds that influence the structural properties
of the material, highly depend on so many
factors related to the specie of the material
and the environmental conditions where it
grows that this mechanism should be
analysed situation by situation to have
reliable values. However, it has been
analysed that these vessels close forever
within 24 hours after harvesting [Janssen,
2000]. The fact that bamboo is then not sawn
does not allow to create vessels connection
or cells opening, as it happens for treated
and cut wood, increasing the risk of
penetration of damaging organisms for the
latter.

Research has been conducted by Schmidt
and Wei, 2011, analysing the reactions of
several species of bamboo when in contact
with soil and when kept dry but always in
contact with white and brown-rot fungi under
laboratory conditions. The nature of the fungi
has had high influence on the degradation
mechanisms of bamboo: white-rot fungi
made samples deeply degrading when in
contact with soil, while brown-rot fungi
damaged samples in a dry environment.
However, these degradation mechanisms
are still influence of the inner composition of
the material, which is function of the age and
environmental growth condition of the
elements. In fact, the presence of conductive
cells, or vessels, varies through the culm of
bamboo [Liese, 1998]. At the bottom of the
culm, the presence of parenchyma cells, or
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cellulose, is much higher than at the bottom
where more vessels can take space and
allow deeper organisms entrance. To ensure
certain durability performance of bamboo,
soil  composition and  environmental
presence of certain bacteria analysis should
be conducted to make the growth and
harvesting processes as much performant
as possible.

Finally, the conditions at which the bamboo
is cut have high influences on the
performance of the material itself [Magel et
al, 2006]. The content of protein and starch
vary during the years and through the culm
development. Since bamboo performances
are function of the inner structure of the
material, monitoring and coordination
operations should be done to harvest the
bamboo hollow tubes at a specific point of
their growth, with a related certain inner
composition.

To improve the durability properties of the
material, many treatments can be done
naturally or using chemical additives, as well
as specific on site guidelines should be
considered to avoid the material location
close to more damaging conditions. The goal
of these phases is to change the material
composition, changing then its reaction to
certain components or environmental
conditions. As it has been explained above,
the three main factors that influence the
durability of bamboo elements are its inner
chemical composition, with high percentage
of glycolysis components, its water content
and the presence of vessels that can let
damaging organisms getting inside. To
influence these aspects there is the
availability of a few treatments that can be
conducted to improve the bamboo durability.

Naturally, bamboo elements can be treated
with transpiration processes and smoking.



This causes the falling of the starch content,
avoiding the inner presence of chemical
components that could feed fungi and
insects. The same principle is followed by
soaking and seasoning processes, where
bamboo sticks are left immersed into water
bath for several weeks, making the sugar
components leaching out from inside. When
dried, bamboo is then treated superficially
with natural material solution, as it can
happen with lime-washing, which is thought
to protect the surface from fungal attacks.
Burning the surface of the material with
direct flames is another solution to make the
material harder and more resistant against
entrance of damaging organisms: here the
chemical structure would be modified. When
glucose molecules are heated up, glycosidic
bonds are melted up and they create a
denser interconnection with between inner
chemical components. Once they are cooled
down, they become strong and compact,
creating a resistant and continuous surface
no attackable by fungi and bacteria
anymore. The continuity of the surface
makes the bamboo even completely
waterproof. However, this treatment would
compromise the structural behaviour of the
material; on the one hand, higher strength
would be ensured; on the other hand, when
glucose molecules are heated up they lose
their elasticity and become brittle.

The material can also be treated chemically;
the goal of this process is make the vessels
to work as weak points for damaging
organisms entrance. Preservative solutions,
as boric acid, borax and boron-based
fertilizer, are sprayed into the bamboo hollow
tubes and pressurized until the moment
when preservative solution will come out
from the opposite end of the culm compared
to the one chosen as starting point for the
treatment. This process is already widely
used thanks to its cheap costs, the gained
performance and its speed (1-2 hours
depending on the length of the bamboo
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element). The same penetration principle
can also be done thanks to immersion in
solution baths; this will ensure that the
material will be saturated as it happens using
a pressurizer, however taking more time (at
least three weeks) [Janssen, 2000].

Figure 7: water leaching process, diminishing starch
content of the material

Bamboo length and thickness strongly
depend on the considered specie and the
age of the material. Under extreme
conditions, some species can achieve 40 m
of height and 30 cm of diameter. Several
researches in the past 20 years have been
carried on analysing the influence of those
two factors on the final dimensions.
However, because of the nature of the
material itself, geometrical parameters vary
situation by situation, element by element.
Different ages, environmental conditions
and sun exposure make change on the final
dimension on the hollow tubes when cut
down. This phenomenon can be easily seen
even in the model house built in Ratankot:
the hollow tubes of the roof have been
measured and 5 of them are then reported
below. Thickness and the diameter of the
structural  elements changed even
considering elements grown under the same
environmental conditions.

To make further analysis, as hand-made
structural calculations, it is reasonable to



assume an average value for the geometric
dimensions of the cross section of the
bamboo elements, that will result in a certain
assumed moment of resistance and moment
of inertia. Making an average about the
dimension of the considered bamboo hollow
tubes and taking them approximated, the
final size of all the sticks will be:

daverage =65 mm;

taverage =15 mm;
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3.2 CSEB bricks

Most the walls of the model are built with
Compressed Stabilized Earth  Bricks,
commonly known as CSEB bricks. An
amount of slightly moistened soil is
compressed in a manual or motorized
machine. (Auroville, Auroville Earth Institute
, 2012)The bricks can be pressed in any
desired shape or size depending on the
machine. The machine which is used in
Ratankot is a double press machine and was
provided by Build Up Nepal. This machine
presses interlocking CSEB bricks. The
material properties and the properties of the
walls have been based solely on these
specific bricks.

CSEB bricks consist of soil, sand and
cement. The soil consists of sand, clay,
gravel and silt. The exact composition ratio
is as follows. The mixture is made from 50%
sand, 20% clay, 15% silt and 15% of gravel.
At the end 10 % cement is added to the
mixture.

7 %
& .

10% CEMENT l

Figure 8: Mixture for CSEB bricks (Build Up Nepal, 2016)
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Because of the addition of moisture, the
sand bonds with the cement. Compression
will increase its density and the sand -
cement bond will increase the strength of the
brick resulting in a brick with comparable
properties as concrete or fired bricks.
(BuildUpNepal, 2016)

Usually only 5% of cement is added to the
bricks composition. However, Build Up
Nepal uses 10% to increase the strength of
the brick. This increased the compressive

34

strength of the brick with 4 - 5 MPA
(BuildUpNepal, 2016).

Build Up Nepal initiated the provision of
CSEB bricks in Nepal. Material property
tests have also been carried out by them in
cooperation with the university of Tribhuvan
in Kathmandu. The bricks have been tested
on several properties at Central Material
Testing Laboratory on the campus of
Pulchowk.

The brick in question is an interlocking brick
with the dimension 300x150x100 mm*3.

< )
<

Figure 9: CSEB

Primarily an Ultrasonic pulse velocity test
has been carried out to determine the range
of the Young’s Modulus. The following
formula has been used to determine the
relationship between the Young's modulus,
the density, the Poisson’s ratio and the
velocity of the P-wave: (BuildUpNepal,
2016).
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The Poisson's ratio of the CSEB bricks
ranges from 0.15 to 0.35, it’s value has been
assumed constant with a value of 0.25. A
sensitivity analysis has been done on the
influence of the Poisson’s ratio, since it has
primarily been assumed to be constant.

After performing the Ultrasonic pulse velocity
test and the sensitivity analysis on twenty
different bricks the average values of the
constants have been determined.

Constant Avg. Value
Poisson’s Ratio [-] 0.25
Density [kg/m”3] 1546
P-Wave [m/s] 1426
E-Modulus [GPa] 2.7

Table 6: Constants of a CSEB

The compression tests have been carried
out on 9 blocks, of which 3 hollow and 6
filled. Since some of the bricks in the model
house have also been filled with concrete
these results are applicable. The results
from the laboratory tests show the following
results.

Hole Filled Interlocking brick [300x150x100
mmA3]:

Hole

Not

Filled Interlocking  brick
[300x150x100 mmA3]:

Block [#] Density [kg/m*3] | Compression
Strength ¢.[MPa]

1 1727 5.53

2 1882 5.2

3 1882 5.35

Block [#] Density [kg/m”3] | Compression
Strength ¢, [MPa]

1 2251 7.45

2 2229 8.06

3 2044 6.3

4 2216 8.14

5 2093 7.34

6 2311 75

Table 7: Hole filled interlocking brick density and
compression strength

Table 8: Hole not filled interlocking brick density and
compression strength

The results give an average density of 1830
kg/m3 and a compressive strength of 5.36
MPa for the interlocking bricks with the
unfilled holes and an average density of
2190 kg/m3 and a compressive strength of
7.47 MPa for the bricks with the filled holes.

A lot of studies have been done with respect
to the durability of the hollow interlocking
stabilised earth brick. A paper about “A Brief
Review of Compressed Stabilized Earth
Brick” stated the following:

The basic principal of the stabilization is to
prevent water attacks and it could be achieved
if a durable material can be obtained with
limited loss in mechanical strength in a wet
state. From several experiments, durability
associated with the stabilizer content, clay
content and compacting stress. Basically,
durable stabilized clay material building can be
achieved if they are not saturated. The
problems arise when the materials are
subjected to the long-term saturation and
exposed to various climatic conditions. Also, it
is observed that the presence of unstable
material was likely to be particularly
detrimental to the durability (Zaidi, 2010).

The durability of CSEB varies largely
depending on the ratio of the ingredients but
also with the influence of loads and the
weather. A study done by “lyambo Ipinge”
gives inside on the durability of CSEB



interlocking bricks. Ipinge, has found out that
in certain cases as much as half of the dry
strength of blocks is lost when blocks
become saturated (Ipinge, 2012). In the
study, a large scale of compositions is
considered. The conclusions of the study
with respect to durability are the following:

e Reviewed literature suggests that the
strength and durability of a CSEB is
directly related to the proportion of
clay and cement in the block.

e |Increase of clay with a constant
percentage of cement weakens the
block.

e |Increase of moisture content in
blocks at constant percentage of clay
and cement act to weakens the
block.

e \Water generally reduces the strength
of CSEB and that reduce is larger
with growing percentages of clay.

e By increase of the cement content
the block will be stronger, uptake less
water and will reduce less in losses
by abrasion/erosion.

e The use of chemicals can be helpful
for the durability of the blocks.

e Cost is a major factor when taking
the ability to achieve a certain
standard of durability into
consideration.

According to this, the blocks will have more
compression strength if there is more sand
or less clay in it. In practice, it is impossible
to build bricks with less than 10 percent clay
[Interview Bjorn 27-2]. The bricks will simply
fall apart after pressing. The only way to
build blocks with less than 10 percent of clay
in it, is to press the brick and then leave it in
the machine for a couple of days. This will
give the cement time to bind and make the
block strong enough for transportation out of
the machine. This is just not feasible
because the machine should press around
300 blocks per day. Build Up Nepal is
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working with soil that consist between 10
and 30 percent of clay [Interview Bjorn 27-2].

As stated in the conclusions of Ipinge, the
water absorption is a function of cement and
clay content in the block and therefore
related to the strength. If the absorption is
too high, the stabilized clay fractions could
swell up and this means that strength could
be lost in time. The blocks need to be
protected against the rain and water for this
matter.

The shrinkage of the blocks is the biggest in
the first four days of curing process (Ipinge,
2012). The higher the clay content in the
block, the more shrinkage the block will
experience. This is because the water-loss
contributes to the shrink of the clay fractions
in the block.



3.3 Concrete

To validate the structural performance of the
load bearing structure of the house in
Ratankot, studying properties of the
materials that have been used was
necessary. After on site investigation and
analysis, it was noticed the remarkable bad
quality of the material. The construction
processes have been investigated, and it
has been realized that workers made the
concrete on site without following a precise
ratio of proportions of the mix components,
even keeping low level of attention about
mixing and curing operations that should
have been followed to guarantee a certain
level of performance.

In this situation, it was not possible to
assume a certain average value for the
material properties and testing the material
as it has been made was necessary. Firstly,
visual inspections have been made and then
deeper analysed once back in Kathmandu,
remarking the bad quality of the material
studying the depth, size and distribution of
the voids on the surface. Then, the on-site
construction operations have been studied,
to remake the material once into the
laboratory as closer to how it has been made
as possible. Once in the laboratory, the size
of the used aggregates has been studied,
and slump test and compression tests have
been conducted. These tests results could
give us more reliable values about the actual
performance of the material as it has been
made by local workers.
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The on-site construction operations have
been followed and analysed. The result is
that local workers did not carefully follow
specific proportions of components to make

Figure 10: Mixture components

the mix. The ration between aggregates,
sand and cement has been kept roughly
3:2:1 respectively, measured in volume
using local low quality devices (Figure 10).

After laboratory inspections, it has been
discovered that the ratio between these
components has been roughly respected;
however, the volumes and the proportions
also include the voids that are present
between components, then, as will be visible
for the sieve analysis, the results used
proportions are not precise. Local stones
have been used as aggregates, without
previous selection about their size and
origin, as well as for the used sand (Figure
11). No chemical studies have been
conducted to analyse the chemical
composition of them. Pozzolanic cement has
been used into the mix. Low level of attention
has been kept for the used quantity of water
into the mix; workers tent to increase or
decrease the amount of water “by feelings”,
using approximately 200-250 L of water per
150 kg of cement.



Three different portions of the concrete
structure have been visually analysed for
both the vertical and horizontal structural
elements (15 x 15 cm for the first ones, 10 x
9 cm for the latter). The voids distribution
and depth have been determined. The goal
of this step was to make a comparison
between the composition of the different
structural portions, analysing if it was
possible to make common assumption about
how the structural performance is influenced
by the surface quality. The results are shown
(Table 9 & Figure 12).

Figure 11: bucket used to measure volume proportions of

components
After on-site investigations, the surface sl
quality of the concrete elements has been - 50
valued looking at the voids surface that was - ] 695
superficially present, their depth and their S S
distribution. Certain portions of structural 500
elements are highly damaged. No relevant 200+
differences are present for horizontal and 300+ 557 292
vertical elements, the quality of the 200 184 148
concrete stays poor for both. Spalling areas 100 l ﬂﬁ
. . 13
and aggregates are easily noticeable 00 ; 5 -
visually, giving reliable confirmation about vertical elements
the not adequate previous concrete mixing
operations.
Table 9: voids depth and surface quantity for different
structural portions
AIR VOIDS DIMENSIONS AND PERCENTAGE 791
vertical elements
n. | total surface voids colour voids depth voids surface [mm2] %
distributed areen <2mm 12778 56,8 57,2
1| 22500 mm2 surface damages orange 2-5mm 5563 247 50,8
deep and localised red >5mm 4141 184
distributed green <2mm 17092 76,0 36,6
2 | 22500 mm2 surface damages orange 2-5mm 3336 148 278
deep and localised red >5mm 2064 92 214 :
distributed green <2mm 15641 69,5 17:1
3 | 22500 mm2 surface damages orange 2-5mm 6574 292 6.2
deep and localised red >5mm 284 13 - l%l
horizontal elements 1 2
n. | total surface voids colour voids depth | voids surface [mm2] % horizontal elements
distributed green <2mm 4571 508
1| 9000 mm2 surface damages orange 2-5mm 1923 214
deep and localised red >5mm 2506 a8 Figure 12: voids surface percentage for different material
distributed green <2mm 5151 572 portions
2 | 9000 mm2 surface damages orange 2-5mm 3289 36,6
deep and localised red >5mm 560 6,2
distributed green <2mm 7120 791
3 | 9000 mm2 surface damages orange 2-5mm 338 38 . .
deep and localised red >5mm 1541 171 The average presence of distributed-non-

deep voids does not change considerably
between vertical and horizontal elements
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(67,5% for the first against 62,4% for the
latter), as well as the voids that reach 5 mm
in depth approximately (22,9% against
20,6%). However, a more remarkable
difference is noticeable about the localized
and deep voids (red, 9,6% against 17,0%);
this can be explained by nature of the
structural element itself, where vertical
elements can compact themselves more
thanks to gravity forces, needing less
compaction processes. However, to facilitate
structural calculations, it can be assumed
that the quality of the material does not
change between horizontal and structural
elements.
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The aggregates size has been analysed
thanks to the Sieve analysis, done into the
Laboratory of Materials at the Faculty of Civil
Engineering, University of Kathmandu. A
certain amount of material has been taken
from the site and brought to the laboratory
before it was mixed with water. A total
volume of 3,375*10° mm?® (150x150x150
mm?®) has been analysed, even including
sand and cement portions. Because it has
been seen that the ratio between
components has been approximately kept as

3:2:1 for aggregates, sand and cement
respectively, it would be reasonable to
assume that the total volume of aggregates
that have been analysed is around
1,6875*10° mm3, equal to the half of the
considered total volume. However, due to
the random used of aggregates, a huge part
of them measured a diameter less big than 2
mm. We considered those as sand particles,
then the total volume of the aggregates
resulted 1,08*10® mm® measured as the sum
of all the portions of aggregates got from the
Sieve analysis, which results are reported
below (Table 10):

Table 10: Sieve analyses
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sieve [mm)] sieve picture aggregate = volume [mL] volume [mm3] amount [%] kept [%]
40,0 - - 0 0 0,00 0,00
31,5 - - 0 0 0,00 0,00
25,0 55 55*10E3 5,10 5,10
19,0 230 230*10E3 21,30 26,60
12,7 225 225*10E3 20,83 47,43
9,5 105 105*10E3 9,72 57,15
4,75 190 190*10E3 17,59 74,74
2,0 275 275*10E3 25,26 100,0
TOT 1008 1,08*10E6 100 100



After the sieve analysis, the granulomeric
curve of the mix has been made. Despite the
randomly selection of the size of aggregates
that have been used, as mentioned below,
the aggregates size distribution does not
differ remarkably from the Fuller's curve
(Figure 13). It must be mentioned that no
results are available for aggregates with size
equal or less than 2 mm in diameter, caused
by the no availability of sieves with smaller
diameter at the laboratory. However, it must
be said that the following results give only an

100

80

60 ——

Pd (%)

40—

0,149 0,595

indication about the size of aggregates that
are commonly used to make the mix design
of the concrete. On-site inspections proved
in fact that big stones are broken “by feeling”.
The angular shape that is kept for the
aggregates, after breaking operations, also
influence the higher amount of water needed
by the workers to make the mix more
workable.

2,380 4,760 9,520 19,10 25,0

d (mm)

approssimation due to lack of available results

Fuller's curve

Figure 13: granulomeric curve of aggregates
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Once the concrete has been made and
before putting that into the moulds, a slump
test has been conducted to analyse the class
of consistency of the material. The reference
values have been taken from the Eurocode
2 about construction materials. The result is
shown below (Figure 14):

30 mm

ABRAMS
CONE

270 mm

Figure 14: slump test result for casted concrete

As visible above, the class of consistency of
the concrete is S1, relative to a slump value
of 30 mm approximately (Figure 14 & Figure
15). This was already roughly deductible
from the visual investigations that have been
conducted: the high amount of surface voids
could have been easily explained by low
level of plasticity of the material, resulting in
a scarce performance to fill the gaps created
by the wooden plates to give a shape to the
structural elements. This, accompanied by
the possibility to face the presence of big

Figure 15: laboratory slump test

aggregates, results in the loss of material
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surface and the creation of weak points into
the material.

To have an overview about the compression
strength of the on-site concrete, a Schmidt
hammer has been taken and used, provided
by the Institute of Engineering at the
University of Kathmandu. Before going on
the site, the reliability of the results given by
the Schmidt hammer has been tested. This
has been done making three concrete cubic
samples directly on the laboratory. These
samples have been made following the
prescription and receipt that have been used
to make the concrete by workers at the
vilage of Pipaltar, where Habitat for
Humanity actively works in reconstruction
programs. The making procedure has been
directly into the laboratory with the same
materials that are currently used in Pipaltar
to make the concrete, picking them up during
the second visit of the group at the village.

Once there, a lack of precision and respect
of proportions between the concrete
components has been noticed. The
proportions between aggregates, sand and
cement has been taken as 3:2:1 respectively
measured (roughly) by volume. A total
amount of 200 L approximately has been
used per every three boxes of cement, each
one of 50 kg.

Two more samples have been taken from
the laboratory, which were already made by
laboratory workers to have more data to
compare the reliability of the device. Before
conducting the compression strength tests,
the Schmidt hammer has been used on the
samples that would be then tested. Three
sides of each concrete block have been
tested, the top one and a lateral one, with 9
points testing per each one (Figure 16).
However, because of the lack of tensile
strength of the concrete blocks, made even
worse using too big aggregates, during this
phase some blocks have been damaged at



some corners or at weak points; in this
situation, less data has been recorded. Then
the relative R (Hammer number) coming out
from the Schmidt hammer have been used
to make an average and to get finally to an
average result about the concrete
compression strength. These results have
been then compared to those coming from
the uniaxial compression tests conducted on
28" February 2017 at the Central Material
Testing Laboratory at the Institute of
Engineering of the University of Kathmandu,
under the supervision of Mr. Rajendra R.

block 1

Pant, Deputy Chief of the Laboratory of
Testing Materials. The reliability of the
Schmidt hammer results could give us the
possibility to go on the site at Ratankot and
conducting analysis about the compression
strength and the inner quality of the material
as it has been made. The blocks (Figure 16)
have been made following the receipt used
at the village of Pipaltar, as already
mentioned. After seven days of treatment at
the laboratory, the tests have been
conducted.

block 3

block 2

Figure 16: Three concrete testing blocks



Two Schmidt hammers (Figure 18) have
been provided by the Civil Engineering
Department of the University of Kathmandu.
Because of the variability of the results that
this device can offer, both have been used.
It has been noticed that the Schmidt
hammers’ results varied averagely by 5
points of R (Rebound number). This has
been done to check which one of the two
devices was more accurate and then which
one could have been used to tested the
concrete directly on the site, at the village of
Ratankot. So, the results from the two
different Schmidt hammers have been
compared to the result come out from the
axial compression strength test. The
measured values for the points of the blocks
visible above are visible be in (Figure 107 &
Figure 108 & Figure 109).

Figure 18: Schmidt hammers used for testing concrete
blocks

The quality of the concrete has been
revealed poor against tensile induced
stresses by the application of the loads
related to the Schmidt hammer; in fact, this
phase induced cracks and revealed weak
points that deeply describe the behaviour of
the concrete against shear forces (Figure
17). The marked points (*) have not been
tested because of these remarkable
damages. Furthermore, because the next
phase would have included the axial
compression strength test, it was not wanted
to induce greater damages that would have
compromised the reliability of the next tests.

To determine the relative compression
strength of the concrete blocks, an average
between sides, blocks and all the values
provided by the two Schmidt hammers has
been made. This is compared to the values
of compression strength given by the
Schmidt hammer producer (Figure 19).

Figure 17: damages of upper and lateral side of block 2
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Figure 19: Compared results of the Schmidt hammers

It is noticeable that the two Schmidt
hammers give results that differ for values of
Rebound number of 5. The reliability of those
devices will be then tested comparing these
results to those coming out from the axial
compression test. So far, all the two
compression strength values coming from
this test will be considered, and they are
reported in the Appendix Figure 112.

It is then determinable the compression
strength of the 7 days aged concrete blocks
which have been tested, related to R equal
to 20 and 24.4 respectively (Table 11).

Schmidt Rebound
hammer number

average
1 20

(approximately)
2 24,4

(approximately)
Table 11: Compression strength
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Rmedium

[N/mm?]

11,9

17,2

Rminimum

[N/mm?]

73

12



After doing the Schmidt hammer test, the
concrete blocks have been tested in a
compression machine to determine the
actual resistance of the material (Figure 20).
Before testing them, concrete blocks have
been weighted; all the values relative to this
phase are visible in (Table 12). It must be
considered that due to the low quality of the
concrete and the too big dimension of the
aggregates, the blocks have been already
damaged by the first phase because of the
induced tensile stresses coming from the
application of horizontal loads of the Schmidt
hammers to determine the Rebound
number.

i

Figure 20: axial compression test on concrete block2
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NR. RATIO AGE weight V [mm?]
(c:s:a) [kal

1 1:2:3 7 days 8,000 3,37510°

2 1:2:3 7 days 7,935 3,375*10°8

3 1:2:3 7 days 7,780 3,375*10°8

NR.  Asides Breaking  Asides fr [N/mm?]
[mm?] load [kN]  [mm?]

1 2,25*10* 210 2,25*10* 9,3

2 2,25*10* 200 2,25*10* 8,9

3 2,25*10* 230 2,25*10* 10,2

Table 12: blocks characteristics and axial compression
test results

Two extra blocks have been provided by the
laboratory workers to test deeper the
reliability of the readings given by the
Schmidt hammers. The relative
characteristics and results from axial
compression are shown below (Table 13).

P,
density
[kg/m’]
2370

2350
2305

class

M20
M20
M20

NR. RATIO AGE weightk  V[mm®] p, density
(c:s:a) al [kg/mq]
1 1:1,5:3 more 8,395 3,375*1 2490
extra than 90 08
days
2 1:1,5:3 more 8,250 3,375*1 2445
extra than 90 08
days
NR. Asides Breakin Asides fr Ravg
[mm?] g load [mm? [N/mm?]
[kN]
1 2,25*10 1400 2,25*10 62,2 38
extra ¢ 4
2 2,25*10 780 2,25*10 34,7 28
extra ¢ 4

Table 13: relative characteristics and results from axial
compression



In this case, there was not clear correlation
between Rebound’s number and
compression strength of the tested blocks
(Figure 19). The Rebound’s numbers
increase proportionally with the increasing in
compression strength, showing a working
behaviour when testing the structural
properties of the material. However, these
two extra blocks have been treated too many
days and their ages are not includable into
Schmidt hammer analysis. In fact, it must be
said that this test is reliable only for young
concrete, with ages between 2 and 54 days
as specified by the indications booklet.
Generally, it is used to get on-site indications
on the actual properties of the made
concrete after a few days of the construction
processes. These values have not then been
considered for the team goal.

Comparing the results coming from both the
Schmidt hammer test and the axial
compression test, it is visible how the values
given the Schmidt hammer 1 are
comparable to the latter ones, while the
Schmidt hammer 2 give higher values. The
goal of this research was in fact the proof
that a correlation between Schmidt hammer
test and axial tests exists; it is already well
known the variability of the results given by
the Schmidt hammers, which operation
system and components are shown below
(Figure 21). These are influenced by the
quality of the inner working mechanism of
the device as well as the age of itself.
Furthermore, no information has been given
about the last calibration of the rider of the
hammer, that could have given not accurate
results if damaged or worn.

It must be said that the Schmidt hammer test
has been conducted following the
information of the booklet given by the
Schmidt hammer producer, Proceq Sa,
Zurich, Switzerland and per ISO 9001. No
plaster or cover have been applied, no to
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compromise the readings of the rider. The
Rebound numbers measure the
compression strength of the superficial
mortar of the concrete. Dust, weak points
and non-resistive components on the
surface, if pointed, give not accurate results.
To determine the reliable compression
strength values, Rebound’s numbers must
be relative to deeper layers, where the
material results more compact and resistive.
To achieve more internal components of the
concrete, readings from the rider have been
taken 10 times averagely, until the values
became asymptotically stable. The results
reported above are in fact the average of
several readings done for the same point.
The tests have been conducted applying the
hammer pressure horizontally, per the
indications given by the producer in order not
to change the accuracy of the results (Figure
22).

12 Compression spring

13 Pawl

14 Hammer mass

15 Retaining Spring

16 Impact spring

17 Guide sleeve

18 Felt washer 4
19 Plexiglass window

scale printed on windcw:

20 Trip screw
21 Lock nut 19
22 Pin
23 Pawl spring

Fig.2

Longitudinal Section of the
Type N Concrete Test Hammer
Condition on impact 15
When ordering spare parts,

ploase state No. of part and 9
Serial No. of test hammer! 1

Figure 21: Schmidt hammer components



Figure 22: horizontal Schmidt hammer application

Schmidt hammer on-site application

After validating the results given by the
Schmidt hammer test, the device has been
used to know the properties of the concrete
directly on site. This has been the only
available way to have reliable values about
the compression strength of the material. It
was not possible to take samples proceeding
with coring operations due to the lack of
adequate devices, that would have been
useful to test the actual compression
strength of the concrete with axial
compression test. Furthermore, because the
workers on site add water “by feelings” into
the mix as common practice, without
following a specific recipe, it was not
possible make the concrete at the laboratory
as workers previously did, following the
same proportions of components. Using the
Schmidt hammer has then been the only
feasible manner to have reliable, but still
rough, properties of the concrete.

Rebound numbers have been taken using
the Schmidt hammer previously validated
from both vertical and horizontal elements. It
has been noticed that not remarkable
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different values between the two types of
elements came out from the Schmidt
hammer test. The same procedure
described above about the use of the
Schmidt hammer has been followed,
recording Rebound numbers when they
became constant after 5-10 times. It must be
said that the concrete has been made on site
6 weeks before the test has been conducted
approximately; as specified by the working
description of the device, if concrete with a
life span shorter than 54 days, the test still
gives reliable results.

The average of the Rebound numbers
recorded is 31, that is the value used to get
to the relative compression strength as
expressed by the graph below (Figure 23)

Figure 23: relation between Rebound number recorded on
site and relative compression strength

As expressed by the graph and table given
by the Schmidt hammer producer, Proceq
Sa, Zurich, Switzerland, the compression
strength of the concrete, relative to an
average value of Rebound number equal to
31, is:

Rek = 25,2 N/mm?;
Rmin = 18,9 N/mmz,

that will be the values that will be used to
make static calculations related to the house
built in Ratankot.



As already mentioned many times, the
random that the concrete mix has been
made with does not give the possibility to
know perfectly the proportions of
components that have been used. In terms
of durability, these aspects play main roles
because of their influence on the properties
of the concrete against degradation and
damaging processes, especially talking
about w/c, which influences both concrete
response against durability issues and its
compression strength. It was not possible
know the w/c values beforehand, then it has
been decided to determine empirically the
w/c of the concrete as it has been made
basing the values on the compression
strength of the material, which came out
after the Schmidt hammer test (Figure 24).

60
50

40
Non-air entrained concrete
30

20 Air entrained concrete

\

28-day compressive strength, MPa

0.3 0.4 0.5 0.6 0.7 0.8 0.9

Water to cementitious materials ratio

Figure 24: empirical relation between compression
strength and w/c of concrete [Copuroglu, 2016]

It can be assumed that the w/c is then equal
to 0.6 related to the actual compression
strength of the concrete. The influence of
this parameter on the durability and the
properties of the material is based on wide
literature focused on this topic, partly
mentioned below.
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Higher w/c leads coarse pore distribution.
Adding a certain water amount that cause
the increase of w/c from 0,45 to 0,6, porosity
goes up to 150% and compressive strength
is decreased for 75.6% [Kim et al. 2013].

As dependent on the pore structure present
in the inner structure of the concrete,
because pores can accommodate and hold
chloride and then permit their inner diffusion
[Song et al. 2006], increasing w/c of the mix
means deeper and bigger infiltration of
chlorides into the paste, inducing durability
problems firstly for the carbonation of the
concrete and then for the corrosion of the
steel bars. In fact, with higher w/c ratio,
chloride  diffusion  coefficient linearly
increases to 157% [Kim et al, 2013] (Figure
25).
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Figure 25: influence of w/c on total porosity and chloride
diffusion coefficient [Kim et al. 2013]



Higher the w/c of the concrete, faster and
deeper is the air permeation due to the
presence of coarse pores into the mortar.
This increment is equal to 192% if moving
from w/c of 0,45 to 0,6 [Kim et al. 2013], as
even shown below (Figure 26):

25 0.08

h B

Total porosity (%)
Air permeability (107'° m/s)

10 i A 0
0.45 0.5 0.55 0.6

w/c ratios

—O— Porosity (91 days)
—O Air permeability (m/s)

Figure 26: influence of w/c on total porosity and air
permeability [Kim et al. 2013]

In Nepal weather conditions, can highly
change during the progress of the year. The
amount of day of precipitation and the
relative humidity change widely comparing
dry and monsoon seasons, where relative
humidity can touch values around 95%
during the latter. Furthermore, CO>
emissions of the country are higher than
what is regulated by European legislation,
especially in the urban areas. These factors,
accompanied by the cyclic dry and deeply
wet periods of the weather, can cause deep
damages to the concrete and, furthermore,
to the steel bars. In this environmental
situation, it is reasonable to assume that
concrete could have the chance to face
carbonation problems, that can damage the
surface even more than how it is already
damaged by the not accurate construction
processes, not being able to guarantee
adequate protection to the steel bars. This
will then result in corrosion of the steel
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elements and loss of structural capacity of
the load bearing structures.

When water and a certain amount of Carbon
are simultaneously present on the surface of
the material, particles can be pass through
the concrete pores and getting to the inner
structure of the material. On the one hand,
Carbon make the pH dropping down from an
alkaline situation (generally equal to 12,5-
13,5) to an acid one (average of 7 with pH
lowest values around 2-3, depending on the
amount of C in the atmosphere); this would
make the pH of the inner concrete low
enough to set up corrosion processes of the
steel bars, which are very sensitive to the
environment acidic conditions since a pH
value around 10. On the other hand, Carbon
particles can also react with cement
components if a pozzolanic one (PPC) has
been chosen to make the mix, as in our case
(Figure 27).

When mixed with water, cement starts it
hydration processes, that play a main role for
the whole material final performance. This
step will in fact ensure that the components
of the material will be kept together by
Calcium Silicate Hydrate (C-S-H), which is
roughly the glue that make a composite
material as concrete is working as it would
be a unique one. The other product of this
reaction is Carbon hydro-dioxide (C-H),
which does not have influence on the
structural properties of the material (1).
Pozzolanic materials are added to the mix to
make even the left part of C-H reacting,
making more C-S-H and gaining a final
material that will be more compact and solid

).



(1) Hydration reaction:

CEMENT + H,0 --------- > C-S-H + Ca(OH).
(2) Pozzolanic reaction:

Ca(OH). + H2O + Pozzolan ---------- > C-S-H

The advantage of using Pozzolanic cement
is the fact that more C-S-H is produced with
the same amount of water that it would be
necessary if Portland cement was used, or
having the same performance of a Portland-
cement mix with less amount of water.
However, the results of the pozzolanic
reaction induced by these slag materials can
cause deep damages when in contact with
water and C simultaneously:

in a Portland-cement mix, the C-H part after
the hydration process would react with C and
H.O if they get inside the material (3):

(3) Carbonation reaction for Portland-
cem mix:

Ca(OH)z + H,O + COyp -—---- > CaCOs3; + H,O

The result of this reaction, CaCO3s, has
bigger volume than C-H. This small volume
expansion goes to fill the capillary voids that
are the result of an incomplete hydration
process, making the concrete compact and
with less inner weak points. This would not
be valid if pozzolanic components are added
to the mix. In fact, C-H would be available
anymore to react with entering CO2 and H-O,
forcing C-S-H to react with them (4):

(4) Carbonation reaction for PPC mix:
C-S-H+H20+CO0,-->CaCO3+H,0 +SiO2.H.O

Si02.H20 (or S-H) is a mushy result of
reaction, causing high volume shrinkage and
great loss of structural strength of the
material. On the one hand, inner
components of the concrete would not be
kept together anymore, losing the
cooperation between inner elements to bear
the applied loads on the structure. On the
other hand, the pH of the inner concrete
environment would drop down to values less

than 7, creating an acidic condition that
would not protect the steel bars from
corrosion initiation as the concrete usually
do, as basic and compact cover.

Figure 27: pozzolanic cement used to make the concrete
in Ratankot



3.4 Steel

To provide tensile strength to the load
bearing structure of the house in Ratankot,
Fed15 steel bars have been used, both for
the concrete columns and for the interlocking
system of the CSEB bricks walls. The
Carbon content ratio around 0,3 gives to the
material higher structural performance about
stress capacity, but diminishing the ductility,
which plays a main role mostly in the case of
earthquake. However, compared to other
steel products, it still offers suitable
performance even in this situation thanks to
its elongation of around 14,5%. 1S-1786
provides standardized properties about
Fe415 as reinforcement material as below
(Table 14).

Properties characteristics values

fex Yield strength 415 N/mm?

E Young modulus 210"10°

9 N/mm?

fatowable Allowable tensile 230 N/mm?
stresses
Allowable

fc.allowable compression 190 N/mm?
stresses

% Poisson’s ratio 0,3
Material safety

¥m factor 115
Density [precision of  7,65*10°

P +0,5%] kg/m®

Table 14: FE415 properties
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3.5 Discussion of results and
Recommendations

To make structural calculations to verify the
safety of the house, characteristics of the
used materials must be known. Generally,
these can be assumed with a reasonable
margin of error; however, looking at the state
of materials on the site and after inspections
about the construction steps usually followed
in the current context, this was not the case.
To proceed with the validation purpose,
material properties needed to be estimated
and analysed.

Several analyses have been conducted
about concrete, as the air voids state to have
a deeper understanding about the
composition of the material, as well as the
sieve test to better analyse the composition
of the concrete. Furthermore, slump test and
analysis using a Schmidt hammer have been
conducted.

The air voids inspections gave indications
about the wrong-doing procedures usually
followed by local workers. It has been
noticed that in some cases, especially
talking about horizontal elements made of
cast concrete, the composition of the
material was deeply inhomogeneous. This
can be explained by a wrong concrete
compaction executed and mistakes
conducted into the mixing phases, both
about the composition of the concrete itself
and then the mixing operations that had to
be conducted. Air voids on the surface are
risky for both structural and durability issues;
on the one hand, the presence of air voids,
both superficially and internally, reduces the
actual structural strength of the material, and
then of the elements themselves. On the
other hand, aggressive components can be



more easily be transported inside the
concrete by water flow, causing a quicker
and deeper degradation of the concrete itself
as well as for the embedded steel rebar’s.

Sieve analyses have been conducted for
aggregates directly taken from the Pipaltar
site. The trend of the curve distribution of the
dimensions of the aggregates result to be
not so different from the advised Fuller's
one. However, in many cases too big and
irregular aggregates have been found. The
dimension and the shape of the aggregates
should be made suitable for their application
into the concrete mix. This never happens in
the current common doing practice, where
local rocks are manually broken and then
directly used into the mix. Lower
compaction, creation of weak points and risk
of material spalling might happen eventually
due to these imperfections.

Slump test has been conducted to have a
better understanding about the composition
of a commonly-made concrete in Nepal. The
slump class results to be S1. The high
compaction of the material makes its
applications easier for local workers, without
needing any moulds to make structural
elements. However, in this way the
workability of the material drops down
dramatically, and the further result is a drop
in the structural strength of the elements due
to inner voids, made easier to be created by
the low fluidity of the mix.

Two Schmidt hammers have been provided
by the Materials Laboratory at the University
of Kathmandu. The purpose of having this
device was to check directly on the site the
strength of the used-concrete. Preliminary
analysis on the reliability of these devices
had to be done. This has been proved by the
fact that one of the two used hammer did not
give reliable results about the compression
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strength of specimens that have been then
tested in an axial compression strength test.
On the other hand, the second hammer gave
results that were comparable to those
directly given by the compression strength
test. The use of this device, when proved as
reliable, might be useful inside the current
context to check the actual on-site strength
of the concrete elements, mostly because
generally no information about construction
operations that have been followed and the
mix design are given.

w/c is the parameter that mostly influences
the properties of the concrete about both
durability issues and structural performance.
An adequate level of attention during mix
preparation can highly increase the quality of
the material. The quality of the concrete
includes the ability of the material to fit the
purpose that it has been made for. Deep
damages and changes into the inner
structure can firstly reduce the structural
performance in a working service situation,
changing the structural response when
permanent and additional loads are applied,
and secondly the material could not be able
to bear solicitations coming from earthquake
forces anymore. The processes that have
been done, as the amount of water putted
into the mix “by feelings” and without
following specific recipe, do not give
adequate final properties and they are still
too rough for the material, as main load
bearing component. Adequate information
must be given beforehand to the workers to
make and then cure the material in such a
way that final properties will not be
compromised.

Looking at the loads applied on the concrete
structure and thanks to the modest
complexity of the house itself, the
compression strength might offer a static
adequate response even if still low
compared to what is used in the practice in



the Western countries (where generally
concrete is prescribed as minimum C25/30).
However, it must be said that the other main
function of the material is even to cover the
steel bars, protecting them from corrosion
mechanism with a continuous and compact
surface. This aspect is made even more
important in this situation where the house
should bear huge earthquake forces,
causing high tensile stresses on the
structure. The high w/c and the relative high
porosity and chloride diffusion coefficient
can easily compromise the response of the
steel bars, causing losses of material and
strength. For the reasons explained above, it
is necessary that the composition of the
concrete and then its conformation will be
changed adequately, keeping lower w/c and
fixed components proportions and ensuring
a certain level of attention for the on-site
operations that must be done as for mixing
and curing.

BAMBOO:
CSEB:

Several operations could be taken to
improve the quality of the concrete, to
prevent or at least diminish any structural
capacity drops or durability issues. These
can be grouped in two main parts:
indications about the composition of the
material, regarding the components that are
used into the mix, and the on-site
construction operations that should be
followed.

For the first group of recommendations,
enough attention must be paid at the quality
of the components used into the mix.
Portland cement would be preferred to
Pozzolanic cement thanks to its higher
strength and the lower risks to be attacked
by carbonation processes. The ratio
between the cement, sand and aggregates
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should be checked directly on the site and
not left on the workers’ feelings, as well as
the water cement ratio. Aggregates should
be as round as regular as possible, and both
aggregates and sand should be sieved
before being putted into the concrete mix.
Finally, the proportions of components
should be beforehand agreed and
measured. A receipt provided by a concrete
expert should be strictly followed, and on site
supervision would be an added value to
ensure a certain high quality of the final
material.

For the latter group, concrete making
operations should be supervised during their
development. It has been noticed the
common trend of local workers to base their
actions on their expertise and knowledge,
which sometimes reveals to be inadequate.
Manual mixing requires long time and effort,
and it should be carried on until the highest
homogeneity of the mix has been reached.
Supervision should be preferable to check
whether the construction procedures are
followed as prescribed. Daily concrete
operations should be followed, wetting the
surface of the elements; the required curing
time should be 28 days, but looking at the
general trend it would be already preferable
to ensure a 7-days curing procedure. While
concrete is treated, the construction should
be stopped and carried on only once the
treatment is finished. Applications of upper
layers of bricks during the treatment of the
concrete should be avoided. Finally, making
concrete elements manually is made easier
by the high compaction of the concrete itself.
However, moulds should be used to shape
the elements, infilling the space made by the
moulds with the mixture and waiting a
reasonable time to let the compaction
process happen. This would make the
geometrical cross section of the elements
more regular and stable than making
elements manually directly on the top of
bricks layers without any boundaries.
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4 Loads

4.1 Loads determination

To determine the static resistance of the
model house built in the village of Ratankot,
static loads have been applied following the
guidelines and indications given by the
Indian Building Code IS 875:1987 and the
Nepalese Building Code NBC 100 and
others. The lack of useful information
included in these two codes has been
replaced consulting the Eurocode, like for
example the characteristic value of the snow
load at the ground level.

The NBC 103 - occupancy loads
determination totally refers to the IS
875:1987 part 2 to proceed about the
determination of the imposed loads (l) on the
structure depending on the function of the
building itself. For the destination of the
house built in Ratankot, residential, the
minimum reference values that must be
used to proceed in favour of safety are
reported below (Table 15):

TABLE 1 IMPOSED FLOOR LOADS FOR DIFFERENT OCCUPANCIES
(Clause 31, 311 and 4.1.1

S| Occupancy Classification Uniformly Distributed Load | Concentrates d Load
No. ) (uoL) (4)
m 3]
uuuuu
1) |RESIDENTIAL BUILDINS

a) | Dwelling houses

Table 15: imposed loads for residential occupancy

while for sloping roof with slop greater than
10° it must be considered an applied load of
0,75 kN/m? with a reduction of 0,02 kN/m? for
every degree increase of inclination but still
higher than the minimum value fixed at 0,4
kKN/m2. This value is relative to those roofs
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where the access is allowed only for
maintenance. Because the pilot house has
been built with a bamboo roof structure with
a pendency of 24,51°, the relative imposed
load on the roof will be:

lroof = 0,75 kKN/m? — 0,02 kN/m? * (24° - 10°)
= 0,47 kKN/m?

To determine the wind forces acting on the
structural elements the NBC104 and IS
875:1987 part 3 have been followed,
according to the local procedure. The wind
loads must be considered as acting only on
the whole house and the vertical elements of
that, according to the nature of the load itself,
pushing almost totally along the horizontal
direction.

The first step to do to determine the loads is
determining the Design wind speed (V)
relative to the considered area. It must be
noticed that NBC refers completely to the
Indian Standard Code, which does not
include any specifications for Nepalese area.
Then, per what is explained in the NBC, the
probability, topography  and safety
coefficients must be taken related to the
Indian area closest to Nepal, remarked with
a green colour (Figure 28).
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Figure 28: distinction of Indian areas for different wind
characteristics

The Design wind speed must be calculated
as follows:

V, =k * ko * ks * Vp
where:
V) = Basic wind speed [m/s];
k1= probability factor;
k2 = terrain, height and size factor;
ks = topography factor;

NOTE: according to the reference Indian
area (green one, Figure 26), the basic wind
speed is equal to 47 m/s.

The determination of the probability factor k1
is based on a statistical approach provided
by IS 875:1987 part 3, and it is function of
the basic wind speed Vy linked to the
considered area. It is assumed as a standard
condition that the service life of the house is
fixed as 50 years. According to the reference
values (Table 16), the probability factor is
then equal to 1,0.
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Meax Propasie
Drsiox Livx or

N r A
Years 33 39 4“4 47 50 55
All general buildings and structures 50 1o 10 10 10 10 10

Temporary sheds, structures such as 5 082 07 073 071 070 067
those used during construction
operations ( for example, form-
work and falsework ), structures
during construction stages and
boundary walls
Buildings and structures presenting 25 09¢ 092 091 09 0% 089
a low degree of hazard to life and
property in the event of failure,
such as isolated towers in wooded
areas, farm buildings other than
residential buildings

Important buildings and structures 100 105 106 107 107 108 108
such as hospitals communication
buildings | towers, power plant
structures

Crasgs OF STRUCTURE ky Factor vor Basic Wixo Speep

Table 16: Risk coefficients k1 for different classes of
structures in different wind speed zones

The k> factor is defined as function of the
Category and the Class of the considered
building. While the first parameter is referred
to the boundary conditions of the location of
the building, the second one is linked to its
dimensional characteristics. The house in
Ratankot is defined as:

Category 1: exposed open terrain with few or
no obstructions and in which the average
height of any object surrounding the
structure is less than 1,5 m;

Class A: Structures and/or their components
having maximum dimension (greatest
horizontal or vertical dimension) less than 20
m;

According to the IS 875:1987 part 3 (Table
17) and to the dimension of the house, the k2
factor is then equal to 1,05 (referred to a
height less than 10 m):

Hmonr Tesnaxx Carzaony | Tesraiy Cartecory 2 Texramw Carzcory 3 Terrarn Carrcony 4
Crass

m 4 B C 4 5 ¢ ‘a4 B ¢ ‘4 B c
m @ ®m W ® ® M ® @ ) ay oy 0%
10 105 103 099 100 098 093 091 088 082 080 076 067
15 109 107 o3 105 102 097 097 094 087 080 076 o067
20 112 110 106 107 105 100 101 098 091 080 076 067
30 115 i3 109 112 1o 104 106 I 096 0y 093 083
50 120 s 4 7 s 110 112 109 102 1'10 105 095
100 126 124 1°20 124 122 17 120 "7 o 120 s 105
150 130 128 124 1728 1125 r2 124 121 s 124 120 110
200 132 1'30 126 130 128 1°2¢ 127 124 g 12 122 113
250 134 132 128 132 131 126 129 126 120 128 124 116
300 135 134 130 134 132 1'28 131 1128 122 1130 126 117
350 137 135 131 136 134 129 1°32 1°30 124 131 127 119
400 138 136 132 137 135 130 1'34 181 125 1132 128 120
150 139 137 133 138 136 131 1135 132 126 1383 129 121
500 140 138 134 139 137 132 136 133 128 134 130 122

Notx 1 — Ses 5.3.22 for definitions of Class A, Class B and Class C structures.
Norx 2 — Intermediate values may be obtained by linear interpolation, if desired, It is permissible to assume
constant wind speed between 2 heights for simplicity.

Table 17: k2 factors to obtain design wind speed variation
with height in different terrains for different classes of
building/structures



It must be said that the presence of a
remarkable slope next to one of the four
walls of the house could change the
classification of that specific structural
element from 1 to 3, with relative k, = 0,91.
However, the k2 will be kept equal for all the
vertical members, proceeding in favour of
safety taking the highest one between the
two (k2 = 1,05).

The topography factor ks considers the
morphology of the area where the house is
located and the presence of cliffs and hills,
according to the IS 875:1987 part 3 —
Appendix C. According to the geological
situation of the site and not following the
whole determination procedure of this factor
as indicated in the document mentioned
above, it is reasonable to take a value for the
topography factor ks equal to 1,0.

The Design wind speed is then calculated
as:

Vz:=k1*k2*ks*Vp,=1,01,05*1,047 m/s =
49,35 m/s

Determining the design wind speed V; is
then possible calculating the design wind
pressure p;. It must be said that the wind that
the application of horizontal wind loads on
structural elements is function of the height
of the elements themselves. Up to 10 m
high, the wind forces have gradient
development, from an insignificant starting
point at the bottom to the biggest one at the
top. Above 10 m high, the wind pressure is
assumed constant. However, as advised by
the IS 875:1987, it is reasonable to proceed
in favour of safety, assuming a constant load
application on the structural elements taking
the maximum (or the average) value of wind

58

pressure. The design wind pressure p; is
given as:

p:=0,6* V2

where:
V, = design wind speed [m/s] = 49,35 m/s;

0,6 = coefficient depending on several
factors including atmospheric pressure,
temperature and density of the air usually
present in the Indian environment [kg/m3];

It follows that p, = 0,6 kg/m?® * (49,35 m/s)? =
1461,25 kg/(m*s?) = 1,46 KPa

When the pressure has been determined, it
is possible to calculate the wind load applied
on a structural element, which is determined
as follows:

F = (Cpe — Cpi)*A*p;

where:

F = wind load [kN or kN/m depending on
punctual or linear load application];

Cye = external pressure coefficient;
C,i = internal pressure coefficient;
A = area of the structural element [m?];

p- = design wind pressure [kPa];

NOTE: the dimension of the considered
structural element (A) can be changed to
one dimensional [m] when considering one
dimensional element and linear load
application [kKN/m];



According to the IS 875:1987 part 3, a
difference between structural elements has
been made to calculate the relative applied
wind loads depending on their dimension
and their horizontal and vertical shape, as
done between walls and roofs. This is
translated in different given external and
internal pressure coefficients. These values
are influenced according to the dimensions
(and their ratio with each other) of the house,
reported below (Figure 29):

Plan:

lh=57m;l,=5,25m; A= 29,9 m?
Elevation:

Rwatis = 2,7 mM; hiop roof = 4,0 M;
Pendency:.

(Ptop roof = hwans)/(11/2) = tg a = 0,4561
--->a = 24,52°;

Ratios: hwans/l1 = 0,47,

PLAN ELEVATION

0=24,52°

12 = 5250 mm
__h top roof = 4000 mm

h wall = 2700 mm

11 = 5700 mm 11=5700 mm

Figure 29: dimensions of the house in Ratankot

Depending on the dimension and
characteristics mentioned above, it is
possible to determine the C,. coefficients for
the two building elements consulting the
given figures (Figure 30 & Figure 31).
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TABLE 4 EXTERNAL PRESSURE COEFFICIENTS ( Cye ) FOR WALLS OF RECTANGULAR
CLAD BUILDINGS

{ Clawse 6.2.2.1 )

\ |
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=05 | —05 | +07 ; -0l :J
|

Figure 30: external pressure coefficients for walls of
rectangular clad buildings

For the loads applied on the walls, only the
worst scenario will be considered,
proceeding in favour of safety but still not
making differences between the different
directions of the wind. In the actual state-of-
art of the house then, the relative C. is taken
equal to 0,7.

TABLE 5 EXTERNAL PRESSURE COEFFICIENTS ( Cys ) FOR PITCHED ROOFS OF RECTANGULAR CLAD BUILDINGS

Figure 31: External pressure coefficients for pitched roof
of rectangular clad buildings

As it has been done for the walls, even
regarding the roof only the worst scenario
will be considered proceeding in favour of
safety but still not making differences
between the different directions of the wind.
In the actual state-of-art of the house then,
the relative Cpe is taken equal to -1,2
considering the whole structure (left side of
the table) instead of local coefficients (right
side).



As explained by the IS 875:1987 part 3, two
different scenarios for wind loads should be
considered, differing from the value of the
internal pressure coefficient C, that can
range between +0,2. It can be noticed how a
value of Cp=-0,2 makes the AC, higher
regarding the walls, while for roofs the same
happens with a value of C=0,2. In order to
proceed in favour of safety, only these two
scenarios will be considered.

It is then possible to calculate the applied
wind loads on the structural elements, that
are:

Fuwalis = (Cpe - Cpi) *A*pz = (0,7-(-0,2))*A*1 ,46
kPa = 1,314 kPa per m? of wall considered;

Froof = (Cpe - Cpi) *A*pz = (-1,2-0,2)*A*1,46
kPa = 2,04 kPa per m? of roof considered;

NOTE: the wind load applied on the roof,
Froof, must be considered as horizontal load,
not increasing the vertical loads applied on
the load bearing reinforced concrete beams.

According to the IS 875:1987 part 4, which
indications must be followed as indicated by
the NBC 106, the determination of the snow
load (S) is based on nominal values provided
by the local authorities, due to the lack of
reliable data about the subject in the country.
The snow load is then determined as follows:
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S =p*So

where:
S = Snow load [N/m?];
u = shape coefficient;

So = Snow load at the ground level;

The shape coefficient y is determined by
tables provided by the IS 875:1987 part 4 as
follows (Table 18).

Simple Flat and
Monopitch Roofs

|| L

FW: n/’wﬂ'

Simple Pitched Roofs
(Positive Roof Slope)*

0°<p<30° e
15<p<0’ M=08 F2=n~a¢o-4(ﬂ‘—ﬁ)
My =08 ;
5 K, =12 (Q:_ﬁ)
60-8 2
30<p <60 = 08( 2557 30
s P =08 (82:8)
£>60 Hy=0 TGel=0

Table 18: shape coefficients for different roof
configurations

The higher value between the two shape
coefficients p¢ and p2 must be used to
determine the snow load applied on a
surface. While uy¢ = 0,8, pz2 can be
determined taking directly into account the
pendency of the roof (24,51°), resulting in:

p2=0,8 + 0,4%((24,51-15)/15) = 1,05

Inside the IS 875:1987 part 4, as well as into
the NBC 106, no data is given about the
snow load at the ground floor. In order to
proceed into the determination of the live
loads on the house, it has decided to
assume that the snow load at the ground



level is equal to the characteristic value of
snow loads used into the Eurocode, equal to
1,5 kN/m? but still keeping the shape factor
provided by the IS 875:1987 part 4, equal to
1,05. The relative snow load will then be:

S = Y2*So = 1,05*1,5 kN/m? = 1,575 kN/m?;

As specified into the NBC 105 — Seismic
Design of buildings, the static calculations
about the structural performance of a certain
building must consider the application of
extra static loads due to earthquake
probability to happen. This load is then
increased by safety factors for different load
combinations, depending on the specific
situation itself. The addition of the
earthquake load, W, depends on the
heaviness of the live loads [Table 25]:

Design Live Load Percentage of Design Live Load

Up to 3 kPa 25
Above 3 kPa and for vehicle garages 50
For Roofs NIL

Table 19: Increasing percentage of live loads due to
earthquake factor

The sum of the vertical live loads, LL;, related
to the load bearing structures is equal to the
sum of the imposed load on the roof and the
snow load, then:

LLi = loof + S = 0,47 kKN/m? + 1,575 kN/m? =
2,1 kN/m?;

Then the earthquake load, E, will be equal
to:

E =2,1 kN/m? * 0,25 = 0,525 kN/m?
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NOTE: the wind load, as completely
considered as a horizontal load, is not
considered in this determination phase of the
actual loads on the horizontal and vertical
load bearing elements. However, it will be
considered when the static calculations will
be made for the roof structure and for the
bending resistance of the vertical elements.



4.2 Structural
analysis

preliminary

Before starting static calculations on the
house, an on-site inspection has been done
to have more information about the structural
capacity of the structures and the load path
that did must be considered. The house has
been made of reinforced concrete horizontal
and vertical elements, CSEB bricks infilling
walls and bamboo roof. Three concrete
horizontal bents have been built per each
external wall of the house. The four
reinforced concrete columns have been
putted at the corners of the square shape of
the house. A visual overview of the state of
the house is visible below (Figure 32, Figure
33 & Figure 34).
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Figure 32: top overview of the model house
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Figure 34: inside view of the model house

The load bearing capacity of the house has
been studied. On-site analysis has been
conducted, trying to understand which are
the most reasonable load path that elements
have to carry and which elements work as
load bearing. From the beginning, big effort
has been putted to understand if the load
bearing function for the house would have
been made by the reinforced concrete
skeleton or by the CSEB brick walls.

It easily visible how the loads from the roof
are mostly carried by the central walls,
visible in the Pic.3 above. At the edges of the
wall no columns are present. On the one
hand, this could mean that the forces are
transmitted from the central beam to the two
at the perimeter of the house, transmitting
then the forces to the corners, where
columns have been built. On the other hand,



this could mean that actually the beam,
visible in the Pic.3, would not be enough
strong and big to bear the stresses and that
the loads from the roof are then carried by
the CSEB bricks wall. The latter scenario
has been considered as the most feasible
between the two, firstly because of the
limited dimensions of the cross section of the
beam (15 cm x 15 cm), secondly because of
the limited amount of steel bars that has
been putted into the concrete as
reinforcement (2¢12 for each upper and
bottom side of the element) and last but not
least for the high span that the beam has to
cover, equal to 5,25 m. This scenario can be
explained as follows: the load bearing
function for the house would be provided by
the reinforced concrete elements, but by the
CSEB brick walls, while the concrete
elements would work as transmitting
elements between the walls of the house in
an earthquake situation. The presence of
this elements, even if as not load bearing, is
firstly indicated by the building catalogue
given by the Nepali government and then it
is advised in order to improve the
earthquake resistance of the wall structure.

It was not possible to know beforehand
which elements worked as load bearing
structure. In order to understand that, the
load bearing capacity of the beam has been
analysed, considering that firstly as it was
load bearing. If the calculation proved the
lack of structural capacity of the beam, it
would have meant that the second scenario
of the two described above will be the most
reliable.

Following the indication given by the NBC
105, different load combination for working
stress method and ultimate stress method
must be calculated. Between the different
combinations, the worst one must be
ensured by static calculations that could
prove the reliabilty of the structural
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performance of the structural element. The

different load combinations are:

Working stress method:

a) DL+LL+E;
b) 0,7DL +E;
c) DL+ SL+E;

Ultimate stress method:

a) DL+1,3LL+1.25E;
b) 0,9DL + 1,25 E;
c) DL +1,3SL+1.25E;

Due to the fact that LL = 0,47 kN/m? < SL =
1,575 kN/m?, it is easily noticeable that the
most dangerous and heavy loads
combination is the c) of the ultimate stress
method.

The additional and live loads have been
already determined in the previous section of
the report. About the permanent loads, the
beam must carry loads from several
elements laid on the top of the load bearing
element (Figure 35), as:

e the bamboo roof;
¢ the reinforced concrete upper bent;
e two layers of CSEB bricks;

bamboo roof

80 mm T 1-upper bent
200 mm |-two CSEB layers
150mm T |- load bearing beam

1875 mm 1~ CSEB bricks wall

5250 mm

Figure 35: elevation of the most loaded beam



To determine the weight of the roof, an
average of the thickness and diameter of all
the bamboo sticks has been made: it has
been assumed, after previous reliable
measurements, that the thickness of the
bamboo is equal to 15 mm while the whole
diameter is equal to 65 mm. Then the total
length of the sticks has been summed. The
final volume of bamboo used to build the roof
is equal to around 0,55 m?®, with a density of
810 kg/m3. On the top of the roof is then
added a layer of corrugated steel plates to
cover the whole surface. The final load of the
bamboo and corrugated steel roof is equal to
around 510 kg, as visible looking at the
bamboo roof model present in this report.
The total bamboo roof distributed load, RL,
will be:

RL=5100N/(5,25m*5,7 m)=0,170 kN/m?

Due to the triangular shape of the roof and
the huge concentration of bamboo sticks on
the top of the most loaded beam, it is
reasonable to say that 2/3 of the whole
weight of the roof are carried by the beam,
with relative live and additional loads on that.
The loads from the roof that must be carried
by the beam will be then linearly:

RL = 0,170 kN/m?* 5,7 m * 2/3 = 0,646 kN/m

SL=1,575 kN/m?* 5,7 m * 2/3 = 5,985 kN/m

E =0,525 kN/m?* 5,7 m * 2/3 = 1,995 kN/m
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At the top of the beam is laid a reinforced
concrete bent that should be supposed to
distribute more the loads on the structure,
improving the structural capacity of the
house mostly in an earthquake situation, as
indicated by the NBC. The cross section of
this element is 8 cm high x 15 cm wide,
extended for the whole length of the beam,
5.25 m. Assuming a reinforced concrete
specific self-weight equal to 2400 kg/m?3, the
final distributed load from the upper bent to
the beam will be:

UsL = (0,08 m x 0,15 m) * (2400 kg/m?®) =
28,8 kg/m = 0,288 kN/m

Two more layers of CSEB bricks are applied
on the beam for the whole length of the beam
itself. As already shown in the material
analysis section, the dimension of these
elements is 300 cm x 150 cm x 100 cm per
each one, with an average density equal to
1830 kg/m3. The final distributed load from
these two layers of CSEB bricks, Bcsesl, will
be then:

BesesL = (0,15 m * 0,1 m) * (1830 kg/m?) =
27,45 kg/m = 0,2745 kN/m

As already done for the reinforced concrete
upper bent, the same mechanism will be
applied to determine the self-weight of the
reinforced concrete load bearing beam,
which has cross sectional dimensions of 15
cm wide per 15 cm high. The final distributed
self-weight of the beam, S.L, will be then:

SwL = (0,15 m x 0,15 m) * (2400 kg/m3) = 54
kg/m = 0,540 kN/m



Calculating all the weights of the materials
present on the top of the beam, it is now
possible to determine the all deal load, DL,
applied, that will be then:

DL = RL + UL + Bcsesl + Swl = 0,646 kN/m
+ 0,288 kKN/m + 0,2745 kN/m + 0,540 kN/m
=1,75 kN/m

The worst scenario of load combination, c) of
the ultimate stress method, imposes a linear
load on the beam, q, equal to:

Q=DL+13SL+125E =175 kN/m +
1,3*5,985 kKN/m + 1,25*1,995 kN/m = 12,02
kN/m

that is the linear load value that will be used
to make static calculations about the
resistance of the beam.

After determining the loads applied on the
beam, with relative safety coefficients, the
static load bearing capacity of the beam has
been studied. Due to the lack of columns, the
beam could not have been considered as
simply supported at the boundaries by
vertical elements. Two perpendicular beams
are present at the edges of the one
considered. Those are simply supported at
their edges by vertical columns, located at
the four corers of the square shape of the
house. It has not been possible getting
deeper information about the connection
between the considered beam and those at
its edges. However, because of the
boundary conditions and the layout of the
structure, it has been reasonable to assume
that the beams were connected in such a
way that all the forces were transmitted from
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the inner beam to those at the edges, and
then to the columns. This means that the
connection between the horizontal elements
provided the transmission of all the forces
that the main beam was subjected to. The
static scheme of the considered beam will be
then as follows (Figure 36).

q=12,02 kN/m
M.,a M,c
V,a V,c
525m
(q*1°2)/12 (g*1°2)/12
a ) b ] c
(9*1"2)/24
ql’2
a b c
ql/2

Figure 36: static scheme of the considered beam - most
loaded one

In this case the load bearing capacity of the
beam, as it has actually been built, has been
referred to the bending stress in the middle
of the span. According to the static scheme
above, the bending load that the beam
should be supposed to bear, Meqy, is equal
to:

Meap = (q*12)/24 = (12,02 kN/m*(5,25 m)?)/24
= 13,80 kN*m

It must be said that this bending load is the
maximum one that stresses the bottom
reinforcement bars of the concrete beam,
but it is still not the maximum one, as it can
be noticed looking at the bending values for
the top sides at the edges of the beam.
However, it has been decided to proceed
making calculations on the load bearing
capacity of the cross section at the point “b”:
if this will not be verified, subsequently



neither the two points at the edges would be
due to the higher bending loads acting there.

The load bearing capacity of the structural
element will be analysed calculating the
bending resistance of the cross section, Mrp,
and comparing that with the applied bending
force, Mgq. If Mrp > Meq, the stresses caused
by the load application will be carried by the

As'=2012
A -~

40 mm

Qo=
e 110 mm d
150 mm

As=2012

1 y
A

150 mm

Figure 37: cross sections of the structural element

The static calculations on the concrete beam
have been done following the ultimate stress
method, analysing the structural capacity of
the cross section. It has been considered the
best scenario as a failure mechanism of the
element, with complete yield of the bottom
steel, s = ¢y (that has to bear tensile forces),
and ultimate deformation for the compressed
concrete, €. equal to 3,5*103. It has been
proceed using the method of stress-block to
determine the stresses related to the
compressed section of the concrete. The two
fundamental equations of the equilibrium of
the cross section (1) and (2) are then
imposed to determine firstly the position of
the neutral axis, x, and then the bending
capacity of the cross section, Mrp.

structural element. The reinforced concrete
beam has a square shape of 150 mm x 150
mm, with the same amount of reinforcement
bars for upper and bottom side of the cross
section (2¢12, 226 mm?, per each side)
(Figure 37).

€c=3,5*10%(-3) |

I

A
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w

1) C+S-S=0
2) C*(d—-0,4*x)+ S (d—d’) = Mro

where:

C = 0,8*x*fcp*b
S’ = Es*es*A’s
S =fy*As

design compression strength of

N 2% = 14,11
1,5

feco =

concrete = Ry * —< = 25 ——
Yec mm

N

mm?2’

b =150 mm;

Es =210 GPa;

€= & x_Td'for €s < €y, where ¢, = 3,510,
d =40 mm;d =110 mm;

A's = As = 226 mm?;




Substituting all the factors into the
fundamental equations of equilibrium it will
result that:

(1) x=40 mm
(2) Mro = 8,0 kN*m approximately <
Medp = 13,80 kKN*m

The values related to the resistance values
of the cross section of the band, made by
hands, have been checked using a software
useful to calculate the dominium of
resistance of the cross sections. It must be
said that only the calculations related to a
maximum flexion only have been made,
taking their check as enough to assume valid
the reliability to calculate the whole
dominium of resistance with the software.
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Figure 38: Nrd,Mrd of the main beam

4.3 Discussion of Results

The loads that must be applied on the house
during a design stage has been derived from
the current loca building codes; these
includes the Nepalese Building Code and
the Indian Building Code. The way that loads
must be combined and how to calculate
them followed the indications of these two
codes. When a lack of information about the
way to determine, loads has been found, a
few values and coefficients have been
replaced using indications from the
Eurocode (e.g. snow characteristic load).
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The modest dimensions of the house as well
as the regular shape makes the application
of loads easier to be bear. Furthermore, the
weight of the house itself, and especially of
the roof, resulted to be relatively light.
However, it has been noticed that, even if the
applied loads might be seen as relatively
modest, there is an unbalanced distribution
of the loads thought the structures of the
house. Looking at the point connections and
the structural layout, the middle inner wall
results to be the highest loaded, bringing by
itself 2/3 of the total weight applied from the
roof. The other two parallel walls are loaded
by the left 1/3 of the total loads (1/6 per each
one), while two out of five perimeter walls
result then to be unloaded from the top.

It was not clear why a concrete skeleton has
been made during the first inspections. It
was thought that the purpose was to carry
the loads and transmitting them directly to
the foundation, and that the brick walls were
made for filling the skeleton for a non-
structural purpose. Static calculations about
the load bearing capacity of the most loaded
elements have been conducted. This step
resulted in the proof that the concrete
skeleton is not able to bear the load by itself.
This means obviously that the load bearing
function of the house is carried by the CSEB
bricks, while the concrete bends serve as
compartments separation between two
layers of bricks. This constructive technology
is growing in Eastern countries to improve
the structural performance of houses in the
case of earthquakes, behaving more as a
unique box thanks to the reinforced concrete
bends that tent to bring the elements of the
house together when subjected to horizontal
vibrational forces.



5 Roof

5.1 Roof calculations

The roof of the model house is made out of
bamboo.  Statically calculations are
necessary to research the behaviour of the
roof under different load combinations. To
make sure that the bamboo roof can hold the
applied loads, it is modelled in MatrixFrame.
Within the model, multiple loads are
considered according snow, wind and life
loads. The calculations are done with
respect to critical length, bending,
compression, shear and tension.

MatrixFrame is a modern software for
structural calculations. The construction can
be modelled into the software by adding lose
elements and give them the properties of the
bamboo according diameter, thickness, E-
modulus, Poisson ratio and moment of
inertia. The model can be found in (Figure
39). Via analysis, the maximum moment,
shear force and normal force through the
bamboo culms can be calculated. With these
maxima, hand calculations can be done to
divine if the weakest part of the structure can
hold the loads.
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Figure 39: model of the bamboo roof in MatrixFrame

When applying loads on the structure a few
variable loads and dead loads have to be
considered. First of all, the own weight of the
bamboo skeleton of the roof is determined
and applied to the model. The loads are
determined by the volume and the density of
the bamboo. Consequently, MatrixFrame will
calculate these loads, using the profile
properties. The loads are determined per kilo
newton per meter length. Since the average
cross-sectional area was determined, all of
the bamboo sticks have been given an equal
cross-sectional area. Resulting in the
following dead load:

Aavg " Pbamboo " 9
db == =
1 1000
_ (0.25 - - (652 —352)-107%) - 810 - 9.81
B 1000

= 0.0187 kN/m

After determining and applying the dead load
of the roof skeleton, the floor loads were
added. Unfortunately, these could not be
applied and constructed directly into the
model since MatrixFrame only allowed a



construction of maximum one hundred
sticks. The bamboo floor is however part of
the dead load and has the same value as
previously determined. Therefore, they have
been applied as point and g-loads on the
constructed model.

Another dead load which has been applied
on the roof, is the own weight of the roof
plates. These plates are ‘CGI’ plates. Firstly,
the density and the area of the plates were
determined and added as g-loads to the roof
structure. These loads vary per meter length.
A difference between the number of loads,
each bamboo stick is bearing, has been
made since the roof is made out of triangles.
The own weight of the ‘CGI' plates are
calculated as per the batch they are
delivered in and results as follows:

_ (M/Abatch) "9 —

99P = 000
_ (55/(0.875 - 21.9456) - 9.81 _
B 1000 -

= 0.0281 kN/m?

The g-load is then multiplied by the overall
area of a roof side, then proportionally
divided over the bamboo sticks and divided
by their length.

The snow loads have previously been
determined and have now been applied to
investigate different load combinations. The
snow loads are as follows:

qs = 1.575 kN /m?

The variable load factor which must be
multiplied with this variable load is previously
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determined, following the NBC. The snow
loads have been applied in the same way
and with the same proportions as the loads
from the roof plates, also dividing by the
length of the bamboo culms.

The live loads have previously been
determined and have now been applied to
investigate different load combinations. The
snow loads are as follows:

ql = 0.47 kN /m?

The variable load factor which must be
multiplied with this variable load is previously
determined, following the NBC. The live
loads have been applied in the same way
and with the same proportions as the loads
from the roof plates, also dividing by the
length of the bamboo culms.



For the properties and profile of the bamboo,
an average is considered (Table 20):

Property Value

Diameter 0.065 [m]

Thickness 0.015 [m]

Surface 2.3562e-03 [m"2]
Shape Tube

E-modules 1.2250e+07 [kN/m”2]
Poisson ratio 0.3 []

Density 810 [kg/m”3]

Table 20: bamboo properties

These properties are determined by
weighing and measuring a bamboo culm
used in the roof of the model house.

The largest moment on a column in the roof
is 1.06 kink (Figure 40). This will occur when
the snow loads are dominant. Calculations
have been done to check if the bamboo
column subjected to this moment is strong
enough.

M,y 106-00325
bR =T T T 8021077

= 42945.91 kN /m? = 42.95 N/mm?

The ultimate bearing capacity on bending
stress of the bamboo has previously been
determined to be 89.32 N/mm”2. This shows
that the bamboo will not fail on bending.
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Figure 40: largest moment on a column in the roof

The largest compression load on a column
in the roof is 22.14 kN (Figure 41). This will
occur when the snow loads are dominant.
Calculations have been done to check if the
bamboo column subjected to this moment is
strong enough.

_ Nzc _ 22.14 — 9401.27 kN /m?
OcR =TT 2355.108 /m
=9.401 N/mm?
The ultimate bearing capacity on

compressive stress of the bamboo has
previously been determined to be 54.74
N/mm”?2. This shows that the bamboo will
not fail on compression.

NXJLA_‘—E!- 1818 T — 4]
2214 15%%mb0<22.11
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Figure 41: largest compression load on a column



The largest longitudinal tension load on a
column in the roof is 12.33 kN (Figure 42).
This will occur when the snow loads are
dominant. Calculations have been done to
check if the bamboo column subjected to this
moment is strong enough.

Nztl _

12.33
Oti,R = A =

»  2355-1073
= 5235.67 kN/m? = 5.24 N /mm?

The ultimate bearing capacity on
compressive stress of the bamboo has
previously been determined to be 92.84
N/mm”2. This shows that the bamboo will
not fail on tension.

10.87 aya 12.33
— {1

NxEl—l— —
Bamboo

1.661

4
T
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Figure 42: largest longitudinal tension load on a column

Some of the bamboo columns have been
connected in the longitudinal direction in the
node sections. Previously has been stated
that the nodes are significantly less strong
than the internode sections of the bamboo,
especially when Iloaded in tension.
Therefore, these connections have been
studied on tension stresses as well.
Resulting in the following calculations.

Nztl 12.33
OtR = T T 23551073
— 5235.67 kN /m?
= 5.24 N/mm?

Otinu = Otinu ° 0.3 =92.84-0.3
= 27.85 N/mm?
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This value is still larger than the tensile
stresses on the nodes. It can be concluded
that the nodes will not fail under tensile
stresses.

In some connections, the bamboo columns
are loaded on tangential shear stresses, due
to perpendicular shear forces applied on the
bamboo columns. This may result in failure
and must be checked. The shear forces
applied on the bamboo column are 0.9 kN.

Vztl 0.9
= = = 382.17 kN /m?
R = 4 T T 2355.10-3 /m
= 0.382 N/mm?

Oty = 347N /mm?

The allowable stress is larger than the
applied stress, which implies that the
bamboo will not fail under tangential shear
stress.

There are no connections between the
bamboo columns in the roof, which are

subject to longitudinal shear stresses.
Therefore, no further calculations are
required.

Previously to calculating and checking on
transversal shear. The critical length of the
bamboo beams has to be determined. As
previously has been stated. When a bamboo
column is subjected to bending, with a
smaller span than the critical length, the
column will fail under transversal shear,



instead of bending. The critical length has
been determined:

t = 15[mm] R = 32.5 [mm] x :=—=
0.4615384615

e = 0.00219

N
Er = 12250 [ ;
mm

|

Tmax = 3.15 [N/mm?]

R-eET (14x3—60x2+100x—80) _
20-(x—2) -
407.064 [mm] = 0.407 [m]

l. =
¢ Tmax

This critical length is shorter than any
bamboo column in the roof construction.
Therefore, it can be concluded that the
bamboo columns will not fail under
transversal shear stress.
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5.2 Discussion of Results

The bamboo roof build by SSN on the model
house in Ratankot is concluded as strong
enough to bare the normal loads. The roof
will not fail when the maximum bending,
compression, tension and shear forces are
applied on the roof. However, it is very
important that the elements of the roof are
connected in the right way. As stated before,
specially at the connections it is the most
likely that the roof will fail. The connections
true the nodes are less strong than through
the beams itself and therefore it is not
desired to connect bamboo true the nodes.
What also need to be stated is that the
conclusion about the strength of the roof is
checked in a non-earthquake situation. More
investigation is needed to conclude that the
roof is earthquake resilient. Because the
analyses show that the roof is strong
enough, but not act on the limits of the NBC,
the roof is oversized. This means directly
that also this roof is heavier than it should be.
More research should be done to check
which beams are to heavy or can be
removed. What can be said is that the roof is
lighter than a roof of stone or steel. This, in
an earthquake situation, is desired because
many people get killed by the weight of the
roof/walls that lay on top of them. This is also
the reason that the floor in the roof need to
be removed. It's only meant to store goods
like rice and bamboo strings, after which the
roof will be heavier than needed. This is not
desired at all.
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6 Static
calculations on
walls

It has been demonstrated that the load
bearing structural function is not carried on
by the reinforced concrete elements
because of the lack of structural capacity of
the cross section, at least for the biggest
concrete band (15 cm x 15 cm). This means
that the static loads are carried by the walls
made of CSEB bricks from the roof to the
foundations, where they are transmitted to
the basement. No indications are given by
the Indian Building Code and Nepalese
Building Code about the static calculations
that must be made to prove the structural
capacity of the load bearing elements. Then,
to demonstrate the safety of the house and
its structural elements during a static
working situation, the load bearing capacity
of the walls have been calculated and
analysed following the guidelines given by
the Eurocode and NTC 2008 (Technical
guidelines for construction, ltaly). The
calculations that have been made regard the
bending capacity on the two parallel and
perpendicular planes among the walls and
the load bearing capacity of the elements
against axial distributed and punctual loads,
as indicated by NTC 2008 about masonry
buildings.

6.1 State of the house

As already mentioned in the last chapter, the
house has been made of different structural
elements. Particularly, a bamboo roof is
applied on walls made of layers of CSEB
bricks interconnected by rebars with
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reinforced concrete bands. It must be said
that the role of the bands, as already
demonstrated, is not to carry the loads
statically, creating a concrete frame that is
main load bearing structure. Instead, their
application is advised by the current local
building codes to improve the behaviour of
the whole structure during an earthquake
situation. The bands, if well realized, permit
the house to behave as a collaborative box,
transmitting the loads horizontally element to
element instead of making the walls reacting
against horizontal forces independently.

Puiling of
Lintel Band

Bending of
Lintel Band

Direction of
earthqake

Figure 43: behaviour of masonry houses using reinforced
concrete bands [C.V.R. Marty]
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(a) Building with Flat Roof

Figure 44: role of masonry houses using reinforced
concrete bands [C.V.R. Murty]



In this way of construction, any vertical
deflection of the concrete band will be
hindered by the presence of the masonry
below it, so that finally everything would be
stacked on the foundation. This means that
the concrete bands will not be loaded on
bending until an earthquake, and then they
are working either in normal force or bending
out-of-plane. The static calculations have
been then made only related to the CSEB
brick walls, while the quasi-static
calculations will then consider even the
factor related to the presence of the bands,
or better their load bearing capacity when
horizontal earthquake forces are applied.

The presence of the three bands of the load
bearing structure of the house divides
horizontally the CSEB brick walls into three

wall vertical section

LEVEL B (h=1,20 m) at +0,85m

different compartments with three different
height. Because of their presence, assumed
as rigid, it can be reasonable to assume that
the three levels of the walls bear the
permanent and accidental loads
independently, not reacting as a unique wall,
especially against wind loads that cause
bending. It means that, for example, the
maximum moment will happen at the middle
height of each compartments instead of at
the middle height of the wall intended as
unique (at the height of 1,230 m). For these
reasons, the static calculations regarding the
structural performance of the house will be
done level by level, actually considering the
one-floor wall as composed by three
different wall compartments to assume as
continuous and reacting (Figure 45).

LEVEL A (h=0,72m) at +0,00 m

o0 350

LEVEL C (h=0,24 m) at +2,025 m

4950

Figure 45: walls compartments subdivision and dimension divided per level. When not specified, dimensions must be
considered in cm



Once again, the assumption of rigid bands,
that keep rigid the levels of bricks when both
horizontal and vertical loads are applied,
gives the chance to reason in a static domain
at least regarding the application of static
loads. It is role of the bands themselves
working as compartmental elements, making
the applied loads more distributed among
different load bearing elements (Figure 40).
However, it must be said that this stays an
assumption: the actual working mechanism
of these elements highly depend on how

wall vertical section

+2,460 m

they have been made, from the quality of the
material to the followed construction steps.
This can give better performance in terms of
slenderness (thanks to shorter buckling
length of the compartments compared to the
whole one) and moment resistance
(registered maximum at the middle height of
each compartments instead of unique at the
middle of the total height), as visible
comparing the schemes A and B as visible
below (Figure 46).

static scheme A static scheme B

24 758

+1,995m

120

LEVEL B

+0,795 m

IT ot
I a

o

LEVEL A

[ TTTTRITITTITTTIT TR

+0,00 m

Figure 46: static structural scheme assumed bands as completely rigid element (A)



The horizontal loads are distributed between
the walls depending on their rigidity, based
on their geometry, distance from the centre
of mass and their moment of inertia. It must
be said that rigidity has been calculated for
all the walls when earthquake horizontal
forces are applied, assuming all the walls
would be solicited. This does not happen in
the case of wind loads application, when
only the external walls in both the wind
directions have been considered as reactive.
Firstly, the validation of the house in
Ratankot has been conducted calculating
the static structural performance: more
precisely, static loads have been firstly
calculated and then applied on the structural
elements of the house following the
indications given by the Eurocode and the
NTC 2008. It must be said that, in this stage,
only the worst SLU combination has been
considered to make calculations.

For every wall compartments, the
calculations process that has been followed
is mentioned above:

e Calculation of walls rigidity and wind
loads distribution;

e Determination of axial and horizontal
loads applied on every compartment;

e (Calculations of eccentricities and
coefficients of reduction of
resistance;

e Compression  strength  against
distributed loads;

e Press-flexion strength;

e Shear strength;

e Compression strength  against
punctual vertical loads;
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6.2 Static calculations

As already explained in the section “loads
determination” of the present report, the
distributed wind load related to the area
where the house has been built is equal to
1,022 KPa. Because of the “compartments
approach” that has been used (the fact that
walls are horizontally divided by concrete
bands), it has been proceed dividing the
wind loads depending directly on the plane
surface of the compartments considered.
Then, the total wind applied load has been
distributed depending on the rigidity values
of each wall compartments, as mentioned
below (Figure 47).

Wind pressure, W, = 1,022 KPa

LEVEL height L,x [cm] L,y [cm] Atot,x
[cm] [cma]
A-A' 72 495 540 35640
B-B' 120 495 540 59400
c-C' 24 495 540 11880
LEVEL Atot,y [cmq] Fw,x [kN] Fw,y [kN]
A-A' 38880 3,64241 3,973536
B-B' 64800 6,07068 6,62256
c-C' 12960 1,21414 1,324512

Figure 47: total wind loads applied on each wall
compartment level

where:

Fw,x and Fw,y are the total wind loads that
will be distributed on the relative walls
compartments;

note: proceeding in favour of safety, the
surfaces of the walls have been considered
as without openings for the determination of
the total wind load applied on the brick walls.
The length along both the directions x and y
of the walls are considered only for the
actual length of the brick walls, without
adding the dimension of the columns at the
corners.
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The coefficients of distribution (named a) of
the horizontal loads applied on each
compartments of the same level depends on
the geometric characteristics of the wall
compartments themselves as mentioned
below:

K
2Ky yi

a

with X,y directions of the considered

compartment.
1
h

K.
+7
B-E-I G-

'

where:

h,i = height of the compartment;

B = type of construction factor;

E = Young’s modulus of the bricks;

l,i = Moment of inertia of each compartment;

K = shape factor (1,2 if rectangular
elements);

G = Shear modulus;

A,i = horizontal surface of each
compartment;

To determine Cr, the relative formula will be
written regarding the walls along the x-
direction for simplicity, noting that the same
calculations would be valid even for those
along the y-one inverting the values relative
to the considered direction:

_ (Kx,i*(¥6,i~YR)*ey total)
(ZKx,i*(YG,i—YR)Z + EKy.i*(xG,i—XR)z)

T

where:

y e, = distance from barycentre of each
compartment to the centre of mass of the
level;



Yr = Ky i*YG,i
ZKx,i

Kx,y,i/ka,y,i+CT

eytotal = total eccentricity along y-direction = LEVEL CODE Futoocy [kN]

ey + €y additional Where:

X XA1 0,03200282  3,64241
* e,=Yc - Yr (With Y¢ = y-coordination X XA2 040236232 3,64241
X XA3 0 3,64241
of the center of mass of the whole X XA4 0 3.64241
compartment level); X XA5 0 3,64241
" ey aqditional = 0,5*Ly (With L, = length of X XA6 056563486  3,64241
NN A
the compartment along y-direction); VY'Y 0,050254 3073536
Y YA2  0,342864 3,973536
Y YA3 0 3,973536
. . Y YA4 0 3,973536
For each compartments the applied wind Y YA5 0 3.973536
load will be then: Y YA6 0,597968 3,973536
X XB1 0,02299637  6,07068
Fwxi = Fwx ™ ax X XB2  0,19529573  6,07068
_ X XB3  0,02299637  6,07068
where Fuxy, = wind load on the plane of the X XB4 0 6,07068
wall: X XB5 0 6,07068
’ X XB6 0 6,07068
It must be said that the distribution of wind X XB7 075871153  6,07068
loads did not conS|der_the prese.nce of inner B Y YB1 0,061562 6.62256
walls. Indeed, for this scenario the total Y  YB2 0,321107 6,62256
rigidity (and then the values of the sum of the i igi 8'085626 2’25522
coefficients of distribution) has been Y YB5 0 6.62256
reasonably considered as only the external Y YB6 0 6,62256
Y YB7  0,074052 6,62256
wglls would bear the loads caused by ’Fhe v YBB 0372026 662256
wind blow. Furthermore, the collaboration Y YB9 0,085626 6,62256
between walls along perpendicular direction
has not been considered, making
calculations on each compartment as it Kyyilky,+CT
worked as independent from the other LEVEL CODE Futoratey [kN]
structural elements, proceeding in fgvour Qf X xC1 05 121414
safety. However, these two assumptions will X  XC2 0 1,21414
not be replicated for structural calculations in X XC3 0.5 121414
the case of earthquake  situations, c v  vor 0,48387 1324512
considering even the inner walls Y YCc2 0 1,324512
llaborating t r th lied loads and vyoyes o 1:324512
collaborating to bea : e applied ?.S , v vos 0 1324512
Consequently, changlng the coefficient of Y YC5 0,515964 1,324512
distribution of applied horizontal loads.
M,w,b,max
The wind loads applied on each LEVEL CODE Fuxy k] [kg*m]
compartment then result as follows (Table XA1 10,49105963 3,776781468
21): XA2 131,9010957  47,48439446
XA3 0 0
A XA4 0 0
XA5 0 0
XA6 185,4245646  66,75284327
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YA1 17,97182731  6,469857831

YA2 122,6145517  44,1412386

YA3 0 0

YA4 0 0

YAS5 0 0

YA6 213,8441117  76,98388022

XB1 12,56432405 7,538594429

XB2 106,7020118 64,0212071

XB3 12,56432405 7,538594429

XB4 0 0

XB5 0 0

XB6 0 0

XB7 414,5305401 248,718324
B YB1 36,692617 22,0155702

YB2 191,3895943 114,8337566

YB3 51,03567524 30,62140515

YB4 0 -1,35155E-05

YB5 0 -1,35155E-05

YB6 0 -1,35155E-05

YB7 44,13752162  26,48251297

YB8 221,7390386 133,0434232

YB9 51,03581099 30,62148659

XC1 54,63611996 6,556334395

XC2 0 0

XC3 54,63612004 6,556334405
C YC1 57,68022142 6,921626571

YC2 0 0

YC3 0 0

YC4 0 0

YC5 61,5060065 7,380720781

Table 21: on-plane applied horizontal forces and relative
moment at the base of each compartment

Mw» = on-the plane moment at the base of
each compartment caused by punctual wind

loads Fuwxy ;

Calculating the on-the-plane wind load
absorbed by each wall compartment it has
been assumed that the actual applied load is
borne for V4 by the top of the vertical section,
2 by the middle height and the remaining V4
by the base of the same section. The final
bending force relative to each compartment,
calculated at the base as advised by NTC
2008, is:

Mw,b=%*Fw*h+%*Fw*h/2

where h = height of each compartment;
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The contribute of the load applied at the
bottom of the vertical section is then taken
equal to 0 because applied at the point
where the moment is calculated.

To calculate the moment due to the
application of wind loads out of the plane of
the walls, the kinetic pressure of the wind
(Wp) has been calculated (section “Loads
determination”) and used in this stage, equal
to 1,022 kPa. The relative wind pressure, py,
has been then calculated for each wall
compartment as:

pv[kg/m] =0,9 * W, * L,

with Li = i-length of each compartment,
assuming pv equally distributed along the
whole height of the wall.

Because this out-of-plane wind load must be
considered as an equally distributed load,
the bending stress caused by these forces
(My) can be easily calculated for each
compartment as:
Dy *h,i2 .
M, = E—

Finally, to calculate the eccentricities caused
by the loads applied on the walls, the
remaining factors that must be calculated
are the axial normal forces applied on the top
of each compartment as well as at the
middle height and at the bottom of them.
This has been done considering the load
path already described previously. Only the
heaviest load configuration (SLU) has been
applied from the roof structure to the load
bearing brick walls. For each compartment,
the axial forces (N;) have been calculated at
the top (N1), at the middle height (N2) and at
the bottom (Ns), adding the self-weight of
each part of compartment while going down
through the vertical section of the wall. All



the values regarding the applied loads can
be seen from the Appendix files. The applied

loads relatively to each compartment for a
static regime are visible below (Figure 48):
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Figure 48: applied loads calculated for each wall compartment per each level

After calculating the applied loads on each
wall compartments, it is possible to proceed
with the determination of every eccentricities
as explained by NTC 2008 and then verify
the compression, bending and shear
stresses for this static application of forces.

note: the application of on-plane wind forces
(74 Fu, at the top of the compartment and 2
Fw at the middle height) is equal to apply %
Fuw.» on both the top and the bottom regarding
the moment caused at the bottom of each
compartments, as advised by NTC 2008.
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The values of eccentricities and coefficients
of reduction of resistance are necessary to
develop structural verification about the on-
site performance of the house. They depend
on the geometry of the building and the entity
of the loads themselves. The stresses must
be lower than a certain resistance value of
the building materials that have been used to
make the house. Furthermore, to proceed in
favour of safety, e and ¢ must be lower than
certain geometrical values that are
determined directly by the normative, in this
case NTC 2008. In the case these latter
limits would not be respected, the house
should not be taken as not safe; however,
recommendations about this would be done.
This does not value in the case the stresses
would be higher than a certain structural
capacity: in these critical cases,
interventions should be done.

Below it is shown the calculation process of
all the required eccentricities for the case
study to proceed with structural verification:

. .. h
= accidental eccentricity, e, = 2[;’:] ;

= eccentricity caused by out-of-plane

. M
wind pressure, e, = N—" calculated at
2

the middle height of each
compartments, where bending stress
is maximum;

= structural eccentricities,
es1 and es; = 0, assuming loads
applied in the middle of the thickness
of walls;

= conventional eccentricities:
er=es1tesxtes; e2=6, t (61/2),'
where e; will be used for making
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calculations regarding the top section
of each compartments, while e;
regarding the middle height section
of them;

My
N3’
caused by the wind load applied

parallel to the walls directions;

» Jongitudinal eccentricity, ep =

The coefficients of eccentricity (m),
dependent on the eccentricities themselves,
can be then calculated to determine later the
coefficient of reduction of resistance (¢)
necessary to proceed with verifications:

_ 6xey _ b6*ep,

; mp =

where t = 150 mm = thickness of brick walls;

The determination of the coefficients of
reduction of resistance (¢i) is based on
probabilistic approach that gives values
depending on the slenderness of the
structural elements (A) and the coefficients of
eccentricities (m;). The NTC 2008 gives then
tables to get the right values depending on a
specific load and geometrical situations,
where the ¢i values are taken from (Table
22).

mj o 0,2 04 0,5 0,6 08 1 12 14 15 16 18

A

0 1 09| 079 074 071| 065| 059| 053| 047 | 044|042 |037
2 099| 08| 078| 073 07 064] 057| 051| 045| 042 04| 035
4

5

6

098| 087 077| 072| 068] 062| 056 049| 043 04| 038] 033
097| 08| 076| 071 067| 061| 055 048| 042| 039 037| 032
095| 084| 074| 069| 066| 059| 053| 046 04| 037| 034| 029
8 09 038 07| 065 062 055| 049| 042| 035| 032| 029| 025
10 08| 076| 066| 061| 058 051| 045| 038| 031| 027| 025 0,2
12 0,79 07 06| 056| 053] 046 04| 033 02| 023 02| 015
14 072| 064 055| 051) 047| 041]| 035| 028 022| 019]|016 -
15 069| 061| 052| 048| 045 038| 032| 026 02| 017| -
16 066 | 058 05| 046| 043| 036 03| 023 018] -
18 059| 052| 045| 041| 038| 032| 026 02| -

20 053| 046| 039| 036| 033 028| 023| -

Table 22: Table of coefficient of reduction of resistance
(¢i) depending on mi and A



Calculating the coefficients of reduction of
resistance related to the characteristics of
the materials the house has been built with
and knowing the loads applied on each
specific wall compartment, it is then possible
to check if the implied structural stresses of
the working structural elements will be
higher or lower than the admissible ones,
where the latter depend directly on the
characteristics of the used material (CSEB
bricks). As already mentioned in the section
“material properties analysis”, the structural
properties of these elements have been
tested and result as:

f« = characteristic compression strength = 60
kg
cm?

fu.o0 = characteristic shear strength = 2 C’;n—gz

Proceeding in favour of safety, verifications
have been conducted considering the CSEB
structural properties diminished by a safety
factor, y, equal to 3. The design structural
properties will be then:

fq = design compression strength = 20 %

. k
fua = design shear strength = 0,67 ng

The compression stresses must be lower
than the actual design compression
strength, fq, of the loaded CSEB bricks to be
verified. The stresses will be checked both at
the top and at the middle height of each wall
compartment.

Ny

b1xA

o= <fy4

where:

N1 = axial load applied on the top of the
vertical section;

¢+ = coefficient of reduction of resistance;

83

A = plan surface (horizontal) of the loaded
compartment;

Ny
by*A

o= < fyq

where:

N, = axial load applied at the middle height
of the vertical section (including half of the
self-weight);

¢2 = coefficient of reduction of resistance;

A = plan surface (horizontal) of the loaded
compartment;

The press-flexion normal stresses will be
verified looking at the actual stress at the
base of each compartment, as:

N3
b2 dp*A

< fy4

where:

N3 = axial load applied at the base of each
compartment (including self-weight);

¢b,$2 = coefficients of reduction of resistance;

A = plan surface (horizontal) of the loaded
compartment;

The verification of the shear stresses of the
compartments sections will be conducted
regarding the stress related to the top
section of the compartments, where the
highest punctual load is applied because of
the wind blowing. Three different
mechanisms of failure due to shear forces
will be analysed: press-flexion failure,
scrolling failure and diagonal failure.
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Figure 49: failure mechanisms due to shear stresses

The punctual load applied at the top of each
compartment is taken as half of the total
wind force, Fw,i, assuming that the remaining
fraction of force is absorbed by the bottom
section.

Fu,i
T=—<f
a vd

where:

N3 = fraction of punctual on-plane wind load
absorbed by each compartment;

A = plan surface (horizontal) of the loaded
compartment;

note: the NTC 2008 advices to consider as
maximum admissible stress in the cross

section the allowable shear stress f

+0,4 N .
= Ioko*04* On \pore g, = =L, with N taken as

the load applied in the considered section
(indeed, the top on). However, still
proceeding in favour of safety, the allowable

stress value for each compartment has been

taken as f :%. The whole calculations

done to verify the structural performance of
each wall compartment, as well as for the
previous mentioned verification, are visible
into the Appendix.

e press-flexion verification

For this stress configuration, the reactive
shear forces of the compartments are
defined by the condition of compressed wall
at the bottom base of the wall itself. It must
be verified that the applied horizontal loads
(Vsa = Fw,;) do not exceed the actual shear
resistance of the compartments, Vgq :

84

Oo* b2+t

Viy =
R =

(1-275) 7 Ve
where:

Oo = compression stress at the top of the
vertical section of the wall;

b = length of the compartments;
t = thickness of the compartments;

ho = height of the vertical section where the
moment is equal to O;

a = reduction factor equal to 0,85;

fa = design compression strength;

e scrolling failure

In the case the compression loads applied
on the walls are low, it can happen a scrolling
behaviour of the compartments when
horizontally loaded. In this case, the
normative indicates to verify:

Vsa<Vra=B*A*fu

where:

A = transversal area of the wall = b * t;

fua = design shear strength;

B = coefficient of partialisation of the vertical

6% e 3 3xep . 6% e
<1 =s il <2<

section =1 if
1,3;

In this situation, the normative D.M.
14/01/2008 advised to assume a Coulomb
behaviour of the material, described as: fi =
fuo + 0,4*00. However, always proceeding in
favour of safety, the values of f have been
taken equal to fw,o without considering the
increasing factor of compression stresses.



e diagonal failure

When the maximum shear stress is achieved
and the loads are applied on the critic points
of the section, the most reasonable failure
scenario that could happen is a diagonal
failure of the joints and then of the singular
elements. In this limit situation, to ensure the

structural performance of the building
element, the normative D.M. 14/01/2008
advices to verify that:
VSd>VRd=b*t*de* 1+&
£ ftd

where:

fia = design shear strength against diagonal
stresses = 1,5 * fu;

¢ = coefficient of reduction based on the
slenderness of the structural element, equal
to:

. 1pw§<mm

e Lif10<t<15
b b

. 15w§>15

The verification of the stresses caused by
punctual compression loads applied on the
top of the CSEB brick walls has been
conducted following the  procedure
explained inside EC6 — 6.1.3. It must be said
that the application of vertical loads results
linearly distributed from the roof to the walls
in the current situation, confirmed even by
the structural shape of the roof itself (with
continuous horizontal bamboo sticks along
the whole length of the lower walls).
However, it could happen that in an
extraordinary scenario, the loads would be
applied punctually (e.g. presence of workers
due to maintenance operations). To ensure
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the structural safety of the load bearing
structure even in this situation, the
performance of the walls against punctual
vertical loads from the top has been
analysed (Figure 50). The verification
consists on ensuring that the punctual
vertical load applied on the wall, Neg , is
lower than the actual maximum allowable
stress of the wall itself against punctual
vertical loads, Nrqc:

Nede < Nrac = B * Ap * g

where:

B = improvement factor against punctual
vertical loads =
o),
Aef ’

a
:(1+03*i)*(L5_L1
h: = height of the wall when the load is
applied;

a, = distance from the point of application of
the load and the edge of the wall;

A, = area of load application;

Aer = actual load bearing area of the wall =

Iefm * t;

lein = actual length of the load bearing area
of the wall, determined at the middle height;

t = thickness of the wall;

fa = design compression strength;

note: the EC6 imposes that: 1,0 < 8 < min
(1,5, 1,25 + 1)
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Figure 50: assumed scenario in case of punctual vertical applied loads
t[mm]  lefm [Mmm] a1 [mm] Aef [Mm?] Ab [mm?] B Nra [kg] Neq [kg] Nra > Neg
1 150 860 0 129000 45000 1,116279 5023,25 1288,52 verified
2 150 1870 1500 280500 67500 1,4612625 9863,52 1288,52 verified
3 150 1870 1500 280500 67500 1,4612625 9863,52 1288,52 verified
4 150 860 0 129000 45000 1,116279 5023,25 1288,52 verified

Table 23: structural performance of the 4 loads application points based on material characteristics of the walls
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6.3 Discussion of Results

The load bearing capacity of the house built
in Ratankot is given to the CSEB brick walls,
a common constructive technology based on
the mutual use of bricks, concrete and steel
rebar's. The steel rebar’s are located into
holes made in the shape of the bricks, then
filed with concrete. In order to verify the
structural reliability of the house, static
calculations have been conducted, as well
as structural linear analysis as indicated by
the Eurocode. Due to the uncertainty of the
position of the steel rebar’'s and the lack of
technical drawings regarding the details of
the built-house, all the calculations have
been conducted as if the rebar’s did not be
located. This way to proceed can be even
seen as a further factor of safety kept during
the structural verification of the state of the
house.

All  the calculations that have been
conducted are shown into the Appendix;
specifically, there will be Excel tables with all
the relations already above-described
theoretically. Under the application of static
loads previously determined, the structure of
the house offers an adequate structural
performance generally. Especially regarding
the structural response to the application of
static vertical and horizontal loads, the
stresses shown happening into the
structures result to be lower than the
structural capacity of the used materials,
already diminished by adequate safety
factors. However, there are few walls
compartments that, following the Eurocode,
do not match its guidelines and indications.
The values of eccentricities caused by the
application of axial loads and out-of-plane
moment result to be much higher than what
advised for many walls compartments of the
second level (the higher one), and in some
cases, even larger than the actual thickness
of the walls. Finally, the structural
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performance of the compartments is
generally verified regarding their
compression strength, on-plan and out-of-
plan bending, the shear forces happening at
the bottom of each section and the
resistance against punctual loads generally.

In the structural linear analysis, the
earthquake horizontal forces have been
calculated and then applied on the structure
of the house. In this stage, it could be seen
that the structural response of the house was
generally enough strong to bear them. The
ultimate moment of the compartments has
been shown to be always higher than the
one caused by the forces application. On the
other hand, for some compartments the
caused shear-on-plan stresses might be too
high to be bear. It must be said that the shear
structural response should be given by the
steel rebar’s, that however have not been
considered at all. If rebar’s were considered,
the structures would have probably fulfilled
its safety requirements. Further analysis
should be conducted eventually to verify this
statement.

Finally, remarks must be underlined about
the acceleration needed to start the
mechanism  of collapse of each
compartment. An Excel file with different
input parameters has been made available
to calculate the actual collapse acceleration
related to the 3 points collapse mechanism;
looking at this mechanism, thanks to the
modest height of the compartments, all of
them have been verified as safe. However,
the assumption that a 3-points collapse
mechanism would happen is already a not-
simple assumption. In fact, this implies that
the connections between the rebar’s and the
concrete bands for both the bottom and top
parts of each compartments will be strong
enough to bear the stresses, causing the
failure at the middle height of the
compartment eventually. In the case this



assumption would not be valid anymore, as
it might be even in this case looking at the
actual quality of the construction, a 1-point
collapse mechanism would happen, where
the rotation point would be the bottom of the
compartment. If this was the case, due to the
lower acceleration of the ground needed to
initiate this collapse mechanism, many
compartments might not be able to bear the
ground movements and the acceleration
related to them.

6.4 Recommendations

As already mentioned, the structural
capacity and performance of the house built
in Ratankot mostly fulfil the requirements
given by the Nepalese Building Code, the
Indian Standard Code and the Eurocode.
However, there are even aspects about the
structural layout and capacity of the house
that result to be inadequate for their
structural safety purpose.

The main thing that should be improved is
the distribution of the loads applied from the
roof. The main connection happens to be at
the top of the central inner wall, causing an
overloading of that one and the respective
under loading of the perimeter walls. This
design choice should be modified in order to
make a more redundant structure, able to
carry on the loads even if one of the
elements failed, which is not the case. The
wrong distribution of loads, according to the
Eurocode, is even visible from the too high
level of eccentricities of two of the perimeter
walls due to the too high moment recorded
at the middle height compared to the too low
axial vertical load from the top. A different
distribution of the loads as well as a better
understanding of the possible load paths
should be analysed deeper.
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The shear stresses caused by an eventual
earthquake, calculated according the
Eurocode guidelines, might cause shear
stresses that would be bearable by the brick
walls, at least for a few of them. It must be
said, as already mentioned, that in this stage
the presence of the rebar's has not been
considered because of many uncertainties
about their position have been found out.
Further calculations could be conducted
about the actual more reliable response of
the house to earthquake horizontal forces
once the presence of the rebar’'s would be
visually inspected and checked. The
presence of the walls inner rebar’s has been
already considered when analysing the
acceleration necessary to initiate the failure
mechanism of the compartments. Assuming
that a 3-points failure mechanism would
happen means that each wall compartment
might be seen as unique body fixed and the
top and bottom sides, failing at a certain
quote within its own height. Further analysis
and calculations and the structural reliability
of these connections should be conducted
as well as laboratory testing operations.

Three wall compartments have been defined
by four reinforced concrete bends. It can be
easily seen the different height of those first
three. In order to diminish the probability of
buckling, as well as to distribute the loads
better through the vertical sections of each
compartment, the height of the
compartments should be kept as constant as
possible or at least not so different between
each other. Furthermore, higher
compartment fail at lower ground
acceleration, according to the conducted-
calculations, which is not preferable in this
case.

It must be said the for a static regime working
situation, without any reference to
earthquake forces, the happening stresses,
for all of compression, shear and bending,



have been demonstrated to be lower than
the actual resistance of the building
materials. This means that the house can be
named safe according to an ordinary
application of loads. However, due to the
complexity of the topic and the short time
under disposition, there is no final conclusion
about the structural capacity of the house in
an earthquake situation. Further and more
advanced calculations should be conducted
in order to simulate a dynamic application of
loads as much reliable as possible.
However, for this purpose it might be already
said the improvements should be conducted
about the geometrical dimension of the
structural elements, the quality of the used
materials and the structural layout.
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7 Soil properties

7.1 Introduction

The model pilot building in Ratankot is built
on an area which belongs to the captain of
the village. It is built there since no one else
would offer land to SSN4 for construction.
Like any other construction site, the soil
parameters for this site should be
investigated and determined to proceed with
further calculations. Since the house is
already built and little to no reconnaissance
on the soil parameters have been carried
out, it was deemed necessary to research
this matter.

The house is built on a layered terrace-like
hill, previously being farmland. To conduct
further calculations, the soil must firstly be
classified and its properties studied. The
properties which will be investigated are the
unit dry and wet weight, the angle of internal
friction, the cohesion and the groundwater
table. Unfortunately, little to no instruments
were available on-site, which resulted in very
basic tests and many assumptions regarding
the properties.

7.2 Soil classification

Before  determining the  mechanical
properties of the soil, it must first be
classified, to gain general knowledge on its
properties and nature. As stated previously
the testing possibilities were limited, which
resulted in onsite visual analysis and a
simple penetration test.

To understand the soil classification, it is
needed to state its previous nature, the
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general area classification and the

construction process.

The ground used for the construction area
was previously used for cattle and growing
crops. Since Ratankot is located on high and
sloped ground, this results in a small terrace
area with a mixture of different soils. The
terrace like area is limited and adjacent to a
higher and lower terrace.

Figure 51: Hill houses on terrace area.

To gain a first insight in the actual soil
classification, national geo documentation
was investigated and the Nepalese and
Indian Building Code were consulted.

Koos Dijkshoorn and Jan Huting (2009),
have constructed a Soil and Terrain
(SOTER) database for Nepal. This database
describes a general insight of the soil and
terrain properties of Nepal (Dijkshoorn &
Huting, 2009). In order to determine these
general soil properties, it must be said that
Ratankot is situated in the Sindupalchowk
area, at c.a. 2000 m altitude. Following the
SOTER database, Ratankot will then be
noted as a middle mountain range area. lts
dominant slope is larger than 30deg.

Proceeding with the previously stated
specifications of the general terrain of
Ratankot, the soil can be classified as
Chromic Cambisoils (CMx), containing a
lithic phase as well, meaning hard rock
subsoil within 50 cm of the surface
(Dijkshoorn & Huting, 2009). These soil
properties are confirmed by the World



Reference Base (WRB) Soil Map of Nepal
and the Google Earth file given by the ISRIC
World Soil Information.

World Reference Base (WRB) Soil Map of Nepal

(Dominant Reference Soil Groups)

Figure 52: WRB SOIL MAP Nepal (IS.1498.1970, 2000)

Unfortunately, the classification of Chromic
Cambisoils do not give enough insight on the
mechanical properties of the soil
Consequently, visual on-site analysis and
basic penetration tests have been carried
out, parallel to consulting the Nepalese and
Indian Building Code.

Fortunately, two holes of about 1.5 meter
were dug next to the pilot building, for other
construction purposes. These gave insight
into how the soil would evolve from the
ground level downwards. The pictures are
shown below.

Figure 53: Visual analysis soil properties

From this visual content, it could be
determined that the soil contains a large
amount of gravels. Even very larger sizes,
containing a diameter larger than 300 mm,
meaning boulders and cobbles.
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Assumptions must be made regarding the
expected sieve passing percentage of the
soil particles. The soil contains a larger
portion of large soil particles such as of
cobbles, gravels and boulders; however, it
also contains smaller soil particles such as
sands, silts and clays. To proceed, it can be
said that when performing a first sieve
analysis with IS sieve 75 microns, to
determine the soil classification, this sail
would test as a Coarse-Grained Soil.
Namely, at least 50% of the soil particles or
less would pass the 75-mm sieve.

The penetration test is done using an iron
rod. It measures the penetration depth and
the resistance to penetration. Unfortunately,
there were no to little measuring
instruments available, so a basic iron rod is
used instead of a soil penetration probe.
The dimensions are, 30 cm long rod with a
diameter of 0.6 cm. It found that the
resistance to penetration was moderate to
slight and the penetration depth around
three quarters of the rod. This was repeated
for several spots in the soil. Furthermore, it
was repeated at different depths up to 1.5
meters. It was therefore concluded that the
soil is a loose soil.

It must be said that this is a very basic test,
which does not indicate the real
compaction, but is does indicate a little,
which can lead to a slightly better founded
conclusion then without.

Furthermore, the soil also contains silt, clay
and sand. This is due to the fact, that
Ratankot is situated near water and a river.
Silt has been determined, through wetting
the soil and is more dominant over the clay
particles in the soil. With sand, silt and being
evident in the soil, the soil can also be



classified as Loamy (1S.1498.1970, 2000).
The soil contains a large amount of large and
angular, cobbles, gravels and boulders;
meaning it is assumed a coarse-grained soil.
Furthermore, it contains silt, sand and clay,
meaning it is considered a loamy soil. The
simple penetration test and the visual
analysis shows; it is considered a loosely
packed soil. With all of the aspects of the soll
given above, the soil can be classified as a
GM -type soil. Meaning a silty, gravelly
coarse -grained soil. The prefix (G) stands
for gravel and the suffix (M) for silt.

Now the soil is classified, the unit weights
can be determined in unsaturated and
saturated conditions. For both the dry and
wet unit weight, mostly the book on Soil
Mechanics written by Arnold Verruijt is
consulted (Verruijt, 2012).

Besides this book, for the unit dry weight
conditions, also the Nepalese and Indian
building codes have been consulted
(1S.1498.1970, 2000). It is stated that for the
determined soil class the unit dry weight lies
between 1.92 - 2.16 (g/cm”3). Which results
in a value of:

ydry range = 1.92 — 2.16 (-£;) = 18.83 -

21.19 (%)

The average unit dry weight, or the unit dry
weight which will be calculated with, will then
be:

oo 188342119 o kN
yary = 2 ST s
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Consequently, the wet unit weight of the soil
is determined. This is done by using the
specific gravity and the void ratio of the soil.
It must be said, that the values for these
parameters have been assumed and cannot
be considered entirely accurate. The unit wet
weight is calculated as follows:

0.22 + 0.28
— =025 ]

B (1+e)-ydry B (1+0.25)-20

e = egyg =

G yw 10
= 2.5[-]
‘o (G+e)-yw_ (2.5+0.25)-10
Y s T e T 1+025
kN
=22[]
With:

ydry = dry unit weight

yw = unit weight of water
ysat = saturated unit weight
G = specific gravity

e = void ratio

The following parameter
importance for later calculations and
determining of other parameters. The
internal angle of friction is determined by
consulting the Indian and European building
code and the Unified Soil Classification
System (Casagrande, 1952). This results in
the following value for the internal angle of
friction:

is of great

7
@ =35° gn rad = 0.6109 rad



The groundwater table, is like other
parameters, assumed as a product of visual
observations and contact with locals. As per
the visual observation regarding the
determining of the mechanical parameters,
the groundwater table is derived from the
same visual observations. A hole was dug
on-site of about 1.5 meters, giving the option
to observe the ground from ground level
down. It was found that saturated soil
occurred from about one meter below
ground level.

At first the cohesion was assumed to be
equal to zero, a drained static condition is
assumed. However, the pilot house was built
on a terrace like area. This means that a hill
is situated right next to the house, meaning
the terrace area could fail under sliding of the
slope or; the slope next to the house could
fail under sliding, hitting the house. See
figure below a sketch of the on the hill.

The hill next at the end of the terrace has an
angle of 107 — 90 = 17°. This means that
the internal angle of friction is larger than the
hill of the area, meaning the hill is steeper.
Consequently, the cohesion cannot be
assumed to be zero, because the soil would
slide under the determined internal angle of
friction and hill angle. To calculate and
determine the cohesion of the soil without
the required tests and research, calculations
on sliding resistance of the slope were done.
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The safety against sliding according to
Fellenius is considered. To assume every
possibility of sliding, the situation is modelled
in a computer program, GEOTechB, with the
according parameters and loads. See fig.

(...).

Figure 54: GeotechB program situation sliding

The conditions were assumed to be drained
in this situation. It is observed that he house
is already built and the hill / terrace is not
failing. This means that the load, of 43.9 kN /
m?, of the house is also considered in the
sliding model. Even though the maximum
safety in extreme conditions is with the
groundwater table at ground level, the
groundwater table is here considered at one
meter below ground level. Consequently, a
first situation is assumed with a cohesion of
zero. The model shows that the hill will fail
under different sliding circles. To determine
the cohesion, with respect to maximum
safety, the cohesion is gradually increased
to a value for which the hill will not fail under
sliding.



Figure 55: Final situation for no sliding cohesion is
determined.

For this situation and these values, the loads
and parameters, the hill is safe under the
extreme drained conditions in static
conditions. The cohesion then results in a
value of 25 kPa. It must be said that the
loads and parameters are a product of
assumptions made, which could differ in the
real situation, meaning further research on
these soil parameters must be done.
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7.3 Discussion of Results and
Recommendations

To proceed with static and quasi-static
calculations regarding the foundation of the
pilot house, a few parameters and soil
characteristics have been determined.
Primarily the soil was classified. The soil is
classified by consulting visual observations
and analysis. According to the different
considerations regarding the soil, a fair
assumption is made regarding its
classification. However, it must be noted that
the classification is still an assumption and
should be researched more carefully,
consulting better tests, such as a plate load
test or sieve analysis’s. The dry unit weight
of the soil is derived from the soil class.
Consequently, this value must be derived
after revision of the soil class through
thorough testing. The saturated unit weight
is a function of the dry unit weight. To
determine this value and assumption for the
void ratio was made. To gain a more reliable
value for the saturated unit weight of the soil,
it is recommended to do more tests
regarding the void ratio and the different
solid, air and water volumes of the soil. The
internal angle of friction is, just like the unit
weight, a derivation of the soil classification
and therefore an assumption. After revision
of the soil classification the internal angle of
friction can also be revised. The source from
which it is derived though, can be consulted
after revision of the soil class. The
groundwater table is derived from a specific
situation. It is, however, safer to calculate
using a ground water table it ground level,
meaning the soil is fully saturated. This way
no further tests should be done, which are in
fact very difficult to conduct on site, and the
extreme conditions are considered. For
example, during monsoon time, it will likely
fully saturate the area. The cohesion is
determined by many different parameters,
from which a few are assumed. This means
that after revision and re-determining of



these parameters, such as unit weight and
internal angle of friction, the cohesion should
be recalculated.

Furthermore, itis recommended to do further
testing on the cohesion, besides solely
basing its value on calculations. To
conclude, unfortunately many tools were not
available, no previous research was
conducted and therefore many assumptions
regarding the soil parameters and
classifications were made. To proceed with
reliable and safe calculations, further
research on the soil must be made.
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8 Foundation
static
calculations

The soil has been classified and its
parameters determined. The pilot house has
already been built and is observed as
statically stable. However, no calculations on
the foundations have been conducted yet. In
order to understand the degree of static
safety, it is considered necessary to proceed
with static calculations on the foundation.
Furthermore, these static calculations are
also necessary for further quasi-static and
dynamical calculations on the foundations.

Primarily, the static loads acting on the
foundations are determined. The loads
acting on the foundation are the first and
most important factor of determining the
safety of the pilot house regarding the
foundation. These are mainly the self-weight
loads of the roof and walls, but also the
variable loads such as snow and wind loads.
After the loads, have been determined,
calculations on the bearing capacity of the
soil are conducted. Even though the house
is visually determined to be safe and
statically validated, it is wise to research
what the ultimate bearing capacity of the soil
is, when shear failure could occur and to
what extend the soil is now safe on this
failure mode. Subsequently, the resistance
to horizontal sliding of the foundation will be
researched. Mainly on horizontal wind loads,
to understand to what extend the pilot house
is safe against horizontal sliding. Lastly, the
settling and deformations of the soil will be
investigated and calculated under the pilot
house loads.
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8.1 Overview foundation

Predominantly, the foundation overview,
characteristics and area must be defined.
The foundation consists of masonry stone. It
is a shallow strip foundation of approximately
two feet deep. At the corners of the pilot
house, below the columns, the foundation is
a foot deeper and wider (SSN4, 2017).

8.2 Load determination

The loads are calculated regarding a total of
dead loads and a total of variable loads.
Consequently, these loads are multiplied by
a load combination factor, derived from the
Eurocode 7. Primarily, the dead loads are
calculated, considering the deadweight of
the roof and the corrugated galvanised iron
(CGI) plates, the deadweight of the walls and
the foundation strips self, acting on the soil.

The weight of the roof is both derived from
the Matrix Frame model, in which the roof is
modelled using average values and from
rough hand calculations in the previous
chapter “Loads”. They both consider the
weight of the corrugated iron plates and the
bamboo elements. It must be said that for
the bamboo elements an average value, for
the material properties, such as the
thickness, density and area, is chosen. This
means that the eccentricities, the varieties in
material properties and discontinuities per
element are not considered. The value for
the dead weight is therefore an indication,
and can be computed in more detail. It is,
however, debatable how much difference
this will make in the eventual calculations.
The weight and loads of the roof are defined
as follows:

Wyoos ~ 520 kg



Froof = 5.1 kN

The calculations show that the weight of the
roof is approximately 520 kg. This results in
a total load of approximately 5.1 kN.

The total weight of the walls is calculated by
calculating the weight of each wall
separately, after which they are added,
resulting in the total weight. This way, it can
be seen what the separate weight is of each
wall, for further calculations on the most
heavily loaded wall. The walls consist of
concrete bands, CSEB bricks, windows and
doors. Consequently, the respective areas,
volumes and densities are determined.
Subsequently, the weight and loads are
determined.

The densities of CSEB and concrete are
1800 kg/m”3 and 2400 kg/m”"3 respectively.
The total volumes of concrete and CSEB are
then multiplied by the densities for each wall
separately. The weights and loads are
determined as follows:

Calculations wall:

Wwanu = (pconcrete ' Vconcrete) + (pCSEB ’
Veses) [kgl

9.81

1000 V]

Fyau = Wyan
With:
Wwau = Weight of the respective wall [kg]

Peoncrete = Density of the concrete [kg/m?3]
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Veoncrete = Volume of the

concrete band [m3]

respective

Veses = Volume of a respective CSEB wall
[m?]
Fqu = Vertical load of the respective wall
[kN]

The load and weight of each wall is as
follows:

Wall Veoncrete Vesen Wiau kgl | Fyau

# [m?] [m?] [kN]

1 0.2329 1.3824 3047.22 29.89
2 0.2295 1.5336 3311.28 32.48
3 0.2329 1.2474 2804.22 27.51
4 0.2228 1.2312 2750.76 26.98
5 0.2430 1.7486 3730.68 36.60
Total 15644.16 153.46

Table 24: Wall characteristics



As previously noted, the foundation is mainly
constructed of masonry stone. These stones
are locally acquired from large masonry
rocks. They are held together by cement,
forming the foundation. To determine the
weight of the foundations strips the density
and unit weight of the masonry stone is
determined, followed by a multiplication with
the volume of each strip. It must be said that
the weight of the cement is not considered,
since the volume is difficult to estimate and
its significance as opposed to the masonry
negligible. The density and unit weight of the
masonry bricks is 2080 kg/m3 and
20.40 kN /m?3 respectively. The volumes are
derived from the overview and cross
sections (SSN4, 2017). The weights and
loads are determined as follows:

Calculations weight strips:

Wstrip = Vstrip * pmasonry [kg]

Fstrip = Vstrip * Vmasonry [kN]

With:

Wserip = Weight of the respective foundation
strip [kg]

Pmasonry = Density of the masonry stone
[kg/m?]

Vserip = Volume of the respective foundation
strip[m3]

Fyrip = Vertical load of the respective
foundation strip [kN]

Ymasonry = Unit weight masonry stone [kN]
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The load and weight of each foundations
strip is as follows (Table 25):

Vtrip [M®] | Wiy [kg] Forip [kN]
Foundation
Strip #
1 1.7559 3652.27 35.82
2 1.7559 3652.27 35.82
3 1.6095 3347.76 32.83
4 1.6095 3347.76 32.83
5 1.6095 3347.76 32.83
Total 17347.82 170.13

Table 25: load and weight of each foundations strip

The variable loads have been determined in
a previous chapter, “Static calculations on
walls”. The variable loads, which are
considered, are wind, snow and life loads.
To consider and calculate regarding the
maximum safety, the most significant and
heavy load is considered. In case of vertical
loading, the snow load is the dominant and
determining load.

The snow load is divided evenly over the
surface of the roof. The snow load has been
determined as follows:

S = u2*So = 1,05*1,5 kN/m? = 1,575 kN/m?

The total loads and weights are determined
by adding the permanent and variable loads.
Moreover, these loads and weights are
multiplied by a load factor. These factors
consider different loading conditions and are
derived and followed for different situations,
following the prescription of the Eurocode 7.

Five different load combinations are
considered, following the Eurocode.
Consequently, the largest loads are

considered, with respect to safety. When the
load combinations have been computed, the



total loads are determined. The total loads,
considering snow loads the variable load,
are determined as follows.

Furthermore, a distinction must be made
between the total loads on the determining
foundation strip and the total loads of the
whole construction, meaning the total load
on the Iloaded area. Primarily, the
determining foundation strip load
combinations are determined. After which,
the total load on the entire loaded are is
determined.

The determining foundation strip is found by
adding all the loads working on the strip and
compare the total loads. The most heavily
loaded foundation strip is the determining
strip. The model of the roof does not transmit
the loads evenly over the respective walls,
which results in more heavily loaded walls
than other walls. Namely, one of the walls,
carries 2/3 of the weight of the roof, two other
walls the remaining 1/3 of the weight and the
last two walls carry no loads from the roof.
This does not necessarily mean that the
more heavily loaded walls, determine the
determining foundation strip, since the own
weight of the walls differ as well. The most
heavily loaded foundation strip is determined
as follows (Table 26):

Foundation Perm. Perm. Perm. Total
Strip # Load Load Load Loads
roof walls strip
1 0 29.89 35.82 65.71
2 0 32.48 35.82 68.3
3 0.85 27.51 32.83 61.19
4 34 26.98 32.83 63.21
5 0.85 36.60 32.83 70.28

Table 26: Determination of the heaviest loaded
foundation
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This shows that, the determining foundation
strip, regarding the permanent load, is strip
number 5 in the cross section of the house.
However, the variable loads have not yet
been considered, meaning these must be
added as well forming load combinations.

Two load combinations are considered, the
A1 and A2 load combinations, derived from
the Eurocode 7. Its respective load factors
are (Table 27):

Load Permanent load Variable load
combination factor y; factor y,
A1 1.35 1.50
A2 1.00 1.30
Table 27: load factors
Consequently, the loads per Iload

combination is determined, as follows:

Ftot,strip =%Yc" Gpermanent + Yo Qvariable

The total load per strip will then be (Table
28):

Foundatio Total Total A1 A2

n Strip # Permanen  variabl
t Loads e loads

1 65.71 0 88.71 65.71

2 68.3 0 92.21 68.3

3 7.855 71.401
61.19 94.39 5

4 31.42 1324 104.05
63.21 6 6

5 7.855 106.6 80.491
70.28 6 5

Table 28: total load per strip

From the significant difference in variable
loads between foundation strip number 4
and 5, it can be concluded that foundation
strip number 4 is the determining foundation
strip, for bot load combination A1 as A2,
seeing as it is the most heavily loaded strip.
The total determining load will therefore be



132.46 kN. This load will be used when
calculating the bearing capacity of the soil.

For calculations regarding other failure
possibilities rather than bearing capacity
failure, a different load is required, namely
the total load on the entire loaded area. This
load is acquired by calculation of the total
weight of the pilot house acting on the soil.
Subsequently it is divided by the loading
area.

The total weight of the house is as follows:
Wiotar = Wroof + Wyaus + Wstrips =
= 520 + 15644.16 + 17347.82 = 33512 [kg]

9.81

Fiotat = Weotar m =

= 328.52[kN]

With:
W:orar = Weight of the pilot house [kg]

Wroor = Weight of the roof of the pilot
house[kg]

Waus = Weight of the sum of the walls of
the pilot house [kg]

Wistrips = Weight of the sum of the
foundations strips of the pilot house [kg]

F;otq1 = Total vertical load of the pilot house
[kN]

Furthermore, the variable loads must be
considered as well and the Iload
combinations, regarding the permanent and
variable loads. These load combinations are
discussed in subsequent chapters, seeing
as the variable loads differ per failure
mechanism or situation.
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8.3 Static calculations

To directly narrow the calculations down,
and avoid making redundant and to many
calculations, the most heavily loaded
foundation strip is considered. This is in
favour of safety, since it can be said that in
case the most heavily loaded wall and strip
can bear the loads, the other walls and strips
will also hold, since they are less heavily
loaded.

When calculating the bearing capacity of the
soil, the previous calculated load on the
determining strip is expressed as a g-load.
After which, the material properties are
determined and the material factors are
determined as per different load
combinations. Subsequently, the bearing
capacity factors are determined as per
different load combinations. Furthermore,
the overburden and groundwater table
influence are determined.

Previously it has been determined that the
maximum load on a single strip is 132.46 kN.
However, to determine the bearing capacity,
it is required to attain the maximum g-load on
the soil. The vertical g-load will therefore be:

_ Fv,max _ Fv,max

qv,max -

kN /m?

Astrip Bstrip ' Lstrip

For the load combination, A1:

q _ Bomax _ Fy max 132.46 _
vmax Astrip BstripLstrip (2-0.3048)-4.95




132.46

— — 2
= 3017520 4393 kN/m

For the load combination A2:

_ Bymax _  Fymax 104.056 _
Qvmax = 5 T BoripLstriy | (2-0.3048)4.95
| J0R056
T 3017520 m
with:

Gvmax = Maximum g-load on the foundation
strip [kN /m?]

FE,max = Maximum point load on the

foundation strip[kN]
Aserip = Area foundation strip [m?]
Bs¢rip = Width of foundation strip [m]

Lstrip = Length of foundation strip [m]

When considering the full load combination,
resulting in the final bearing capacity, the
material properties must also be multiplied
by a load combination factor, the material
property factors (EN.1997-1, 2004).
Regarding the bearing capacity, these are
only determined for the cohesion and the
internal angle of friction (Table 29), as
follows:

Load Internal angle of Cohesion L.C.
combination friction L.C. factor  factor y,
Yo
M1 1.00 1.00
M2 1.25 1.25

Table 29: internal angle of friction

Consequently, the values for the internal
angle of friction become:

102

¢  35°

- = 35° & 0.611 rad
Pm1 You 1
9 _ 3 e 60511 rad
e = = U d .
Pmz = o 1.25 e

And the values for the cohesion become:

¢ _B_spp
c = = — = a
M yc,Ml 1
c 25
—— =20 kPa

C — —
M2 oMz 125

Now that the material parameters have been
multiplied by that load factors; and since the
bearing capacity factors are a function of the
material factors, the bearing capacity factors
can be found with respect to the load
combinations. After which the shape factors
can be found the same way. Firstly, the
bearing capacity factors are determined,
using the principle of Brinch Hansen
(Verruijt, 2012), as follows:

1+si .
Ny = M . exp(pi - tangy)

1-singy
N, = (Ng — 1) - cotoy
N, = 2(Ng — 1) - tangy)

The values (Table 30) are as follows, for
both load combinations:

Bearing M1 M2
capacity factor
N, 33.26 16.91
N, 46.07 28.40
N, 45.18 17.82

14
Table 30: Bearing capacity factors

Subsequently, the shape factors (Table 31)
are determined, following the same principle
as for the bearing capacity factors (Verruijt,



2012). The factors are determined as
follows, again with respect to the load
combinations:

B .
Sq =1+ (z-smgoM)
B
Se = 1+(0.2-I)

B
s =1+(02"7)

The values are as follows, for bot load
combinations:

Bearing M1 M2
capacity factor
Sq 1.071 1.060
Se 1.025 1.025
s, 0.963 0.963

Table 31: shape factors

Since, the situation contains an overburden
on the strip, the according g-load regarding
this overburden must be calculated. The
overburden is a load induced on the strip by
the ground above the foundation strip, and
shall therefore be calculated using the unit
weight of the soil. The dry unit weight shall
be used, because the saturated soil only
starts below the foundation. The overburden
is calculated as follows.

dyper = 1 ft = 0.3048 m
q=0.5 .yeff “dover =

= 05" (ydry - yw) ) dover =

= 0.5-10-0.3048 = 1.52400 kN/m?

d,er = Depth overburden [m]

Yers = Effective unit weight soil [kN /m?]
Yary = Dry unit weight soil [kN /m?]
Yw = Unit weight water [kN /m3]

q = Total vertical overburden load [kN/m?]
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As previously noted, different load
combinations are considered, when
calculating the bearing capacity following the
Eurocode (EN.1997-1, 2004). The following
combinations are considered, calculating the
bearing capacity:

DA11 = A1+ M1 +R1

DA12 = A2 + M2 + R2

DA2 = A1 + M1 + R2
DA3 = (Alor A2) + M2 + R3

Where the R factors are load combinations
factor (EN.1997-1, 2004):

R1=1.0
R2=14
R3=1.0



Ultimately the bearing capacity is calculated
using the formula of Brinch Hansen, also
containing the shape factors (Verruijt, 2012).
The unknown bearing capacity load is
written as follows:

p = SccNe + 54qN, + sy%yBNy
With:
p = Bearing capacity load [kN /m?]
S¢» Sq. Sy = Respective shape factors [—]
¢ = Cohesion soil [kPa]

N, Ny, N, = Respective bearing capacity
coefficients [—]

q = Overburden g-load on the foundation
strip[kN /m?]

¥ = Volumetric weight soil [kN /m3]
B = Width foundation strip [m]

Furthermore, the load combinations must be
considered, using this formula, as well.
Therefore, the shape factors, bearing
capacity coefficients and cohesion values
must be considered according to these load
combinations, as previously described. The
final bearing load must be divided by the
according load combinations factor (R), as
previously described. This results in five
different load combinations.

Moreover, the actual load induced on the
strip foundation is already determined.
Therefore, when having calculated the
bearing load, a unity check can be done, to
consider the safety of the bearing capacity.
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The results are as follows (Table 32):

Load L.C. specs  Bearing Applied  Unity
comb. load p [kN/ load g Check
m?] [kN/ u.C.
m?]
1 A1+M1+R1 1879.49 43.93 0.0233
2 A2+M2+R2 646.44 34.49 0.0533
3 A1+M1+R2 1342.49 43.93 0.0327
4A A1+M2+R3 905.02 43.93 0.0485
4B A2+M2+R3 905.02 34.49 0.0381

Table 32: safety of the bearing capacity

It can be seen from the unity checks that the
bearing load is larger than the induced loads
by the pilot house in Ratankot. It can
therefore be said that the foundation is safe
regarding the bearing capacity of the soil.

The groundwater table must not be forgotten
when calculating the bearing capacity, since
it differs with a difference in groundwater
table location. The ground water table
influence calculation considering the bearing
capacity is different for two situations.

Firstly, for when the groundwater table is
closer to ground level than the foundation
depth and secondly for when the
groundwater table is lower than the actual
foundation level. A unique situation can also
be considered where the groundwater table
is the same level as the foundation depth.
Since, the situation at Ratankot considers
the second option, the calculations are
followed wusing this principle (Prasad,
2013).The influence is calculated as follows:

Zy,=1—d;=1-(2-0.3048) = 0.3904m
Zy
Ry, =05 - (1 +?) =0.82m

R,y = 1.00m

Z,, = the depth of water table from ground
level [m]

d;y = Depth foundation strip [m]
B = Width foundation strip [m]



R,,1 = Water table coefficient [—]

R,,» = Water table coefficient [- ]

Influence of Ry,

0.5< Ry, <1

Influence of Ry,

Fig. 7.5 : Effect of water table on bearing capacity

Figure 56: Effect of water table on bearing capacity
(Prasad, 2013).

The results of the bearing load, previously
determined, are formed without considering
the ground water table influence. When
considering the ground water table
influence, the Brinch Hansen formula is
altered as follows:

1
p = Sc.cN; + 54qNgRy1 + s, EyBNwaz

This results in the following values for the
bearing load and the unity checks,
considering the load combinations:

Table 33: values for the bearing load and the unity
checks

The unity checks show that for the bearing
capacity of the soil the foundation can still be
considered safe. The change in bearing
load, shows that the groundwater table
influence just has a slight impact.

The static calculations on sliding resistance
will only consider resistance to one
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horizontal force, the wind load. It may be
considered a redundant calculation, since it
can be argued that the foundation will not fail
under sliding as a function of the wind load,
since this load will be considered too small
with respect to the load of the house. The
calculations will be done none the less, to
determine to what extend the house is safe
to horizontal loads. This is mainly done to
understand and predict the impact of further
possible quasi static horizontal earthquake
loads.

Primarily the load combinations will be
determined, as per the Eurocode 7. After
which, the induced load, as a function of the
wind load. Subsequently, the according
material parameters will be determined.
Finally, the sliding load will be determined
and the unity checks will be conducted.

As previously noted, different load
combinations are considered, when
calculating the bearing capacity following the
(EN.1997-1, 2004). However, when
considered the sliding resistance different
load combinations must be considered. The
following combinations are considered,
calculating the bearing capacity:

DA11 = A1+ M1+ R1
DA12 = A2 + M2 + R2

Load L.C.specs Bearing Applied Unity
combination load p load q Check
[kN/ [kN/ u.C.
m?] m?]
1 A1+M1+R1  1801.43 43.93 0.0243
2 A2+M2+R2 618.38 34.49 0.0558
3 A1+M1+R2  1286.74 43.93 0.0341
4A A1+M2+R3 865.73 43.93 0.0507
4B A2+M2+R3 865.73 34.49 0.0398

DA2 = A1+ M1+ R2
DA3 = (Alor A2) + M2 + R3



Where the R factors are load combinations
factor (EN.1997-1, 2004):

R1=10
R2=11
R3=1.0

The wind load has previously been
determined, with a maximum load on a
single wall is:

FH,wind = qy,wind * Awan =

= 4qgwind * Hyau * Lwan [kN]

It must be said that this point load is applied
in the middle of the wall. For simplicity
reasons, the load is shifted down towards
the middle of the foundation strip, this way
neglecting the moment on the foundation as
a function of the shifted wind load.

The wind load is considered a variable load,
meaning permanent loads are absent in this
load combination, considering variable load
combination factors.

Two load combinations are considered, the
A1 and A2 load combinations, derived from
the Eurocode 7. Its respective load factors
are (Table 34):

Load combination Variable load factor y,
A1 1.50
A2 1.30

Table 34: respective load factors
Resulting in the following values:

For the load combination, A1:

FH,wind =Yo "q9Hwind * Ayau = Yo " 9Hwind
Hyan " Lwagn = 1.5-1.002-2.46-5.7 =
21.075 kN

For the load combination, A2:
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FH,wind =Yo ' q9Hwind * Awan = Yo " 9H,wind *
Hyan " Lwan = 1.3-1.002-2.46-5.7 =
18.265 kN

With:

quwina = Wind load on the foundation

[kN /m?]

Fy wina = Wind point load on the foundation
[kN]

A, qu = Area foundation strip [m?]
Hyqu = Height of wall [m]
Lyau = Length of wall [m]

Yo = Load combination factor variable loads

[-]

The sliding resistance is a function of the
material properties of the soil and the
foundation and the weight of the house.
Firstly, the relevant material properties are
considered.

As opposed to the internal angle of friction
for the bearing capacity, for the sliding
resistance a different friction angle must be
considered. The friction angle between the
masonry blocks filled with cement mortar
and the soil, gravelly and silty with a fair
number of boulders and cobbles. The so-
called surface angle of friction is however a
function of the internal angle of friction and is
described as follows:

6=07-¢9=0.7-35°=245°

When considering the material factors, by
following the load combinations, the
following values for the surface angle of
friction must be considered (Table 35):

Load combination Permanent load factor ys
M1 1.00
M2 1.25

Table 35: values for the surface angle of friction



Consequently, the values for the surface
angle of friction become:

k) 24.5°
Oyp = = = 24.5° & 0.427 rad
Vs.m1 1
8 J 24.5° 19.6° & 0.342 rad
= = = . < U.
M2 e 125 ra

The induce loads on the strips have been
previously determined even considering the
load combinations. However, in favour of
safety, no vertical variable loads are
considered. The loads on the strips will then
be as follows (Table 36):

Foundation Total
Strip # Permanent A1l A2

Loads

1 65.71 88.71 65.71

2 68.3 92.21 68.30

3 61.19 82.61 61.19

4 63.21 85.33 63.21

5 70.28 94.88 70.28

Table 36: the loads on the strips

Consequently, the most loaded strip, is
foundation strip number 5. The induced
value on the strip is 94.88 kN.
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The sliding resistance is determined by the
combination of the surface angle of friction
and the induced weight on the foundation
strip. Both contribute to the sliding
resistance. However, the sliding is initiated
by a horizontal load. The vertical resistance
must therefore be translated into a horizontal
sliding resistance, as follows:

= Vstiaing " tan(d)

Furthermore, the load combinations must be
considered. The final sliding resistance must
be divided by the according load
combinations factor (R), as previously
described. This results in five different load
combinations. Moreover, the imposed wind
load is known and the resistance calculated.
After which, the unity checks (Table 37) will
be conducted to check the safety to sliding.

Ry

Load L.C. specs Sliding Applied Unity

comb. resistance load Hd Check
Rd [kN] [kN] uU.C.

1 A1+M1+R1 .. 21.075
2 A2+M2+R2 18.265
3 A1+M1+R2 21.075
4 A1+M2+R3 21.075
5 A2+M2+R3 18.265

Table 37: unity checks

It can be seen from the unity checks that the
sliding resistance is larger than the induced
loads by the wind on the pilot house. It can
therefore be said that the foundation is safe
regarding the sliding.



8.4 Settling and deformations

The structure, being the pilot house,
transmits the forces and loads to the
foundation, which in turn almost evenly
spreads these loads and stresses over the
soil. “Part of the soil structure interaction
requirement is then the condition that the
stress must not give rise to a deformation of
the soil in excess of what the superstructure
can tolerate (Fellenius, 2006). The resulting
deformations and safety to failure must be
researched, when designing the foundation,
by researching the distribution of effective
stresses, the soil strength and imposed
effective stresses. Primarily, the full load of
the house must be determined, imposed on
its footprint over the soil. After which, the
deformations can be determined.

The full load of the house is acquired by
considering the full weight of the roof, the
corrugated iron plates, the weight of the
individual walls and the weight of the
foundation strips. Furthermore, the variable
loads must be considered. Previously these
weights and loads have been determined.

Previous calculations show that the total
weight of the roof, including corrugated iron
plates, is approximately 520 kg. This results
in a total load of approximately 5.1 kN.
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The load and weight of each wall (Table 38)
is as follows:

Wall # Vconcrete VCSEB Wwall [kg] Fwall
[m?®] m?] [kN]
1 0.2329 1.3824 3047.22 29.89
2 0.2295 1.5336 3311.28 32.48
3 0.2329 1.2474 2804.22 27.51
4 0.2228 1.2312 2750.76 26.98
5 0.2430 1.7486 3730.68 36.60
Total - - 15644.16 153.46

Table 38: load and weight of each wall

The load and weight of each foundation strip
is as follows:

Foundation Vstrip [mg] Wstrip [k.g] FStTip [kN]
Strip #

1 1.7559 3652.27 35.82

2 1.7559 3652.27 35.82

3 1.6095 3347.76 32.83

4 1.6095 3347.76 32.83

5 1.6095 3347.76 32.83
Total 17347.82 170.13

Table 39: load and weight of each foundation strip

Strip # Perm. Perm. Perm. Total

Load roof Load walls Load Loads
[kN] [kN] strip[kN]

1 0 29.89 35.82 65.71

2 0 32.48 35.82 68.3

3 0.85 27.51 32.83 61.19

4 3.4 26.98 32.83 63.21

5 0.85 36.60 32.83 70.28

Total 5.1 153.46 170.13 328.69

Table 40: total load

In the appendix, it is shown that the total
permanent load is 328.69 kN. However, the
variable loads have not yet been considered,
meaning these must be added as well
forming load combinations. A variable snow
load is considered of:

Fopow = Gsnow * Aroof = 1.575-29.925 =
4713 kN



Two load combinations are considered, the
A1 and A2 load combinations, derived from
the Eurocode. Its respective load factors are:

Consequently, the loads per Iload

combination is determined, as follows:

Frot =Y Gpermanent +7Yo- Qvariable

Wlth AtOt = 1655 mz

The total load for load combination A1 will
be:

Fiot = Ve - Gpermanent +7Yo- Quariable =
1.35-328.69 + 1.5-47.13 = 514.43 kN

= Lo _SUB 51 08 kv/m?
qtot _Atot - 16.55 - . /m

The total load for load combination A2 will
be:

Feot = Y6 " Gpermanent +Yo- Qvariable =
1.35-328.69 + 1.5-47.13 = 389.96 kN

Fror  389.96
A 16.55

= 23.56 kN /m?

Qtot =
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When considering deformations in the soil, a
distinction must be made between
immediate settlement and consolidation.
The first being a short-term settlement and
the latter being a long-term settlement.
Favourably a penetration should be done to
determine the soil development and soil
layers. This way knowing the different
parameters with respect to settlement
calculations. Unfortunately, these
penetration test could not be done on-site.
Therefore, a basic immediate settlement
calculation can be made, making a few
assumptions. These will be done primarily
following the Eurocode. However, even
estimating settlement calculations require
data, which in this case is not available.
Therefore, a second possibility is research to
predict the average settlement of the soil,
with a normalised Load-Displacement
behaviour analysis. This is in fact a universal
approach to the load-settlement behaviour of
shallow foundations on granular soils.

A first estimation of the immediate
settlement of the soil is conducted. Primarily,
the height of the compressible soil layer is
unknown. Furthermore, the different soil
layers, from ground level to the
incompressible layer is unknown. These are
two very crucial parameters and unknowns
regarding the calculation of the immediate
settlement.  However, an estimation
regarding the height of the compressible
layer can be made, considering a rule of
thumb and a hypothetical scenario.

The different layers and layer height of the
whole compressible layer cannot be



estimated and must be determined using soil
research. The whole compressible layer is
therefore considered a homogenous layer,
of in this case a gravelly — silty (GM) soil.

After estimation of the height of the
compressible layer the Eurocode 7, will be
followed, regarding the serviceability check
of the foundation. Consequently a
calculation of immediate (mean) settlement
is made, through usage of the linear elastic
solution, which takes the sum of the
contributions to total settlement from each j-
stratum with constant elastic parameters (Ej
,Vj)) (EN.1997-1, 2004). However, this case
only takes one j-stratum, since the layer is
considered homogenous.

Primarily the height of the compressible
layer (Figure 57) is determined. An
estimation of this height can be made as a
function of the width of the foundation. The
height of the compressible layer will be the
value of five times the width of the foundation
(Ozer, 2012). In the case of Ratankot the
height will be as follows:

H=5-B=5-0.6096 = 3.048 m

!

D, = varies between 0.75 and 7.5 m

4.= 150 kPa

EEEEEERRRN’

|‘ B=15m J

| »

(L = varies between 1.5 and 15.0 m)

H = 7.5 m (corresponding to 58)
E,= 15 MPa

v=0.50

Incompressible layer
Figure 57: height of the compressible layer (Ozer, 2012).

The constant elastic parameter must be
determined as well, being the Elastic
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modulus of the soil and the poisons ratio of
the soil.

As previously stated the soil which is
considered is a medium - loose gravelly —
silty (GM) soil. The elastic modulus of the soil
is determined to lay between 7 — 12 MPa
(Obrzud & Truty, 2012). The elastic modulus
is therefore determined as follows:

E_7+12
)

For gravelly soil the poisons ratio is mainly
determined to be 0.3 to 0.4. A poisons ratio
for silt lies between 0.3 to 0.35. With both
ranges in combination, a poisons ratio of
0.35 is chosen for this soil (Bowles, 1996).

=9.5MPa

Consequently, a solution for the settlement
is provided by the Eurocode, considering a
linear elastic solution. This solution is
prescribed as follows:

om g3 IO
i=1 t

With i=1 a since a single layer is
considered and the influence factor, I =
Uolt1, the solution will be:

HoHq
E

So = qB 1-v?)

The influence factor can be determined
using the graphs to obtain u,and u, for
calculation of the elastic settlement. See
graph (Figure 58) and (Figure 59).

LBl» 1.2, 510720500
0,5 1

5
01 02 2 50 100 1000

DB

Figure 58: Graph to obtain u_ (0), for calculation of the
elastic settlement (Ozer, 2012).



Figure 59: Graph to obtain u_ (1), for calculation of the
elastic settlement (Ozer, 2012).

By using the graphs, the parameters and
ratios can be determined. The results are
show in the table below:

Parameter Value
qa1 (kPa) 43.93
qaz (kPa) 34.49
B (m) 0.6096
L (m) 5.70
H (m) 3.048
v(-) 0.35
E’ (kPa) 9500
H/B 5
D/B 1
L/B 9.35
Uo 0.87
Uy 0.8

Table 41: parameters and ratios

With the parameters, the immediate elastic
settlement can be determined, as follows:

For load combination, A1:

“‘;f” (1—v?) =0.001218 m

=1.218 mm

So,41 = qa1B

For load combination, A2:
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Fol1 1 12y = 0.000923 m

So,42 = qa2B

E

= 0.923 mm
The Eurocode prescribes a maximum
settlement for granular soils for a
serviceability check of: 50 —

75 mm. Comparing the results from the
settlement calculation, it can be said that the
immediate settlement does not exceed the
maximum allowable value.

The link between the bearing capacity and
deformations is shown to exist by Trautmann
and Kulhawy (1988). The link exists in the
performance of shallow foundations
subjected to axial uplift loading. They
suggest that the deformations are expressed
in terms of the normalized load, which
describes the induced load divided by the
ultimate bearing load. The deformation
should be normalized accordingly with
respect to the depth of the foundation. The
deformations would occur in the active zone
of the soil, as described by the depth of the
foundation.

The relation of the normalized Load-
Displacement Behaviour of Shallow
Foundations in Uplift, per Trautman and
Kulhawy 1988, is explained as follows:

)

Qus  0.013 + 0.67 (%)

With:

q = induced load on the foundation [kN /m?]
quis = Ultimate bearing load [kN /m?]

z = displacement [m]

D = depth foundation [m]

The normalized load is the inverse of the
Factor of Safety, 1/FS. Therefore, to



determine the displacement, the ultimate
bearing load and the depth of the foundation
must be determined. Usually a Factor of
Safety is determined in advance. However,
since the pilot building is already built, the
normalized load can be determined with the
use of the bearing load and the induced load,
determined in previous chapters. The depth
of the burial remains the same, as well in this
case. Primarily the displacement per load
combination and therefore, per normalized
load is determined. After which, these
displacements are compared to the value of
0.005D to determine the settlement
acceptability. If the resulting displacement
values, exceed the allowable displacement,
the required bearing load is calculated. The
results for the displacements are as follows
(Table 42: displacements):

quls[kN
q [kN D [m]
L.C. /mz] /mZ] q/‘luls [_] 4 [mm]
1 43.93 1879.49 0.0233 0.6096 0.188
2 34.49 646.44 0.0533 0.6096 0.438
3 43.93 1342.49 0.0327 0.6096  0.265
4 43.93 905.02 0.0485 0.6096  0.397
5 34.49 905.02 0.0381 0.6096 0.310

Table 42: displacements

The allowable displacement is z = 0.005 -
D = 0.003048 m = 3.048 mm.

It can be seen from the results, that the
displacements are consequently smaller
than the allowable displacement. It seems
that the soil is safe against failure due to the
primary settlement.

112

8.5 Discussion of results and
recommendations

To conclude, from the bearing capacity
results it can be concluded that the soil is
sufficiently strong to withstand the induced
loads. Moreover, it can be concluded that the
groundwater table influence on the bearing
capacity, regarding the current situation, has
small impact; and is still safe regarding the
induced load. The bearing capacity is,
however, a function of the soil parameters,
the cohesion and the internal angle of
friction. These parameters have been
estimated and cannot be assumed to be fully
correct and accurate for this specific
situation. Furthermore, the unit weights of
the soil, are also estimated considering the
estimated soil type. However, seen the fact
that the unity checks show a substantial safe
factor of safety, it can be said that a slight
difference in the estimated values, assuming
the estimations are not significantly off, will
not comprise the safety of the bearing load.

Even though the bearing load is sufficiently
larger than the current induced load, a few
recommendations can be made for further
efficiency and accuracy. Firstly, the
overburden could be considered larger, with
respect to safety, for a fully saturated
situation; in case of a monsoon.
Subsequently, this situation also has an
impact on the groundwater table influence,
which will be at ground level. When
considering the groundwater table, it is
recommended to also investigate the
groundwater table at foundation level, with
respect to safety. On the other hand, the
significance of the groundwater table has



shown to have a slight impact on the full
bearing capacity, so it can be argued that it
could be considered redundant to conduct
this calculation.

Regarding the soil parameters and the soill
type, it should be investigated and
researched further, to attain a more accurate
value for the bearing capacity.

Furthermore, a drained condition was
considered for the bearing capacity. Itis also
recommended to consider an undrained
condition, for comparison reasons, to sketch
the full safeties of the bearing load.

To conclude, the sliding resistance
calculations were only a function of the
horizontal wind load. It was suspected
beforehand that this load would not make a
significant impact on the sliding failure of the
house. This was suspected, due to the small
wind load compared to the relative large
weight of the house. It can therefore be
argued that this calculation would be
redundant. However, seen from the unity
checks, an indication is given to what extent
of loads the house is safe against sliding.
Furthermore, it can be said that from the
results the house is safe to sliding as a
function of wind load. This calculation should
be the base towards horizontal earthquake
loads; and the research on sliding resistance
with respect to these loads. It should also be
said that, for simplicity reasons, the moment
because of the movement of the wind load,
was not taken into consideration. This is
should be considered in future calculations
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Solely the weight on a single foundation strip
is considered for the sliding resistance. It
should be investigated, whether to take the
whole load of the house, spread over its
respective footprint onto the soil. The
surface angle of friction, is simply an
estimation and a function of the estimated
internal angle of friction. Therefore, it is
recommended to investigate this parameter
in more depth and to a more accurate value,
to acquire a more accurate and reliable
result for the sliding resistance. Furthermore,
it is recommended to do more sliding
resistance calculations, with earthquake
loads, to research the earthquake safeness
of the pilot house.



The settlement calculations required a large
amount of assumptions and even the rigidly
determined parameters were a function of a
few estimated parameters and values. For
example, the height of the compressible
layer is assumed as a function of the width
of the foundation. The actual situation and
compressible soil layer could be larger than
this height, resulting in a larger settlement.
Moreover, the elastic parameters, the
Poisson’s ratio and the Young's modulus,
have also been determined with a gravelly-
silty loose soil in consideration. However, the
total settlement of the compressible layer is
lower than the allowable settlement. It
should be said that the allowable settlement
is derived from the Eurocode and is an
allowable settlement for sands. The
allowable settlement for gravelly soils is not
indicated. For now, it can be said that the
immediate settlement is safe.

The results from the second settlement are
a factor ten smaller than the allowable
settlement. The results show that the house
is safe against failure due to primary
settlement. If the results are compared to the
first settlement calculations, the results give
a slight difference in settlement. This
probably due to the totally different nature of
the calculations. If the results from the first
settlement calculations are compared to the
second allowable settlement boundary
condition, it shows that the calculated
settlement are still smaller.

The preference of both calculations goes to
the first calculation because of the more
researched nature. The graphs show that
these calculations and values are derived
from actual results. The second calculations
use a normalised value in combination with
an assumed and estimated value, which
gives room for large errors and
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It should be said that no actual real data of
the soil layers is acquired, which, in case of
settlement calculations, is desirable to have.
It is therefore, recommended to acquire and
research more data on the (compressible)
soil layers. Namely, an assumption is made
that a single compressible homogenous
layer of the estimated soil type is situated.
This is a large assumption and should be
clarified by tests, such as plate loading and
penetration tests.

Furthermore, only immediate settlement
calculations were performed. It is also
desirable to know the consolidation
settlement. It is therefore recommended to
perform long-term calculations on the
settlement of the soil.



9 Quasi-static

calculations

9.1 Acceleration of initiation of
collapse mechanism

After analysing the structural performance of
the house in an ordinary working situation,
its general behaviour during more likely
earthquake situation has been analysed.
Before proceeding with linear static analysis,
the acceleration of initiation of collapse
mechanisms has been calculated for the wall
compartments to have a first overview about
the response of them during horizontal
shaking forces. The values of the maximum
allowable acceleration necessary to keep
the house safe during an earthquake, ao,
have then been compared to the expected
ground acceleration values, PGA, linked to
the specific site. Further analysis has been
conducted even about the increase of the
PGA due to the height above the ground
level where the compartments are located.
The values of the maximum allowable
acceleration have been calculated only for
the tallest compartments take make the wall,
in fact the intermediate one (LEVEL B). Due
to the highest height of them, if they were
verified as safe, the other two level of
compartments would be as well thanks to
their less critical geometrical dimension and
slenderness.

As already mentioned, each compartment
has been realized between two reinforced
concrete bands, that have been assumed
rigid so far. However, on-site construction
mistakes could have compromised the
actual rigidity of these elements, not
guaranteeing a cooperative behaviour
between structural elements anymore.

115

These kinds of imperfections should be
considered. A comparison between the
acceleration that would cause the initiation of
the collapse mechanism between the two
situations where a compartment is made
rigid at the two bottom and top sides
(working bands) or only one has been made
as well, to give a further idea about the
importance of the construction stages that
should be followed.

To give a first overview about the differences
caused by the two specific boundary
conditions, a simple example has been
considered. It has been analysed good
quality wall, assuming its behaviour as a
unique rigid body, without applied loads on
the top but only its own self-weight. The
failure mechanism would happen as
overturning around a fixed point at the base
of the wall itself. The analysed factor to
cause this collapse is the necessary
acceleration factor that would make this
possible, ag. To proceed in this scenario, the
principle of virtual works has been used.
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Figure 60: static scheme of wall overturning around
point C

Due to the rotation of the wall, ¢, around the
bottom point C, the two virtual movements of
the barycentre will be:

dx=¢7;dy=¢2

The external forces virtual work (Lest) is then
made equal to 0, thanks to the rigid body
behaviour of the wall, making a virtual work
thanks to internal forces null.

Lost = - W*dy + aW*dx = - W* ¢ = + aW* ¢ =

imposing ¢=1 as virtual movement, the
acceleration factor necessary to cause
overturning of the wall will be:

Qo = u

h

note: apis only a factor that is necessary to
calculate the actual acceleration that would
cause the initiation of the collapse

mechanism, do’.
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In the case the concrete bands at the top and
the bottom sides of each compartment make
the compartments themselves rigid, the
collapse mechanism would be initiated with
the spall out of the vertical section at a
certain height included in the total one of the
wall. Even in this scenario, the principle of
virtual works has been used once again to
determine the acceleration factor ao. This
implies the assumption of the rotation ¢
equal to 1. A comparison will be then made
between the two scenarios and the actual
acceleration of initiation of collapse will be
calculated.

Figure 61: static scheme of wall spalling out rotating
around a certain point B

As in the previous case, only the self-weight
forces of the wall have been considered for
the collapse mechanism to make the
calculations process easier. Those that will
collaborate about the collapse behaviour are
the horizontal ones aoW;: and aoW2, while
vertical forces work as stabilizing loads. In a
general case, it is not possible to know
beforehand at what height the spalling out
will happen: the two heights hs and h; are
then expressed function of the unknown “x”,
which is the quote along the vertical
direction:



ha

¢*he=Why > W=g 2=

imposing then:
h1=lh; hzzx;lh’

X X
W=x-1,
knowing the dimensional parameters of
reference for the movements of the two
bodies, it is now possible to express the

virtual movements of each barycentre as:

h h x—1
G:idxer=W*=2=2 I
2 2 X

dysr=b*¢+ Z*W=b+ Z(x—1)=

(1+x)*%
" why _x=1_h,
G ZdXGz=¢ ?z—xT* 2
by o _b.
dyee=-"¢ =17,
Knowing every virtual movements of
relevant points of the two bodies

(barycentre’s), itis now possible applying the
principle of virtual works for the mentioned
system. Thanks to the rigid body behaviour
of the compartments, the internal virtual
work will be equal to 0 as it has been for the
18t scenario, while the external virtual work is
determined by the applied loads times their
relative virtual movements:

Lint = Lest; 0oW1 * dXg1 + aoW2 * dxg2 — W1 *
dys1 — W2 * dys2 = 0;

substituting the values of virtual movements
and relative applied loads, the acceleration
factor ao expressed in function of the height
coordinate x will be:

2x
*
(x=1)

a0 (x) = =

It is then reasonable to assume that the
actual division of two different rigid bodies of
each compartment (point B) would happen
at the middle height of the total vertical

dimension, that implies hy = hy = k The

>
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acceleration factor for this scenario, called in
this occasion ag 2, will be then:

ab
— = 4%,

h —
Qo2 (x= 5) T h

where ap = acceleration factor relative to the
18t scenario.

The comparison between these two different
failure mechanisms gives an overview about
the importance of the connections, and then
the rigidity, between the wall compartments
and the reinforced concrete bands. It is
easily visible how the acceleration factor
increases by a factor of 4 if the
compartments are well connected both at
the top and the base sides. These
acceleration factors, ao,, are then used to
calculate the actual acceleration the walls
are subjected to in an earthquake situation,
which will be explained later. It must be said
that these two considered scenarios do not
consider an external load application from
the top side of the compartments. Assuming
the connections between wall compartments
and reinforced concrete bands are strong
and well executed enough to guarantee a
double bond at both the top and base
section, the acceleration of initiation of
collapse has been calculated for each
compartment considering the 2" scenario
explained above, even considering the
external applied loads. The calculations that
have been conducted are explained below.
However, the same principle of virtual works
has been used.



Figure 62 shows a general scenario where
many forces are transmitted to the wall from
other building elements, as:

Ps = load from the upper floor, applied in a;
As already mentioned for the 2™ scenario Fv, Fu = loads from inner arches, applied in
described above, the mechanism of collapse hv:
will happen with the creation of a rotation
point at a certain height in the vertical section N = load from upper wall portions;
of the brick compartment. The assumption of W = self-weight of the compartment;
a rigid-body behaviour of the wall already
consider the

maximum  collaboration
between elements the wall has been built

(bricks, mortar and steel bars). The
acceleration factor necessary for the
breaking a condition of equilibrium, ao,
starting the division and next rotation of the

rigid bodies, is calculated using the principle
of virtual works [Figure]:

However, in our case, looking at the

structure of the house, itis reasonable to say
that Ps = FH = Fv =0.

The principle of virtual works related to this
situation will be then:

a* (Wi*dx + W2* d2x) — W1* 31y — W2* d2y —
N * 6Ny = 0

the height that the intermediate rotation
would start at is not known before hand; the

expression of a is then written as function of
the parameter x, which means:

h1=xx;1*h;h2=

RIS

X

Wi =220 W Wao ==« W,

. _ 2N*./8N2+8N*(Wy+Wy),
with x N ;
h \

It will then result that:

a =2« (x—1)*(N*d)+s*(W+N)
| | aW1 '

(x—1)x (W*% )
"t' Wi l ‘.o

the acceleration factor, aq, is then used to
. ' calculate the actual acceleration of initiation
|

v of collapse, ao*:
o Ai\_"_r——- Qo* = a*o;i;
S e
———
where:

Figure 62: static scheme of wall mechanism of collapse

g = acceleration of gravity = 9,81 Sﬁz;

FC = reduction factor = 1,35;

118



e’ = fraction of collaborative mass on the
. . _gxM*,
cinematics BT
M’ = collaborative mass on the cinematics =
_ EPix8i)?% .

g*ZPi*(8;x)%
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9.2 Static linear analysis

It is already well known that in an earthquake
situation dynamic forces are applied on the
structural elements of a certain building, with
a certain frequency and vibration. However,
DM 2008 gives the possibility to study the
behaviour of a certain building in an
earthquake situation applying statically
forces on the load bearing elements and
analysing their response. The static forces
are calculated based on the characteristics
of the building and the site where it has been
built. To apply this type of analysis, however,
the house must fulfil certain geometric
requirements as indicated by the normative
included in the DM 2008, as regular size and
height and an own period of the building
lower than a certain value (Tp). It has been
ensured that, for the house built in Ratankot,
these requirements are fulfilled and this
analysis is applicable.

Proceeding with a static linear analysis,
static forces are applied horizontally on the
house, as already mentioned. In this case,
even the movements due to loads
application must be considered linear.
Assuming a static structural scheme of the
house as already done previously, with rigid
concrete bands and monolithic wall
compartments, the applied forces on the
house will be (Figure 63):

+2388m
“1ge5m

Figure 63: earthquake forces distribution between the
building floors
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The entity of the applied forces due to the
earthquake situation will be:

— zix Wi

Fi - F EZ]'* W]
where:

Wi; = weight of the specific floor;

z; = height of the barycentre of each floor;

Fh=Sd(T1)*W*§;

with:

Sq = coordinate of response spectrum of the
house at a time T+;

T+ = 0,05*H¥* principal own period of
vibration of the house;

A = correction coefficient =
acceleration of gravity;

1,0, g =

The principal own period of vibration of the
house, Ti, is compared to the actual
spectrum of response of the house itself in
an earthquake dynamic situation to find the
coordinate Sq (T+), as visible from a generic
sample of spectrum of elastic response at
Figure 64. Assuming a soil composition
category of “C” (middle compaction, no close
water layers), the relative reference factors
will be:

SOIL S Ts Tc To
CATEGORY

A 1,0 0,15 0,40 2,0
B,C,D 1,25 0,15 0,50 2,0
E 1,35 0,20 0,80 2,0

Table 43: relative reference factors

The principal own period of vibration of the
house, T4 is equal to:

T: = 0,05*(2,46 m)* = 0,098 s < Ts

Sq (T1) will be then calculated for the domain
of the spectrum of response where 0 < T <
Tg, which is:



Sq(T1<Tg) =

=ag"S1 + 1+ (22— 1] =1,319;
where:

q = shape factor = Ko * qo = 4,4;

ag = acceleration factor related to the soil
composition category = 0,15%g;

Selag
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Figure 64: generic spectrum of elastic response

The earthquake forces will be determined
then based on the self-weight of each floor
of the building (Table 44: self-weight of each
floor of the building) (Table 44), as:

LEVEL Wi[kg] Fhwot[kgl zi[m]  Wi*z [kg*m]
3 3923,088 2287,32 2,265 8885,79

2 10631,09 2287,32 1,395 14830,37

1 6865,14 2287,32 0,36 2471,45
LEVEL Wi*z/ZWi*z;  Fni[kg] Fni+0,3 Fn [kg]
3 0,339 776,12 1008,95

2 0,566 1295,34  1683,94

1 0,094 215,87 280,63

Table 44: self-weight of each floor of the building

where:
Fn =S4 (T1)*W*§

with W = total weight of the house [kg];
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Figure 65: combination of applied horizontal forces

note: the actual force that must be applied on
the barycentre of each floor must consider
both the forces that are applied in both the
directions of the space (x,y), neglecting the
vertical component (z) for cases where the
structural design does not have particular
shape or size, where the z-component could
have non-negligible impact (Figure 65).

The forces caused by the earthquake
condition will be applied on the barycentre of
rigidity of each floor of the house. The
different positions of the barycentre of rigidity
with the geometric ones (the barycentre of
mass) would cause torsional moment, with a
torsional hub inside the floor area of the
house. It must be said that in this situation
the barycentre of rigidity of each floor differs
from those already determined when static
calculations of a working situation of the
house happened, in matter of wind loads. In
fact, in this specific scenario, even the inner
walls will be considered as collaborative, for
the nature of the applied forces themselves,
which does not depend on the wind but on
the ground shaking. Their geometric and
rigidity contributes will be considered for the
determination of both the geometric and
rigidity barycentre.

The coefficients of distribution (named a) of
the horizontal loads applied on each
compartments of the same level depends on
the geometric characteristics of the wall
compartments themselves as mentioned
below:



Kx,y,i

“= 3k,

-+ Cr

Il

with  x,y directions of the considered
compartment. Assuming the behaviour of
the structural elements as their equivalent
springs and looking at their boundary
conditions, the rigidity of each compartment,
Ki, can be calculated as:

wh
G-4
where:

h,i = height of the compartment;

B = type of construction factor = 2,0;

E = Young’s modulus of the bricks;

l,i = Moment of inertia of each compartment;

K = shape factor (1,2 if rectangular
elements);

G = Shear modulus;

A,i = horizontal surface of each
compartment;

To determine Cr, the relative formula will be
written regarding the walls along the x-
direction for simplicity, noting that the same
calculations would be valid even for those
along the y-one inverting the values relative
to the considered direction:

_ (Kx,i*(6,i~YR)*ey total)
(EKx,i*(yc,i—YR)z + EKy,i*(xG,i—XR)Z)

T
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where:

y ¢, = distance from barycentre of each
compartment to the centre of mass of the
level;

Yr = Ky i*yaG,i
Ky

eywotal = total eccentricity along y-direction =
€y *+ €y additional Where:

* ¢,=Yc— Yr(with Y = y-coordination
of the centre of mass of the whole
compartment level);

" eyaddiional = 0,5*Ly (with L, = length of
the compartment along y-direction);

The application of horizontal forces, Fj, in
the barycentre of rigidity causes torsional
moment, calculated as:

Mrxi = Fni ™ [(IXe — Xg|) + 0,05"Lx]
Mrxi = Fni* [(I[Ye = Yr|) + 0,05"Ly]

This must be calculated for each floor. The
application of an additional distance of 5% of
the total length of the house along the
relative direction is imposed by the
normative NTC 2008 to consider a factor of
imperfection. The contribution of torsional
moment would be then distributed between
the load bearing walls depending on their
rigidity and the distance between their
barycentre’s and the barycentre of rigidity.
However, the torsional effects caused by the
application of Fy in the barycentre of rigidity
have considered only indirectly inside the
determination of the second coefficient of
distribution of forces, Cr.



LEVEL A (h=0,72m) at+0,00 m

LEVEL B (h=1,20 m) at +0,85 m
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LEVEL C (h=0,24 m) at +2,025 m

Figure 66: coordinates of geometric (Xg;Yg) and rigidity (Xr;Yr) barycentres

After the forces caused by an eventual
earthquake situation have been determined,
it has proceeded verifying the structural
response of the building elements when
loaded. The three analysis that have been
conducted are:

e press-flexion on-plan;
e shear on-plan;
e press-flexion out-of-plan;

It must be said that the wall compartments
have been considered as simple brick walls,
without considering the contribution of steel
bars. This has been done due to the lack of
information about the position of the steel
bars in certain parts of the house. They
would be reconsidered only in the case that
the walls, made of bricks only, would not fulffil
the verifications as indicated from NTC
2008.
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The verification about the level of bending at
the base of wall is calculated using the
stress-block, relatively to the compressed
part of the wall base. In the case that the

maximum allowable bending stress at the
base of the wall is higher than the imposed

loads, the overturning on the plan of the wall
is negated (Figure 67).

Figure 67: on-plan press-flexion verification



The verification would be then satisfied if
Meq < Mrq, Where:

Meq,i = Fi*h;

= (32202 (1)

" 0,85+f4

where:
b;t;h = dimensions of the wall compartments;
fs = design compression strength;

Oo = compression stress at the base of the
P .

wall = —
a bxt’

The shear at the base of the wall, Vg,
caused by the application of horizontal
forces applied at the top section must be
lower than the actual shear resistance of the
compartment, Vrq. The shear resistance is
calculated considering the partialisation of
the reactive section and the Coulomb
behaviour of the material (Figure 68).

=X

M=Fh

Ny / | |

b

Figure 68: shear stresses of the wall vertical section and
partialisation of the reactive wall section
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The imposed stresses that must be borne by
each compartment are equal to the
horizontal forces applied at the top section
due to the earthquake situation, then:

VEed = Fhy
It must be verified that: Veq < VRrg, With:
VRd = |’*t*fvd

fuas = design shear resistance of the material
assuming Coulomb behaviour of the material
= Juk.

Ym

t = thickness of the compartment;

=3+ (2-3)

where:

M = Fy,*h; = bending stress at the base of the
wall caused by horizontal forces, Fn;

P = compression loads applied on the top
section of each compartment;

b = length of each compartment;

The Coulomb behaviour of the material has
been assumed. The relative shear
resistance, fu, will be then:

fuc = fuo + 0,4*07 = fuco + 04"




The press-flexion out-of-plan stresses have
been calculated related to a situation where

the connections between brick
compartments and reinforced concrete
bands have been assumed without

imperfections. This means that the walls
overturning would not happen as a rotation
of the whole wall around a point at the base,
but that the collapse mechanism would
happen as a rotation at three hinges, with the
creation of one at a certain quote at the wall
height. The presence of steel bars into the
walls has been considered assuming the
behaviour of the wall as a rigid body. No
relative inner movements would then
happen. This verification checks if the
acceleration necessary to activate the
collapse mechanism, ao*, is higher or lower
than the acceleration that must be expected
during an earthquake situation, Sq (T4)
(Figure 69).

Figure 69: scheme of collapse assuming a 3-hinges
collapse mechanism

To calculate the acceleration necessary to
activate the collapse, the principle of virtual
works has been used, as explained in the
previous section “Calculation of acceleration
of initiation of collapse mechanism”. The
verification must be taken satisfactory when:
ao* > Sy (T1), with ao* calculated for each
compartment.
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9.3 Conclusions and

recommendations

The load bearing capacity of the house built
in Ratankot is given to the CSEB brick walls,
a common constructive technology based on
the mutual use of bricks, concrete and steel
rebar's. The steel rebar’s are located into
holes made in the shape of the bricks, then
filled with concrete. To verify the structural
reliability of the house, static calculations
have been conducted, as well as structural
linear analysis as indicated by the Eurocode.
Due to the uncertainty of the position of the
steel rebar's and the lack of technical
drawings regarding the details of the built-
house, all the -calculations have been
conducted as if the rebar's did not be
located. This way to proceed can be even
seen as a further factor of safety kept during
the structural verification of the state of the
house.

All  the calculations that have been
conducted are shown into the Appendix;
specifically, there will be Excel tables with all
the relations already above-described
theoretically. Under the application of static
loads previously determined, the structure of
the house offers an adequate structural
performance generally. Especially regarding
the structural response to the application of
static vertical and horizontal loads, the
stresses shown happening into the
structures result to be lower than the
structural capacity of the used materials,
already diminished by adequate safety
factors. However, there are few walls
compartments that, following the Eurocode,
do not match its guidelines and indications.
The values of eccentricities caused by the
application of axial loads and out-of-plane
moment result to be much higher than what
advised for many walls compartments of the
second level (the higher one), and in some
cases, even larger than the actual thickness



of the walls. Finally, the structural
performance of the compartments is
generally verified regarding their

compression strength, on-plan and out-of-
plan bending, the shear forces happening at
the bottom of each section and the
resistance against punctual loads generally.

In the structural linear analysis, the
earthquake horizontal forces have been
calculated and then applied on the structure
of the house. In this stage, | could be seen
that the structural response of the house was
generally enough strong to bear them. The
ultimate moment of the compartments has
been shown to be always higher than the
one caused by the forces application. On the
other hand, for some compartments the
caused shear-on-plan stresses might be too
high to be bear. It must be said that the shear
structural response should be given by the
steel rebar’s, that however have not been
considered at all. If rebar’s were considered,
the structures would have probably fulfilled
its safety requirements. Further analysis
should be conducted eventually to verify this
statement.

Finally, remarks must be underlined about
the acceleration needed to start the
mechanism  of collapse of each
compartment. An Excel file with different
input parameters has been made available
to calculate the actual collapse acceleration
related to the 3 points collapse mechanism;
looking at this mechanism, thanks to the
modest height of the compartments, all of
them have been verified as safe. However,
the assumption that a 3-points collapse
mechanism would happen is already a not-
simple assumption. In fact, this implies that
the connections between the rebar’s and the
concrete bands for both the bottom and top
parts of each compartments will be strong
enough to bear the stresses, causing the
failure at the middle height of the
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compartment eventually. In the case this
assumption would not be valid anymore, as
it might be even in this case looking at the
actual quality of the construction, a 1-point
collapse mechanism would happen, where
the rotation point would be the bottom of the
compartment. If this was the case, due to the
lower acceleration of the ground needed to
initiate this collapse mechanism, many
compartments might not be able to bear the
ground movements and the acceleration
related to them.



10 Pseudo-static
calculations on
foundations

Static calculation on the foundation have
been conducted, for the bearing capacity,
the sliding resistance and the immediate
settlement of the soil. These calculations, as
static already explains, consider a general
situation without any earthquake influence.
Consequently, since the project takes shock
safe building in consideration, it is desirable
and required to predict, to some degree, the
behaviour of the pilot house during an
earthquake situation. Within the timespan of
the project, full dynamic calculations were
too farfetched, even though these could
predict the behaviour of the house to a more
accurate degree. Nevertheless, seismic
calculations should be conducted.
Therefore, pseudo-static or quasi-static
calculations were consulted for the matter of
simplicity and efficiency, but also a base for
further dynamic calculations. With respect to
the safety of the foundation during an
earthquake situation, the seismic bearing
capacity, by means of pseudo-static
calculations, is subsequently determined.

To conduct such calculations, firstly the
seismic acceleration factor must be
determined, which is a function of the Peak
Ground Acceleration, later explained in more
detail. After which, the seismic bearing
capacity factors are determined for several
situations, but predominantly for the inertia
forces on the soil and the inertia forces
transmitted by the superstructure, being the
pilot house. These factors, remain a function
of the load combinations, which should be
taken into consideration. Consequently, the
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rigid bearing capacity factors are
determined, for example the shape factors.
The overburden is determined and load
combination factors. Previously, it was
determined under which load the soil is
induced, because of the weight of the house.
These loads will be shortly mentioned.
Ultimately, the bearing load is determined
using the seismic bearing capacity factors
and subsequently a unity check will be
conducted to determine to what extend the
bearing load is safe as opposed to the
induced load.

10.1 Seismic acceleration factor

The seismic acceleration factor can be
distinguished in the horizontal seismic
acceleration factor and the vertical seismic
acceleration factors, kh and kv respectively.
Both these parameters can be determined
using the Peak Ground Acceleration, or
PGA. This is the maximum acceleration at
ground level at a specific location and is a
function of the gravitational acceleration.
The acceleration occurs in many different
directions  and can therefore be
distinguished in vertical and horizontal
direction. The PGA for the vertical direction
is usually smaller and a function of the
horizontal direction.

For the location in Kathmandu valley, where
Ratankot is located, a study was done to
predict the average PGA and comparison is
made between these results and the
measurements done on the earthquake in
2015 in Gorkha. Per article (Goda, et al.,
2015), the estimated PGA with 10%
probability of exceedance in 50 years (i.e.
return period of 475 years) in Western Nepal
ranges from 0.5 to 0.6 g and Eastern Nepal
from 0.3 to 0.6 g. The PGA considered in
2015 in Gorkha was less than the PGA
estimates. However, it is predicted that the
earthquakes in the future will be of a higher



magnitude than the earthquake in 2015.
With respect to safety, it is therefore
determined that the maximum PGA is 0.6 for
the pseudo static calculations on the bearing
capacity.

Using this PGA, the seismic acceleration
factors can be determined, as follows:

PGA=kh‘g—)kh=0.6

Following the Eurocode, the horizontal
seismic acceleration factor is determined as
follows:

kh:a"

Sl

With:

a = The ratio of the design ground
acceleration on type A ground, ag, to the
acceleration of gravity g;

S = the soil parameter of EN 1998-1:2004,
3.2.2.2.

r = factor that considers the type of retaining
structure

Unfortunately, these factors are all not
applicable to the seismic situation and soil
types in Ratankot. It can therefore not be
used. However, the Eurocode does
prescribe a function for the vertical seismic
factor, which may be used since it is simply
a ratio and a function of the horizontal
acceleration factor.

k, = £0.5k;, ifa,g/a, is larger than 0,6
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k, = £0.33k;, if otherwise

With:

a,y, = Design ground acceleration in the
vertical direction

az = Design ground acceleration on type A
ground

With this in consideration, it shall later be
determined what the vertical acceleration
factor will be.

10.2 Seismic bearing capacity

The seismic bearing capacity is determined

by using the method of Cascone &
Casablanca (2016) (Cascone &
Casablanca, 2016). The static bearing

capacity equation of Brinch Hansen is used
to determine the seismic bearing capacity,
but rather than using the normal bearing
capacity factors, the seismic bearing
capacity factors are used. These factors are
derived by using the method of
characteristics and finite element method.
Furthermore, these factors are determine
using the internal angle of friction, the
horizontal acceleration factors and the
friction angle between the foundation and
the soil. Subsequently, a distinction is made
between the soil inertia effects and the
superstructure inertia on the soil effects.
Rather than combining these effects, they
are first determined using a decoupled
system. After which seismic bearing capacity
factor correction factors are determined, for
each of the inertia situations separately.
Superposition of these factors is then
applied and multiplied by the static bearing
capacity factors.



Load combinations determining foundation
strip:

As previously noted, different load
combinations are considered, when
calculating the seismic bearing capacity
following (EN.1997-1, 2004). The following
combinations are considered, calculating the
seismic bearing capacity:

DA11 = A1+ M1 +R1

DA12 = A2 + M2 + R2

DA2 = A1+ M1 + R2
DA3 = (Al or A2) + M2 + R3

However, for simplicity reasons, the material
load combination factors are not considered.

Where the R factors are load combinations
factor (EN.1997-1, 2004).

R1=1.0
R2=14
R3=1.0

For the induced and current load, two load
combinations are considered, the A1 and A2
load combinations, derived from the
Eurocode. Its respective load factors (Table
45) are:

Load Permanent Variable
combination load factor load

Yo factor y,
A1 1.35 1.50
A2 1.00 1.30

Table 45: respective load factors
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Consequently, the loads per Iload

combination is determined, as follows:

Ftot,strip =Y Gpermanent +Yo Qvariable

Previously it has been determined that the
maximum load on a single strip is 132.46 kN
for A1 load combinations and 104.056 kN for
A2 load combination. However, to determine
the bearing capacity, it is required to attain
the maximum g-load on the soil. The vertical
g-load will therefore be:

FV max F‘U max
Qomax = ———— = : kN /m?
max Astrip Bstrip ’ Lstrip
For the load combination, A1:
q — Fv,max — Fv,max
max Astrip Bstrip ’ Lstrip
B 132.46
"~ (2-0.3048) - 4.95
_ 132.46 — 43.93 kN /m?
3017520 /m
For the load combination A2:
q — Fv,max — Fv,max
max Astrip Bstrip ’ Lstrip
_ 104.056
"~ (2-0.3048) - 4.95
_ 104056 oo
~3017520 O /m

Gvmax = Maximum g-load on the foundation
strip [kN /m?]

F, max = Maximum point load on the

foundation strip[kN]



Aserip = Area foundation strip [m?]

Bstrip = Width of foundation strip [m]

Lstrip = Length of foundation strip [m]

The earthquake bearing capacity factors as
an effect of soil inertia forces are considered
for three different load conditions. Shown
below (Figure 70):

o)

Figure 70: Soil inertia effects (Cascone & Casablanca,
2016).
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Each bearing capacity factor, for this inertia
situation, is indicated as follows:

s s S
CE »'YqE » 'VYE

Considering the soil inertia forces on the
bearing capacity factors, it must be stated
that the factors Ng; , N are determined by
taking a weightless medium, so no inertial
effects will occur in the soil beneath the
foundation due to surcharge of the
superstructure. However, inertial forces can
occur in the soil due to embedding of the
foundation, in the surcharge q. Meaning that
for N3z the surcharge q is taken to be zero.
Subsequently, the value for Ny, is estimated
assuming c is zero.

The bearing capacity factors mentioned
above, have been determined using the
method of characteristics by Cascone &
Casablanca (2016), for k,, = 0 and different
value for the angle of internal friction and k;,
(Cascone & Casablanca, 2016).

Loading situation, A: NS

Since the surcharge q has been assumed to
be zero, this earthquake bearing capacity
factor N3 agrees with its static factor N,.
Expressed as follows:

y=0

c#0

q=20
CSE=NC

Loading situation, B: Ngg



The value for Nj is estimated assuming the
following values:

y=0
c=0
q+0

As opposed to the value N3, the value
for Ngp does not agree with its static factor.
This value can be acquired inclining the later
surcharge q, to the value of the horizontal
stress expressed as follows:

N55=kh'q

With a value of 0.65 for k; and an internal
angle of friction (¢) of 35°, the value for Njg
can be determined from the values obtained
by Cascone & Casablanca (2016), using the
Method of Characteristics. It then follows
that:

55 =15.98

Loading situation, C: Ny

For determining the value for Nj;, the
surface angle of friction must be compared
to the internal angle of friction, to determine
the roughness of the foundation as opposed
to the soil. Since the angle of skin friction of
the foundation has been determined to be
6 = 0.7¢ it can be said that the foundation is
more perfectly rough (6/¢ = 1) rather than
perfectly smooth (6/¢ = 0). Consequently,
looking at the seismic bearing capacity
factors of Cascone & Casablanca (2016),
the value is determined as follows (Cascone
& Casablanca, 2016):
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y#0
c=0
q=0

As can been seen, these seismic values for
the bearing capacity factors are significantly
smaller than the static bearing capacity
factors. Subsequently a correction factor can
be computed by comparing the static and
seismic factors:

Correction factors for the seismic bearing
capacity factors because of soil inertial
effects:

SE
C
egE = N_C =1
¢ 1598
s qE
a5 =N, T 33259
55 791
p=—1= = 0.461

& =N, T 45176

An empirical solution has been developed
for the correction factors for g and y, from the
computed values g Nge » Nyg  kn Ky
using the method of characteristics. This
empirical solution is expressed as follows:

k
= (1-A—2>—cotp)B /k,21+(1—k,])2
1—k,

With j=qory. And:

A =0.92
B =b tan’ @ + by tan ¢ + b



With different values for b for q or y.

This solution is only valid if ¢ > 0 and, if
tany < tang. It can be very useful if this
empirical solution can be used. It is therefore
investigated if this solution agrees with the
conditions for the determined values. The
vertical acceleration is unknown, as opposed
to the corrections factors and the horizontal
acceleration. Therefore, primarily the vertical
acceleration is determined, then
implemented to determine 9, afterwhich the
conditions can and terms can be checked.

Determine k,:

k
" cotg)Pa kZ + (1 —ky)?
1-k, \

With B, = 0.4758, k, = 0.6 and egE = 0.552.
It follows that k, = 0.00359.

Similarly, B, = 0.61527,k, = 0.6 and e;p =
0.461. It follows that k,, = 0.001165

Determine 9:

9, = arct ( o )—05420
q—arcan 1—kv = Vu.
9, = arct ( o )—05409
y—arcan 1—kv = V.
Correction check:
tan?d < tang
tang = 0.7
tam‘)q = 0.601
tam9y = 0.602

132

The results show that the empirical solution
can be used for the seismic bearing capacity
factor corrections.

The earthquake bearing capacity factors as
an effect of superstructure inertia forces are
considered for three different load
conditions. Shown below:

Figure 71: Superstructure inertial effects on soil (Cascone
& Casablanca, 2016).

Each bearing capacity factor, for this inertia
situation, is indicated as follows:

SS SS SS
cE +IVNgE » NyE

The bearing capacity factors mentioned
above, have been determined using the
method of characteristics and finite element
method by Cascone & Casablanca (2016).
However, for the rough value for



VE With 5 =1 and y #0 only the finite

element method was used.

Loading situation, D: N3¢

The surcharge g has been assumed to be
zero, this earthquake bearing capacity factor
o¢ is then expressed as follows:

y=20
c#0
q=0
o =10.47

Loading situation, E: Nj¢

This earthquake bearing capacity factor Ngz
is then expressed as follows:

y=0

c=0

q+0
5§=6.33

Loading situation, C: Ny;

This earthquake bearing capacity factor N;
is then expressed as follows:

y=0

c=0

q+0
]f§=2.03

As can been seen, these seismic values for
the bearing capacity factors are significantly
smaller than the static bearing capacity
factors. Subsequently a correction factor can
be computed by comparing the static and
seismic factors:
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Correction factors for the seismic bearing
capacity factors because of superstructure
inertial effects:

SS

ess = £ =0.227
Cc
NS

et = = 0.190

q

Ng
— _YE _
vt =y, = 00599

Like the soil inertia effect, also an empirical
solution has been developed for the
correction factors for ¢, q and y, from the
computed  values ot Ngg  Nyg  n Ky
using the method of characteristics. This
empirical solution is expressed as follows:

ss
ss _ _JE

1-cC cotp)P

oSS — h
JEON, 1—k,

Withj=c, gory. And:

C differs per load combination and D is
expressed as follows:

D =d,tan? ¢ + d, tan ¢ + d;

With different values for d for q or y.

This solution is only valid, if tand < tand;,.
It can be very usefull if this empirical solution
can be used. It is therefore investigated if
this solution agrees with the conditions for
the determined values. The vertical
acceleration is unknown, as opposed to the
corrections factors and the horizontal
acceleration. Therefore, primarily the vertical
acceleration is determined, then
implemented to determine 9, after which the
conditions can and terms can be checked.



Determine k,, 4:

kn
q 91—k,

cotq)Pa

With ¢, = 0.65, D, = 2.086,k, = 0.6 and
egr = 0.190. It follows that k,, = —0.015347.

Determine k,, .:

SS

ess = —<E (1-c h cote)Pe
ETON, “1—k,
With C, = 0.4, D, = 3.601,k, = 0.6 and

eqrp = 0.227. It follows that k,, = —0.01612.

Determine k,,

N.S‘S k
_WE _ h
eyg = N, - 1-¢ 1—k, cot)’r
With ¢, =09, D, =3.939,k, =06 and

eqr = 0.0599. It follows that k,, = —0.4993.

Determine 9:

kp

Yy = arctan<1 — kv) = 0.5337
kp

Y. = arctan 1 kv) = 0.5334
kp

v, = arctan<1 — kv) = 0.3806

Correction check:

tand < tanV;,
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tand tand;im,
q 0.591 0.7
C 0.590 1.037
y 0.4 0.7

Table 46: correction check empirical solution

The results (Table 46) show that the
empirical solution can be used for the
seismic bearing capacity factor corrections.

Determine seismic bearing capacity factors:

To account for the full effect of seismic
activity on the bearing capacity, the
correction coefficients must be investigated
further. It can be seen from the correction
factors that the effect of superstructure
inertia appears to be significantly higher than
the effect of soil inertia. It can be discussed,
however, that this effect dampens, due to the
Eigen frequencies of the building, due to its
structure. It could also increase the effect,
due to the same reasons. This can be
investigated further. For simplicity reasons,
the horizontal acceleration factors of both
superstructure inertia effects and soil inertia
effects, are assumed to have equal values.
The correction factors both account for
smaller values for the bearing capacity
factors. It was discussed if superposition is
in order, to account for the full seismic effect.
Cascone & Casablanca (2016) have
investigated the effect of superposition
against separate effects and previously
determined correction factors. They have
found that superposition indicates a very
good result to the full seismic effects as, a
result of soil and superstructure inertia
effects. The newly acquired bearing capacity
factors are expressed as follows:



— . 5SS . ,SS
N(:E - Nc €ce " €cE
— .S . ,SS
Ngg = Ny eqE " €qE

— . 5S . ,SS
Nyg =N, eyE " eyE

These seismic bearing capacity factors are
than inserted into the static bearing capacity
equation, to acquire the ultimate seismic
bearing capacity. Furthermore, it must be
stated that these seismic bearing capacity
factors are determined, using a vertical
acceleration equal to zero.

Primarily the bearing capacity factors must
be calculated. However, these have already
been determined in the previous chapters.
For clarity reasons, they shall be repeated
below:

N, = 46.07
N, = 33.26
N, = 45.18

The only bearing capacity factors which do
not change under seismic conditions are the
shape factors (Table 47). These have been
previously determined, but the values are
shown below (Table 47), for both load
combinations:
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Bearing capacity M1
factor
Sq 1.071
Sc 1.025
Sy 0.963

Table 47: shape factors

The overburden also does not change when
considering seismic conditions. The value
has been previously determined, but is
shown below:

doper = 1 ft = 0.3048 m



The seismic bearing capacity factors have
been determined. Subsequently, they can be
implemented into the static bearing capacity
equation, expressed as follows:

p=c¢cSc*Neg+q-Sq-Ngg +5v B-sy

. NyE

With:
¢ = Cohesion [kPa]
Se» Sq, Sy = Shape factors [—]

N¢g, Ngg, Nyg = Seismic bearing capacity
factors [—]

q =Overburden [kPa]
y = Unit weight soil[kN /m3]
B =Width foundation [m]

Subsequently, the equation mentioned
above is divided by the load combination
factor for each combination separately.
When the seismic bearing capacity is found,
it is then measured with the actual load on
the soil, to perform a unity check. It is then
found if the soil will hold, or if the pilot
building will fail under sliding. The seismic
bearing capacity is found as follows:

Load combination: A1+M1+R1

P1

1
_c-SC-NcE+q-sq-NqE+7-y-B-sy-NyE
B R1
= 275.96 kN
Unity check:

y, = Iemax1 _ 159
P1

Load combination: A2+M1+R2
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b2
1
€ Sc*Neg+q-5q-Ngp+5-v-B-sy-Nyg

R2
=197.11 kN
Unity check:
y, = emaxz _ 475
b2

Load combination: A1+M1+R3 = A1+M1+R1

Load combination: A2+M1+R3

p3
1
_c-sC-NcE+q-sq-NqE+7-y-B-sy-NyE
B R3
= 275.96 kN
Unity check:
Uy = Qv,max,2 = 0.125
p3

From the unity checks, can be concluded
that the foundation will not fail under sliding
due to seismic activities, since the seismic
bearing capacity is larger than the induced
load, caused by the weight of the building. It
can be discussed, however, whether the
superstructure imposes the same horizontal
acceleration on the soil. If the house
resonates with different frequencies, the
acceleration can become larger. The method
of Cascone & Casablanca (2016) also does
not consider the vertical acceleration effects.
This can be investigated further.



10.3 Discussion of results and
recommendations

The results show that the foundation will hold
the seismic activity for a PGA of 0.6g. The
results, however, are solely determined by
consulting a single source, Cascone &
Casablanca (2016). This method assumes a
vertical acceleration of zero. Which should
be considered when determining the seismic
activity and the reaction of the foundation,
soil and building. Furthermore, the
resonance of the superstructure is not taken
into consideration. The horizontal
acceleration is assumed to be the same as
for the soil inertia effects. The building will
vibrate due to the ground acceleration and
will also oscillate with its own frequency,
resulting either in resonance or damping. If
resonance occurs, the superstructure inertia
effects on the soil will increase, meaning an
increase in acceleration forces. This effect is
not considered, meaning that the foundation
could still fail under sliding. Furthermore, the
load combinations should be further
investigated for seismic activity.

As mentioned before the seismic bearing
capacity is determined using a single source.
It is therefore recommended to consult
Eurocode 8, for further input and correction.
It should also be investigated with the walls
of the building, whether resonance will occur
and what the superstructure inertia effects
are.
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11 Material
optimisation

The optimisation phase includes technical
recommendations and advices that should
be followed during a future building
construction and the interventions that must
be done on the current solution already built
in Ratankot to make it earthquake safe. To
fit these purposes, actual structural
performance and materials properties that
have been used to build the house have
been analysed. It is then possible
determining the required structural cross
sections of the structural elements, the
necessary composition and conformation of
the used materials to achieve a certain on
site performance, the strength that joints
should ensure and what and how certain
interventions can improve these aspects.

To achieve a certain structural performance
of the house, materials must have specific
characteristics. Considering the cultural and
intellectual situation of the village where the
house has been built and after the done
analysis on the actual properties of the
materials that have been used, some
recommendations can be said for future
materials applications about the
composition, mixing, curing and finishing
processes that they require.
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11.1 Concrete

Concrete is generally made directly on the
site of construction. The mix design one
uses, as well as curing processes followed
and environmental conditions, highly
influence the actual properties of the
material. Because this material is used for
structural purposes, enough attention must
be put into these construction phases not to
compromise the actual on site properties.
Recommendations that must be followed by
workers about the needed components
types for the mix design, as well as their
required amount and the curing processes
that they need, will be explicated.
Furthermore, a comparison between what
are the actual properties of the used
concrete and those that should be needed to
fit our structural purpose will be made,
ending up to interventions that could be done
to fill the eventual gap between them.



11.2 Bamboo

As a natural material, bamboo’s properties
change situation by situation, highly
depending on several factors as ages,
treatment processes and thickness of the
structural elements. To make structural
calculations, average assumptions about its
properties will be considered, and they will
come out after onsite inspections, analysis
and technical consultancy with local
associations that already build with bamboo
as well as consulting literature and
researches developed about this topic. In the
case that the used material will not be
reliable, the feasibility of processes that
could improve the material properties will be
analysed.

To make the use of bamboo for houses in
rural areas more feasible, optimisation is
needed. For the pilot house, treated bamboo
has been bought of the bamboo supplier
Abari. On this matter, the bamboo needed to
be transported from the south of Nepal
toward Ratankot. The costs of the bamboo
with transportation came out around $1000,-
[SSN4]. This is around 20% of the total costs
of the house. To reduce the costs for the
roof, local bamboo can be used. The
bamboo first need to be treated before use
and therefore ways of treatment will be
discussed. Also, options will be given if the
bamboo is not locally available and the
optimization possibilities between the
connections of bamboo with bamboo and
bamboo with the concrete are investigated.
For the pilot house no grants are given
because the building technique is not yet
approved by the VDC or DUDBC. When the
inhabitants of Nepal want to receive grants
when copying the pilot house, bamboo
needs to be approved first. This part will be
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discussed in social and

approval.

acceptance

Bambusa Balcooa is growing on certain
places in Nepal (Figure 72: the places where
bambusa balcooa is growingFigure 72). On
the site visit in Ratankot in the
Sindhupalchowk area is noticed that on just
a few places the villagers are planting
bamboo for structural use. Bamboo will grow
best near a stream of water and of that kind
of places Ratankot have plenty (Appendix,
interview Karma). If the villagers will be
convinced of using bamboo more often in
their households, more bamboo is needed.
They can buy it from certain companies or
grow it themselves. The use of local bamboo
plantation will make the village less
dependent on outside sources and will cut
down the high transportation cost (SSN4,
2017). The bamboo that has been used for
the pilot house was expensive. Definitely
comparing it with the use of local bamboo.
Untreated bamboo out of the hills from
Ratankot can be bought for approximately
100 NPR [Shaym Lama)]. If you take
treatment costs into account, the price of one
bamboo culm will raise with 100 NPR
[Habitat]. This is still about five times
cheaper than the bamboo bought from
‘Abari’ (excl. transportation cost). Also, the
circular economy of the village gets
stimulated.

(X Rallan growing area

Figure 72: the places where bambusa balcooa is growing



When every household of Ratankot (250
households) want to build their roof out of
bamboo, 60*250 bamboos are needed. This
amount is not available directly so a solution
is needed. At this moment, there are around
80 plants of bamboo with an age of 2.5
years. In two years, when the bamboo is
mature it can provide enough bamboo for
one or two roofs. SSN4 suggested to start a
bamboo nursery in Ratankot. This would be
a great opportunity to gain more money and
be less independent of companies. There
are a few problems though.

The people need roofs right now
The bamboo grown by the people
need to be sold

e Which land will be used for the
plantation?
Who is going to be in charge?
What will happen with the bamboo if
the villages around Ratankot doesn't
need Bamboo anymore?

On this matter, an interview with Karma
Lama was necessary (Appendix interview
Karma) The outcome of the interview was
that in his opinion the bamboo price is too
low to sell it with profit. Also, there is a huge
problem if the bamboo is not harvested in
time. After 7-10 years the bamboo gets so
strong and heavy that only men power will
take a lot of effort to cut it. But a smaller
plantation, only for the village itself could be
a good solution. For the problem that the
bamboo is needed right now Habitat came
up with a solution. They are not yet selling
their bamboo to villages outside of their
districts, but are willing to sell Ratankot
bamboo with the price of 250 NPR for one
treated bamboo culm. At the site visit in
Pipaltar it has been noticed that the Bamboo
Habitat is using is of good quality and
specially is straight compared with the
bamboo of Abari.
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There are different ways of treating bamboo
with different economic and environmental
aspects, traditional/non-chemical methods
and Chemical treatment methods (SSN4,
2017). Local treatment needs to be feasible
(easy in use, cheap and portable), reliable
(fast and efficient treatment method to solve
the termite and beetle problem) and
environmentally friendly. On this matter
treatment with Water leaching, Boric Acid
Borax, Copper Chrome Arsenic (CCA) and
Copper Chrome Boron (CCB) will be
discussed. The main resources for this
research are a paper of abari (Adhikary, n.d.)
and INBAR'’s website. (Inbar, 2015)

This is the most vernacular and traditional
way of treating bamboo culms. All that is
need is running water, ropes and time. The
bamboo culms are placed in a stream and
the flowing water is used to flush away
starch from bamboo culms. The bamboo
needs to be submerged under water for
three weeks. After this it has to dry
horizontally for three till four weeks.

Advantages:

e Safe non-toxic approach
e Economical

Limitations:
e Time consuming
e Lot of effort required
e Limited production
e Transportation to water can be

difficult



Curing bamboo with borax and boric acid is
the most popular bamboo preservation
method around the world because it is
effective and more environmentally friendly
than other wood preservatives
[Guadabamboo.com]. Borax or sodium
borate is a soft, colourless, powdery mineral
that dissolves easily in water. It is a natural
insect repellent and preservative. In Nepal, it
is common to use Borax to treat bamboo.
The ratio is for indoor use of bamboo Borax:
Borax Acid: water is approximately
1.5:1:100. So 1.5 kg of borax, 1 kg of borax
acid in 100 litres of water. For outdoor use
the ratio becomes 1:1:30.

Advantages:

e Insect repellent
e Simple technique
e Cost friendly

Limitations:
e Equipment is needed
e Pressure is needed
e Treatment needs knowledge
e Protection against UV and rain is

required
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Commonly used as wood preservative. Used
for timber treatment for almost a century. It
is recognizable for its green tints in the
treated timber. Copper act as bactericide,
arsenic as insecticide and chrome is used to
mix the arsenic and copper and gives UV
protection as well. CCA is a heavy duty
broad  spectrum  chemical bamboo
preservative (Farm, n.d.).

Advantages:

e Bamboo can last for more than 50
years
e Very effective for outdoor use

Limitations:

Safety cloths are necessary
very toxic

often prohibited

Equipment is needed
Pressure is needed
Treatment needs knowledge



CCB is a broad spectrum chemical bamboo
preservative and a good alternative to CCA,
but less effective with a lower degree of
fixation, because of the boron component.

Advantages:

e Less toxic compared to CCA
e Effective for outdoor use

Limitations:

e Brush the bamboo every two years
with a coating

e Safety cloths are necessary

e toxic

e Equipment is needed

e Pressure is needed

e Treatment needs knowledge
v1.0 Water Leaching
Easy in use ++
Cost friendly ++
Portable +
Reliable -+
Environmentally friendly ++

Time consuming --

Ok for Ratankot

Table 48: comparison between treatment methods

Because the use of Borax is easy and
portable, this treatment is chosen to be used
for a case study (). Still, it is important to

Boric Acid Borax

++

++

++

Very good for
Ratankot

CCA

-+

-+

++

++

-+

Not good for Ratankot

CCB

-+

++

-+

-+

Not good for Ratankot

keep in mind that the treated bamboo needs
to be protected for the weather.
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Treatment of bamboo with borax needs a
certain pressure to “push” out the starch and
replace with conservative. The pressure that
is needed for treating lays around 25 psi.
The higher the pressure, the less time is
needed to make the preservative reach
every part of the bamboo culm. If the
pressure is too high, the chance of leakage
will rise. The preservative needs to be
pushed through the bamboo between 1 - 3
hours. To gain pressure, two possibilities are
discussed. The most common method is to
use a pressure cylinders with a mechanism
that can increase pressure (hand pump or
electric compressor). For rural areas, this is
maybe not the best solution. All the
equipment together cost around $500,-
(Farm, n.d.). This price can be reduced by
using second hand devices and using hand
pumps instead of expensive compressors. A
better solution to gain pressure is the use of
gravity. The setup and procedure for both
methods are nearly the same. In the case of
gravity, the tank with preservative needs to
be placed higher than the bamboo and the
pressurizing devices are no longer needed.
From the comparisons, results show that the
treating method using borax and boric acid
in combination with gravity is a more feasible
and cost friendly method, a case study has
been done on this matter.

The study consists of feasibility and reliability
of the method and local tests executed. In
this case, the tests are done in Ratankot
because SSN has got good relationships in
the village. Treatment on site is new for the
villages as it is for SSN. Because of this
matter, the people in the village need to be
trained.
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The price of the machine lays around $100,-
[Appendix cost botchery machine] and for
the feasibility, it must be as low as possible.
Because a lot of small parts are needed, a
much lower price is hard to accomplish.
Because it is new for the people in the
villages the method needs to be simple. For
this method, height difference in the village
is needed so this is an important limitation.
The preservative cost 2500 rupee (25 USD)
per 25 litres. With 25 litres, 25 bamboo culms
can be treated.

As mentioned before, borax is a good
solution for villages in rural areas. Tests by
Inbar and “Abari” showed that it is a simple
method and that the bamboo culms can last
for more than 25 years.

The method consists of a pressurised
boucherie machine. The pressure is gained
by using gravity. The pressure pushes the
preservative through four connections to four
different bamboo culms. The preservative is
mixed in a gallon and flows through a hose
towards the connections. To manufacture
the machine, separate parts are bought in
local market places. The costs can be found
in the Appendix (Figure 113). The parts
needed can be found in the report of HBC,
Bamboo in Nepal (HBC, 2013). The bamboo
need to be harvested in the dry season and
cut just above the first node. To cut the
bamboo always use a sharp saw or tool to
avoid damage to the culm.



P=pxg*Ah
P= pressure in pa

p = density in kg/m*3 of preservative
(~1010kg/m3)

- Borax 1730 kg/m3
- Borax acid 1435 kg/m3
- Water 1000 kg/m3

With a ratio of 1:1.5:100 the density of the
preservative becomes 1011.43 kg/m3.

g = 9.81 m/s"2

A h = absolute height difference between
cylinder and bamboo

To gain 25 psi (172 368.932 pa) a height
difference of 17.5m is needed.

A short explanation of the procedure:

1) Fill gallon with the mixture of water,
borax and borax acid

Connect the bamboo culms 17.5
meter below (airtight)

Let the preservative flow to the culms
by opening the valves

Open the air outlet for a split second
to let the air out

Let the preservative flow through
bamboo

Wait between 2-3 hours to treat the
bamboo

Test if the bamboo is completely
treated

Disconnect hoses (Collect remaining
preservative)

Store the bamboo horizontally in a
dry area for 3-5 weeks

2)
3)
4)
5)
6)
7)
8)

9)

This procedure needs to be explained to the
people in the villages. The best way to train
people in Nepal is showing them how to do
it, they can copy everything [interview with
Karma on the Roof]. On 4/4/2017 the training
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found place. In the appendix (Figure 116)
photos can be found of this training.

In earlier stages of the project it was doubted
that the people in Nepal would accept
bamboo as a building material, but the
vilagers of Ratankot are interested in
Bamboo [Interview villagers Ratankot]. They
indicated that they are even interested in a
house completely made out of bamboo.
These are big changes for the social
acceptance of bamboo. If people want to
build houses out of bamboo, it is important
that the grants can be rewarded. Therefore,
the material needs to be added to the NBC
as a construction material. This will not
happen in the coming years [Government].
For the construction part of the framework of
a house, the government must be sure that
the structural behaviour is known. With
bamboo that is almost impossible, every
bamboo culm is different and an overarching
judgement is hard to accomplish.
Nevertheless, bamboo is added to the NBC
as a material for a roof, floor etc.

The acceptance to build with bamboo in rural
villages in Nepal is growing. To build with
local bamboo, treatment is needed. The
most feasible method is to use a boucherie
machine that is pressurized using gravity.
The machine is cheap, portable, simple and
works properly. The people in the village
where able to treat the bamboo by
themselves after 2 hours training. If a
compressor is used instead of gravity, the
time of treatment will be reduced. However,
the compressor will take more maintenance,
money and it need to be transported with a
truck.



To lower the costs of treating bamboo with
borax and boric acid, the preservative could
be bought in bigger portions and it is hard to
say something about the durability of the
machine. Also, it would be helpful if the
training “how to build the machine” and “how
to use the machine "can be downloaded by
the people in rural areas. The total costs of
the material to build the bucherie machine is
7227 ,NPR or 65.54 EUR. The total costs of
the borax and boric acid for the preservative
is 2992,- NPR or 26.72 EUR per 2 kg.

11.3 Steel

Steel has structural properties depending on
the type of steel itself that has been used.
Knowing that, and because the construction
happened a few months ago, no particular
investigations will be needed to determine
the actual properties of the material. This will
be available consulting documents made by
previous teams. Furthermore, environmental
conditions can be said satisfactory or at least
no dangerous for steel elements. Only the
effects of particular components of the
concrete that can compromise steel
properties and durability.
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11.4 CSEB bricks

The need for CSEB in Nepal is growing
because it is reliable and easy in use.
Materials that can be fabricated on site, have
got a big advantage in Nepal because the
transportation of materials is expensive.
Another problem with transportation is the
fact that the roads are bad and bricks can
brake by vibrations. The use of CSEB is
feasible in a village when sand, cement and
soil is available. The availability of these
materials depends from the access to the
village and if there is a river nearby that can
provide sand. The blocks are often made by
villagers who are trained by a NGO. Still, a
lot of blocks that are produced do not have
the correct quality. This can be a
consequence from a lack of knowledge
about the importance of the right ratio of the
composition. Therefore, a quality check
should be done after a constant number of
blocks. In cooperation with Build Up Nepal,
a plan has been set up.

The right quality of the blocks used for
households and schools is of great
importance. Every block is fabricated by
hand so the quality varies a lot. This variation
is not a concern if it stays between a certain
range. Build up Nepal set their focus that
every block has got a compressive strength
of at least 5 MPa after 28 days of treatment.
This strength can be measured with a
compressive strength machine in for
example a laboratory. But, what happens if
the block doesn't contain this strength? This
probably means that the whole batch is not
of the right quality. In 28 days, the village is
capable of making approximately 10000
blocks and if they all need to be destroyed,
they lose money. Therefore, it is desired to
check the quality of the blocks in a much
earlier stage of the production. For this
reason, SSN5 have set up a quality test in



cooperation with Build Up Nepal. The quality
test contains the possibility to check the
compressive strength on site after 2 and 5
days of treatment without using expensive
and heavy equipment.

The quality test is build up in two phases.
The first phase is to find a correlation
between the compressive strength of the
blocks after different days of treatment. With
this correlation, the villagers can test their
blocks made on site during phase two and
directly know if the block after 28 days will be
strong enough. The first phase will be
executed by Build Up Nepal. The results can
be used by everyone that builds with the
specific interlocking CSEB. The second
phase can be executed by villagers to test
their batches.

1) Phase one

To discover a correct correlation between
the compressive strength after 2 and 28
days, 200 blocks will be made out of different
compositions. The different types of
compositions are based on literature and the
practical knowledge of Build Up Nepal. In the
appendix (Figure 115) the scheme of the first
phase can be found. Every composition will
be tested after 2, 5, 7, 14 and 21 days. The
different ways of testing are: early load
bearing test, drop test and compressive
strength test.

e The early load bearing test will be
executed by adding load from the top
on the block and research how much
weight it can bear. The load that can
be used are blocks that already have
been treated for 21 days. These tests
will be done after two and five days.

e The drop test will be executed by
dropping the block from a certain
height. If the block breaks, the “break
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height” is achieved. This test will be
done after five and seven days.

o Compressive strength test will be
executed with the wuse of a
compressive strength test machine.
Build up Nepal possesses a certain
machine. This test will be done after
five, seven, fourteen and twenty-one
days.

To find a correct correlation it is necessary to
test multiple compositions. After these test,
a correlation can be found between the early
load bearing test and the final compressive
strength of the CSEB. This correlation can
be used in phase two.

2) Composition

The blocks that are produced on side, will
always differ of composition. Because of that
matter, the compositions that will be used in
phase one will vary as well. For the last 18
months Build up Nepal used a composition
of 10% cement and the soil that consists
50% sand, 15% silt, 15% and 20% clay as
previous discussed. More percentage of
sand means a higher compressive strength
of the block (lpinge, 2012). In the rapport of
“from the ground up” stated that:

“The ideal Mixing ratio of HI CSEB is 12%
cement, 16% clay, and 72% sandy soil.
However, the soil cannot be top soil or
organic soil, it must be loose sandy soil. It is
found that it is best to use around 50% sand
and 22% silt in the soil mixture. The linear
expansion and water absorption of the bricks
increase with clay content so it is best to
keep it under 20% for durability’.
(FromTheGroundUp, 2016)

In consultation with Build Up Nepal, twelve
compositions have been chosen to research.
Because cement, clay and sand has got the
most influence on the compressive strength,



these will vary (Appendix table CSEB test).
The mixture with 5% cement will definitely
fail faster than the compositions with 8%+
cement, but this is also a required result of
the experiment. The villagers will have a
wider range where they can check the
strength of their blocks.

3) Phase two

The correlation between the different testing
methods and the final compressive strength
of the CSEB can be used on site. The
workers that are producing the blocks can
easily check the batch on quality by applying
tests after two days on the described “early
load bearing test”. A double check can be
done after the fifth day by dropping the brick
from a certain height. It will give an
assumption about the final compressive
strength after 28 days.

“In the past, hollow concrete blocks showed
a big potential as a good building material. It
is very cheap and strong if it's produced
correctly. However, this material is also
produced by hand and showed during the
earthquake that it did not passed the right
quality. After this, the people didn’t believe
that the hollow concrete blocks where a
good building material. This could happen to
CSEB as well if the quality is not inspected
and protected.” [Bjorn Build up Nepal]

To produce CSEB in a village, there are
three main restrictions. The right soil needs
to be available, a road needs to be in a range
with a maximum of two hours walking and
the most important part is that the villagers
must willing to work with the CSEB. To
inspect the site on the available soil, a few
practical tests can be done.

Visual Test - Soil below the topsoil
layer is obtained. Very sandy soils or very
clayey soils are not suitable for block
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production. Very clayey soils are usually
visible by the presence of a large number of
cracks in the soil. Very sandy soils are
usually visible by the lack of plasticity in the
given soill.

The Jar Test - A jar is filled with a
third soil and two thirds water. The jar is then
shaken vigorously for 5 minutes and left to
settle for 24 hours. The soil will settle in
gradations, sand, clay and silt. Ideally clay
should be between 15 and 35%.

Shrinkage Test - A rectangular
shrinkage box is filled with wetted soil and
left to dry in the sun for five days. Shrinkage
is measured with a ruler. ideally shrinkage
should be between 20 — 40mm.

Drop Test - This test is required to
check the moisture in the mix for block
production. The soil-cement-water mixture is
squeezed in one hand, the resulting ball is
dropped from waist level, if the ball shatters
into many pieces it is too wet, if ball breaks
into five to six lumps then right content, if ball
does not break then the mix is too dry.
(Ipinge, 2012)

In case of the house build by SSN4, the
CSEB is part of the loadbearing structure.
Therefore, it is important that the blocks
keep their strength and properties.
According this they need to be protected
against the weather. Therefore, ways of
treatment are needed and need to be
investigated more.

In case of an earthquake the walls of a
building are heavily exposed to lateral
forces. This could result that the walls will fail
by the shear. With that in mind it is important
to understand the behaviour of a wall and the
maximal shear force that the wall can bear.
In cooperation with Build Up Nepal, the
shear strength of the CSEB is determined. In
the heavy laboratory of the Pulchowk



campus, machines were available to test a
build a wall of 1m x 1m of blocks filled with
cement mortar. Unfortunately, the test was
not executed when this report was made, so
this is an important property to find out. The
publication of Chalmers University of
Technology is a reference to gain more
knowledge of CSEB in earthquake
situations. (Mellagard, 2016)

12 Structural
optimization

Structural interventions could be needed to
improve the actual performance of the
house. This is even based on the actual
properties of the materials that are available
for being used in the construction processes.
The actual structural response of the
building gives advices about what must be
improved to fit the earthquake safety
purpose, both under static and dynamical
conditions. Under static loads,
improvements include the re-design of the
required cross sections of the structural
elements to bear loads effectively,
considering which properties of materials
can be feasibly achieved. Depending on the
actual structural performance of the house,
the impact of additional structures (if
necessary) can be analysed to fit the main
structural  purpose. Under  dynamic
conditions, hand-made calculations will be
developed in order to have an overview
about the structural mechanism of the
structure when an earthquake happens. This
phase will be the set up for more advanced
calculations that can be developed further by
PhD or master students for their specific
thesis linked to this topic. However, a
structural 3D model will be analysed with
FEM software to have a first digital idea
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about the behaviour of the structure under
dynamic loads.

12.1 Joints

The roof is made out of bamboo and is
constructed next to the house. When the roof
was completed, it was lift onto the walls with
manpower. The connection between the roof
and the walls are rebar’s which have been
bent over the bamboo. If there is a heavy
storm, the wind can lift the roof and even
blow it of the walls. Therefore, a different
approach is needed in the future to make
sure that the roof will be connected better.

An option is to cast steel connection points
into the upper concrete band. The roof can
then be constructed directly on top of the
walls and connected in a proper way.

Also, the weight of the roof is not divided
equally over the walls. Because the roof is
constructed with culms on top of each other
instead of against each other, two of the five
walls don’t bear loads. A better roof plan and
connections between the culms are needed
to prevent that the roof is carried just by three
walls. Also, the roof can be optimized with
respect to the weight. In the model made
with Matrix Frame, culms can be found that
are not necessary for the strength of the roof.
These can be removed to make the roof
lighter. Still, under the edges of the plates
that are on the bamboo culms, needs to be
attachment points to make sure that the
plates are connected to the structure

properly.

In the chapter about bamboo is stated that
the strength of the bamboo in the nodes is
60% less. In the roof of the model house,
some joints are connected through the
nodes so this needs to change in the future
as well. The carpenters need to have this



knowledge before they are constructing the
roof.

The construction site was previously
farmland. lts soil is not necessarily fit
construction ground. From the calculations,
it seems that the soil is fine for construction.
However, it can be discussed as to how
accurate the assumed soil parameters are. It
is therefore, firstty recommended to
investigate the soil parameters in more
depth. Based on the outcome of this
analysis, it can be wise to either find a more
suitable construction site or to reinforce the
current construction site. Namely, when a is
built very loose sands or sensitive clays the
soil, compaction under seismic conditions
may occur, followed by large inequalities in
the structure (Arya, 2013).

Even though before construction and
designing of the pilot house, general rules of
earthquake safe building were discussed
and applied, it is still build on a sloped site.
Moreover, the slope is not reinforced by a
retaining wall and soil properties have been
assumed, leading to insecurities regarding
the slope stability (Arya, 2013). It should
therefore be reinforced with a retaining wall.
Furthermore, the house is also built next to a
slope, meaning when this slope fails, the
house will be exposed to large forces. This
slope should therefore, also be reinforced by
retaining walls.
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The site in Ratankot has only been flattened
for the plot of the pilot house. Around the
plot, still little hills and unflatten ground is
found. This could lead to unevenly
distributed accumulation of water, which
could have negative eroding impact of the
site. Therefore, the site should be flattened
in the future.

Nepal suffers of large fluctuations in dry and
wet weather, due to monsoon seasons. This
leads to large water runoff, especially with
the sloped site. At the site, no attention was
paid to these large volumes of rain water
runoff. This could lead to erosion of the
slopes and ultimately to failure. Therefore,
drainage, channel and rainwater runoff
systems must be implemented.

The superstructure is build using a wall
bearing construction. The columns of the
structure, carry solely their own weight. The
foundation contains lager and deeper
footings below the columns. This is over
dimensioned, since the walls bear the load
and transmit these to the strips below. In
case a new model is designed, thorough
attention must be paid to these over
dimensioned elements.

From the bearing capacity unity checks, it
can be concluded that the foundation is over
dimensioned since the unity checks show a
significant large difference between the
induced load and the bearable load. In case



a new model is designed, thorough attention
must be paid to these over dimensioned
elements.

Even though the results show that the
foundation will hold for a PGA of 0.6. It could
very well be that the next earthquake will
induce a larger PGA value. In this case, the
house may not hold. By increasing the width
of the strip foundation, up to about 1 to 1.5
meters, this can help make the difference.
By shifting the width, the seismic bearing
capacity will increase with a factor of 5 to 10.

Even though the roughness of the
foundation is assumed to be high, it could
very well be quite lower than expected. This
could mean that instead of leaning towards
the perfectly rough side it could also be a
little smoother. This has a significant impact
on the seismic bearing capacity factors. For
smoother foundations, the seismic bearing
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capacity factors are smaller as well, meaning
less bearing capacity and more chance of
failure. It should therefore either be further
investigated or the foundation should be built
with known materials.

12.2 General recommendations

General recommendations are necessary
from the one hand to ensure that the
structural lacks the house already made will
be filled and on the other hand that future
construction will not repeat design mistakes
or lacks that have already been made.
Building in this rural context, influenced by
low building knowledge and no possible
ways to check the actual on site construction
makes both design and building phases
requiring more attention. However, general
recommendations that consider this cultural
situation will be made, that will not need
technical or scientific knowledge to be
followed. Of course, these can change
situation by situation depending on the
specific area where houses can be built, but
still these recommendations, for example the
location of the buildings, can be extended for
different cases.






13 Stakeholder
Analysis

In addition to the technical aspects of the
house, the context in which building is done
in Nepal has to be analysed. The following
chapters consist of an analysis of this

In order to have a clear view of all the actors
involved in the project at this moment, two
years after the earthquake, a stakeholder
analysis is carried out. Until team 4, the
scope of SSN was on the case study
Ratankot. In order to be able to make a long-
term plan for upscaling, zooming out is
essential. Which stakeholders have been
helpful in the past? How are the relationships
between them and SSN? Can they also
contribute in the long-term? Who should
SSN collaborate with to achieve the final
goal? And where does it place Ratankot,
which is initially a case study? Therefore, the
aim of the stakeholder analysis is to
determine how stakeholders are related to
SSN and what role they play.

The base of the stakeholder analysis of team
one is used. The stakeholder analysis
determines and describes their power,
interest, attitude, goal, problem perception
and whom they can collaborate with and who
they might be in conflict with. This is done
through literature research and interviews
with different actors in Nepal, which can be
found in Appendix LA It is done as
thoroughly as possible and up to date,
however, the stakeholder analysis is done
for SSN and therefore contains important
stakeholders with regard to the project and
its context. Furthermore, names of
government institutions are changing
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relatively often. The second aspect that has
to be considered is the vast number of
organisations that are active in Nepal. There
are approximately 6,000 NGOs recognised
by the Government. It is estimated that more
than 15,000 NGOs in Nepal are working in
various sectors. (Jones, Oven, Manyena &
Aryal, 2014) The latest figure available
suggests nearly 40,000 NGOs are registered
with the Social Welfare Council and 189
INGOs representing 25 countries (The
Himalayan Times, 2014), therefore an
important part of conducting the stakeholder
analysis was including organisations that are
currently related to the project, or could be
interesting in the future, but not those that
are not of importance to the project.

This extensive stakeholder analysis can be
found in Appendix Il.A. After the stakeholder
analysis, a power/interest matrix was drawn
up followed by a Murray Webster & Simon
graphic which shows the power/ interest/
attitude for each actor, which helps to define
their relationship with SSN in the future. To
show the relations between the actors, a
network analysis is made. This is
investigated through interviews, and shows
important exchange of knowledge, funding
and materials between stakeholders. The
network analysis is done to give an oversight
of current links between stakeholders in
Nepal and to help define important contacts
and paths to achieve goals and the role of
SSN in a complex situation.



13.1 Types of stakeholders

The type of stakeholders has been split up as follows:

Locals

In the tables below (Table 49, Table 50, Table 51, Table 52, Table 53, Table 54 and Table 55)
the stakeholders are determined, described and split up into types to get a clear overview of all

the stakeholders involved.

GOVERNMENT ACR
General Government of GoN
Nepal

Central Level Project CL-PIU

Implementation Unit

District Level Project DL-PIU

Implementation Unit

Village

Committees

Development VDC*

Department  of

Development & Building
Construction

National Reconstruction NRA
Authority

National Planning NPC*
Commission

Urban DUDBC*

Governmental organizations

Platform organisations

Inter-governmental organisations (IGO)

International non-governmental organisations (INGO)
Non-governmental organisations (NGO)
Research/knowledge organisations

DESCRIPTION

Government on national level, responsible for legislation CL-PIU.

Central level authority, responsible for legislation CL-PIU, organization where designs are

handed in for approval on national level

Is established under CL-PIU in the 14 most affected districts. Responsible for legislation
DL-PIU, organization where designs are handed in for approval on district level and

responsible for technical assistance

Responsible for municipality level

Organizing large scale projects to rebuild Nepal. Besides the earthquake situation also other

interests on urban developments and construction.

Organization that is set up after the earthquake in 2015, responsible for leading and
managing recovery and the reconstruction programme in a sustainable and planned
manner. NRA requires the functional autonomy and institutional capacity to implement

and coordinate the recovery programme expeditiously.

Apex advisory body of the government on vision, planning and policies. Assesses resource
needs, identifies sources of funding, and allocates budget for socio-economic development.

Has developed a long-term development

strategy for Nepal—Envisioning Nepal 2030—

Table 49: Stakeholder description: Government
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RESEARCH/KNOWLEDGE

INSTITUTES ACR DESCRIPTION

TU Delft TUD Educate; knowledge and research institute focused on engineering, based in The
Netherlands

Tribhuvan University Educate; knowledge/research institute focused on engineering, based in Nepal

Table 50: Stakeholder description: Research/knowledge institutes

INFORMATION

PLATFORMS ACR DESCRIPTION

Housing  Recovery  and HRRP HRRP is a platform for coordination, strategic planning and technical guidance to agencies
Reconstruction Platform - involved in recovery and reconstruction and to support the Government of Nepal in
Nepal coordinating the national reconstruction programme.

Social Welfare Council SWC All NGOs have to be registered under this organisation

Table 51: Stakeholder description: Information platforms

1GO ACR DESCRIPTION

International ~ Organization IOM Leading inter-governmental organisation in the field of migration
for Migration (UN Migration
Agency)

Table 52: Stakeholder description: IGO
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INGOs ACR

Architecture sans Frontieres ' ASF

UN-Habitat

UNICEF

Nepal Red Cross Society NRCS

Habitat for Humanity

Table 53: Stakeholder description: INGO

NGOs ACR
NGO Federation of Nepal

National Society for NSET*
Earthquake Technology

Nepal  Centre  Disaster NCDM

Management

Support4Nepal

Build Up Nepal

Table 54: Stakeholder description: NGOs

DESCRIPTION

Aiming to contribute to the sustainable development of disadvantaged communities in
Nepal by sharing technical and scientific expertise, thereby helping communities improve
the quality of their lives

UN-Habitat envisions well-planned, well-governed, and efficient cities and other
human settlements, with adequate housing, infrastructure, and universal access to
employment and basic services such as water, energy, and sanitation.

UNICEF in Nepal mainly focuses in the 15 lowest performing districts of Nepal but our
impact is nationwide especially with our advocacy work with the Government of Nepal
in developing legislations, plans, budgets, coordination and monitoring mechanisms that
enable the survival, development, protection and participation of children, adolescents

and women.

Nepal Red Cross Society shall remain an efficient, self-sustainable, and independent
humanitarian organization committed to provide immediate relief to human suffering and
reduce vulnerability, under the Fundamental Principles of the Red Cross, through its
network of Red Cross workers throughout the country working closely with communities
and governmental and non-governmental organizations in a democratic, transparent and

participatory way

Non-governmental organisation who provides locals with decent housing.

DESCRIPTION

Umbrella organization for NGOs in the aftermath of democratic political change and

establishment of multiparliamentary system.

Nepali non-governmental organisation working on reducing earthquake risk and

increasing earthquake preparedness in Nepal as well as other earthquake-prone countries.

Helps to effectively mitigate the impact of disasters in the country. The Centre is
registered in the Kathmandu District Administration Office, Government of Nepal.
NCDM is also registered under the Social Welfare Council, Nepal. Several projects
regarding disaster risk management concerning earthquakes, flooding, drought and

avalanches.

Works on improving living standards in Ratankot and collects funds from Belgium

Works as an implementation partner. Empowering local people using local materials,
providing machines and training for rural communities, teaching them to make CSEB and
rebuild their own village together with INGOs and NGOs.
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LOCALS ACR DESCRIPTION

Representatives Ratankot Karma Lama and Shyam Lama who have had a large role in the development of Ratankot.
Shyam regarding development of Ratankot and Karma regarding funding, knowledge and

partners.
Inhabitants Ratankot 700 people living in Ratankot where houses are destroyed
‘Workers Ratankot People who helped with building the pilot house in Ratankot, both from surrounding

villages and Ratankot itself.

Inhabitants surrounding 7 areas of Ratankot.

villages of Ratankot

Inhabitants villages in other To be informed

rural areas

Table 55: Stakeholder description: Locals
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13.2 Key stakeholders

Key stakeholders are determined below, as
some stakeholders, such as the
government, have more power than others in
general or more interest in SSN than others.
In addition, since team one did a brief
analysis, the organisational structure
changed. The shelter cluster became HRRP,
NSET only became active after the
earthquake and NRA was set up. The
structure and key stakeholders have been
determined through interviews (Appendix
II.B)

The governmental organisations have the
highest power of all stakeholders, as they
are responsible for the legislation and
funding of housing. The stakeholders of the
government concerning legislation fall under
the Government of Nepal. A clear overview
is presented below (Figure 73).

The  following  figure  shows the
organisational structure of the government of
Nepal and the organisations that fall under it.
It shows the two ministries that play a large
role in the reconstruction but that were in
place before the earthquake, the NRA that
was formed after the earthquake and the
departments and units that they are
responsible for.

Government of Nepal ‘

2

DUDBC Department of Urban
Development & Building Construction
Formulation, planning and implementation
of urban policies, housing plans and
policies and design construction, repair
and maintenance of the government A4

Responsible
for

Responsible
for

Existing Existing
Ministry Ministry lCreated
A
MOUD Ministry of MoFALD Ministry of | NRA National Reconstruction Authority
urban development federal affairs & Coordinating and implemting the post desaster
local development reconstruction program.

Created

Provide high level oversight and policy on

PMU Project Management Unit
project activities.

buildings {

Dedicated to Implemeting housing

PIU Project Implementation Unit
reconstruction activities.

CL-PIU
Central Level Project
Implementation Unit

DL-PIU
Distrcit Level Project
Implementation Unit

Figure 73: Governmental organisational structure (SSN5)
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HRRP aims to provide a platform for
coordination, strategic planning, and
technical guidance for agencies involved in

longer term housing recovery and
reconstruction, and to engage with the
Government of Nepal and other key

stakeholders to inform the wider housing
reconstruction programme. HRRP is funded
by Department for International
Development - UKAID (DFID - UKAID) and
Swiss Agency for Development and
Cooperation (SDC). Since then the
difference between the NRA and the HRRP
are that the HRRP acts as a translator of the
information given by the NRA into
information that is understandable to the
masses according to the CEO of Build Up
Nepal. (Appendix II.B)

After the earthquake, the Recovery and
reconstruction workgroup was formed which
transitioned to the HRRP on September
10th, 2016. On December 25th, 2016, the
National Reconstruction Authority was
established. (HRRP, 2017) The NRA has
been established for a five-year period with
a possible extension of one year, during
which  all identified recovery and
reconstruction activities are expected to be
completed. Therefore, the NRA requires the
functional autonomy and institutional
capacity to implement and coordinate the
recovery programme expeditiously. This
includes having efficient administrative and
financial approvals and accelerated
procurement and fund disbursement
procedures that conform to government
requirements.
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DUDBC is organizing large scale projects to
rebuild Nepal. Besides the earthquake
situation also other interests on urban
developments and construction. The
responsibility of DUDBC are formulation,
planning and implementation of urban
policies, housing plans and policies.
Furthermore, the design construction, repair
and maintenance of the governmental
buildings. The vision of DUDBC for the long-

term is a safe, economically and
environmentally friendly building
construction, affordable housing and
sustainable urban development.

(Department of Urban Development and
Building Construction, 2017)

The inter-governmental stakeholder that has
been analysed is International Organisation
for Migration (IOM). This organisation is
powerful, as it is the world's-leading UN
migration agency and works closely with the
government. (International Organization for
Migration, 2017)

There are around 170 NGOs and INGOs
active in Nepal at the moment and there are
23000 smaller foundations active in the
country. Post-earthquake the Housing
Recovery and Reconstruction Platform
(HRRP) has played a role in organising
these organisations to work together and to
assign areas to work in to the organisations.
It was established in 2016 to support
housing reconstruction and recovery in
earthquake-affected areas of 14 of the most
affected districts. It is co-led by IOM in
partnership with UN-Habitat. (HRRP, 2017)



13.3 Power Interest

The stakeholders have been placed in a
Power Interest grid in Figure 74 below based
on the analysis of the stakeholders as
described in the extensive table in Appendix
IILA. The table is based on interviews and
background research with the named
stakeholders and the stakeholders they
collaborate with. The level power of the
stakeholders shows whether they can affect
the issues future. This framework helps to
determine which players’ interests and
power bases must be considered in order to
address the problem orissue at hand. ‘It also

helps highlight coalitions to be encouraged
or discouraged, what behaviour should be
fostered and whose ‘buy in’ should be
sought or who should be ‘co-opted’’
(Bryson, 2004) The matrix is divided in four
parts which determine the different type of
actors; subjects, players, crowd and context
setters. This power / interest matrix forms
the basis for further analysis of the
stakeholders described in the following
paragraphs of this report and the
engagement plan in 17.2

Inhabitants rural Nepal SUBJECTS
Aepresentatves
Aatankot

UN

S4N
Habitat

Habitat for Humanity Red Cross
Bullg up

Nepa

HRAP -
ASF UNICEF

NSET

PLAYERS

NCDM DUDBC

NRA

1OM
NPC

CROWD
Workers
Ratankot

+

TU Delft

NGO Federation of Nepal

INTEREST

Tourlstsivisitors

CONTEXT
SETTERS

Tribhuvan

University
vbC

DL-PIU GoN

CL-PIU

Figure 74: Power Interest Matrix (SSN 5)
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Stakeholders categorised with P/I matrix:

Players: NCDM, NSET, IOM, NPC, DUDBC,
NRA

Governmental organisations concerning
rebuilding Nepal after the earthquake are the
players, because they have high power and
high interest. The players should be
managed closely and can be seen as key
players. This can be realised by
communication and transparency.

Context setters: Government of Nepal, CL-
PIU, DL-PIU, VDC, Tribhuvan University

The governmental organisations concerning
the legislation and approval of designs are
the context setters, as they have the
decision-power in what can and what cannot
be legally built, therefore they have to be
kept satisfied in order to receive government
grants. Their rules and regulations can be
restricting.  An exception is Tribhuvan
University, as they work closely with the
government due to their technical expertise
and engineering knowledge. The context
setters should be kept satisfied, as these
actors have high power and decide about the
legislation, except for Tribhuvan University.

Subjects:  Inhabitants  rural  Nepal,
Representatives of Ratankot,
Support4dNepal, Build Up Nepal, Habitat for
Humanity, ASF, UN Habitat, Red Cross,

UNICEF, HRRP

The NGOs, the coordination platform HRRP
and the inhabitants of rural areas are the
subjects; their interest is high because in the
end these are the actors that are highly
motivated in rebuilding Nepal, however they
are dependent on other stakeholders to
achieve their goal which gives them low
power. The subjects should be kept informed
and two-way communication needs to take
place. This can be realised by close
communication.

Crowd: NGO Federation of Nepal, TU Delft,
Workers Ratankot, Tourists/visitors
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The actors with low interest and low power
are the crowd, as they as ‘on the side line’.
Tourists, visitors, the NGO Federation of
Nepal. The workers of Ratankot belong to
this type as well, because they do not
necessarily have high interest in the project
itself, except when they are also inhabitants.
The TU Delft does not have high power in
this matter, nor high interest. The crowd
should be monitored and informed about the
project.



13.4 Power Interest Attitude

Elaborating on the Power Interest Matrix and
to get a clearer picture of the type of actors
and their possible behaviour towards SSN, a
third factor is added; attitude. With this factor
stakeholders can be determined as either
backers or blockers, as seen in the Murray &

POWER/INTEREST/ATTITUDE OF STAKEHOLDERS

Insignificant

Passive Backer

« NGO Federation of

Nepal at\
« Workers Ratankof
« Tourists/visitors
« TU Delft

Influential -
Passive Backer

« Tribhuvan University

Influential —
Passive Blocker

« Government of Nepal *
« CL-PIU

« DL-PIU
« VDC

Insignificant
Passive Blocker

Webster graphical presentation in Figure 75:
Murray-Webster &  Simon  graphical
presentation with stakeholders regarding
rebuilding Nepal in relation to SSN. Figure
75 (Murray-Webster & Simon, 2006).
Knowing whether the stakeholders are
backers of blockers, it becomes clear
through which network path the goal can or
cannot be reached.

Influential

Active Backer

« NCDM
« NSET
« IOM
« NPC
« NRA

Insignificant

Active Backer

S . SupportdNepal
« Build Up Nepal

« Habitat for Humanity

« ASF

« UN Habitat

« Red Cross

« UNICEF

« HRRP

« Representatives of Ratankot

« Inhabitants rural Nepal including Ratankot
and its surrounding villages

Influential
Active Blocker

\

-3ANLILLY +

Insignificant
Active Blocker

« Inhabitants rural Nepal
including Ratankot and its
surrounding villages

Figure 75: Murray-Webster & Simon graphical presentation with stakeholders regarding rebuilding Nepal in relation to SSN.

Type of actor according to Figure 75 above:

Backers

active  backer
(saviour): Governmental
organisations regarding disaster
management are all backers, as their
goal is to help Nepal after a disaster.

e Influential and
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e Influential and passive backer

(sleeping giant): Tribhuvan

e University is a backer, as they want
to share knowledge concerning
building earthquake resilient.



However, passive as they are
steered by GoN in this matter.
Insignificant and active backer
(friend): NGOs and HRRP are
backers, as their main goal is
providing the locals with sufficient
shelter as soon as possible.
However, they are dependent on the
government and have to follow their
rules.

Insignificant and passive backer
(acquaintance): Tourists, visitors, the
NGO Federation of Nepal are
backers. They have no reason to be
blockers as it is regarding a natural
disaster, however they have little
power.

Blockers

Influential and active  blocker
(saboteur): In the category players
there are no blockers, which is
positive because of the high power.

Influential and passive blocker (time
bomb): The governmental
organisations have to keep satisfied,
as they can block the process of
approving the designs of the houses
which affects grants.

Insignificant and active blocker
(irritant): The inhabitants of rural
areas could be blockers, as their
attitude is sceptical towards the
houses, as it has to be according
their cultural standards.

Insignificant and passive blocker (trip
wire): There are no blockers in this
matter.
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13.5 Network Analysis

In the network analysis, the relation of the
stakeholders to each other are analysed and
shown in Figure 76 below. It is a
representation of the important stakeholders
in earthquake resilient building and the
relationships.
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Figure 76: NETWORK ANALYSIS OF SSN: Organisational chart with the relation between SSN and stakeholders

The network analysis has been done
regarding Shock Safe Nepal and its
relations, therefore it is the centre of the
organisational chart. The system s
extremely complex, mainly because of
Nepal's governmental system. It becomes
clear in figure 5.4 that there are many steps
to take before for example the locals can
reach the government. The locals rely on the
(DNGOs, as the NGOs are directly
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connected to them and actually rebuild
houses and provide technical assistance.
NGOs are registered at SWC and are part
the NGO Federation. The NGOs can be split
up into Partner Organisations and
Implementation Partners. As an educational
institute, SSN is dependent on (I)NGOs
regarding implementation to connect with
the locals as well as the government. The
government has high power, as the



government sets up the requirements for the
designs and thus the grants. VDC s
responsible for approval on municipality
level, DL-PIU on district level and CL-PIU on
national level. Therefore, the (I)INGOs are
dependent on the government as well. In
§14, this will be further described in
combination with the external factors. For
technical knowledge, governmental
organisations DUDBC and NRA consults
research and knowledge institutes, such as
Tribhuvan University and ICIMOD. SSN has
connections with mainly TUD and Tribhuvan
University and is partnering up to exchange
knowledge and test designs, as only then we
can reach the government  with
improvements. Umbrella organisation HRRP
collects and provides information of and for
all stakeholders, including the steps that
need to be taken, the requirements
regarding the design and funding.

13.6 Conclusion

Nepal has a complex network of
stakeholders, which makes it difficult to
reach other stakeholders not directly
connected to each other, including SSN. In
specific governmental organisations,
because of the non-transparency and speed
of regulating, arranging, organising and
funding. The government consists of various
sub-organisations which focus on rebuilding
Nepal after the earthquake, such as
DUDBC, NRA and NPC. As part of the
ministries, CL-PIU and DL-PIU are
responsible for the legislation regarding the
designs, respectively on national level and
regional level. VDC is responsible for
legislation of designs only on village level.
Regardless, governmental organisations
have high blocking power that can stop the
whole process. Knowledge institutes such as
Tribhuvan University are asked by the
government to help with research regarding
earthquake resilient building. However, as
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they are a knowledge institutes, it is the
government that consults them. We have
worked together with Tribhuvan University
and, as we are still a research institution, we
should continue this collaboration to improve
the knowledge in earthquake resilient
building and to test designs. HRRP, the
umbrella organisation connects the NGOs
and locals with the government. They give
presentations and information on how to
approach certain matters such as legislation
and funds. However, they are only a
knowledge platform and do not perform
research nor do they act as an NGO.
Furthermore, there are almost 40,000 NGOs
active in Nepal. (Social Welfare Council
Nepal, 2017) As to be seen in the network
analysis in Figure 76 relations between the
stakeholders are extremely complex. The
locals are connected through NGOs and
HRRP to other stakeholders, therefore
NGOs are extremely important for the locals.
SSN has collaborated with Habitat for
Humanity, Build Up Nepal, Support4Nepal
and Architecture sans Frontieres. We are
looking forward to continuing this
collaboration in the future, as they have
added great value to SSN. However, as the
organisation is complex, SSN should focus
on being a research group, rather than
implement houses.



14 External
factors

Development and rebuilding of earthquake
resilient housing is more than construction. If
upscaling would be the only problem, then it
would be not that difficult. Unfortunately, this
is not the only problem. Questions arise
regarding problems such as poverty, and
education as these aspects also ask for
attention. In reconstructing Nepal many
aspects are involved, such as physical,
social and economic recovery. Community,
family activities, but also infrastructure,
livelihood, water and sanitation and mobility.
Settlement recovery activities require
integrated and coordinated planning with
several sectors and on different levels. How
can SSN, with all these challenges in mind,
develop a long-term plan to upscale
earthquake resilient building?

Occurrence of few damaging earthquakes
during the last decade in Nepal and adjacent
areas has pointed to our shortcoming in risk
reduction programs. A meaningful program
must incorporate, research, apposite
building codes, and also effective public
awareness plan. Several initiatives are now
being taken at research and management
levels in Nepal. In this contribution, both
technical (e.g. seismicity, seism tectonics,
nontectonic) and risk management practices
(e.g. legislation, national plan, awareness
programme) and their shortcomings are
discussed. (Chamlagain, 2009) In order to
create a long-term plan the external factors
have to be determined in relation to SSN, as
well as the opportunities and barriers,
focusing on implementing the design which
is applied in Ratankot, in other areas in
Nepal. Therefore, a STEEPLE analysis is
presented in this chapter. STEEPLE is a
framework regarding macro-environmental
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external factors, which gives a clear
overview of the Social, Technical, Economic,
Environmental, Political, Legal and Ethical
factors. Team one has set a foundation of
the context of this project. This report
elaborates further on the research of SSN 1,
Chapter 3.

14.1 Social factors

This project is of great social relevance and
people in rural Nepal have a different way of
living than Western countries. Therefore, this
aspect is essential to consider when
designing an earthquake resilient house.
This paragraph consists of elaboration on
the cross-cultural differences and the factors
regarding the STEEPLE analysis; income
distribution, demographic changes, labour
and social mobility and lifestyle changes.

There are several cross-cultural differences
between Nepal and The Netherlands, which
can be determined with the six dimensions
of Hofstede. (Hofstede, Hofstede & Minkov,
1997, p.53) According to team 1 (SSN 1,
2015, p.13) Nepal is a country with high
power distance, collectivism, masculinity,
indulgence, short-term orientation and low
uncertainty avoidance.

The high-power distance means that
hierarchy is accepted in Nepal. This explains
the great differences between the poor and
the rich. Regarding the project, the high
dependency is a factor to consider. People
‘lower’ in the ranking are dependent on
people ‘higher in the ranking, therefore
representatives of a village have to steer the
workers in rebuilding earthquake safe.

Collectivism is high in Nepal. The group is
greater than the individual. Young people
tend to leave the rural areas where they
grew up and move to cities or go abroad. By
earning money abroad, they support their



families. (IOM - UN Migration Agency, 2016)
Especially in the villages this aspect is
recognisable as people are seen as families
not so much as individuals.

The high masculinity is compared to The
Netherlands where competition,
achievement and success are important
factors, however Nepal is still a feminine
society. Regarding rebuilding, this s
recognisable due to the fact that women also
are part of rebuilding Nepal. However, the
percentage of women working is still lower
than men. After the earthquake both men
and women were living in the same area and
the same shelters and women got harassed
and assaulted. Therefore, safe shelter where
women are and feel safe is of great
importance. (IOM - UN Migration Agency,
2016) However, a gender gap still exists. For
example, household work is 38.7% female
against 4.6% males. (CBS, 2017) Creating
gender equality is difficult due to the
patriarchal mind set in Nepal.

A couple of days after the earthquake the
Nepali were concerned with an earthquake
resilient house. This amount dropped
quickly, even a week later. Compared to The
Netherlands people have a different mind-
set. According to the villagers of Ratankot
(Appendix Il.B) they are more relaxed and

live day-by-day. Therefore, the Ilow
uncertainty —avoidance and short-term
orientation.

This leads to the final dimension,

indulgence. Nepali value tradition, basic and
human desires and preservation. They are
not as materialistic as people in The
Netherlands, nor focused on status. Due to
this different perspective, people seem more
content even though they have less
regarding materialistic aspects. Architecture
Sans Frontieres explained in an interview
(Appendix I.B) regarding the preservation
aspect that locals in rural areas rather have
safe storage for their belongings than for
themselves as a result that for example the
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rice is stored inside the shelter and the
people themselves sleep outside of the
shelter.

A survey of the Central Bureau of Statistics
(2017) showed that 80% of the Nepalese are
employed, 2.7% is unemployed and 17.2%
are out of labour force. However, in the rural
areas 78.6% is working in the agriculture,
forestry and fishing industry. 57.9% is self-
employed in the agriculture industry, and
only 14.8% works in paid non-agriculture.
(Central Bureau of Statistics, 2017) The
employment rate is relatively high, due to
taking the non-paid jobs also into account. In
rural areas, the income distribution is
differing from the urban areas, as more than
half of the population is self-sufficient in the
rural areas. Furthermore, 25.2% of the
Nepali live under the poverty level and many
people are dependent on their families. The
minimum income level people in rural areas
need for living is 12.000 NRPS, which equals
100 euro per month (De Mey, 2016). For
comparison, building an earthquake resilient
house costs at least $3000 and thus is 30
times as much. (SSN4, 2017) Therefore,
grants for rebuilding houses are essential.

The population as well as the life expectancy
has been growing for over 60 years
(Worldbank, 2017). In 2015, the population
of Nepal consists of 47.4% male and 52.6%
female. 46% of the population is between the
age of 15 and 44 years old. (Central Bureau
of Statistics, 2017) Due to lack of
educational opportunities in Nepal, many
young people leave the country. 2.2 million
of the youth migrates to foreign countries.
This youth has a great positive impact on the
economy and contributes to 32.1%
remittance flow of Nepal. This remittance



results in financial relief for their families in
Nepal. However, due to this migration the
manpower of the young population
decreases and thus the tradition of filial
support decreases. After the earthquake,
young migrants actually returned to their
hometown to support their families and
country. (Regmi, 2016) Another noticeable
change is the increasing literacy rate. The
literacy rate of people in urban areas is
74.4%, whereas in the rural areas this rate is
58.6%. However, the literacy rate of older
people is significantly lower than young
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Figure 77: Literacy rate of male and female by age groups

Labour/social mobility

One week after the earthquake 100.000
people moved from Kathmandu back to the
rural areas, which shows that urban
populations are highly mobile, on labour
aspects as well as social aspects.
(Sanderson, Ramalingam, Baker, Duyne
Barenstein, Currion, Decourte and Young,
2015) In contrary, in rural mobility is low.
Labour mobility because 78.8% work in
agriculture, 57.9% self-employed (Central
Bureau of Statistics, 2016), and this is
location-bound. This results in not being able
to easily move to other places, as the
agriculture is their income. Social mobility is
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people (Figure 77). The gender difference of
76.2% men and 53.3% is noticeable as well.
33.7% of people in rural areas never
attended school which explains not being
literate. From this figure can be concluded
that education used to be a privilege and that
it now has been increased. Being educated,
gives the youth the opportunity to migrate.
Regarding the project, transfer of knowledge
could be a problem when educating the
locals in rural areas on how to rebuild their
houses, as 41.4% of the people lacks
literacy skills.
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also low due to the fact that less people in
rural areas are non-educated compared to
urban. In rural areas 31.7% of the people
have never attended school and 20.3% in
rural areas. Also, this percentage is twice as
much for males (18.5%) compared to
females (36.7%) (Central Bureau of
Statistics, 2016). This makes moving more
difficult than for example the young educated
that migrates abroad. Regarding the project
the local workforce is scarce. Mainly
because of the lacking knowledge on how to
build earthquake resilient. Therefore,
technical assistance is important so people
can be trained and be assisted along the
rebuilding process. This will generate jobs



and thus financial relief as well as well-built
houses.

Lifestyle changes

Most of the children are educated nowadays.
This will result in a society where the young
will be educated and thus literate. Young
people then tend to move abroad as foreign
countries give them more opportunities
regarding education, work and way of life. As
said before, this will have negative influence
on the tradition of agriculture in the
hometowns of the youth. However, this also
can have a positive influence. Looking at the
representative of Ratankot, Shyam Lama, it
has helped Ratankot in an extremely positive
way, as he coordinated the reconstruction of
a new school as well as the pilot building. His
brother Karma Lama lives in Kathmandu
with his family, but has ‘one foot’ in Ratankot
which is valuable, meaning that he is doing
many things to create opportunities for the
villagers.

Findings from field research

Earlier research has shown that bamboo
was not according cultural and religious
standards. However, SSN 4 chose to build
the roof of the pilot house with bamboo
regardless, for several reasons such as low
costs and bamboo being a strong and light
material. The inhabitants of Ratankot were
reluctant at first. To get to the core, an
interview found place with the locals of
Ratankot about their thoughts on the pilot
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building and possible other housing, as well
as the representatives of Ratankot, Karma
Lama and Shyam Lama. These interviews
can be found in Appendix II.B Seeing that the
house ‘works’ as it is being build, their
opinion changed and they have accepted
that the pilot house has a bamboo roof. From
these interviews, we can conclude that the
pilot building is according cultural and
religious standards. They even said that they
are interested in a house build completely
out of bamboo. We have to consider that this
does not automatically means that people in
other rural areas also will accept.
Furthermore, the inhabitants did not seem
eager on building such a house for
themselves. The people possess very little
and therefore do not look far in the future.
Their aim is to have a roof above their heads,
and not necessarily an aesthetically pleasing
earthquake resilient house. The model must
be based on the needs of the community and
the local people. If they do not have any
benefit of the house, it will serve no purpose.

14.2 Technical factors

Structural design pilot house

In order to be able to implement the design
in other rural areas in Nepal, the
constructional features of the design of the
house has to meet the requirements of the
Nepalese legislation. An extensive analysis
of the legal factors can be found in
paragraph 14.6



Technical Assistance

Technical assistance in especially remote
areas in Nepal is crucial in rebuilding an
earthquake resistant/resilient Nepal.
However, it has been a problem getting this
technical assistance to the areas that need
it. When an NGO accepts to provide
technical assistance to an area this means
that they take full responsibility over this
area, they have to give monthly updates to
the NRA and HRRP. These updates include
housing support, writing reports completed
with spending per quarter. (Groff, 2017)

The NRA has formatted the following six
types of technical assistance that can be
given:

1. Community/household orientation with
more than one session.

2. Continuous door to door technical
assistance

3. Short training for masons

4. VVocation/on the job training for masons
5. Helpdesk/Technical Support Centre

6. Demonstration construction

(HRRP, 2017)

Types of technical Assistance

By the NRA short trainings have been
organised in different districts. This can be
seen in the map on the right, as can be seen
in Figure 78. There are still areas where the
target number of training have not been
reached. (Notice that the map goes until
643% of the target). Another aspect that is
important to realise is that these are short
trainings, this means that there is not
necessarily a follow-up as is the case when
certain organisations work on training.
According to an interview with HRRP

currently 44 out of 119 VDCs have technical
assistance, which is incredibly low nearly
two years after the earthquake

NEPAL: Technical Assistance: Short Training Coverage (as of 25 Jan 2017)
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Figure 78: Technical Assistance short trainings per area (HRRP, 2017)
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NEPAL: Areas with No Technical Assistance with Damage Overlay (as of 25 Jan 2017)
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Figure 79: Areas with no technical assistance with damage overlay. (HRRP, 2017)

As can be seen in Figure 79 there is still a
large gap in technical assistance being given
in certain areas. Although, there are a lot of
organisations in the field giving assistance
but there are many people living in rural
areas that do not have the possibility to get
to the information that they need through the
methods that the government has proposed.
This also creates cases where people build,
but not according to the approved guidelines
of the government, which makes it almost
impossible to get the grants for housing. This
is because the government wants full control
of the used designs and methods and
therefore aims on rebuilding that is
according to the NBC and Building Code to
ensure safe buildings. By giving grants when
rebuilding is done according to the building
code, the government wants to insure the
safety.

171

Technical Assistance in Practice

An example of how technical assistance is
brought into practice is that Habitat for
humanity has set up 3 Housing Support
Service Centres (HSSC, 2017). These are
located in the 3 VDCs that they are active in.
The HSSC serves as a hub that people can
go to for advice on house designs,
information about government building
codes and NRA’s guidelines to families
seeking grant for building new homes.



14.3 Economical

According to the Human Development Index
in 2014 Nepal ranked the 145th nation
(UNDP, 2015). It is one of the 48 Least
Developed Countries as stated by the United
Nations regarding the fact that they belong
to countries that have the weakest gross
domestic product (GDP), the lowest ratings
in health and literacy indicators, and the
lowest capability to cope with natural
disasters or economic disruptions. (United
Nations, 2015)

The main countries that Nepal imports from
are China and India, China 15% and 61%
respectively. The main countries that Nepal
exports to are India with 62% and the United
States 8% (Simoes, n.d.). This is one of the
reasons that the stopping of trade with India
in 2015 had such a large impact on the
country. (Andrew, 2016)

Because of the fact that Nepalese can earn
more in other countries, there are a lot of
young people that work abroad and send
money back to Nepal. Young men also often
do manual labour in surrounding countries.

The 2015 Earthquake did a lot of economic
damage. According to the National Planning
commission, the total damage and loss from
the earthquake was around US$7 billion, this
is one third of the 2013/2014 GDP (US$19

billion). The international community
pledged an amount of US$4.4 billion
financial support for  reconstruction.

However, another US$2.2 billion was given
as a loan, increasing the national debt. The
economy of Nepal relies heavily on
international assistance. The amount of
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loans has increased, the amount aid in the
form of grants has decreased. (Regmi, 2016)

Agriculture provides income for more than
70% of the Nepali population and just over
one third of the GDP (Central Intelligence
Agency, 2016). About 2.2 million Nepalese
youths working in foreign countries as
migrant workers constitute a major source of
national economy. As of 2016, the
remittance inflow of Nepal is 32.10% of the
total GDP (MOF Nepal, 2016). Because of
the large amount of migration, elderly people
do not get the traditional support in their
villages from children that would have been
the case previously, many lands are left
because of the lack of the younger
workforce. (Regmi, 2016)

Except for the national economy, the
economy of villages on a smaller scale is
important too. The rural areas that SSN
focuses on do not play a large role in the
national economy in terms of ftrade.
However, people do want to invest in their
houses and often find ways to do so. (HRRP,
2017) In the village of Ratankot there is no
balance between money coming into and
leaving the village. It is important to make
sure that money for reconstruction goes to
local people, who you also want to support
through the building of the house. This
means employing local masons, and
educating them so that they can bring more
money into villages. For people in Rural
areas the $3000 grant is a substantial
amount. For people who do not have family
abroad or working in large cities sending
them money it is essential to receive the
grant to be able to rebuild their houses. It is
also important to realise that it can have a lot
of impact to use local materials and put as



much of the $3000 grant back into the
community or area. This can be done by
investing in existing small companies or
setting companies up around the materials
that are used, for example the interlocking
CSEB brick company and the bamboo farms
and treatment facility that are being worked
on in Ratankot. This way material costs
decrease and jobs are generated. It is also
possible to find locals which have a lot of
land or money to sponsor the reconstruction
of their village. The costs of the design must
be seriously taken under consideration,
compared to other buildings in the building
code. For locals to be able to afford and built
the house they must receive the financial
aid. The costs of the house must be of the
same amount as the financial grants.

14.4 Environmental

The environment has a large impact on the
other aspects in Nepal. Nepal is vulnerable
to various types of natural disasters like
mass movements landslides, floods, Glacier
Lake Outburst Floods (GLOFs), climate,

NEPAL: EARTHQUAKE CASUALITIES
As of 13 May 2015

topography, fragile geological structures and
intense rainfall, (Chamlagain, 2009) and of

course earthquakes. This is because the
country is located on the ridge between two
active tectonic plates: the Eurasian and
Indian Plates. One of the reasons behind
Nepal’s poverty and economic
backwardness when looking at the history of
occurrences earthquakes, is its location.
Nepal was hit by massive earthquakes not
only in 2018 (7.8 magnitude), but also in
1934 (8.4 magnitude), 1980 (6.5 magnitude),
1988 (6.9 magnitude), and 2011 (6.9
magnitude). (NPC Nepal, 2015) (Regmi,
2016) This geographical fact makes the
development of the economy challenging.
Other environmental problems that Nepal
faces are deforestation because wood is
overused for fuel and there is a lack of
alternatives, contamination of water, with
waste from human and animal, agricultural
runoff, and industrial waste, wildlife
conservation and emissions from vehicles.
(Central Intelligence Agency, 2016)
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Figure 80: Earthquake casualties. (UN Nepal Information Platform, 2015)

As can be seen in Figure 80 the earthquake of 2015 had most casualties including death and
injuries in Sindhupalchowk, Nuwakot, Dhading, Gorkha, Rasuwa.
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In Nepal, there is a high rate of dependence
on subsistence farming, low level of
development, a high poverty rate, its
geographic location in a mountain basin and
the fact that agriculture, hydropower and
tourism are all important for its economy.
Nepal is one of the countries that is most
vulnerable to climate change amongst
developing countries (Maplecroft, 2011). Its
geographical location leads to climate risks
like GLOFs. Nepal is also vulnerable to the
general impacts of climate change, such as
rising temperatures, erratic rainfall patterns
and incidents of drought. Within Nepal the
middle hills region is stated as one of the
most vulnerable. This is because of a
complex mix of social, ecological, political
and economic factors and the fact that there
are high variations in the landscape. As a
result of the caste system there are multiple
different socio-economic and ethnic groups
which make the vulnerability depending on
climate change differ throughout this area.
(Sapkota, Keenan, Paschen & Ojha, 2016)

Nepal is very mountainous country which is
one of the reasons why development can be
difficult. Villages are often far away from
cities and transportation to cities costs a lot
of time and often money. It is important to
realise where materials come from in the
design of buildings. Transport of materials
from larger villages means that the final
house costs more and has a larger impact on
the environment. Regarding the design of
SSN, the used material CSEB is made in the
Ratankot itself, which means there is little
transportation costs compared to bricks that
are not made not on site. This aspect can be
seen as environmental friendly, as well as
the bamboo used for the roof. The
geographical situation has influence in
where to and where not to build for SSN
when upscaling the project in the future.
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14.5 Political

Unstable political situation

Politics is central to the rebuilding process
and all earthquake relief in Nepal. It is an
important aspect to consider and the role of
the  government  should not be
underestimated. (Andrew, 2016) The
instability of the Nepal politics became
obvious after the earthquake on April 25,
2015. The government failed to respond to
the earthquake in a timely manner.
(Billingsley, 2016) In the aftermath of the
earthquake, it has been said that instead of
focusing on the humanitarian needs of the
people of Nepal, the political leaders put
more effort into fast-tracking a new
constitution. One of the passages of the
constitution led to a blockade of the border
with India, which seriously compromised
transportation and the availability of critical
goods during this time, such as medicine
and food. (Andrew, 2016)

Nepal has a complex and unstable political
system. Until May 28, 2008, Nepal was a
constitutional monarchy. On that date, the
constitution was altered by the Constituent
Assembly to make the country a republic.
Legislative power is invested in the
government and the president. Executive
power is exercised by the Prime Minister and
his cabinet, while legislative power is vested
in the Constituent Assembly. Nepal is
currently rated as 131 out of 176 on the
corruption list (Trading Economics, 2017). In
2016 after Nepal’s Prime Minister KP Oli has
stepped down as a key coalition partner, the
Communist Party of Nepal (Maoist-Centre)
led by Prachanda, withdrew support for the
government. A new government has been
formed, which is to be the ninth in the last
eight years. The government led by Oli of the
Communist Party of Nepal (Unified Marxist—
Leninist), that was formed soon after



formally making known of Nepal's new
constitution, has served for nine months.
The fact that changes in government in
Nepal are frequent have gravely hampered
the nation's development and economic
growth. Indeed, even after the new

constitution's declaration, there is no
indication of political steadiness in Nepal.
Politics is still dominated by government
toppling and forming. (Bhatterai, 2016)
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DUDBC Department of Urban v
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Figure 81: The organisation of the government and regarding post-earthquake reconstruction (SSN5)

Figure 81 describes the structure of
government organisations regarding
rebuilding of Nepal. The government organs
that concern rebuilding are the National
Reconstruction  Authority (NRA), and
organisations on central, district and
municipal level. These are the DUDBC, DL-
PIU, CL-PIU and VDC. Both the Ministry of
Urban Development (MOUD) and the
Ministry of Federal Affairs & Local
Development (MoFALD) are responsible for
the CL-PIU and DL-PIU, which are project
implementation units on central and district
level. The NRA was created to dispense the
$4.1 billion dollars that was donated by
international donors. Forming of the NRA
took eight months after the earthquake,
partly because of bickering within the
government about who would become the
director of the authority that holds power
over a large amount of money this. (Andrew,
2016) The NRA was established to exist for
a five-year period with possible extension of
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one year. It is expected that this is the

needed time for the recovery and
reconstruction to be finished. (Andrew,
2016)

The government of Nepal has large amount
of power in decisions regarding rebuilding of
Nepal. Although the government grant
structure would be effective in rebuilding the
country, it has been criticised for being too
late in this matter. The initial thought of the
building grant would have been good if it had
been done a year ago. Then people could
have got started. The idea behind giving the
$3000 grant in three steps could have been
successful, however, it is not seen as this by
(DNGOs at the moment. "The concept is
right just the implementation is not. There is
a failure of government principles,” (Build Up
Nepal, 2017). After the earthquake, the NRA



also controlled operations of NGOs in
rebuilding, this was done with the expressed
objective of having an organised and
libertarian implementation of help. However,
it meant that NGOs had to get approval to
start rebuilding individual homes, approval
that was only given in April 2016. This is
several months after organisations could
have kick-started the rebuilding process. To
be able to start, NGOs and inhabitants of
rural areas began by rebuilding schools and
community centres that are not individual
homes as regulations did not apply to these
types of buildings. (Andrew, 2016) Besides
the schools and community centres,
organisations such as Build Up Nepal also
started building model homes that can be
used to show approved building architecture,
sustainable design and earthquake resistant
building techniques until rebuilding homes
becomes legally possible. (Andrew, 2016)

Aspects that are related to building in which
it is difficult to work with the politics are;
getting feedback on designs, the attitude
from government workers, not being able to
work directly in Nepal as an international
organisation and the slow process in general
and regarding grant approval. For NGOs,
getting feedback on designs for buildings
that the they are planning to build, it takes at
least a month for the government
organisations to get back to them. It took a
year and two months after the earthquake
before NGOs were legally allowed to start
rebuilding. (Appendix II.B)

It can be said that in the case of rebuilding
Nepal the modernist top-down model of
development — that is taken for granted by
both government and donors alike— has
according to Regmi (2016) ‘"created
roadblocks towards understanding Nepal's
contextual realities". The top-down model
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refers to "development from above" instead
of "development from below" (Butcher,
2006) in which development support is given
or organised by the government or large
organisations instead of going straight to
local people. It is therefore said that it is not
possible to have sustainable reconstruction
and development without strengthening the
capability of local communities.(Regmi,
2016). It is important to realise and work with
these possibilities instead of working solely
through the government.

On the other side of this problem is the fact
that the government is responsible for
keeping or creating high technical quality of
the building being done in Nepal which is a
challenging issue. Therefore, the Nepalese
Building Code has to be complied with by
company’s eager to build. There are many
different NGOs and although from the
government there is a high focus on the
need for technical assistance, some NGOs
find that rebuilding is taking extremely long.
They are working on implementation of
rebuilding, not only giving technical
assistance required by the government. This
means however that there is less funding
available for the technical assistance
(HRRP, 2017). This is something that SSN
teams need to be aware of, although there
are regulations from the government that
seem to slow down the process of rebuilding
in Nepal, it is a country where technical
validation is essential but not as easy to
regulate as it might be in the Netherlands.



14.6 Legal

As explained in the previous chapter,
politically speaking earthquake relief has not
been handled as effectively as would be
wished. Political ownership of the agenda is
essential in order for disaster management
to be handled by ministries. So far, a lack of
political ownership has also translated into a
legal framework and its enforcement on
important aspects such as building
regulations and codes being insufficient.
Another reason why it was difficult to enforce
existing legislation has been stated as

Legislative

Documents Organisation

Other
Organisation

inadequate government capacity in terms of
manpower and resources. (Lee, 2016)

There is a need for strong policy direction
and leadership, as well as a supportive
legislative framework that is implemented
and enforced. (Lee, 2016)

Approving building designs on different
levels

Figure 82 below shows the legislative steps
that need to be taken in order for approval of
building designs.
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Figure 82: Approval of building designs at different levels (own diagram)

To get designs accepted there are different
levels at which they can be approved. New
designs need to be approved either by the
VDC on municipality level, DL-PIU on district
level or CL-PIU on national level. The latter
takes a long time, as the aim is to get the
design approved in the Nepalese Building
Code. For example, a committee of
professors is now trying to get bamboo and
CSEB in the catalogue, however bamboo as
a structure will probably never be approved
because there are too many different types
of bamboo. It is expected that CSEB will be
in the next Design Catalogue as a load
bearing structure but regarding bamboo this
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will only be accepted for floors and roofs.
(Appendix I1.B)

The DL-PIU has structural engineers, but no
authority. This means that they are not able
to check the technical aspects of the design
regarding calculations. However, they can
send the application through to CL-PIU. If
the designs will not be approved by both DL-
PIU and CL-PIU, appliance at the VDC is
possible per village. However, a VDC does
not have experts nor engineers.
Furthermore, the design will generally be
approved for one household per application.
There is a possibility, a so-called ‘blank



design’, that this certain design will get
approved for the whole village

Getting complete approval for a design per
house is not efficient for the design of the
pilot SSN house in the long term; rather hand
in a design that can be used throughout
Ratankot, Sindhupalchowk or Nepal. For
this, there are two possibilities. Either hand
in a design with materials which are already
in the NBC or hand in a full design for the
catalogue with validated calculations to CL-
PIU. However, to get approval for this is very
hard. Another possibility would be to get a
design approved at VDC per household.
However, this then has to be done for every
single household. Another possibility is to
get a ‘blank’ application so the design will be
valid for the whole village or give the
implementation aspect out of hands to
another (implementing) NGO.

Apart from the difference in Village, District
and Country impact when looking at the legal
aspects of building in Nepal, with rebuilding
the country is also organised in the different

districts. In this chapter, the organisation of
the rebuilding is analysed according to the
areas and districts in which organisations
work. The NRA is in charge of disseminating
the grants that are available for rebuilding
Nepal from the international donations of
$4.4 billion and $2.2 billion in loan. In the
Earthquake 31 out of the 75 districts were
affected. The main focus of the NRA, HRRP
and NGOs are the 14 districts that have
been hit hardest by the earthquake. (Central
Department of Population Studies, 2015)

The government of Nepal has stated that it
is mandatory for an NGO to work with a local
NGO or partner who are called
implementation partners. Figure 83 below
shows the organisation of the current
earthquake recovery. It is first split into the
14 districts hit by the Earthquake, which are
subdivided into partner organisations acting
in the districts. The dendogram then shows
how partner organisations are organised in
partnerships  with implementing
organisations. The dendogram has been
altered to be able to see the district in which
the SSN pilot building was built-

Sindhupalchok.

Figure 83: Stakeholders involved in rebuilding Nepal on different levels (HRRP, 2016). Extensive diagram can be found in

Appendix IL.A
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The map below in Figure 84 shows the
presence of implementing partners of the
HRRP in 10 of 14 of the most affected
districts post-earthquake 2015. They have
been assigned to a certain district (or area)
by the NRA. However, this does not always
mean that they are responsible for the
entire district. The pilot village of Ratankot
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is located in Sindhupalchok (IOM is the
district coordination team but there is no
contact between the village of Ratankot and
IOM). Habitat for Humanity is active in
rebuilding and giving technical assistance
In Kavrepalchok south of it and this is
where their village of Pipaltar is located that
was visited by team 5 and team 6.
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NGOs are responsible for technical assistance and certain NGOs can also give out funds as
grants for people to build up their homes with. The first grant is for $500, the second for $1500

and the third is for $1000. (Appendix I1.B)
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As can be seen on the map below in Figure 85 that are different regional NRA offices. There is
an NRA sub-regional office in Sindhupalchok. There is also a special contact office. Sub-regional
presence of the NRA is to coordinate recovery and reconstruction related activities in the 14 most

affected districts.
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Figure 85: NRA sub-regional offices (HRRP, 2017)

14.7 Ethics

Ethics and tradition

Norms and values between the Western
world and Nepal differ, as there are cross-
cultural differences as stated in paragraph
14.1. In the country itself the norms and
values differ. Nepal is split up in the northern
band, the middle band and the southern
band. The elevations also differ between
these bands. The North is connected to
China and mainly Buddhist and the South is
connected to India and more Hindu. (HRRP,
2017) Therefore, it is of great importance for
organisations to take those norms and
values into account when designing a house.
The house has to be to their wishes, as their
norms, values and tradition has to be
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respected for the locals to build the house
and live in it. For example, the building
tradition in the north is for example dry stone.
When designing a house for the north, that
tradition needs to be respected.

NGOs are the main actors that are in charge
of the disaster management regarding
building houses. They are the actors that
have to cope with the ethical questions that
arise. Codes of Conduct are guidelines for
organisations in order to regulate
responsibility. These codes of conduct
expresses norms and values and consists of
obligations, norms and duties. (Van de Poel
& Royakkers, 2011)



as beginning of economic boost

involvement of elderly and women

14.7.2 Ethics and SSN

We as Shock Safe Nepal also have to take
the ethical aspects that arise with
researching earthquake resilient building
into account. The question that comes up is
whether the focus should be on the high
quality of the house, or building as many
houses as possible because the Nepalese
still do not have sufficient shelter. Being a
research group the focus lays on high quality
of the house. However, the houses should
be rebuilt within a certain amount of time
after the earthquake. Where is the border
and where should you drawn the line? What
is ethical responsible -to optimise the house
more or get approval for the design so that
inhabitants of Nepal can use our design for
rebuilding?

BARRIERS &OPPORTUNITIES

Indirect opportunities

Many volunteer programmes to
kickstart rebuilding

Disaster should be seen

Optimal use of workforce,

Approach compliant with
tradition, norms and values.

Young adults returning from
abroad after the earthquake

The amount of technical

Another ethical question is; How should SSN
deal with the cross-cultural differences and
the demands in an ethical manner? Knowing
SSN a Western background and norms and
values are completely different than in
Nepal. In order to do this correctly, full
understanding of the social and ethical
aspects of rebuilding, being transparent and
communicating with the locals themselves
about their needs and wishes is essential in
this matter. Only then we can create a
successful product.

14.8 Barriers & Opportunities

The diagram below (Figure 86) shows the
direct and indirect barriers and opportunities
for building in Nepal. This diagram is based
on

assistance regarding rebuilding
currently given is insufficient

Figure 86: Barriers & Opportunities from external factor analysis
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14.9 Conclusion

The external factors create extreme
boundaries for SSN. Nepal and The
Netherlands have many cross-cultural
differences which have to be considered
when building earthquake resilient houses.
Most important, the building traditions are
different compared to The Netherlands. The
Dutch building method cannot be applied
without any consequences. In addition, as
Nepal is located in between China and India,
even in the small country itself the building
traditions differ from the north to the south
towards the traditions of the countries
located next to it. The social and ethical
aspects have to be respected, otherwise the
houses will not even be build and lived in -
Nepal has complicated social structures.
When the inhabitants agree on the social
aspects of building, they have to be assisted
technically. The focus has to be on the
knowledge transfer and also check-ups.
When knowledge is transferred by NGOs,
the locals can transfer the knowledge
further, taken the lack of education and
literacy in account. It also has to be taken in
account that there is a lack of manpower in
the building process, on both technical
assistance and the building itself. Building
earthquake resistant housing by locals can
be beneficial for the local economy.
However, the government grants are
essential for rebuilding. In order to receive
the grants, designs have to be approved by
the government. This will be the case if the
designs are in the Design Catalog or if the
design is following the NBC. This process is
complex, time-consuming and costs a lot of
energy. It has to be said that Nepal is one of
the most fragile countries concerning
environmental aspects. Last, regarding
transport and infrastructure, it is important to
remember that due to Nepal’s geographic
location makes Nepal a difficult country to
build in.
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15 Implementation
Methods

From  Funding to  Building:  How
implementations of building works.
There are different actors involved in

rebuilding and they have different strategies.
There are NGOs that work from Nepal and
are seen as implementing partners, they are

legally Nepalese which means that they are
allowed to build. If an NGO is an INGO and
not legally Nepalese, they need to work
through one of the Nepalese organisations.
This is so that more of the money that is
donated goes to people in Nepal. In the
following chapter case studies for different
implementation methods will be analysed.
After this it will be explored what the role of
SSN will be between different stakeholders
and how the design of the house can be
disseminated through existing or new
channels.
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W Nepalese NGO @ International NGO

Legend ® Nepal government agencies @ Foreign Government B UN agencies W Military

[ Private companies and other

Fig. 1. Inter-organizational Network during the Emergency Response to the 2015 Nepal Earthquake.

Figure 87: Analysing the National Disaster Response Framework and Interorganizational Network of the 2015 Nepal/Gorkha

Earthquake 9. (Bisri & Beniya, 2016)

In the implementation methods, the key
aspects that will be looked at are if they are
either a partner organisation (of the
governmental  organisations) or an
implementation partner, community
involvement, the number of houses they
have (helped) build, who they are funded by
and in which areas they are active.
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Interviews with the organisations can be
found in Appendix II.B

The reason that this analysis of current
implementation is conducted is that it will be
used to further analyse the possibilities of
SSN and can aid in creating a strategy for
SSN.



The implementation methods that have been
analysed are of the following organisations:

e Habitat for Humanity (INGO, partner
organisation)

o Architecture sans Frontieres (INGO,
technological knowledge based
Implementation partner)

e Build Up Nepal (NGO, innovative
implementation partner)

e University of Tribhuvan (knowledge
institute/university)

¢ HRRP (national information platform)

After the implementation methods, a SWOT
analysis is developed per organisation to
separate the strengths, the weaknesses, the
opportunities and the threats, which gives a
clear overview by which the organisations
can be compared. This is done to gain
insights into the current implementation
strategies. This analysis forms the base for
a feasible, sustainable implementation
strategy for SSN in the long-term.
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15.2 Habitat for humanity

INGO, Partner Organisation

Habitat for Humanity's approach consists of
activities that fall under the 4-pillars that
define Habitat’'s programme. These form an
approach to long-term recovery of
earthquake-affected households and help
rebuild communities that are vulnerable to
be disaster resilient. The four pillars are;
social mobilisation, technical assistance,
tiered assistance and market development.

PAN
ii T

SOCIAL MOBILIZATION TECHNICAL ASSISTANCE
« Project Briefing « TOT for Mason
« Beneficiary Enroliment  Training for Engineers

* Participatory
Methodology (PASSA)

* Mason Training for
Skilled Mason

* Housing Recovery and * Mason Training for
Reconstruction Mapping unskiled Mason
(GIS)

* Housing Support Service
Centre (HSSC)

* Tachnical Supervision

Figure 88 shows the four-pillar approach.
Social mobilisation consists of the way in
which they work together with the
community. Technical assistance is given
through trainings and in the HSSC, where
‘TOT for mason’ stands for Training of
Trainers for Mason. Tiered assistance’
regards funding of housing, this is given
through grants and GIK. The latter stands for
Gift in Kind which are charitable donations,
products or services that assist in the home-
building process, such as lumber, drywall,
windows, but also hardhats or work boots.
Lastly, they work on market development,
which creates economic sustainability is
created. (Habitat for Humanity, 2017)
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o Grant Disbursement

o Housing Market Supply
Chain

* GIK Support (As building

Matenal)

® Skilled Labor Support for
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o GIK Support (For Repair
and refrofit)
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* Construction Related
Enterprise Development

o Construction Equipment
Library

Figure 88: The four-pillar approach used by Habitat for Humanity. (Habitat for Humanity, 2017)

They have also supported the government’s
enrolment process by providing staff and
other resources that were needed in the
enlisting of households that are eligible for
the grants from the government. Habitat
Nepal makes use of Housing Support
Service Centres (HSSCs). There is one in
each of the three VDCs where we are
working. The Centres serve as a hub that
people can come to get technical advice on
house designs, information about the
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building codes and NRA’s guidelines to
families to want to receive grants for building
new homes. Habitat for Humanity is a
partner organisation and works with other
organisations to do the implementation, such
as Architecture sans Frontieres (ASF) and
Partnership for Sustainable Development
(PSD). They are funded through Habitat for
Humanity in other countries.



Habitat for Humanity is an NGO that
currently works in over 60 countries (Habitat
for Humanity, 2016). In Nepal they are
active in 3 areas in two districts, these are
wards 1 to 5 of Panchkhal VDC,
Kavreplanachowk district, wards 1 to 9 of
Salme VDC, Nuwakot district, wards 6 and 8
of Tupche VDC, Nuwakot district. In
Kavrepalchowk they are supporting the
rebuilding of 87 permanent homes in the
village Pipaltar in Kavrepalanchowk district
in which all houses, except for two, were
destroyed. These houses were completed in
March 2017. In areas Habitat for Humanity
was responsible for rebuilding.

The approach that Habitat for Humanity uses
in working with communities is the
Participatory Approach for Safe Shelter
Awareness (PASSA). Community groups
called PASSA groups are formed in all
Habitat Nepal project areas and are central
to their holistic approach to preparing
communities to work effectively together,
manage reconstruction in their community
successfully and to be prepared for future
disasters. PASSA is an approach that was
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developed by the International Federation of
Red Cross and Red Crescent Societies. It
uses a step by step methodology with three
complementary processes. The first step is
supporting community-led and socially
inclusive development activities. The second
step is enabling communities to identify their
own realistic strategies to work on the
different problems they face. This includes
environmental and spatial planning; how
effective local building techniques are and
local building culture. The third step is
creating partnerships between communities,
local authorities and supporting
organisations (IFRC, 2011).

Participatory activities through which
participants of PASSA group do the
following progressively:

e Develop their awareness of shelter
safety issues in their community

e |dentify hazards and vulnerabilities
that create risk related to shelter

e Recognise and analyse causes of
shelter vulnerability, identify and
prioritise  potential strategies to
improve shelter safety

e Plan to put those shelter safety
strategies into place, based on local
capacities

e Monitor and evaluate progress.



Positive Factors

Negative Factors

| | Strengths: Weaknesses:
n
¢ | - Have been active in Nepal since before the Earthquake and have | - Outsource part of the structural calculations
e | @lot of experience in the country e . . .
- Government can be difficult to work with and is not enabling
I | - Have a large team for INGOs, time is wasted and therefore money.
n
a | - Have a technical team - Have institutional donors with which everything gets more
/ . . :
- The technical team is mostly out in the field and in close contact complex as they have their own regulations regarding what can
with the people who need the technical assistance and cannot be funded and
- Are funded from Habitat for Humanity in other countries - Sponsors want more restrictions and guidelines. Becomes
| . h h microfi L | complicates. Don't want to give shelter response but want to
- ncentives _qnd support to through microfinance organisation to low have defined how many people, houses have been built.
income families-was a new concept
- See shelters as a pathway to permanence and out of poverty
E | Opportunities: Threats:
X
¢l Use of international and national volunteers to kick-start projects | - Government restrictions and lack of political will
e | innew villages . . . .
- Funding stopping as building does not go as communicated
| - New building code being published before with donors.
n
a - Emphasis of quantity over quality in the past
/
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15.3 Architecture sans Frontieres

Technical based implementation partner

Architecture sans Frontieres (ASF) Nepal
aims to support sustainable development of
disadvantaged communities in Nepal by
sharing technical and scientific expertise
with people. They are an NGO that is based
on the voluntary work of professionals and
students that work in engineering,
architecture and the built environment
(Architecture Sans Frontiéres International,
2017). Their focus is on strengthening
existing technologies and buildings.

ASF in Nepal started off as a knowledge
organisation (Ingenieurs sans Frontiéres)
but extended their work field after the 2105
earthquake when it became clear that how
essential it was that dissemination of
knowledge was closely tied to the
implementation. They clearly state that they
do not build. However, they construct demo
house, train masons after which the local
people build. They follow the government
rule and use an owner driver approach and
PASSA. They have 7-10 people who were
trained to use the PASSA method
(Appendix II.B) and this approach is used
when working for Habitat for Humanity.
(Sangachhe & Shrestha, 2017)
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ASF is active in multiple districts. They are
currently an implementation partner for
Habitat for Humanity and other partner
organisations; this means that they work in
the districts that these partner organisations
have been appointed to. They have for
example built 15 houses in Dolakha, have
250 beneficiaries in Panchkal and in total
there are around 5000 houses spread
through 5 districts that get technical support
and advice from them.

In 3 out of the 5 districts ASF is applying
Local Building Culture principles. This
focuses on that buildings should possess all
cultural aspects that they did previously.
Looks should be similar and the space
organisation should be similar. Storage is an
important example as people need the
storage for the way they live, and their
dietary habits. There are examples of people
who, with the shelter tunnel houses kept the
rice in the shelter instead of living in them.
They would live under tarpaulin.
(Sangachhe & Shrestha, 2017). Not
everyone in a village is involved in building
but ASF tries to create local businesses
around rebuilding.



Positive Factors

Negative Factors

-Funding as a one to one model costs 10000$

Making a shake table here, in Nepal. Test traditional wooden corner
bands with the table. Preferably at a university than
private/government organisations. Planning to connect all
universities in earthquake technologies. Pakistan has a shake table
that can be seen as an example

-Digital Imaging on a shake table test- 600s in 1 sec. film and
analysing the impact of earthquakes. Has numerical test after. Very
good assessment.

- Revising the building code

-Design Catalog 1st is not relevant to the field- use of steel that is
not always available. Improvements can be made on the design
Catalog. Example are traditional roofs that hang over the walls to
protect from rain which are not in a single design in the code.

| | Strengths: Weaknesses:
n
t | - Most people working at ASF have studied at the university in | - Can't keep growing unless they have partners to work with
e | Kathmandu. - .
. - Need to update building codes- DUDBC they know which
n -Only good in social and technical —also social- market | wrong/ don't have expertise to improve.
a | development implementing livelihoods ) )
| - When students come from university they have learned about
- ASF has a network in 40 countries building with concrete and multi-storey housing. However, they
. . are not as experienced in building with stone mud mortar. Lot
-Have a large number of international partners . - )
of in-house training required.
-After earthquake registered as ASF in National Government. . s . .
- They are a relatively new organisation and are still learning,
-Have and office and permanent staff now lots of expertise is needed and the capacity of staff has to be
developed.
- After the earthquake, they received large amounts of money.
-They have 2 million euros for projects for 3 years.
- Has 7 offices currently and 20 staff
-Receive in-house training ARUP
E | Opportunities: Threats:
X
t | -Studying and helping the government with improving the building | -Nobody to monitor protocols — not given much importance.
e | code and technical assistance.
r
n -Have been in contact with the DUDBC, and can work together.
a
|
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15.4 Build Up Nepal

Innovative implementation partner

Build up Nepal is involved in rebuilding of
one house in every village that they work in.
They are an implementing partner that works
for other NGOs. They "believe the best way
to rebuild Nepal is by empowering local
people and using local materials. Together
with INGOs and NGOs we provide machines
and training for rural communities, teaching
them to make Earth bricks (CSEB) and
rebuild their own village." They have so far
built 38 houses and there are 50 under
construction. They have built six schools, a
preschool library, a community centre, an
agricultural collection centre, and a health
post. They have technical experts that focus
on working beyond building a building but
building a village. They collaborate with
other organisations & villages to implement
the building and provide long term support.
Do not want to build the houses for locals but
want to help get started & promote local
entrepreneurs and through that on the more
deeply rooted issues & challenges that can
be solved through housing. (Appendix II.B)

Build Up Nepal is an implementation
partner for organisations working in Nepal.
They use and innovative building method
not traditional building methods. The use of
CSEB is currently not in the NBC. Therefore,
the houses that have been built so far have
not been built with the government grant
but have been funded by organisations.
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Build up Nepal goes where their clients want
them to go. They are active in all earthquake
hit areas. Before starting they make a
feasibility assessment, if you have to walk for
more than two hours to the location it is
generally not feasibly as sand is needed for
CSEB. Being able to transport the sand is
essential. The higher mountain area is not
feasible although there is one exception of a
village at 12,700 where they have a deal with
a rescue helicopter that transports sand. If
the location, it near the (dirt) road or near a
river it is possible as sand is available. Earth
Bricks will be expensive but everything else
would be much more expensive. There have
been two villages where building using this
method has been found to be unfeasible.

Build Up Nepal believes in educating the
community to create more sustainability and
extend the positive impact of rebuilding.

They focus on community driven
reconstruction and  supporting local
entrepreneurs.



Positive Factors

Negative Factors

| | Strengths: Weaknesses:
n
¢t | -Methods are tested a lot of places and they have - Meeting the demand (already, while the Design Catalog has not yet been
e | found what works. Have found a process of published)
r | convincing local community. Done in lot of places. ) .
- Have been relying on what other people have done for structural calculations
n | learnt from all the challenges. oo ) . )
a . . . (Oroville institute) - have submitted calculations. Whatever we do they can do it
- Cheap machines are bought in India better. Thev h h ideli
o Model is works extremely well in Nepal etter. They have the guidelines.
-High demand, the need for housing is large but -Thg Design Catalog Is the .barrler at the moment (t.hey are confldent tha.t |’F is
L . coming soon). The interlocking compressed earth bricks are not in the building
knowledge about getting it done is not. ) ; ) -
code, and the designs of housing are currently not in the Building Catalog.
-They have a great team that is capable of getting it o e e L .
done. - As long as they have people on site it's not difficult. But difficult to maintain quality
without. Sometimes for example the team changes or the building design changes
- Build on local capacity and local people. or suddenly less rebar’s are used.
-Nepalese company and international companies | -Interesting example of the risk in the image of a building method- hollow concrete
are required to work together with local NGOs, Build | blocks are a good technology but because of malpractice in Nepal there is no trust
Up Nepal is a local NGO that is trustworthy. for the bricks anymore. They are used in other places and strong but the quality of
materials used in the bricks here became of lower and lower cost and when one
project that fails means that the blocks fail.
-They do not don't believe in entrepreneurs themselves testing the bricks. If the
community knows how to test the brick it would improve the trust and therefore
there is a need to empower the people to test it themselves.
E | Opportunities: Threats:
X
¢ | -Creation of cheap testing methods for buyers of the | -Bricks failing in one place would mean trust in all bricks decreases/disappears
bricks, to maintain quality. L . .
e - Government restrictions and lack of political will
I | -To get building designs with the use of CSEB bricks
N | Design Catalog
a
/

Figure 89: SWOT of Build Up Nepal
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15.5 University of Tribhuvan

Knowledge Institute/University

University of Tribhuvan is a knowledge
institute, not an implementation partner or
partner organisation. They educate people
who end up working in the field and work with
the NRA and HRRP on technical assistance.
They are not directly funded to help with
rebuilding but do offer their expertise and
knowledge to (government) organisations.
One professor of our faculty is a member of
the NRA.
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The university of Tribhuvan does not use
specific approaches to work with the
community in areas where they do research.

The Tribhuvan campus is the central
engineering campus, one in Pokhara and
one in Dhrar provincial and Thabo Theli in
Kathmandu ten affiliated private colleges.
They follow their curricular. The university
plays an advisory role in areas where the
NRA asks them to.



Positive Factors

Negative Factors

| | Strengths: Weaknesses:
n
¢ | -Have testing facilities for structure testing -Do not have the internal structure to set up earthquake
e ; . . programmes
-Tribhuvan has played very important role in damage
"] assessment and in categorising the damage. -Do not have the funding to set up earthquake programmes
n
a | -Giving new designs to the government -Most affected villages- buildings by villagers themselves- they
/ have not used engineering knowledge.
-Everything we do the research here
-Stone masonry, where to put timber, how to make walls strong
-Awareness of the problems in Nepal
-Teachers are involved in training masons- we cannot train people
-Have a lot of knowledge in the village, but we can bring them here and then we train them,
-All engineers of the NRA studied here are a product of this we give training as expert.
university, they are therefore close to government -They cannot go out into the field all the time, their primary job is at
-Professors are passionately involved in earthquake resistant the university, bl_Jt in their S_'p_are time professors give training. Other
building and put their free time into it INGO/org organise the training. We go as expert.
-A lot of opportunities but right not taking every university- we have
semester system and very tight schedule. When class starts, we
have no spare time, then exam and classes start.
E | Opportunities: Threats:
X
t | -Contact with implementing partners -Not enough funding
€ | -Hosting more international students in testing and learning
| from other countries
n
a | -Final year students as supervisors for buildings
|
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15.6 HRRP

National Knowledge Institute

HRRP acts as a platform between the NRA
and government and all other stakeholders
involved in rebuilding. They do not build any
houses themselves but have a large
influence on organisations that do. They do
research in the field into needs and have
teams in all 14 earthquakes affected
districts. They support the NRA in the owner
driven approach. The platform is focussed
on coordination of reconstructions, following
up on the governmental and identifying
issues so they can be resolved.

HRRP is an organisation that can be
interesting in the dissemination of the design
of SSN. They have contact with many of the
organisations working in Nepal and they can
share information about designs or research
with them. Organisations interested in the
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research of SSN can then get into contact
with SSN

HRRP works around the 14 districts that
have been hardest hit by the earthquake.
They are planning on going into the other 17
districts in the future. They are working on a
survey that is 60-70 % complete, this
regards the needs of people in terms of
earthquake relief and need of rebuilding.
They have one team for Kathmandu valley
district.

HRRP maps the needs for earthquake
related recovery throughout Nepal, they do
not have certain methods of working
together with the local communities as they
are not directly rebuilding with the
communities. They strongly believe in the
owner driven approach set up by the
government.



Positive Factors Negative Factors
| | Strengths: Weaknesses:
n
¢ -Strong relationship with the government, partner | -High dependence on the government.
e | organisations and stakeholders involved in rebuilding Nepal. -Being seen as a go-between for organisations takes more time than
; -Have district teams for all 14 districts, people in the field linking organisations.
a . Sharing of Governments information in ways that NGOs -Lack of knowledge in the field, have to educate and reach a large
/ . number of people
can grasp and implement
-Service to organisations
-Help organisations to implement government guideline as
there can be huge confusion about assessment.
-Understand what they can and can't do.
- Act as a platform for questions and answers
-Questions from households
- Strongly involved in information sharing
-Gathering and dispersing organisations throughout the
country
E | Opportunities: Threats:
X
t | -Biggest one with poor technical assistance high levels of | -NGOs starting rebuilding without following guidelines, high
e | non-compliance. noncompliance
r -Operationalising technically retrofitting grants - Some households are moving quickly and cannot be penalised when
n they are done but this is difficult to see after it has been constructed
? -Engineers go to houses all done physically
-Increasing the Inspection process, which has just started
but is going well now.
-Strengthening traditional houses, code & inspection does
not cover that type of housing.

15.7 Conclusion

Every partner has their own implementation
method and their own vision on how to
implement with the greatest impact and
largest efficiency. From the previous SWOT
analyses these differences become clear.
Between organisations working in the field
there is a difference in focus on quantity (as
much shelter as possible) vs. quality
(sustainability), education (teach how to) vs.
implementation (build themselves), amount
and type of partners to collaborate with.
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The impact of the projects of the five
organisations differ as well, in terms of long-
term impact. The knowledge about current
implementation methods is guiding in the
focus of the following chapters. Later in this
report, in the long-term plan, the
implementation method and strategy for
SSN will be developed.







16 Risk
Assessment

When designing the house, the main goal is
for it to be earthquake resilient. Therefore, a
design is necessary which can be
constructed according to the building
methods. However, building a house in a
Western country is different than building in
a country such as Nepal. Differences in
social standards, traditions, the needs and
wishes, government’s regulations, but also
external control and labour availability have
to be considered. External factors can lead
to a high-risk project.

An example of this is the pilot building in
Ratankot. A house was promised to the
locals, but due to lack of time this house has
not been optimally calculated and validated
beforehand. The result is that it is not
allowed for the people to live in the house.
After interviewing the locals, the outcome
was surprising. The locals were impressed
by the house; however, they were not fully
convinced to want to live in the house; the
roof is too high, storage in the roof is lacking,
there is no room for animals and two
separate rooms is not ideal for a family to live
in. There are lessons to be learned in this
example, but what is the cause of those risks
and which factors have to be looked at
critically to make the project successful in
the future?

Therefore, risk assessment is an important
aspect in project management, especially in
a project such as Shock Safe Nepal. Culture
differences play a large role in success as
well as knowing how to construct earthquake
resilient building. The outcome of the risk
assessment is a risk strategy in how to cope
with possible risks.
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The following framework will be used for the
risk assessment. First, the risks will be
identified. Second, the risks will be assessed
by determining the probability, impact,
consequences and priority. Third, after the
identification and assessment, risk response

Risk Process

will be set up through strategy to treat the
risks by transferring, avoiding, reducing or
accepting. This process is also to be seen in
Figure 90 below. The extensive risk analysis
can be found in Appendix II.C

Identify risks 3‘;‘,:332
Likehoods
Impacts
Assess risks Consequences
Priority
Strategy : Transfer
Avoid
Plan risk responses Reduce
Contingency
Accept
Revise
a nent Status
New risks Track and control Close out

risks

-

Figure 90: Risk management elements and process. (Nicholas & Steyn, 2012, p.352)
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16.1 Identify risks

The risks are divided into three types, which
are broken down in components, the
affected elements, the failure mode, the
cause and the consequence. The three
types of risks are external risks (E), design
risks (D) and construction risks (C). The
components and elements of external risks
are physical environment regarding location,
consumer needs and wishes, costs
regarding the price of the house,
government’s regulations regarding the NBC
and Design Catalog, labour availability
regarding manpower and external control
regarding technical assistance. (Nicholas &
Steyn, 2012). The components of the design
risks and construction risks are the used
materials of the pilot house in Ratankot. The
elements of design risks are divided into
structural and secondary elements and the
elements of the construction risks are
divided into the used materials bamboo,
bricks and concrete. To give a clearer
overview of this, a decomposition of the
house is shown below in Figure 91.
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PILOT HOUSE

-

Figure 91: Decomposition of pilot house in Ratankot
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External risks

E1: If the house is built on either a landslide
or a slope more than 20%, due to the
environment, the house is not safe.

E2: If the house is not according to the
needs and wishes of the consumer by
mistake of the designer, the house will not
be lived in

E3: If the house is unaffordable or
consumers are not willing to pay, due to
materials, unmanageable supply chain, lack
of manpower or too expensive, then it is not
possible to build the house. Therefore,
funding is essential.

E4: If the house is not build according to the
NBC and/or Design Catalog, the design will

not be accepted by the government and no

grants will be given.

E5: If there is not enough manpower to
build the house, due to too little or non-
educated workforces, it will result in a low
performance building

E6: If there is no technical assistance, due
to lack of management and capacity, then
the house will probably not be build
according to the earthquake resilient
design, see ‘construction risks by the
locals’.

Design risks by technicians

D1, D2, D3: If the dimensions of the cross
section of the elements are not right, and/or
if the connections between the structural
elements are poor, and/or if the
reinforcement is insufficient, then the
structural performance will be low. This is
due to lack of knowledge and thus lack of
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technical assistance and money as well, as
alternative methods will be found to be
cheaper.

D4: If the wrong type of material is used,
such as bamboo and steel, the structural
performance will be low. Furthermore, some
materials are not socially accepted and
there is a chance this material is not in the
NBC or Design Catalog, which means that
the design will not be accepted and there
will be no funding.

D5: If the quality of the material is low,
meaning the components of the material,
then the structural performance will be low
as well, due to lack of technical assistance
by choosing the material

D6: The secondary elements do not contain
high risks.

Construction risks by the locals

C1: Treatment of bamboo is essential. If the
bamboo is wrongly treated, or not treated at
all, then the structural performance will be
low. This can be due to lack of knowledge
and thus technical assistance, effort of the
constructors, no money for the treatment
and time.

C2: Bamboo will be exposed to external
conditions which damages the material.
This happens when the bamboo is not or
wrongly treated.

C3: If a different type of bamboo is chosen,
because the assigned type is not locally
available and it is too expensive and time-
consuming to obtain the right type of
bamboo, the weight and dimensions of the
material will be different which affects the
structural performance.



C4: Lack of knowledge about construction
will result in low structural performance as
well. This is due to the lack of technical
assistance and could be effort of the
constructors as well.

C5: The durability of bamboo depends on
the environment and time and whether the
bamboo is treated right. It will damage the
bamboo and thus will not be structurally
safe.

C6: Low quality of the bricks can be caused
by lack of the CSEB machine and lack of
knowledge, because constructors do not
know how to make the bricks properly or
are not able to. Money can be an aspect as
well, as CSEB bricks of different quality
might be available elsewhere. This is all
due to lack of technical assistance.

C7: Lack of knowledge about construction
results in low structural performance due to
lack of technical assistance.

C8: The durability of the bricks depends on
the environment and time and whether the
bricks are produced right. It will damage the
bricks and thus will not be structurally safe.

C9: If the mixture of the concrete is
insufficient, then the structural performance
will be low. This is due to lack of knowledge
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and thus lack of technical assistance, but
also the available tools, materials and
money.

C10: Lack of knowledge about construction
the house will not be built in a proper way
which causes low structural performance,
due to either effort of the constructors
and/or technical assistance.

C11: The durability of the concrete depends
on the environment and time and whether
the mixture of the concrete is sufficient as
well as the construction. It will damage the
concrete and thus will not be structurally
safe.

After the risks have been identified, the
probability, impact and priority have been
determined. An elaborated overview of the
risk assessment is to be found in Appendix
II.C. With the risk identification and risk
assessment the risk response can be set up
through strategies to treat the risks.
According to DelLoach (2009), risks
management strategies consists of the
classic four; reduce, avoid, retain or transfer,
as can be seen in Figure 92



Risk management strategies

Reduce Avoid

Probability | EXPIOit ¢ = -

Retain Transfer

Business impact

Figure 92: Risk Management Strategies. (De Loach, 2000)

High probability and high impact risks means
that the risks are extremely critical and
should be avoided. Low probability and high
impact risks should be transferred, to reduce
the impact of the events. High probability
and low impact risks should be reduced, to
reduce the likelihood of the events. Low
probability and low impact risks are not as
harmful and can be retained and thus
accepted.

As to be seen in Appendix II.C, most of the
risks have medium to high probability as well
as impact, therefore many critical

Level of risk per failure mode

External risks

No technical
assistance
20%

Not enough
manpower
20%
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components. In addition, most of the risks
are dependent on each other. Based on the
criticality of the risks, strategies will be
chosen to reduce the risks to a certain level
of acceptance. However, it should be
considered that when being realistic, this is
not always the case.

The outcome of the risks (probability *
impact) is shown in the charts per type of risk
in Figure 93 below.

On landslide or
hill <20%

9%
Not according
to their needs

wishes
9%
Unaffordable or
not willing to

pay
21%

" No acceptance
of design
21%



Design risks

Low quality of
material (the
components of
the material)
45%

Construction risks

Insufficient
mixture of
concrete
14%

Wrong or no
treatment
14%

Lack of
knowledge about
construction
29%

y
a

Wrong type of
material
(bamboo, steel

etc)
10%

No right
dimension of
cross section of
the elements
15%

Poor
connections
between

Insufficient
reinforcement
15%

Different type
3%
Durability
6%

Exposure to
external
conditions
10%

Durability
10%

Low

quality/producti
on

14%

Figure 93 Charts with external risks, design risks and construction risks divided into levels per failure mode

16.2 Risk strategies

16.2.1 External risk strategy

E1: lands owners have a certain land
availability in terms of dimension and
quantity. The possibility to build buildings in
sites different from those they already own
means they should invest money to buy
other lands, which is not possible due to the
low money availability for villagers in a
common situation as stated in §14.1. Then,
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the owner must be warned by technicians
about the risks linked to build a certain
building in a certain area, depending on the
characteristics of the field (soil composition,
pendency, presence of obstacles, etc.). The
decision to build or not to build is then
transferred to the land owner depending on
the state of his land and his needs. However,
the feasibility of this approach is low as the
owner is bound to the land, therefore the
strategy is to retain the risk.

E2: The owner needs must be discussed
with the subjects directly interested (the
designers) in the construction of a certain



building. They could change situation by
situation, even depending on the social
aspects linked to them as stated in §14.1.
For example, in the north building with dry
stones is the tradition. It is up to the
designers to analyse the requirements that
must be included in a certain intervention.
The risk can be reduced by discussing the
dimensions, layout and size with the client,
with respect to the current building codes
that are valid in a certain area.

E3: The project must not exceed the budget
fixed based on the money availability of the
client. The risk can be avoided by designed
according to the building code, because then
grants will be given to the client to build the
house. However, the design provided should
be dependent on the needs of the client. The
costs can be reduced using locally available
materials, cutting costs linked to the
transport of them but still without influencing
the quality of the house, that must be above
a certain level of safety and durability. Local
workers permit to cut costs regarding the
manpower, however, as seen in risk E6 this
is not feasible.

ES5, E6: There is too little manpower, due to
the lack of knowledge about construction
operations that is commonly visible in rural
villages. Not to compromise on the final
quality of the building, technical assistance
in terms of supervision and/or training
sessions provided by experts is generally
required, to avoid the risk.

E6: In terms of earthquake safety level of the
house, guidelines and recommendations are
provided by the government. This can be
achieved by external control through
supervision and technical assistance.

E2-E6: As these risks have medium or high
probability and impact, those risks should,
and theoretically can, be avoided. However,
in practice the feasibility of avoiding those
risks is low. Due to the local lack of

205

knowledge about earthquake safety of
buildings, the complexity of the subject and
looking at the current situation of the country
in terms of money availability and technical
expertise, generally speaking, putting effort
into providing innovative solutions that could
be safer is not a suitable choice for because
of the factors that follow:

the amount of money that would be required
to get to a solution that would be safer than
the one already provided by the government,
in terms of studies and analysis that should
be done beforehand and then about the

design itself;
the risk no to get funding from the
government for a certain intervention

because the fact that recommendations
provided by that have not been respected or
the time and money that would be required
to convince the governmental bodies that the
solution offers a certain level of safety even
not respecting the provided
recommendations;

the lack of technicians that could provide a
better solution and their compensation that
should be paid by the clients themselves;

E4: Instead of providing an innovative design
that is not included into the current building
code, technical solutions that are already
suggested by the government should be
adopted to get funding to build houses. This
gives the villagers the possibility to get
money back linked to the construction of
houses, but it stays valid only for solutions
that are advised directly by the governmental
bodies. In this phase, technical assistance
as supervision is still required to control that
the money provided by the government will
be invested into the construction processes
to get to a final quality result which is related
to what has been accorded during the design
stages.

D1+D2+D3: looking at the common practice
that is current in the country, technicians



used to design temporary and permanent
housing solutions according to the building
code given by the government, without
making actual calculations or analysis about
the adopted solutions. This gives the high
probability to the villagers to get funding
when they have to build a house. During the
design phase, the probability that guidelines
given by the building code are not fulfilled
becomes then low. The structural
performance that is then get to be equal to
the one described by the building codes
themselves. It is not common that designers
try to provide new solutions that could be
earthquake safer or cheaper, because the
risk for villagers not to get funding from the
government could incur because the
procedure to promote solutions that are not
included into the building code through the
governmental bodies requires time and
money and it is not always appreciated.

The solutions adopted during the design
phases have high impact on the final
structural performance of the housing
solution. However, common thinking for
people, especially in the rural areas, is that
when a house fulfils the requirements given
by the building code it can be seen as
earthquake safe, or at least it is already
sufficient because it is the first requirements
necessary to get funding, which is the
heaviest factor for people who have limited
money availability. However,
recommendations inside the building code
are still insufficient to get to solutions that
can be seen as highly earthquake safe. This
aspect could be made better and more
complete improving the building code about
the information that are inside that and the
procedure and calculations necessary to
promote different solutions, not to provide
standardized solutions for local people but
giving them the possibility to personalize
them according to their needs and again in
collaboration with technicians that would be
able to approve and/or translate people’s
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needs into technical solutions. The
probability that a design will not fulfill the
guidelines given by the building code, in both
the situation for an already-made or
innovative solution is then low, or at least
much lower than the impact that the
construction processes of the same design
could have on the final structural
performance.

C1+C2+C3+C5: bamboo has been already
used in many cases as a building material as
both partitions and structural elements, even
it has not been included into the building
code yet. This meant that the bamboo
application visible so far did not follow
guidelines given by the government, and,
because people want to get funding from the
government and this would not be ensured
using materials that are not indicated by the
building code, it has been used only for
singular elements or limited parts of the
houses. This is explained by the high
availability of this material for certain areas
and villages, making the costs to build a
house lower and the construction time
quicker thanks to the local accessibility of
that. The material has been used, to ensure
a certain structural and  durability
performance, the quality of the material must
be known and treatment should be applied.

Firstly, because of the high dependency of
the material properties on the nature and
characteristics of the material itself, a certain
knowledge about the nature of bamboo
should be had by workers and villagers. The
performance of bamboo as building element
depend on the ages of the material and if and
how it has been treated; these phases can
be improved providing tools and knowledge
to villagers with technical assistance and/or
training session, to give them a rough but
necessary knowledge about the processes
that should be done, as how it should be cut,
when, what is the most suitable treatment



that could be done looking at the local
situation of the village and the money
availability, checking the possibility to use
gravity as pressure driving during the
treatment, etc. Setting up a treatment centre
for bamboo elements is from on hand
expensive for the villagers but, on the other
hand, can provide new jobs for local people
and incomes selling the treated elements.
Furthermore, it must be said that rough but
still effective treatment of bamboo can be
realized even with simple and cheap tools
that can however improve the properties of
the material considerably (e.g. Ratankot).
However, this process would take long time,
not only for the treatment itself but because
villagers have no knowledge about this topic:
to buy a treated bamboo stick instead of a
non-treated-one, local people want to see
the actual performance of the two compared
to each other, which means that several
years must be waited. Secondly, the point of
view of technicians are needed to place
bamboo in certain conditions that cannot be
damaged by external factors, to avoid the
risk that it should be replaced during its
working service life. This depends on the
specific situation that is analysed, as linked
to the weather conditions, the presence of
aggressive  components nearby the
elements and the boundary conditions as the
contact with soil or damaging factors. The
risk can be mitigated if not avoided even
applying covers to protect the material from
aggressive  conditions, improving the
durability performance of the material but
paying attention to the covers materials as
they should be aggressive for the bamboo
sticks in contact with that and not toxic for
the people that would live the house. Using
bamboo is common when it is locally easily
available for villagers; however, many types
of bamboo are present in nature and their
characteristics (and then performance)
change type by type. A technical assistance
about the quality of the bamboo, and the
possibility to use that as a building material
or not, should be then provided to the
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villagers. However, this could mean that they
should not build with locally available
material (that means that is cheaper than
others) but that they should buy money to
get other types; this step would not be taken
by villagers with high probability because of
their lack of money availability. In this case,
not to compromise the structural and
durability performance of the housing
solution, the material should be replaced
with more suitable ones or at least treated as
good as possible to improve their properties.

Figure 94: bamboo treatment with borax and boric acid
and using gravity as pressure driving

C4: the common practice regarding the
actual construction of bamboo structures, as
the connections between sticks, is based on
making the construction processes as easy
as possible. No attention is paid to where
and how the sticks should be connected, and
many times other materials are added to
bamboo elements to make the connections
between elements more rigid, as wood for
example. This can be explained by the fact
that bamboo has a circular shape that makes
the connections between the sticks more
difficult. Furthermore, bamboo sticks should
be connected far from the natural joints
present into the material, because those are
weak points talking about the structural
performance, because of their inner
chemical composition (see bamboo
properties for more information); this step is
not always considered because the lack of
knowledge about this topic for the workers.



The shape of the structure should be
modelled beforehand, and calculations
should be made, firstly to check the actual
structural stability of the elements and then
to distribute the loads in the best way
possible to the load bearing structure of the
house. It is common practice using bamboo
to build the roofs and partition elements,
while the main structure is generally made of
bricks and reinforced concrete elements. A
technical point of view is needed to make the
structure as safe and stable as possible, and
then on site application and connection
should follow the prescriptions given by
technicians. However, the actual common
practice is far from the just-mentioned one,
where workers do not follow a specific
design or, if they do that, they change the
connection points to other that make the
construction easier, but with the risk of
compromising the structural performance of
the bamboo structure. Training session
should be organized to teach the workers
how and where to connect the bamboo
sticks with each other, and on-site
supervision would be a perfect check the
workers making the structure as it has been
designed. A load distribution, both for the
bamboo structure itself and then to transmit
the forces to the load bearing structures,
must be analysed, in order to create a whole
structure which is equally loaded without
weak points and not to overload certain
elements locally. To avoid a wrong
construction of bamboo structures, because
of the natural complexity of the
characteristics of the material itself and the
complexity of the structural design, technical
assistance in terms of teaching and
supervising is needed.
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Figure 96: Insufficient structural connections

C6: bricks are generally used to make the
load bearing structure (walls) of the house in
the common practice. When bricks are
bought from bricks production companies,
the quality is already checked during the
production stages and the information given
by the producers are assumed to be reliable,
as regulated by the current norms. However,
many villagers cannot afford to buy bricks
directly from the producer and making bricks
by themselves is a practice that is
developing more and more, to cut costs for
the materials. Many NGOs already provided
machine to make bricks directly close to the
site and to provide the possibility to get
incomes if they are sold to other people. On
the one hand, this helps the villagers to get
money from what they produce by
themselves and/or having close material
which is suddenly utilisable when needed.
On the other hand, because of the properties
of the bricks depend on their composition
and the material used into the mix, technical
assistance should be provided to the



villagers to inform them if and what kind of
locally-available materials they can used to
get to a satisfactory final performance of the
structural components. Bricks machines
have been already provided by local NGOs
to many villages as a source of incoming and
for self-support, and this operation would be
useful if not necessary for a lot more villages.
This is not financed by the government;
collecting money from NGOs and abroad
organization is the only way to make it more
possible for many more situation, because
generally villagers cannot afford to pay for
machines by themselves. Bricks are made
of clay, sand, cement and water. The
common practice for self-produced bricks do
not consider the nature of these
components, and no analysis on their
suitability is usually conducted. It must be
said that only certain types of sand and clay
are suitable to be used to make bricks with
certain properties, factor that is commonly
underestimated. Analysis should be
conducted beforehand about the nature of
these components by  technicians.
Furthermore, treating bricks is another main
phase that should conducted to improve
their structural and durability properties. To
reduce the risk that people use bricks as
building components which are not already
performant because not treated, training
session and direct demonstration should be
conducted showing them the properties of
treated and non-treated bricks compared to
each other. This can be easily done by a
drop off test on the ground without specific
devices, to aware villagers about the
importance of this step.
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Figure 97: Damaged not-treated brick at the village of
Pipaltar

C7: the on-site construction of brick walls
includes the use of mortar and steel rebar’s
when interlocking system is used. During the
conducted on-site inspections, it has been
noticed that the construction is often
conducted by local villagers without skills
and expertise. In the construction phase,
often weak and instable points are created
due to the not straight application of bricks;
this is made easier to do by bricks with
interlocking system, permitting  the
application of brick layers perfectly one on
each other. When a mortar layer is
necessary between bricks, it is generally
made too; the mix of the mortar is always
made by feelings, without following a certain
mix proportion of the components and then
compromising the whole collaboration
between bricks; for interlocking bricks, to cut
the costs of the house, steel rebar's are
putted as less as possible and still generally
only when strictly imposed by the building
code. The walls are often plastered at the
end of the construction, to hid the
construction imperfections that inevitably
have been done without knowledge of the
workers. This is enough to give to the
villagers the feeling that houses have been
well-built. As it is easily understandable,
these processes, especially when combined
with each other, provide housing solutions
that have not satisfactory performance, not
only when an earthquake happens but even
in a working situation. It is not feasible
thinking that all the villagers can afford to pay



expert workers when building a house is
needed, due to their lack of money
availability. However, the structural
performance of the house and even its
appearance can already be improved with
simple measures. Firstly, training session
given by NGOs can aware local people
about how they should make the house, as it
is already done for many villages. A certain
mix composition of the mortar that could be
generally suitable, with precise proportions
of materials that must be used not to
compromise the efficiency of the material,
should be provided to the local workers not
to let them work and making the mix only
based on their experience. However, it has
been noticed that of all the construction
steps that should be followed when building
a house, in many cases the lack of
knowledge about on-site application of
bricks is much better than phases that
include making material directly on site, as it
happens for the concrete. Training sessions
about steps that must be followed by the
workers in this phase and a precise mix for
the mortar could be already enough not to
compromise the structural performance and
appearance of the house.

C8: the durability issues linked to the
building elements made of masonry bricks
are linked to two main aspects: firstly, the
composition of the bricks themselves, and
secondly, the environment and boundary
conditions where the house has been built.
About the first, no problems incur when
bricks are bought directly from a certified
producer, where it is reasonable to assume
that the composition of the bricks | has been
beforehand designed and checked during
production phases. However, this would
require higher amount of money than the
situation when villagers locally produce their
own bricks, using local materials. In this case
analysis on the quality and the nature of the
used materials should be conducted to verify
if they are suitable or not for their purpose.
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The point of view of a technician is in this
case needed. About the environmental
conditions, it is important that the walls are
made straight and compact and that the
mortar layer is made as thin as possible not
to create infiltration points into the building
element. Then, the field characteristics must
be considered to build houses located far
from obstacles and aggressive components,
as not in direct contact with soil or close to
inclined lands. Before starting the

construction of buildings, once again the
point of view of a technician is needed to
analyse the best location for a certain
intervention.

Figure 99: Construction on site

C9: during on-site inspections about the
local construction phases that are followed
by villagers, the most critical topic that has
been noticed is the lack of knowledge about
making concrete. Because of the nature of
the material itself, that includes the fact that
it must be mixed and made directly on the
site just before its application, a high level of



attention and knowledge is required during
this stage not to compromise the final quality
of the material when hardened and then the
structural performance of the concrete
elements. As already well-known, concrete
is made of cement, sand, aggregates and
water. The cement is directly bought from
producer; no attention is paid to the quality
or the type of cement, the choice is usually
made on a money base. However, it would
be more suitable if houses were built using
Portland cement instead of Pozzolanic
cement, because the latter one requires
more time to be hardened and generally a
low level of treatment is applied: because
Portland cement requires less time and
water to be hard and the price difference is
not usually highly remarkable, the first would
be more suitable, at least generally
speaking. When the money availability of the
owners is high enough, sand is bought
directly from a supplier; in this case, the
suitability of this component for building
purposes is certified and no problems
generally incur. However, when costs must
be cut, sand is even taken directly from local
sites, depending on situation by situation,
close to local rivers or caves. Here, no
analysis about the composition of the sand
are conducted. It must be said that because
of the aggressive components that could be
present into the soil, certain types of sand
are definitely not suitable for a building
purpose, for example salty sand or one close
to industries, where the probability to find
aggressive chemical components into that is
higher. It is then advised, whenever it is
possible, to buy the sand to make concrete
directly from a certified producer. The used
aggregates are usually obtained by cutting
local stones. The size of them is generally
made randomly and by feelings by local
workers, without paying attention on the
round shape that aggregates should have to
give better cohesion and compaction. It must
be said the aggregates and compaction are
the two main factors that give the strength to
the concrete; a not suitable shape or size of
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them can highly compromise the structural
performance of the concrete when
hardened, as well as its durability that will be
described deeper later. Even more that how
it is valid for the sand, because of the
importance of the aggregates into the
determination of the concrete properties,
whenever it is possible aggregates bags
should be bought directly from a producer
instead of making them locally, trying to cut
the costs to the house, when this is a
problematic factor, from other aspects.

Figure 100: Mixing concrete on site

C10: when the mix of the concrete is defined,
the material is then made. The proportions of
components  are generally  defined
beforehand, at least for cement, sand and
aggregates: it is common practice to use a
ratio of 1:2:3 respectively. However, the
amount of each material is based on volume
measures instead of mass ones and again it
is determined roughly, using low quality
devices and with low level of precision.
Furthermore, the amount of water is
determined only by feelings of the workers
and their past experiences. It must be said
that these two aspects highly influence the
properties of the material when hardened.
Finally, the material is then mixed by hand
because of the lack of specific mixing
devices and the impossibility to buy them.
Not to compromise the properties of the
concrete or to make a final mix that is
suitable for the structural purpose it has
been designed for, technical assistance or at
least a technical concrete recipe, determined
beforehand by technicians, should be



provided to the workers. Already training
session have been provided in many
villages; however, without an on-site
supervision when concrete is made, it has
been noticed that local workers trend to
follow their own experience instead of the
indications given during the training session.
Supervision from a technician during these
phases would be a useful solution to check
the making phases follow the indications
beforehand determined, however it would
require money that normally are not
affordable for villagers. The concrete is then
applied on the site by hand, without using
moulds. The result is often that the shape of
the concrete elements is not straight and
with several weak points. When applied on
the site, the concrete is then treated for a
certain time that varies from 2 to 7 days
depending of the needs of the owner and the
expertise of the workers. Even if a 28-days-
treatment is not applied, 7 days of curing are
already a reasonable treating time looking at
the current situation. However, during this
time the construction keeps going on and
brick layers are applied on the top of
concrete elements even during the
treatment. This compromise the compaction
processes that incurs: the concrete should
be left free from external loads at least for
the treating time. The result of this processes
is the not straight shape of concrete
elements both vertically and horizontally,
and the early creating of weak points.

Common practice is then plastering the
concrete to hide the imperfections made
during the construction stages; however, this
cover can improve only the appearance of
them, but the structural and durability
performance of the elements stay
compromised. It is highly important that
workers are warned about the importance of
these waiting and treating time. Looking at
the current situation, because of the lack of
knowledge of local people about
construction processes, it means that more
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effort is put about the appearance of the
house and its elements instead of their
actual performance as building elements, for
example plastering or covering

imperfections that have been made. Without
a direct on-site supervision or a specific
ability or knowledge of the workers, this
procedure will keep going on.

Figure 101: Concrete element with no planarity at the
village of Ratankot

Figure 102: Concrete element with no planarity at the
village of Ratankot

C11: the quality of the concrete directly
influences its reaction against aggressive
environment and components, as well as the
composition of the material itself. The size of
the aggregates and the amount of water
used into the mix, then its compaction factor,
influence the protection behaviour that
concrete has related to the steel rebar’s. A
not adequate composition of the material



causes spalling of the material itself, leaving
the rebar’s unprotected and highly subjected
to aggressive components, risk causing
corrosion initiation for the steel elements.
Furthermore, if the quality of the concrete
surface is poor, with high presence of deep
and not distributed voids, aggressive
components can get easily inside the mix
transported by water, making the pH of the
material dropping down and causing
carbonation for both the concrete and the
steel elements. For the concrete elements,
carbonation mechanisms can be at least
reduced if not denied using Portland cement
instead of Pozzolanic cement. However, the
necessity of a homogeneous surface with
suitable quality and treatment stays valid to
keep the steel rebar's protected. The
planarity of the surface can be improved
applying concrete in moulds on the site, that
give the shape to the elements instead of
applying the concrete by hand without

guidelines. These aspects must be
considered with high priority even
considering the fact that maintenance

operation is more expensive than choices at
the design stage; in a context with lack of
money availability, this risk can be reduced
by a certain beforehand-determined quality
of the material and adequate construction
operations.

16.3 Conclusion

As a result of the risk assessment, the level
is high regarding building earthquake
resilient housing in Nepal. The highest
external risks are no technical assistance,
not enough manpower, unaffordable
housing or not willing to pay for it and no
acceptance of the design. The highest
design risk is the low quality of materials and
the highest construction risks are exposure
to external conditions, low quality and
production, lack of knowledge about
construction, wrong or no treatment of the
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materials and an insufficient mixture of the
concrete. Overall, the external risks and
construction risks are the highest.

In the risk strategy, a mitigation plan is set up
to avoid, reduce or transfer these high risks.
External risks can be mitigated to take the
external factors into account when designing
the house, such as social standards,
traditions and cultural differences, but also
technical assistance for the locals to be able
to receive grants. Construction risks can
mainly be mitigated with technical
assistance, as there is a lack of knowledge
on how to build. However, on paper these
risks seem to be easily mitigated but in
reality, it is extremely difficult. First, to have
more technical assistance, more experts
need to be trained and the process has to be
supervised. This costs manpower, time and
money. Second, the right building method
needs to be applied in order for the locals to
receive grants. With the complex
government, this is difficult. Third, the house
has to respect the social standards. To
achieve those three factors and be compliant
is a challenge.






17 Long-term plan
for upscaling of
implementing
earthquake
resilient housing

Ratankot has been the right choice for a
case study, but now it is time to look at the
bigger picture again. After five teams, SSN
is not just a multidisciplinary project
anymore, but SSN is going to take the next
step. What is the future plan of SSN exactly
and which direction is the right one? What
strategy does SSN have to take on to fully
use the available resources and maximise
the opportunities? And which stakeholders
can help SSN to be successful in the future?

In the previous chapters the house has been
validated and recommendations for
optimisation have been made, an analysis of
the context regarding upscaling has been
done as well as a risk strategy. With all this
information combined a long-term plan for
upscaling of implementing earthquake
resilient housing has been created. First, the
strategy for SSN is described with an
implementation method and how to minimise
the weaknesses and optimise the strengths.
Second, an engagement plan that explains
how SSN can collaborate with stakeholders
to successfully achieve the long-term plan.
Third, the long-term is visualised in a
pathway with the essential future steps.
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17.1 Strategy for SSN

The SWOT analysis in the previous chapters
have shown the best practices of different
organisations. In this chapter that research
is used as a base for the strategy for SSN
and practices and strengths, weaknesses
and opportunities that are important to
consider in the future.

The power of Shock Safe Nepal lies in the
fact that it is a knowledge organisation and
affiliated to the students of TU Delft who are
doing independent research. Its knowledge
is based on technology which is a crucial
factor in the quality of current and future
rebuilding of Nepal. It is important to realise
why organisations that SSN works with are
chosen.

Certain organisations have a large rebuilding
capacity but regarding the technical aspect
they are mainly focused on complying with
the Nepali building code. This building code
however still gets altered occasionally and is
not necessarily perfect. The choice can also
be made to work with knowledge institutions.
However, in this case it is important to realise
the meaning of the research and which
(implementation) organisations/actors need
the research done and how it can improve
implementation of building in Nepal and go
from theory to into practice.

SSN is not an implementing partner and
does not have the capacity (or legal status)
to be so in the near future. It can however do
research that is valuable to implementing
partners, the NRA and the DUDBC. It is
important to realise who the research will be
linked back to and who might find the
research useful.



Shock Safe Nepal is not seen as a partner
organisation of the government, SSN is not
legally bound to certain areas in Nepal
where they have agreed to give technical
assistance. Partner organisations/NGOs
sign up to be contractually bound to areas in
Nepal and have a responsibility towards
HRRP of sharing their progress in this area.
SSN is currently not an NGO and should
therefore work with organisations who
handle the legal aspects to implement the
design in suitable areas where the
organisations are located.

An opportunity that arises from this fact is
that there are numerous areas in Nepal
where there is no technical assistance or
implementation partners active (through
social media, SSN has received requests for
help in rebuilding in areas where there is no
assistance (yet). In these areas, the design
could be very valuable, currently also
because of the fact that CSEB bricks can be
produced onsite in remote areas. The pilot
house was built in Ratankot, which is located
in the district Sindhupalchowk. There are 13
other districts in Nepal that need technical
assistance and where rebuilding is needed.

It is however important to realise that SSN is
a knowledge institute. Another option is to
share the research with those organisations
active in implementation countrywide. In this
case SSN has to realise the importance in
sharing of information with possibly
interested organisations. These
organisations can then decide if the design
and the materials used are a good
combination with a certain area that they are
responsible for.
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Owner/community driven approach

Organisations often say ‘we do not build; we
use the owner driven approach and the
people build themselves. We just build a
demo house which is then copied.’ It is
important however to show people how to
build. If SSN were to work with
implementation of houses it is important to
use an owner driven approach and set up a
system in which people build themselves.
However technical assistance is important
during the building. A community driven
approach is also a possible approach to
building the optimised design of the house.

When residents control the major decisions,
and are free to give their own input to the
design, construction or management of their
housing and it stimulates individual and
social well-being. However, when people
have no control over, or responsibility for key
decisions in the housing process, it may
instead become a barrier to personal
fulfilment and a heavy load on the economy.
(J. Turner, 1976)

It is important to realise what the external
effects (positive and negative) of building
can be. The positive impact of a house can
be increased by increased working with the
local community and empowering them
through the building of the house. Optimal
impact has to be achieved.

The design of the house should be socially
optimised before being implemented. For
this the PASSA approach can be used,
interviews can also be done regarding the
needs of the villagers (Bajracharya, 2011).



The following ways to implement the design
assume that the building design is
technically validated. In March 2017, the
Building Catalog has been published. In the
Building Catalog the use of Compressed
Earth Interlocking Bricks was accepted. This
means that if the design using interlocking
bricks is to be chosen, the household will
receive a grant for it. Thatis, if the Mandatory
Rules of Thumb have been used in the
design

To implement the validated design in
Ratankot a blank design has to be handed in
atthe VDC. As the use of CSEB has recently
been added in the Design Catalog (March
2017) this will now be possible without going
through the DUDBC as the VDC can
approve the design. However, the design will
have to be checked with the local community
to optimise it in terms of traditional
organisation of a house. A business around
the CSEB brick press can be set up in the
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village and the treatment of bamboo in the
vilage can also be further developed to
reduce costs.

The organisation that is active in
Sindhupalchok that SSN has close contact
with is Habitat for Humanity. There are also
other organisations active in Sindhupalchok
that SSN could possibly be working with
(HRRP, 2017). Therefore, to implement
further in Sindhupalchok it is important to
collaborate. The design would have to be
handed in at DUDBC and to be accepted
on district level.

An implementation method that would be
effective is to implement the design
throughout Nepal. This can be done by
'donating' the design to NGOs and INGOs
and their implementing partners in the field.



A SWOT analysis of SSN is shown below in Figure 103. In combination with the analyses the
TOWS matrix is set up by maximising the opportunities and minimising the threats through
strengths and weaknesses. The TOWS matrix indicates which steps need to be taken, and which
not, to be as efficient as possible in the long term. This can be seen as the conclusion of SSN’s

strategy.
Helpful Harmful
Internal Strengths Weaknesses
e Approachable, barrier is low as we are e SSN is part of the TU Delft curriculum, which has
students boundaries for the project
e Multidisciplinary team e Inconsistent money flow
o Different team roles e |s astudent project, not run by professionals?
e Quality control; advice and feedback from e Lack of greater structure and foundation
professors from one of the best universities e Lacks fulltime member in Nepal/The Netherlands
of the world (TU Delft) e Lacks connection between research/educational
e New/fresh/innovative view on certain institutes such as TU Delft and Tribhuvan University
problems e Ateam is only available for 2/3 months
e Deliverable of high quality research e Determination of the problem is time consuming
e Interest in project from previous Shock o Knowledge exchange between teams not efficient
Safers is High e Students underestimate the complexity of the problem
e Analytical thinking before starting the project
e Project initiated by students of TU Delft
External Opportunities Threats
e Collaborating with ()NGOs e Lack of sufficient knowledge transfer between teams
o Enthusiastic students from the TU Delft which results in loss of essential information
e Course of TU Delft, Possibilities in e Lack of continuity
expansion in the structure of education of the e Distracted/ getting too involved by the goal of the NGOs
TU Delft e More involvement than 8 weeks is necessary for the
e Research into different aspects of team
Earthquake resilient building e The wrong approach being chosen because of lack of
e Previous team members that are doing their investigation
thesis about aspects of SSN now
e Funding possibilities through network
e Supporting technical assistance in building
in Nepal through research
e Collaborating with other research institutes

Figure 103: SWOT Analyse

Based on the SWOT analysis as described
before, a TOWS matrix has been developed
to match the threats and opportunities with
the project’'s weaknesses and especially its
strengths (Weihrich, 1982). The TOWS
matrix describes the interaction between the
four sets of variables as described in the
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SWOT analysis - strengths, weaknesses,
opportunities and threats - and provides the
strategies that need to be followed to on the
one hand maximize the strengths and
opportunities and on the other hand
minimise the weaknesses and threats that
are related to SSN.




Internal Strengths (S):

1. Approachable, barrier is low as we are

students

Multidisciplinary team

Different team roles

Quality control; advice and feedback from

professors from one of the best universities of

the world (TU Delft)

5. Newl/fresh/innovative
problems

6. Deliverable of high quality research

7. Interest in project from previous Shock Safers
is High

8.  Analytical thinking

Pobd

view on certain

Internal Weaknesses (W):

9. SSN is part of the TU Delft curriculum,
which has boundaries for the project

10. Inconsistent money flow

11. Still a student project

12. Lack of greater structure and foundation

13. Lacks fulltime member in Nepal/The
Netherlands
14. Lacks connection between

research/educational institutes such as TU
Delft and Tribhuvan University

15. Ateam is only 2 months available

16. Determination of the problem is time
consuming

17. Knowledge exchange between teams not
efficient

18. Students underestimate the complexity of
the problem before starting the project

External Opportunities (O):

. Collaborating with
(INGOs
2. Enthusiastic students from
the TU Delt
3. Course of TU Delft,

Possibilities in expansion
in the structure of
education of the TU Delft

4. Research into different
aspects of Earthquake
resilient building

5. Previous team members
that are doing their thesis
about aspects of SSN now

6. Funding possibilities
through network

7. Supporting technical
assistance in building in
Nepal through research

8. Collaborating with other
research institutes

SO: maximize - maximize (O,S)

7,6 Create structurally solid design through research
and that follows the building code

1,6 Set up network between research institutes such
as Tribhuvan and an NGO such as ASF and improve
building code with information from research done
8,6 Setting up a cooperation between the TU Delft,
Grenoble University, University of Tribhuvan around
a shake table in Kathmandu.

1,6 Implementation of the research design of SSN by
NGO

5,7Use knowledge of thesis of previous team
members to design the house & effectively
disseminate research to where it is needed

6,3 Creative methods of acquisition of funds before
departure of teams

1,4 Work closely with actors working on technical
assistance (ASF, HRRP)

3,9 Research in more detailed aspects through other
courses from TU Delft

4,2 Send more than 1 research group at a time to
research different aspects of the design

8,1 Easy to collaborate with research institutes as we
are students.

5,6 Possibilities of research
new/innovative retrofitting methods
2,7 Maintain SSN as an ongoing project and create
a knowledge platform

2,1 Make it easy for TU students to get involved in
the project/ research

into radically

WO: minimize - maximize (O,W)

e 11/13 Create a foundation for the structure and
the continuity of SSN regarding supervision in
order to establish realistic goals, constant
information and money flow

e 18, Optimise knowledge transfer to future SSN
teams

e 6,11 Acquire constant funds by collaborating
with companies and NGOs

e 8,15 Setting up a cooperation between the TU
Delft, Grenoble University, University of
Tribhuvan around a shake table in Kathmandu.

e 2,18 Involve Nepalese students at the TU Delft
closely with the project. Use unused potential in
the project and as advisors

e The multidisciplinary future teams should consist
of at least 2 structural MSc students for the
structural aspects and CME/TBM students for
the project management for the project as a
whole

e Feedback of professors for the research is easily
accessible and this will help achieving a certain
level of quality

External Threats (T):

9. Lack of sufficient
knowledge transfer
between teams which
results in  loss of

essential information

10. Lack of continuity

11. Distracted/ getting too
involved by the goal of
the NGOs

12. More involvement than
8 weeks is necessary for
the team

13. The wrong approach is
chosen because of lack
of investigation

ST:

maximize - minimize

6,7 Use members of previous teams to ensure
transfer of knowledge

7. Set up a foundation which consists of enthusiastic
previous team members as point of contact and for
continuity

6. Set up protocol for knowledge transfer to the future
team

6,2 Approach students who follow courses regarding
earthquake resistant building

10,4 Bring professors and students together about
SSN on a more regular basis, professors as advisors
that are involved not only regarding grading

8. Dissemination of relevant research questions to
students of the TU Delft from NGOs

WT: minimize - minimize

® 6/8/7/9 Use and elaborate further on the long-term
plan of SSN team 5 as the base for following
relevant and meaningful research.

e 8, Approach someone working full time in
Earthquake resistant building in Nepal as advisors
of the SSN foundation

® 6,19 Create a documentary to explain the project
and problem in a direct visual way, improve
communication of the project.

e 7/8,13 Scoping and defining of the goal of SSN,
mission and vision and implementation pathway

e 9,12 Make readymade relevant and important
research questions for capita selecta/thesis

Figure 104: TOWS Analyse
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17.2 Engagement Plan

To set up a strategy on how to corporate and
collaborate with stakeholders, the
engagement plan for Shock Safe Nepal is
developed mainly through the stakeholder
analysis. In the extensive stakeholder
analysis in Appendix IlLA the problem
perception and goal

of all the stakeholders are determined, as
well whom they can collaborate with and
whom they might be in conflict with. The
scope of this engagement plan is solely
stakeholders that affect SSN. The approach
of this engagement plan is the process,
which consists of consultation, participation,
partnerships and communication. The
objectives belonging to these aspects are
defined as to be seen in Figure 105 below.

PARTNERSHIPS
PARTICIPATION
CONSULTATION

Figure 105:Engagement plan for SSN (adapted from Stakeholder Engagement 2017)
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Consultation

In order to create an optimised earthquake
resilient house consultation of other
knowledge institutes is essential. As SSN
has been doing research knowledge
exchange can take place. Furthermore,
gathering information from the umbrella
organisation HRRP is important in order to
know the status of rebuilding in Nepal as well
as what other organisations are focusing on
and make the research done meaningful.
NGOs can provide SSN knowledge about
the implementation methods and technical
assistance.

Patrticipation

Contact organisations to create
opportunities to participate in SSN in either
knowledge exchange, funding or
implementing.

Partnerships

As concluded from the analysis of the
implementation methods, it is not feasible to
implement the design by ourselves.
Furthermore, with the risk strategies in mind,
lasting technical assistance is essential in
the process, which SSN cannot do as it is
research based. Therefore, NGOs are
needed for the implementation.

Communication

Research has been done and needs to be
shared to reach those who need it as soon
as possible. From the analysis of the
external factors we can conclude that
sharing knowledge is one of the main
aspects. This can be done through trainings
and technical assistance with the help of
research institutes through organisations
such as NSET and HRRP. Through
communication SSN can share information
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and make research data available regarding
earthquake resilient building with and
through organisations such as NGOs,
HRRP, governmental organisations. Also,
communication with the inhabitants of Nepal
is necessary, as public awareness is
essential.



17.3 Implementation pathway

The steps that have been identified in the
engagement plan in previously are
organised in the following implementation
pathway. The steps are colour coded into
regulatory, implementation/pilot/ technical
and organisational. The regulatory goals are
difficult to influence as SSN is still a small
organisation. Recognising these goals can
show the importance to other stakeholders
active in Nepal who are involved in
regulations. Implementation regards the
building of the design in the future. Technical
goals are goals that are currently defined of
holes in the technical knowledge that are
important for the end goal of a completely
validated and as much as possible
earthquake resistant design. In reaching
these goals the organisational goals are also
essential to help shape the future research.
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Figure 106: Implementation pathway of SSN
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As stated in Figure 106 above, certain
steps have to be taken in a specific order.
Those steps are further explained in this
paragraph.

1. Have a design of a house that is validated
technically statically

2. Have a design of a house that is culturally
optimised-- amount of rooms, traditional
roof, cows and sheep area, storage option

3. Have a design of a house that is validated
technically Dynamically/ on a shake table

4. Final costs of the base house.
5. Design for self-sufficiency of water use

6. Design for self-sufficiency in terms of
energy Research into other building
methods/ retrofitting

1. CSEB Bricks have been accepted in the
building code

2. Use of bamboo for the roof has been
accepted in the building code

3. IF CSEB has not been accepted in the
NBC - apply the design to the Building
Catalog
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4. If CSEB is accepted into the Building
Catalog, check of this is with or without a
frame -> choice between continuing with
design of pilot house or altering design to
make walls fully loadbearing.

1. Team 6 - at least two structural (Structural
Engineering, Building Technology), building
technology at least one architecture BSc
background.

2. |dentifying key areas where this design
would be feasible

3. A shake table is available at Tribhuvan
university

4. A board of SSN is set up and SSN
becomes a platform for reconstructing Nepal

5. Research done at the TU Delft in Courses

1. SSN has an implementing partner in
Nepal

2. SSN builds pilot house 2 in Ratankot

3. People in Ratankot are taught how to build
the design

4. The basic design can be given to NGOs
looking for designs for areas suitable for the
design



17.4 Conclusion long-term plan
& implementation pathway

An implementation pathway and long-term
plan have been developed. However, it is a
pathway that should be seen as a guideline
but can be altered. The context in Nepal
changes all the time and this will have an
influence on the long-term plan.

To be able to implement the planned
elements the project has to gain momentum
at the TU Delft, for this it is important to
continue working closely with professors and
hopefully setting up the foundation will help
in this. There are certain aspects in the
implementation pathway that are more
feasible than others and this can be
considered in the future.
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18 Discussion

This chapter will elaborate on the limitations
of the results of this report. These should be
considered by future Shock Safe Nepal
Teams, interested parties involved in
construction in Nepal and general readers.
The discussion aspects are organised
according to the main subjects analysed in
the report.

General information

This report is the result of the Multi-
disciplinary Project at the TU Delft, carried
out by students. The results of the pilot
house can be used by other parties in Nepal,
however the design should never be built
without thorough technical assistance in
Nepal. There is only so much research that
one team can conduct in the given time and
therefore it is essential for readers in Nepal
to see this report as guidelines but not the
design as ready-to-implement.

Scope

Before departure, a project plan was drawn
up with the aim of a long-term plan for
upscaling and implementation. After working
on the project for two weeks and a detailed
inventory, the project plan did not seem to be
feasible and the scope seemed too broad.
Due to the complexity of the project, the
country and its circumstances, the scope
had to be adjusted. However, in order to be
able to draw up a long-term plan and to be
able to upscale the project, the pilot house in
Ratankot had to be validated first and an
analysis of the context had to be made
thoroughly. Therefore, the scope was still not
realistic which results in a comprehensive
report - the final goal of SSN5 was to create
a foundation for the inhabitants of Nepal, for
future teams and the SSN Foundation.
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18.1 Technical discussions

A large part of the project was dedicated to
the technical aspects of the pilot building. It
considers the validation of the materials, the
structure and quasi static situations. It
should therefore be discussed how and why
these analyses, calculations, decisions and
practical works, have been executed.

The design mainly follows from the Nepalese
Building Code and the Design Catalogue.
The socio-cultural aspects of building have
not been sufficiently considered. It would be
necessary to further research people's
needs regarding housing of rural areas. The
implementation and  materials  were
specifically validated in Ratankot and are
therefore not necessarily valid in other
areas.

Even though the implementation was
validated, the construction site is not ideal for
the construction of the house. It has been
built on sloped ground. One of the general
rules of earthquake safe building is making
sure that the slope is stable. This has not
been done by previous teams and should
have been considered a higher priority
before and after construction. During the
stay in Nepal, it was found that slope stability
is a problem in many places and can form a
danger for both people and housing.



Material analysis

The bamboo analysis in this report,
regarding bamboo, steel and CSEB, are
mainly based on sources and laboratory
tests done by other researches with limited
documentation of the test setup. It shows
limited information and results in less
credible assumptions and decisions
regarding the materials used in Ratankot.
Therefore, laboratory tests using the
materials from Ratankot should have been
conducted for comparisons and more
credible results.

Concrete quality has been analysed through
laboratory tests and on-site inspections. It
was noticed to be poor about both structural
performance and durability. However, the
compression strength of the material seems
to give structural strength high enough to
bear static loads in a working situation.
These results have been achieved through
using a Schmidt hammer, which makes the
results reliability lower than if a certain mix
design receipt would have been given.
However, values given by the Schmidt
hammer have been compared to
compression strength tests results, gaining
reliability.

Static calculations

When installing the roof onto the walls, it was
noticed that the connection between the
walls and the roof did not align and fit.
Primarily upon arrival, help was offered to
the previous team to help finish the roof. It
should have then been stated that this is not
the way to build and connect the roof.
Furthermore, when calculating the roof, it
was assumed that these connections were
rigid, but in fact the roof just lies on the walls.
It should have been a higher priority to
investigate and optimize these connections,
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which are the bottlenecks of the structure,
further, after which calculations are in order.

Static calculations for the load bearing walls
of the house have been conducted
consulting Indian Building Code and
Nepalese Building Code parallel. When they
lacked some contents, parameters have
been determined using Eurocode. Steel
rebars have not been considered into
calculations of the structural performance of
the walls due to the uncertainties about their
location into the walls. Based on the
conducted material properties analysis,
verifications of the walls structural
performance have been made following
indications of Eurocode mainly, which has
been considered the most reliable source.
Using the same source for both parameters
determination and verification might have
made the verification process more linear
and reliable.

When determining the soil parameters, to
validate the structural properties of the
foundation, solely visual and minor practical
tests and observations have been done.
Because of these visual and minor practical
tests and observations, many parameters
remain assumptions. To form a greater and
more profound understanding of its
properties, more thorough analysis should
have been done, by both previous teams
and the current team.

Since assumptions were made, the
credibility of these parameters is debateable,
as will be the results of these calculations.
Furthermore, the calculations on sliding and
settlement may be considered, as sliding
due to wind forces could have been
assumed redundant beforehand as this is
very unlikely to happen. The primary
settlement has already taken place, since
the house is already built, so these



calculations are mainly useful before

construction.

Quasi-static calculations

The acceleration of the ground that is
needed to initiate the collapse of the walls
has been calculate and then compared to
the actual PGA that might be registered in an
earthquake situation. In this case, the
presence of embedded rebar's has been
considered assuming the walls collapse
mechanisms as three-pointed ones. This
assumption might be affected by relevant
uncertainties. Earthquake-related applied
loads and structural response have been
determined consulting Eurocode indications
mainly due to the frequent lack of information
of IS and NBC. More context-and-location-
related source and indications might have
been more suitable to be used. Further
calculations related to the static non-linear
and dynamic behaviour of the structures
have not been conducted due to the topic
complexity and lack of time.

The quasi-static calculations on the seismic
bearing capacity are only based on a single
source. The integration of multiple sources
gives more inside in possible mistakes and a
more credible result as a comparison is
possible. The Eurocode 8 should have been
consulted when performing these
calculations, but due to a shortage of time,
this was not done.

After finalising the excel sheet regarding the
CSEB drop tests, for Build Up Nepal, the
credibility was not further tested. The drop
tests should have been carried out following
the computed excel sheet. As for the shear
test, initiative was taken to build a two pilot
walls together with Build Up Nepal and the
university of Tribhuvan. However, due to
time shortage and lack of communication
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with Build Up Nepal, the test was not
finished.

The bamboo treatment test carried out in the
vilage of Ratankot were successful.
However, shortage of time and meetings,
resulted in little education on independent
operations by the villagers. The mechanics
and proceedings of the device should have
been elaborated on and better taught. Many
conclusions have been drawn from the joint
connections. It was understood, after
analysing, that they lacked on multiple
mechanical and safety grounds. These
concerns should have been shared in more
detail and with more urge.

The most important discussion is the
knowledge transfer. This continuous to be
both an issue and an opportunity. Regarding
the knowledge acquired during this project,
much was discussed with the villagers and
other involved parties. However, many
concerns were left unspoken and some
knowledge was left uneducated. More
thought should have been paid to this
subject.



the
and

18.2 Discussions about

context, upscaling
future of SSN

The socio-cultural aspects of building have
not been considered as much as would be
needed to build. Although it is possible to
find possible future owners of a house based
on the SSN design, that matches to the
house, it would be necessary to further
research people's needs regarding housing
of rural areas.

The pilot house that is analysed and that
parts of this report build on is a very specific
design. The choice for the use of CSEB
bricks by team 4 in the pilot house was in
part made as the cooperation with Build Up
Nepal was possible. Although the use of
these bricks and the resulting design are
researched, this is not the most favourable
design method in all areas of Nepal.
Although the implementation is validated
(under certain circumstances) in Ratankot
this is not therefore valid in other areas.

Stakeholder analysis

The stakeholder Analysis is done as
thoroughly as possible, however, as the
analysis is based on interviews it can be
subjective. Information gathered was
checked in other interviews to get the most
accurate results, and was optimising the
information was an ongoing process. The
inventory of stakeholders, power-interest
grid, attitudes and the stakeholder network
represent the current situation. It is important
to recognise that changes in this can happen
quite suddenly over time.

External factors

The report gives an extensive oversight of
the results of research on the external
factors that influence building in Nepal, this

230

is based on the current situation. The large
part of this research will remain valid,
however, legislation and the political
organisation can change. In that case, the
results in this report can be used as a base
for future teams to add alterations to should
they find changed external factors.

Implementation methods

Implementation methods are used in the
research of widely varying organisations.
These are chosen based on links with SSN
and differences in methods. However, there
are many other organisations working in
Nepal, whose implementation methods will
vary from the results given here. For the
purpose of refining the implementation
strategy and long term goals of SSN these
case studies are significant. The final
outcomes are based on interviews and
therefore are affected by this form of
research. They are based on the answers
given by employees of companies and the
interpretation of the SSN team. Threats in
the SWOT analysis were therefore also
more difficult to get into the results
accurately as organisations are less willing
to discuss these.

Risk assessment

The risk assessment determines the risks
regarding the external-, design-,
construction risks. Mitigating those risks do
not look difficult in theory, but due to many
factors the feasibility is affected. Those
factors, such as external factors and
stakeholders involved. Therefore, the
external factors have been considered when
the strategy was created.

As Nepal is a complex country, the source of
the problems has to be solved before the
risks can actually be mitigated.



Long-term plan for upscaling of
implementing earthquake resilient
housing

The long-term plan in the final chapters of
this report is based on the research done
and following steps that were determined
throughout the project. It is formed by the
SSN team but following teams have the
freedom to add, remove or reorganise goals
if the significance or priority if this is seen as
important.
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19 Conclusion

The goals of this report were to validate and
optimise the design of the pilot house
technically, analyse the current context of
Nepal and its implications for the SSN in
future projects and develop a preliminary
strategy for further implementation of the
design in Nepal.

The research question will be answered by
the sub-questions in the next paragraphs.

19.1 Technical conclusions

Preliminary to the research conducted in
Nepal it was desired to determine the
structural and technical properties of the pilot
house and the feasibility of the required
materials. The information on the structural
and material properties, are intertwined with
the question as to what extend is the design
earthquake resilient and how it can be
optimised. In the following part these
subjects will be discussed and revised.

From the research on bamboo, particularly
Bambusa Balcooa, it has been found that the
mechanical properties of this material are
difficult to predict and rigidly determine.
Solely relying on literature research, gives a
wide range in values for several properties.
However, after roof calculations, taking the
lower values from these ranges, it showed
that the material was strong enough. It can
therefore be concluded that bamboo is
indeed a strong material to build with, but
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thorough research and safety measures
must be taken. Regarding the structural
performance of the roof, the joints were
immensely misconstrued, the structure over
dimensioned and therefore too heavy, but
mechanically safe on bearing the induced
loads.

The load bearing capacity of the house,
given by CSEB brick walls, has been
estimated for an ordinary working situation.
Assumptions have been taken estimating
the loads combination, per Indian Standards,
as well as the structural properties of the
CSEB, based on tests conducted by Build
Up  Nepal. However, some  wall
compartments did not match guidelines' limit
values (e.g. eccentricities) due to an
inhomogeneous distribution of the loads to
the structure. Infilled rebar’'s have not been
considered while conducting structural
calculations but bricks only, then the
structural performance of the house should
be safer than already estimated.

From site inspection and an earthquake safe
building point of view, the site has been
determined as an unfit construction location,
due to sloped ground, little construction area
and no retaining structures. The soill
properties have been mainly determined,
making assumptions and following limited
research data. They are therefore siill
unreliable but a good start. After bearing
capacity, sliding resistance and settlement
calculations, using these properties, it was
found that the soil and the foundation are
structurally  performing as  required.
However, it was found that the foundation is
largely over dimensioned.

In general, the used materials and the
structure of the pilot house have been
thoroughly researched and tested. The
mechanical properties of the materials and
the structural performance of the house is
acceptable and of required capacity. It must,
however, be said that the quality is still
relatively low which can and should be



improved. Even though it has been found
that the structure is wall-bearing, it can be
said that the overall static, structural
performance of the pilot house works
properly, taking all assumptions into
consideration.

The load bearing capacity of the CSEB walls
has been investigated in an earthquake
situation. Shear and bending stresses
caused by earthquake-related forces have
been estimated following the Eurocode
guidelines. Mostly stresses have been
determined higher than the (expected)
induced stresses for safety reasons. The
ground acceleration necessary to cause

compartments collapse has been
determined and then compared to the PGA.
Two different scenarios have been

investigated. If concrete bends guaranteed
the box-behaviour of the structure, 3-points
collapse would happen. Due to poor
properties of the concrete, a punctual
overturning collapse might happen, which
can be caused by lower PGA values. In this
case, most of the compartments could not
bear the ground vibrations. Rebar’s have not
been considered in the structural
calculations, their contribution should make
the house performance safer for both
bending and shear stresses. The
investigated situation represents a small part
of the whole panorama of verification that
might be done to analyse the structural
safety of the house. This scenario gives only
insights about the potential performance,
because dynamic loads are applied
statically. For these reasons, to analyse
more deeply the performance of the house,
non-linear or dynamic calculations could be
conducted as well as FEM modelling.

Regarding an earthquake situation, the
foundation was solely researched and
calculated following quasi-static conditions.
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The earthquake conditions were derived
from the Peak Ground Acceleration, which
does not necessarily give an indication to the
magnitude on the scale of Richter. The
calculations only consider the bearing
capacity of the soil. It was found that in case
a PGA of 0.6g occurs, the bearing capacity
will hold. Increasing the PGA further than
0.7, would mean in some cases failure
regarding the assumed internal angle of
friction. However, it must be said that no
further thorough investigation was done
regarding this matter. It is also not
investigated to what extend the foundation
would be effected because of the inertial
effect on and of the superstructure would be.
The assumed situation is therefore not
complete and yet partly unreliable.

Regarding the optimisation of the house, a
lot can be accomplished. The most important
part is that the people in Nepal must be
aware of the importance of good material.
Casting concrete with the perfect mixture,
curing bamboo the right way and connect
material together with sustainable solutions
are for now far from desired. The quality of
the CSEB can be investigated with the
suggested drop test so that the load bearing
wall capacity is high enough to bear the
loads. The blocks also must be protected
against extreme weather conditions to
maintain the strength of the individual blocks
at the bottom part of the structure. For now,
the villagers often don’t know the right
approach of using materials. After site visits
it has been noticed that the lack of
knowledge can result in dangerous
situations. Therefore, professional technical
assistance is one of the priorities in the
coming years. This will save a lot of money
for the villagers and will provide a faster and
safer rebuilding of the country.



19.2 Upscaling and future of SSN

Nepal is situated between India and China
and economically very dependent on them
for import and export. It is vulnerable
regarding climate change and its
mountainous geography makes transport
and infrastructure underdeveloped. Nepal
has an unstable political system and
earthquake reconstruction falls under the
ministry of urban development, federal
affairs & local development as well as the
more recently initiated National
reconstruction authority. Complicated social
structures and an embedded caste system
add to the external factors that have to be
understood when building in Nepal. The
large number of NGOs working in different
ways and the government trying to keep
track of and in some cases, organise the
stakeholders makes for a complex system of
reconstruction. This can be seen especially
in terms of logistics, which takes time and
leaves many locals still without housing
nearly 2 vyears after the earthquake.
Government institutions can be difficult to
work with; processes are slow and
corruption has to be considered. Getting
designs accepted by government institutions
is time-consuming and not feasible for
SSN without working together with other
stakeholders. The NBC (National Building
Code) is imperfect and largely based on the
Indian building code.
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To be most valuable it is necessary to for
SSN to recognise itself as a knowledge
organisation, in between the large number of
organisations currently active in rebuilding.
SSN will be of most value if it stays in this
role and improves technical quality in
designs rather than implement the design
themselves, and should keep focusing on
quality over quantity of houses. The
stakeholder analysis shows the large
complexity of the stakeholder network and
ties between governmental organisations,
platform organisations, inter- and non-
governmental organisations, knowledge
organisations and locals. The differences
between stakeholders in terms of power,
size, previous interactions of SSN and
implementation methods combine in the
importance of SSN having to keep working
with organisations as Build Up Nepal,
Habitat for Humanity, architects sans
frontiers and HRRP as there is no use in
doing research that is not based on and for
organisations on the ground.

The most feasible role of SSN in rebuilding
Nepal is based on all the results of the prior
research and combined in an upscaling plan,
engagement plan and implementation
pathway. Regulatory,  implementation,
technical and organisational goals need to
be accomplished in the long term to work on
developing and disseminating knowledge
regarding the quality of earthquake resistant
housing.



20 Recommendati
ons

It is important that the house that has been
built in Ratankot is seen as a pilothouse. The
design must be completely validated,
structurally and socially. We also
recommend professors to be critical in this
project as it regards a design of a house that
is meant to be built and not solely a
theoretical design. The further process with
the design has to be tracked as a house that
is built by students of the TU Delft, however
the students are not responsible for the final
use of the house and are not setting a certain
safety level.

To improve some characteristics of the
design, the earthquake safe building
knowledge and this project, together with a
more in-depth and reliable validation,
general technical recommendations are in
place.

Structural and durability-related
characteristics of the pilot house have been
determined through on-site analysis,
laboratory tests and calculations. The
conclusions regarding the static and quasi
static performance of the house, are based
on the current available, found and used
sources. These might not be the most
reliable or complete sources and could be
investigated further, especially on quasi-
static grounds.

It was found that the quality of building
materials is generally lower than expected
and necessary. This is caused by the overall
lack of knowledge and concern on-site,
especially while casting the concrete,
pressing CSEB and connecting bamboo
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sticks. In general, many operational
mistakes are made. For future operations
and construction, improvement of guidelines
and technical assistance are required.
Moreover, knowledge transfer and technical
education is something that could be more
elaborated on.

The load-bearing function of the house is
built using CSEB bricks. Even if that is a well-
known technology for the context, only a few
tests about these bricks properties have
been conducted, especially about their shear
stresses, strongly related to earthquake
situations. It could be beneficial and more
earthquake safe if other materials are
investigated. Furthermore, the structure
relies on a wall load-bearing structure. This
solution is generally weaker than frame load-
bearing structures; the latter could be
considered for further and safer future
housing solutions.

It was noticed that little to no specific site
analyses were conducted to find the most
suitable location for construction. Also
regarding technical validation or calculations
not enough research have been executed.
Earthquake safe building is largely effected
by such research, especially due to the soil
composition and the site layout. Therefore, a
new, but similar design can be taken under
consideration. More technical knowledge,
physical data and calculations have been
acquired by Shock Safe Nepal Team 5. This
could be used, designing a better and
optimized pilot building.

It is important to keep in mind that it is a
research project, research has to be done
into the design, the building and
implementation of the design should
therefore be done in cooperation with an
organisation on the ground that can maintain



continuity and check that the implementation
is done correctly.

Moreover, the researching subject should
also be specific for the goals, interests and
knowledge of this specific partner.

The research that has been conducted in
Nepal, by SSN team 5, was relatively broad.
To gain more in-depth results and research
a more specific scope should be applied.
Meaning a choice on a specific subject,
examples of this are an in-depth research on
CSEB, quasi-static research on the
foundation or walls and/or tests on the soil. It
has become more important for Shock Safe
Nepal to gain more specific and detailed
information on different topics. To achieve
this in a structured way, scoping should be
paid more attention to than it generally
should for a project, due to the severe and
life threatening nature of earthquake safe
building.

The NBC should be seen as a guideline, as
students from the TU Delft, technical
research is the main goal and it is therefore
essential that the design has been validated.
However, the guidelines of the NBC need to
be followed as this makes the acquiring of
government grants possible for future house
owners.

Shock Safe Nepal team 5 has started a
cooperation with the University of Tribhuvan.
The professors are willing to help and this is
something to continue working with.
Furthermore, it is important to incorporate
the university in such technical operations to
preserve and develop knowledge. Moreover,
the university can be a great help and
opportunity to start the construction of a
shake table, which could be a great asset for
Shock Safe Nepal.

The University of Technology in Delft
contains a vast and diverse set of
disciplines. The research topics are different
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for every team. The teams should have
affinity with the specific topic and should
know beforehand what and how their
contribution will be to this specific topic. It is
recommended that the next team should to
consist of a minimum of two structural
engineering students, preferably in their
masters and a CME/TBM student regarding
project management.

Create and share individual research topics
that can be carried out as master theses.
This can be done for NGO's in Nepal and
SSN will function as a catalyst between
students from the TU Delft and Nepal. This
is however secondary to the research that is
in the main focus of SSN.

When dynamic and quasi static calculations
are considered as a research topic. It is
recommended to use and compare multiple
programs, specific to the topic. For example,
TreMuri is a recommended to computer
program to investigate and Finite Element
method has not been considered further as
well. This could be great for Shock Safe
Nepal to pick up off.

It is recommended to further explore the
space use of the house design and its social
implications, as the house needs to fit in with
the needs of people, yet not be structurally
effected by these possible changes.

For other research, it would be of value to
look into the houses that were traditionally
built and ways of improving them. Our
design is “new” and needs time put into
education. The fact that the bricks can be
made onsite however means it is very
applicable in certain areas.

Explore the financing methods of building
houses, look at how money moves through
the supply chain and how materials can be



used that will benefit the whole community,
get the $3000 grant into the small-scale
village economic cycle instead of straight to
the larger cities. This way the $3000 grant
can function as a kick-start for the success
of a whole village instead of solely the
person who is able to now build his house
and the companies that the owner buys his
materials from.
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BLOCK SIDE POINT HAMMER 1 HAMMER 2

1 18 21

2 20 17

3 18 23

4 17 24

u 5 28 30
6 18 22

7 24 28

8 24 27

1 9 21 28
1 21 24

2 21 27

3 21 21

4 21 21

B 5 25 29
6 25 29

7 20 23

8 19 22

9 19 22

BLOCK SIDE POINT HAMMER 1 HAMMER 2

1 21 26
2 26 25
3 19 21
4 23 26
1 R 5 22 25
6 21 28
7 17 18
8 17 18
9 19 26

Figure 107: Schmidt hammers used for testing concrete block 1

BLOCK SIDE POINT HAMMER 1 HAMMER 2

1 18 21
2 20 26
3 15 18
4 16 11
u s 18 25
6 16 19
7 14 18
8 18 24
9 18 24
1 * *
2 18 24
3 * *
4 * *
2 B 5 - -
6 * *
7 16 24
8 * *
g * *
1 * *
2 * *
3 * *
4 * *
R 5 18 26
6 * *
7 * *
8 * *
9 * *

Figure 108: Schmidt hammers used for testing concrete block 2
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BLOCK SIDE POINT HAMMER HAMMER

1 2
1 23 28
2 22 27
3 18 20
4 21 23
U 5 21 29
6 19 28
7 20 21
8 21 30
9 21 23
1 18 24
2 21 24
3 18 21
3 4 20 28
B 5 26 25
6 24 27
7 22 24
8 16 22
9 * *
1 18 24
2 20 26
3 20 22
4 * *
R 5 24 27
6 20 28
7 * *
8 19 29

Figure 109: Schmidt hammers used for testing concrete block 3
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Figure 110: Compressive strength of a 200mm cube and how to define the strength of it with the Schmidt hammer
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EXAMPLE OF PGA FOR COLLAPSE INITIATION — XL FILE

Variation of & depending on the height
WALL GEOMETRIC DIMENSIONS of the middle rotation point C
distance of - 4
. application point d'.s tar.\ce Of.
wall thickness height of wall for upper loads application point
compartment dy[m] hy [m] for upper loads
s[m] due to upper
h[m] e due to floors — 40
dm] ami ;
INPUT 015 1,20 0,33 0,03 1,50 b
o
LOADS
specific weight
of the wall s
material self weight of the| .1 10ads upper levels arches loads arches loads
KM wall P loads vertical horizontal h,
[ W [kN] s (kNI N [kN] Fy [kN] Fp [kN] h
20,00 3,60 3145 18,45 10,60
4
0.2
acceleration factor A -
T ————
h1 rel.al.ed to the hinge height minimum A
minimum A minimum Lifhy=hy h
1 [m] A
gamma [m]
Fig. 1 - static scheme
-151,892 1,18 -1,412 1,18 -151,892
mass that height of the wall b heig?l&c‘;f the" height of weight
b S o e e from ﬂ?e ase;:)m ‘T‘:’a = forces soil factor structure factor | PGA of collapse
PGA the cinematics N . a foundation barycenter q (SLU)
e ap” [m/sec?] H foundation
Im] Zm]
[m]
0,410 0,182 -8169,416 7,00 0,00 -0,15 1,25 2,00 -1377,606

Figure 111: EXAMPLE OF PGA FOR COLLAPSE INITIATION
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Figure 112:: Cube compressive strength as a function of the Rebound's number R
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Figure 113: Total costs Borax en Boric acid

The total costs of the borax and boric acid for the preservative is 2992,- NPR or 26.72 EUR per
2 kg.
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Figure 114: Total costs bucherie machine

The total costs of the material to build the bucherie machine is 7227,- NPR or 65.54 EUR.

251



Cement content 5%
Sand content 55% 50% 45%
Clay 10% 15% 20%
Gravel 15% 15% 15%
Silt 15% 15% 15%
Results
# blocks / kg # blocks / kg # blocks / kg
) # blocks / kg # blocks / kg # blocks / kg
2 days of treatment Block fail after # blocks / kg # blocks / kg # blocks / kg
# blocks / kg # blocks / kg # blocks / kg
Block fail after # blocks / kg # blocks / kg # blocks / kg
# blocks / kg # blocks / kg # blocks / kg
5 days of treatment Drop test [m] (m] (m]
[m] [m] [m]
Compression test MPa MPa MPa
MPa MPa MPa
Drop test [m] [m] [m]
7 days of treatment '[\f/lnpla [MmP]a l[\r/InP]a
Compression test
MPa MPa MPa
Drop test MPa MPa Mpa
14 days of treatment m: m: m:
Compression test MPa MPa MPa
MPa MPa MPa
MPa MPa MPa
21 days of treatment | Compression test MPa MPa MPa
Mpa Mpa Mpa
MPa MPa MPa
Final strength (average of 21 days MPa MPa MPa
compression test

Figure 115: CSEB dropping test
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Pictures of the bamboo treatment training
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Figure 116: Pictures of the bamboo treatment training
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II.A Stakeholder Analysis

1BWUIBA0B )

oy UoneInBa: o) anp jw 8q JouUEd
Buipun; Jo 85N N0GE SluUBWEBIGE

41 - stouoq euped Bunuawelduwy
U1 1 ISV Se Nid-10 PUe Nid-10

1UBWILIBAOB By} Woy uone[nBal
) 0np 10w 8q 10uLED BuipuNy JO
95N IN0ge sjuBWaBIBE i - $10U0Q "NOD

1UBWIBAOB U} 0} SIBPIOYBNEIS

10 8910A BAI99][03 € 83 PUE 858U}
10 1le Usemq sogierd e se uonouny
Aoy} se 509N '08ANA VN 'NoD

siApe au) Bunte jou £q 08ANA VAN

panoidde
uBisap BB pue UBiSep BuIpINg Jo
uonejuswadwiul NITO ‘Nidd “0aA

1008 Buipioap.
81 10U 10 1nq Weu) siAPE Aeu) SE NOD

08aNa 'SOON

SOON ‘L3SN 'ViIN

SUOEZIEBIO [BIUBLILBOB JBUBIH

SuBisep Jo uoneIsiBe] 6uUIEUOD SOIN

SuBIsep Jo UoneIsIBe] 6uILIEAUOD SOIN

euyo
09 "elpul 0 'Buipuny BulsEIUOD SOON

1014NOD

Ayssenun UeANYQUL *08ANG VAN

‘sional [esors 1e (NI) suolieN
panun 8y} U diusuoneres Bupiom
nIsUBIXa pue Bulpueis Buol Apeaily

SOON

se010 Jouisip
yBnoy 81doad 2907 ‘Nid-10 ‘NId-T0
“Aysieniun ueAnyquL

oBpaimouy
aBueyaXa 0} NSS UBNOIU) 1iaa N pue
“poddns [201UU08) PUE S10BUSE [OIULE)
1n0ge abpamouy anB 0} OEANG VAN

NS UBno) 9Bpamou
@bueyoxe 0} AsIoAUN UBANYGUL

siouped wouwdojereq
“Bujuueld UO WoY) 3SIAPE A3U) SE NOD

nid1a Ind
10 "AIsionIuN UeANYGUL '08ANA "diiH

onelsiBal 8} 1o} aBpaIMOUY BI0w Ul
01 SenIISUl Y212asel 'SODN VAN ‘i
S1290] ‘suoneziuebio

JeuBWuIBA0B JouBlY, ‘SOON KollewS

(1 orosdde ouued Aou) i Nid
<10 ©1 Nid-10 woy 06 subisap) Nid-10

siouped

edaN u siouisip
Uieye2 Ur SE0sE pojosye Ul Buisnoy juswslduwl

SOON Jau1o 0 pasedwod
ledaN ul Buol jey) 1sixe
10U 580 11 SE [BdN Ul

mau KipiEfel IS “SueiB
pue Bojeiea Buipiing

“D8N 1n0ge Aiuerp o o]

Fiaroos ‘siues
pue sjuesBiw syeueq uonesBiu Auapio pue pue Bojeieo Buiping
uewNY Jey) aidiound 8y} 0} PAILWOD S WOI *OBN 1N0Ge A1Le Jo oe]

‘saiued paisasalul pue parooye wiopeld se aieys
/e UM BUIPING 1Ua11Se: @Yenbubiee BuIpieBal 0} UONEWLIOUI 18 BneY Jou
8Bpaimou fle a1eys pue Juaiedsue) 88 S80P dyH OS ‘UoNEWLOJu!
o18ys Jou Op Bldwexa

18410 Yoea uslyBuBNS
510108 puE poleys S! aBpoIMOUY
e 218UM HIOMIBU € 818810 O} BUIKIL

uononuisu008
pue A19A0081 ‘Buisnoy pue

“spooyien ‘uonosjoid ‘uijeay ‘Aienooel
fuea ‘suoneindod pajosye 1o} suoninjos
1eunp uo BuIsnaoj yoeosdde wie)
6uo| 01 piu & paidope aney UoUBABIUI
10 Seale opewaY) S, WO ‘Sseupasedaid
pue K19008) Wi} J0BUO 0) BoUEISISSE
fousBiows woy senow asuodsal
enbuyies au) sy “suoneindod
pa1oaye-axenbyLes Jo Spasu oy}

01 Buipuodses Ul [2deN J0 1UBWILIBAOD
y) woddns o} senunuod WOI

fedoN

ur Buntiom s OON 40 ¥oex) Buideay|
9102 Aenuer jo Bupuuibeq

Ul Jo se 'LVLIBYHNN PUe WOI Aq
Pa1-00 puE NOD J0 20UEpING B} Japun
UOHONISU008 PUE AI9AOD8I Ul POAIOAU

10} SOON oN

ledeN Bpaimouy ouy jo

Ui Buisnoy 1uaiises aYenbybes uo yoieasey  uonelusweldwl BuipieBal
Jomod moj aiojeiau}

“VN 841 10} Apog Aiosiape

e pue yosessal A1UQ

jedan uj Buisnoy
1ualIsa: OYenbUYIES UO Uoieasal NSS UBNOILL

Bpaymouy
a4 Jo uopejuswalduw
BuipseBas somod Mo
u0jesou) ‘yoseasal AUO
oidoad 1By

U} 0} aBpaImouy BuieD

“sioupied juswdojonep
pue ‘A1190S [IA19 10}08S 91eAUd 'SIRIOUDS

woyy siesodosd pue seapt juawdojerap meu

10 86UBUOXD BU) 10} NY [ENJORIIOUI UE SE OSfe
pue sweiboid pue saiojod ‘sueld juswdojansp
Bupieniens pue BuoyuOW 1o} AouaBe

Jes1u0 € Se BUINIBS “JUBWIdOfRAS JILIOUOSS
-0120s 103 196pnq sa1eaole pue ‘Buipuny

10 591105 AJIUBPI ‘PBPOSU S80IN0S) SSSASSY

[e0u3 Uy $59001d B} 10811p O} Bxenbyyea  “8BpaIMOUY pue BuENssE
5} 1o} SO0 UONONIISUODI [[2 995I9A0  [€91U498) ‘Sa1iddns Jo 3o

wsifeuonIpes) 0 108dsa) yum suBisap Buiping Jo aBpajmouy Jo %oe
Spoulaw uonaNASUOD Ajpuayy AllEuBWUOIALS
pue a|qises; ‘ajes ‘jowoid pue eseasou|

a6

I\ S1U) UM 10100 Ut
Anoeuip Buieq Aq aBeln seinaied e 10 aejjom
pue A1noes ‘sonsn! ‘uawidojerap BulenBay

9aA Aq peideode
5 jouue Ji Nid-10 0
puss 0} 9ACH DA 81 Ul
ployasnoy auo Joj ancidde
01 Jmod Ajuo ‘sseauiBus SE
yons ‘spadxa aney 10 og

10UISIp 04} 2 5190[01d UOINIISUORI [004OS Bupeys
U} Joyuow  Juswa|duwi 0} PasNoo ‘exenbuyiea  BpaIMOUY pue SBpaIMOUY
BUeISEADP 8L WO PaToae SISOy 691498} JO 0]

Jo uonoNISUO9R) B BYPRUX@ 0} UOISSIN

18410 pue saiousBe deWodip ‘SOON
® SOONI 'SOD 's10u0p BuINGUIUOD

euo
09 ‘eIpU| 09 ‘SAINYISU| YIEBSE) ‘GANH

NOLLYY08YT100

pue onissaib6e Bupeys
PUE SNONUNUOY € UM SBINIANOE UOIIONLISUODR  8BPSIMOUY PuE BBPaIMOU
o Pasna0; ‘jaAe] (21189 UO xeNbuEs E91U981 JO 0E]
Buijelsensp o) wosy pajoajje sesnoy
10 UonaNIISU022) au) BYPadXe O} LOISSIN
ledeN Jo Aieroos  Auligsiuodse xedwoo
U1 1oy aseyiom pue Anoes ‘aonsnl Bunienbey  pue abie) ‘ainssaid swi
‘aunjonss [euselul J0 %081

Y09  NOILIIONId WITH0Nd

1and pue
SIURIBIL INOGE] SERSIAAD “10j00s GleAud
o) ‘suoesiuebo euoyeusoUl pue
Jevoneu au uim uoesadood Bunenoey
“Buiuueld 01B9jels ‘UONEUIPi00

ul(@ V40N ‘08aNA/ANOW “WEN)
SeUOyINe JUBWWIBAOB SHOdANS dH

sIapI0g 1NoUNM SiseuIBUT

10 youesq e Buiag ‘eousadxe
9UUBIOS PUE [EDIUYOB] Ui UONEPUNO)
Buosis e aney Aeu) se Jamod wnipow

st
swpd ] UBWLIRYD PUE N Ui KBS0
HIOM PUE UONEZIVEBIO [E1UBWILIZACE
~1e101 e 51 1t se Jamod UBIH

uonezueBio eiquin/uiopeld
© 513 e “somod wnipoly

01U 4J88S8) Ul PANIOAUI ING
“BUIPING JO UOIjeIUBWRIGWI Ul POAIOAU!
Anoup 10u *A18100s € Ul BpaIMouY

Jo SaUepUN0q au) Buipuedxe pue
uoneanpe BuIb Aq siejjom Buiseasoul
191905 € Uy 0B paImOUY

Jo saliepunoq au) buipuedxe pue
uopeanpe Buib Aq aieym Buiseasou]

seap) juswdojonap BujpseBos
anu lenoalielu ue se Buiuonouny
“uoeusiojul BuLieys ‘Nog ay) Buisnpy

‘sainisul [euoneanps
pue 21858 UYBNOIY) BBPBIMOLY
10w ueb o} Buiki ‘waiqoid euone
) spiemo) yoeoidde painionig

2 pue
| 1oA Bojeied ubisaq 1o} ojqisuodsay

oan

sloym oy} 10} uBISEP YUE(q, € 10 DA
Jeu ur o}1oads SN0y BUO AIUO JoAaMOY
‘apoo Buipyng pue Bojelea ubisap ay) uy
1 UBISap Jl UBISAP BuIpIng eA0Idde LED

forel
1UISIP U0 OEANQ YlM UONEI0GE0D

u Boejeo ubisap pue OEN oul
u sjeuejew pue subisep ay) slenbay

fonel
[eUOIIEU U DEANA UliM UOIIEIOGE]I0D

U Bojeiea ubisep pue OEN oul
Ul sjewlew pue suBIsep au) SleinBay

Buipiinges Buoyuow
109 pue Buipuny Buneooly

pue Bu

1STAINI

anmsul e
B UOfoUNy SaINISIEAIUN BOUIS WNIPaIY

aIpisul yoeasal/aBpaImOU
€ Se UOJouNy SANISIBAIUN B3UIS MO

No9
2U1 Jo 1saUBIY oL} 1nq *Apog AosiApe
Ue s1 OdN au} tseamod yBi/wnipe

Nid PaIEaio Yoym
NI Paeald Aay) pue uawIaAob
Jo vied asneoaq “semod UBIH

Bunebpng
JE1UBWLIBA0B 0] poulensU0D aie Aay)
JONOMO ‘UBWLIEGP [EIUBLILIZAOD
& ol Aau) 20U semod UBIH

8812 DO/ BY} [01U0O

Aluo Aou) 89UIS 'NOD PUE Nid-10
‘NId=10 8Y) Ueu) ssa) s1 semod JeuL

Apoq aneIsiBel e se semod
Bupio0|q 12y} 01 anp semod UBIH

£poq onyeisiBe) e se omod
Bup00[ Jidu) 01 anp Jamod UBIH

ApOq aneIsiBel e se semod
Bupio0]q 12} 0} anp 1emod UBIH

¥IMOd

w¥amod 3an  is3
ONIDOOTE  LILLY H3LNI

[ + +- s 1134} Jo Aufend
U} or0Idw SaNUNWILIOD Buidjay Aqasoy) ‘osiadxe JUBIDS

PUE [E91UY48) BuLEys AQ [edaN Ul SSIIUNUILIOD PaBEIUEAPESID

10 wawdojeABp B|GEUEISNS BU) 0} BNQUIU0 O} Bulty

BN s - + uonEIBIW JO Plal BU) Ul UOEZIUEBIO [E1UBWIUIRAOB-sB1UI Bulpes

UoIjesIuEBIO SIU) Jopun PasaIsIBal 84 0} 9ARY SODN IV

L + - ‘swwesBoid uoyoNIISUOTS) [euNEU BU) BuneUPIoD
Ul [2doN JO JUBWUIBA0D B} HOAANS O} PUB UOHONLISUODR!

Pue A18A08) Ui PBNIOAUI SBI0UBBE 0} 20UEPING [e01UY0BY

pue Buluueld 9IBe1ES 'UOHEUIPIO0 J0} WOJIEId B S1 diH

oN 4+ - 1 ledeN ui peseq

*BuBBUIBUS UO PBSNOO} BINNISUI UDEBSE1/EBPRIMOUY ‘21E0NPS

+4/- UIBBUIBUB LO POSTIO0] SINIISUI UY3EaSE) PUE ABPAIMOLY ‘91ENpT

—0£0z ledeN Buoisiauz—edan 1o} ABerens
wawdojensp wwia) 6uo| e padojenap seH uswdolensp
910U028-01205 10} 19BpNq SeIEAOlE puE ‘Burpuny

10 581105 Sa1JIUBP! 'SPIAU BIINOSI 5S5ASSY SIDIOd

pue Buiuueid ‘UOISIA U0 JuBWUIRAO By} J0 Apog Alosinpe xady

fisnonpadxe
wwesBo1d A18A0081 B} B18UIPI00D PUE JusWS|duw O} Ajoeded
[eUOHNIISUI PUE AWOUOINE [EUOIOUNY 8y} SSANb3. VAN “J8uuew
pauue(d pue oqeuISNS @ il swwesBoid uoponIISuooes

ou) pue A10A0901 BuiBeuew pue BuIpea) 1o} Siqisuodsel

‘G102 Ut @enbuyes oy} Joye dn 19S S| jey) UONEZIUEBIO
UoNoNIISU0D pue SiuswIdojeRSp

QN U0 S1SBJE1UI JBUI0 OS[E UONEMYS BXYENbUYED

o) sapisag ‘ledeN pINga: 0} sioslod ajeos obie| BurzueBIO

jenal Auedionunw 1oy aiqisuodsay

SOUBISISSE [BOIULRY
10} elsiuodsas puE (A8 19LISIP UO [eAoidde 1oy Ui papuey aie
SUBISap a1oum UONEZIUEBIO Nid-1a UoKesIBe] 10} alqisuodsey

‘SIOUISIP PaIOBYE 1SOW L BU) Ul (-1 J8pUN PaUSIIGeISa S|

one] feuoreu
4o [eroidde 10 Ui papUEY aie SUBISEP BiaUM UOfIEZIUEBI0
"Nid-10 UonelsiB) 10} 8iqisuOdse AILOYINE [9A8] [EA1UBD

soA = - e ‘Nid
10 UonEISIB8) J0} BlqISUOdSa) ‘JoAS] [EUOIIEU U0 JUBWUIBACD

¥IMOd NOILdI¥OS3a

O9NI

wioperd
uonewsopul

wioperd
uonewsopul

o6pa
IMouyoreasay

a6pa
Imouyjyoeesay

JewuIBA0D

WawwIEA0D

WaWUIEA0D

WaWWIEN0D

WewwIEN0D

WewuwIen0n

ewuIEA0D

4SY  selaNuOY SUEs BB

wol (kouoby
uonelBiy Nn) uonesBipy
10} uoneziueBIQ feuoneusRI|

oms 115Un0D asejoMm

1005

AR [edaN
- Wiojeld UOONISUO0BY
pue 1an0oay BuISNOH

Aussonun ueAnyquL

ant uea nL

LOdN uoissiwwon
Buiuuel [euoneN

N fauouny
UOI}ONJISU0DSY [BUOHEN

.o8ana uononsuoy

Buipiing § Juswdopreq

ueqin Jo 1uawiedagq

OaA seanwW0)
Juawdojeraq abe

nid-1a W uoneiuewoldw|

1oslosd [@reT 1oUISIG

nid-10 N uoneyueweldw|

18l0id 8007 [eA1USD.

NOD [edN JO JUSLILIGN0D) [BIOUSS)

OV ¥IQTOHINVLS

256



1UeI6 WBWIUIRAOB 196 0} DA Aa
panosdde aq o} posu subISp 1B} OAA

JueIB JuewuIRAOB 196 0} OAA AG
panosdde aq o} posu SuBISap 1B OAA

JuIB JUBWUIEAB 196 0} OAA AQ
panoidde aq 0} posu SuBISap 1Y) OOA

126 JUBLILIBA0B 196 0} OTA Aq
panosdde aq o} posu Subisop 118} DA

Jue1B JuewuRA0B 196 0} A AG
panosdde 8 0} pasu suBISap 118U} DAA

104 8p00 Buipiing
au) ul ou ale §3SO se 08ANA

UBWILIBAOB B} WOy Uoye|NBal

01 anp Jow aq jouued Buipuny

10 851 Jn0ge SJuBWERIBE Ji - Siouoq
“subisap 1da29e 0} arey A3} USUM DA

Noo

SOON

Juawusenob ayy

oy uoneinBes o} anp jow aq JouUED
Buipun; Jo esn 1noge sjuaweaiBe

41 - siouog ‘Nid-10 ‘Nid-1a ‘08ana

IeWLIEAOB BU} WO UoEIBel 0} anp
JoW 84 J0uuED BuIpUNy J0 8SN JNOGE
SiueWaIBe Ji - SI0UOQ UBLILIBAOD

} way >o0|q sailiod uaym * No9

UBWIIENOB B} WOy UoneINGe)
01.0np oW oq J0uLED Bulpun Jo 8N
IN0ge sjuswBsIBe J - Siouoq 'Sislew
uopejuswaldu pue Aojod uo N9

19174N0D

SOON [e20]
10410 “aBelA oyl Jo SeneluasaIdey

SOON [£90] Jaujo ‘[ledoNpHOddng
“JojueeY J0 BANEIUBSEIdeY

10MuEIY Jo SIUElqeyY) ‘ledeNphoddng
“JoyuEIEY JO BAEIUBSBIdEY

104uRIEY J0 aejUBsaIdaY

“0aA
‘uopepunoy oo ‘NSs ‘fedanpuoddng

SOON
1810 1oy Jaued Bunuswa|dw ay) S|

adoung ul siouog ‘0N
JojUEIEY 0 SONEIURSeIdal B SUENGRYU]

‘siajsesip Jo sawi |e sapuabe

1UBWILIBAOB B} PUE SIBISESIP JO SWOI
ay) UsamIaq UosIE| puE Jujod 10B1U0D € SE
I0M 0S|y "SIBISESIP JUIO JO [BINIEU JO NS
ay) @1eBiIW puE aBeUBW O} SUOKNIISUI
pue ajdoad pajoaye au) pUE 'UBWIIEAOD
au) Buipn|ou) ‘suoleziueBio pauIaIL0D

SOINYISU] YoIEaSBY ‘i ‘NOD

di¥H 'SOON JauI0

di¥H 'SOON JauI0

SOON JaUI0 ‘JUBWILIBACD

SOON JaUI0 ‘JUBWILIBACD

191908 IAI9 pUE 101085 1eAud
841 ‘SOON 'SBNOYINE [200] ‘SIUBWILIONOD

NOILY¥08Y1109

aBell J1aU) Ui s8SN0Y PIINGeY

@Be|jA 218U} Ul SBSNOY PIINGSY

Siipis Jow uBnoy
BUI| & sea ‘SaBe]A [eans Ul SOSNOY PINGeY

SBeilin oL Ul sesnoy pInGeY

sesnoy pingey

JedeN ur sesnoy pinge: of Juem
oum SODN Jauio 1o Jaupied Bujuaweldwi ay) og

1ojuejey Jo spasu
o) o] yaresses Buiop pue 1oYUEIEY BIPINGEY

seap| Buneseuad
*A1o4es Bunsue *pooue Buliosiosd

weisises
axenbuyues BupiNga) 1Noge UoNEwLIOU! JBUIED

swdojerep 100d-oid pue sonsnf
1e100s ‘S1UBu uewny Buowoid 10} Buyb)
‘SUONESIUEBIO JAUI0 SPIEMO) BAIEIUBSBIdE)
au0 se Bunoe pue SOON Jauiabol Buibuug

‘S¥enbuyE By} Ul SSSNOY J1BU) 150] OUM BSOU}
Buiyoeas ‘leden Jo ojdoad 10 Jajjous Buipingey

suoneziueio
|EIUBWILIBAOB-UOU PUE SUBWLIGACE
‘sapuNWWos woyy uonediored pue

S1001UNIOA 0 UonEZIIGoW YBnoU) AlgEseUINA
29Npa1 0} puE BuLBYNS UBLINY BAGYRJ O} S1 20D

oxenbuyes G10Z ou) Jaye jedan

Jusljises exeNnbyes UE J0 Juswdojarsp Ing
‘ueIpy 4o BuBG-lom PUE ey oy sjowosd
0} se01nIas [ana|-AunwID Buidojensq

voneyues pue *ABious

“1ojem se yons seojales diseq pue JuawAojdwe
0} 558008 [ESJBAILIN PUE ‘INoNAISELU!
‘Buisnoy ajenbape ym ‘siuewapies

UBWINY JBUIO PUE SBID UBIALYS PUE PaLIBAE
JloM ‘PaUUEId-{|oM SUOISIAUG JeliGeH-NN

W09

Sueib
BupieBos uawILIEAD
wou Aero Jo oel

‘SaN 0} SeAOW UoesBUSD
6unof se Jomoduew
10108 aBpamou

40 xjoe| “Aeuow jo soeq
Sueib

BupieBol uaLILIEAD
wouy Ayero o yoe|

‘sanp 0] SenOw UoNEsEUED
6unof se Jamoduews

10 ¥jo€| * 8Bpajmouy

40 08| “Aeuow jo yoe]

S8 issod

Buuen Jo yoe

Sueib
BuipseBo) JuawuEA0D
wouy Ao Jo oe|

‘sanp 0} SanoW UoyeIERS
6unof se jamoduews

J0 408 * oBpamou

10 yoe| “Aauow Jo oe]
Sueib

BuipieBl uBLILIEAD
woy Aiero 4o oe|

‘sonp 0} SeAow UoNeIERD
Bunok se Jamoduew

J0 4081 * oBpamouy

10 yoe| “Aeuow Jo xoe]
SueiB

pue Bojejes Buipiing

‘O8N Inoge Ajueo o yoe

Sweis
pue Bojeleo Buiping
“O8N Inoge Ajuelo Jo yoe

Iuswabeuew ysu eisesip
se |jom se panoidwi 8q 0}
sposu ssauaLEME [2UOIIEN

S1uesb
pue Bofeieo Buipiing
*O8N Inoge Ajuelo 4o yoe

S1uesb
pue Bojelea Buiping
“O8N Inoge Ajuelo Jo yoe

Swesb
pue Bojeleo Buiping
“O8N Inoge Ajuelo Jo yoe

‘O8N Inoge Aiuelo o %087

“Sueib
pue Bojejeo Buipyng
“O8N 1n0ge Ao Jo yoe]

“swess
pue Bojeieo Bupiing
“O8N Inoqe Ajuelo Jo yoe

NOILdIONId WI1808d

spasu
u) 1yin) o} elqe Buieq pue spiepue)s
11U} 0} Buipioooe 3w 0} jqe Buieg

spoau
a1 1yiny o} a|qe Buieq pue spiepuels
18y} 0} BuIpI099E BN 0} BlqE Buteg

suoponsuos
JIBY) Ul SaINseaw Jue)sisal
‘oyenbuyes anosdw pue Aeuow ulen

spesu
a1 1yiny o1 21qe Buieq puE SpIEpUEYS
J18U) 0} BuIpI022E BN ) BIqE Buieg

seae 0[eds JoljewS
U1 uawdojersp 100d -01d pue sainseaw
1uejsises axenbuyies o suon -eBiW
*2011SNf 21908 'S1BU Uewny @1owoid

seaue ojeas seljews ul juewdojonap 10od
-01d pue sainseaw Jueisisel exenbues
1o suoneBiyw ‘sonsnf (2100 'S1UBU
uewny ajowioid o} ABojouye) osn

sease a[eos Joljews
uawdojerap J00d -0id pue sainseaw
Juejsisal axenbuyyiea o suol -eBiy
“aonsn( [e1o0s ‘S)yBL UBWNY 810WOoId

“S11SES|p JO SWINOIA BY) 0} SoUBISISSE
Jolfo: PUE 8551 SjeIPoLILI PIAI]

0} S0/0UBBIBWS JO SAY Je SBOIN0S)
lqejiene [le 10jdx3 ‘SUONONIISUOORI
PuE UONEIGRYR) ‘Jalje) ‘anosal
‘ssouposedeid ‘UoNEBIL ¥SU JOISESIp
U0 SeRUNWWLIOD [£90] 10 BuIpINg
Ayoedeo ey} uo xuop “Juswebeuew
18} pue Sysu JeIsesip uo ajdoad ey
BUOLWE SSEUBIEME SPIMUONEU BJIAUSS)

020z Aq edeN Ul senunWwoD
ajes exenbuyles ‘UoINPe: JoISeSIp Uo
SSaUBIEME 312810 'SIBIOM UONOMLISUOD.

PUE Suosew Ule} ‘8Bewep sossy

Juewdojenap
100d -01d pue eonsn! [eo0s ‘S1yBU
uewny Bunowosd Agasay ‘aiqissod se
oM SE SonUBIUI 48U} 19911P O} [edeN
U BAIoE BJE 1BY) SOON || 985I8RO
/o 0} 89e1d uBBP € SBY
2U0KIBD BIOUM PLIOM YV, *PBPRRU UBLM
djay aleipaLuwl BUING pue SUONIPUOD
Buinl| [200] anoaduwi o} seled [eao]

um u ajeos

'Spuny ‘aouejsisse

[E91U28) ‘SUONEZIUEBIO JoUI0

Uo uapuadap ase Aou) pue walsAs auy
BuipseBa; fedaN Ul InouP S1 1 s ‘Mo

Spun; ‘aouesisse

[E31Uy8) ‘SuoNeziueBIo Jayjo
o uspuadap ae Aau) pue Walsks au}
BuipieBo: [edoN Ul INouP S1 11 s ‘Mo

spun; ‘soueisisse
[eo1U9} ‘SuonezIuebi0 Jay1o

uo uapuadap ase Aoy pue wersAs auy
BuipieBos [edoN Ui Jnoup 11 S8 Mo
spun, ‘souejsisse

[eo1Uy8} ‘Suoneziueb.0 Jayo

o Juapuadap ase fou) puE WwesAs ouy
BuipieBes [edeN Ui JNouup 1) Se ‘Mo

spunj ‘souejsisse

1291UY99) ‘SUONEZIUEBI0 oL

uo yuapuadap ase oy pue weisAs auy
6uipieBes jedoN Ui NoyP 11 Se Mo

suonesiueBlo Joyio

1810 Jamod aAe 10U 0P NG SOON O}
Injesn a1e ‘anbluyos) U} puIGEq E3PI
pue Buiue:) ay) BuipseBos obesoed
819/dwoo e pue seoe|d Auew uj pesn
2q ued Jeu) poulew Buipiing e aney
fouy se somod Bupuawaidu oney

1oueey abeyia ay) uo
Buisnooy Ajuo aze Aewy se somod Mo

suoneziueio

Inpemod Jay1o [esaAaS PUE SS0ID
PaY NN 94 Yiim Jay1aBo) Buptiom
S| NGON JUBLILIBAOD BU) M SO0
iom Aou) se ‘omod yBiu/wnpow

sipquew
[BIUBLILIEAOE-X@ JO SISISUOD

LISN JaRamoY ‘BInysul aBpajmouy
€ Se suojjoun) [ejuswuenod

~uou SI 1ISN BU) 3UIS WNIpajy
uonNISUOo UMO i1 Aq PauIEA0B
‘uonezueB.o uesiued-uou Ajleanyiod
pue uapuadapul ‘snotwouojne
J8NOMOY “UOIJeZIUEB.O BljeiquIn
PuE S| NN S€ ‘Jemod wnipely

pajuswa|dwi 8q 0} ubisap Jiey) Joj
10pi0 Ul sieuLied UonelUBWadwW PUE
Buipuny pue subisap Jo [enoidde ioj
JUBLIUIBAOB BY} UO ‘S)uelb 10} SI0UOp.
uo o fouy se Jamod mo

o so8l01d ueueyuRWNY Bupuuny

d pue
|E1UBWUIBACE Ym syl Buipyng Aq pue
A19100s U} Jo injoNAS [eUONEZIUEBIO
au) BuiuayiBuans pue Buipuedxe

£Q $188)UN|OA JO JBQUINU PASEBIOU]

ue jo uoneziiqow pue uonedioued
Auunwwios uBnoay Aigeseuina
20npaJ 0} pue Bupiayns ueWNY 8311 O}
1’55010 Py [2d8N 8 JO UOIsSIW UL

papaau uaym
djay ajeipaLw BUING pUE SUONIPUOD
Buin [290] an0sduwi 0} sered e90]
M UOIJEIOGEI|0D Ul B]29S [euOljRusRlul
uo sj0sf01d UevelUEWNY Buluuny

uonejuswaldwi ui pue [aAe| Aoljod

18 Y10q “Jayenbs pue wnjs Bujpnjou;
uopeindod ejqesaulnA pue 100d uegin uo
siseydw yum e 10j Jalieus, Bunowosd

1S3MIALNI

1 Inuemod Jsou ayy Jo
20 51 55010 Pay BU) SE “UBIY/WNIPOIN

suoneN paun
U} Jo ped s| 331NN se “yBiy/wnipapy

suoneN payun oy
1o wed s 123GeH-NN SE "YBIU/WhIpay

¥3Imod

HIMOd
ONIOOT8

++

++

++

++

++

3an
LY

4+

1s3
HIALNI

HIMOd

p pawiojul 8q 0L

- ouElRY JO SEale

< JioS) 10MURIEY PUE S3BEIA BUIPUNOLINS WOJ} U}OG
Joiueiey ul snoy joid 8y} Buiping yum padiey oum ajdosd

- pakonsap ase sesnoy eieum JovueIEY Ui Bu 8idoad 00,

- “siouped
pue aBpajmouny ‘Buipuny BuipieBas ewLiey| pUE JoNUEIRY

10 wowdojanap BuipieBe) weAus “toxueley Jo 1uawidojonsp

oU) Ul 8j0J BBJE] B PBY BARY OYM BUIET WEAUS PUE BLIET BULEY

- 'S,0DN PUE S, 0DNI Uit 10U1a50] aBelin umo
48U} PINGBI pUE GIOS SYewW 0} Wa BuIyIEs) ‘SeUNLIWOD

Jeanu 1oy Bujurey pue seuryoew Buipinoid ‘sieualew [e90] Buisn
61doad [e00] Buuamodu3 “Jouned uoreluaWaIdw e Se SO

R wniBjog wioy spuny
51901100 pue 10YUEIEY Ut SPAEPUEIS BuIn) BuAOIdWI UO SYIOM

+ ‘seyouelene pue BnoIp ‘Buipooy ‘sexenbyyes
6u1UI29U0D JUBWRBEUEW XSl JaISes|p BulpseBal s10l0id

e300 "[edN 19UNOD BJEJIO 21905 BU) JBpUN PasalsiBal

0S[e S| INADN “BdON 10 JUSWILIBAOD ‘8010 UORENSIUIWPY

10UISIQ NPUBLILIEY| B} U] PaJBISIBa) S 81UBD BUL “AnUN0d

au) ul sieisesip Jo 1oedw) o) aleBw KjnToeye o) sdioH

- “S91UN0D BUOIG-SeNbULIES JaUIO0 SE [[oM SE [edoN
sseupasedasd aYenbuyes Buiseasou; pue ysp exenbuyles
6uIoNPa UO BUDLOM UOESIUE.O [eJUBLILIBACB-UOY fedaN

R woysks
AseyueweedNInU Jo WewSIGeISe pue aBueyd eaod
YID0WBP JO UIBULBYE B} Ul SOON J0} UOHEZIVRBIO lRIqIn

- Buisnoy uooap
i S[E90] SOPINOI OUM UOEZIUEBIO [EIUBLILIAOB-UON

- fem Kiojedioned pue uasedsuei ‘nesoowap
& ujsuoy pue

pUE SBNIUNWILIOD M A[9S0[ BuPIOM A1IUNOO 8} NoYBNOIY)

SIaYI0M SS01D) Pay JO YIOMIBU SI UBNOIY) ‘SSOID) Pay

2} 40 saidioug [EJUSWEPUN BU) JBPUN *AYIGEIBUINA 20NPal

pue Buuayns UBWNY 0} Jo1ja) SleIPAWI BPIACI O} PRIIWIWOD

uoljezIUBB10 UBLE)UBLINY 1USPUBGBPUI PUE 'B]GRUIRISNS

~JloS JuBIOYB Ue Uiewa [[eys K12100g SSI) pay [edaN

+- UBLWIOM pUE $)US0SB{0pE ‘UBIPIIYD J0 Uoliedioled pue
uotosioid ‘Jusudo|aAsp ‘[EAININS BY) 8]GBUS JeY} SWSIUBYIEW
BULIOUOW PUE UONEUIPI00D 'S}aBPNG ‘Sueld ‘suonelsiBal
6uidojanap u [edaN JO 1UBLILIBAOD BU) YliM Y10M A9BIOADE IO
um Alleroadse spimuoneu si Joedwi o 1 [edan 10 SIoUSIp
Buiwiopad 15amO| G BU} Ul S9sn20j Ajuews [edaN Ui JFINN

- uoneyues pue ‘ABiaus Jajem e 4ONS S0INIES
91seq pue JuaLA0[dWUS 0} SSE00E [ESIBAILN PUE ‘BINJONASELU!
“Buisnoy elenbape Ujim 'SIUBIANISS UeLNy JoU10 PUE SaN

1UBIDO PUE ‘POUIRAOD-][oM PEULEId-|[aM SUOISIAUS 1ENGRH-NI

NOILdI¥OS3a

sieoo]

sjeoo]

512207

sjeoo]

sieoo

(1e20) 0ON

(1e20) 0ON

O9NI

O9NI

O9NI

O9NI

sease e

10110 Ut saBelA sweNgeyul

10queleY Jo sobefin
Buipunouns sjuelgeyul

ojuBIRY SIoMOM

Jo3uBIRY SjuEYgeYU|

104ueleY SoneIuBsaIdY

fedeN dn piing

ledaNyHoddng

uewebeuely
J1seSIq 2.3UB0 [edeN

WaoN

ABojouyoeL axenbuye3
10} A121908 [euolEN

+13SN

ledaN Jo uonesoped 0N

Ayuewny Joj 1eyger

SOMN  Alepos ssoid pay feden

Jooun

1eHgRH-NN

OV Y¥IATOHINVLS

257



DAMN) 9Y) JO} [BNUAIOL _

" (01ne 00SE JoW0Z |
8zap - uemnug)

1034uBlRY
siabe|liA

105ueleY
SIBNIOM

BWET BULBY

orednput
Achafu.:wu.wv Bwe weAys
N - ) Y L_
,\a., fedeNpuoddng abejin
% Yoyorednpuis
selpms salpms

8se0 [21US100 MO L ase) [enusiod ;m_x\,

105uBlRY

Apmig ssen

uoisnjig
:S%0ug onseld

disy
10} )SE OuMm 81doad

EIP3| (21908

"1S88 8U) Ul OOQWEQ Ul XIOM
UIBUD 19%IBLU 2 YIOM UIBUD SN[EA
101095 B|oYM BUl Ul 1i S8sn APOGON
UOEOIUNWIWIOD

cwu_ﬁn_
WepJaNoy NalseAun

8llin0i0

awn uo 10U
[BUOISS8J01d 10U -1 1Y

fedeN dn piing
‘yjoiduoN §3S0

sisuped
UOIONASUCOaY

(" Buiuren R

oogweq _Aom_o.oES
ooqueq ueAefewlH
(€) Png 10j wey
(e) ueay
:ooqueg
RS
= N
&Mjusyg
redeN dn piing
S,0ON

e _____________4
0

uoneIapas OON

(OoMmul) (uonesBiy
dnoss Bupiop J0) uopesiuebio
uonNoNASUCOaY [euoneusaIu|) WOI

10} A1anooay Aisioog

HHNING 5010 pay [edeN

AyuewnH Joj 181IGEH Je01uN
S,09NI 12IgBH NN

S.OONI #218n10

S.0ONI

uonepuncd YAV 7

(sares0dioo)
3UOid BUBN
SPUBLIBUISN 1BIIGEH
JjouoQ [euonnsy|

swweiboid Ja)jaus SIpeoly
sJaploq noyim sisauibug
weiboid J8)8ys 1.lgeH NN
welboydd Jaysus Lews
0001
sdnosn yoseasay [euoneuiaiy|

aniB 1upIp Ing passiwoid -ueipu|

1wpop Ing sAlb 0) passiwo.d -assuluy

pre asauede| -eo/ejUBGPJIOM 3|

yoeoidde sjoum ay) Buiubisap -3n pre ubiaio) Ji Juswredsg-pyia
uewiab 19

PIV reuoneuIBu|

anis
Aligeureisngysiuspnis
uaspuo4

Heant

(Juswabeuyy
Jeisesig
B81UB0 [edaN) WAON|

(DdN) voissiwwog
Buluueld [euolEN
{SWBYNSUOD

npuBWUIEY

Jo Ausisaun
UBANUQUL

sallIsIsAUN

ledaN

\
UB10SS3J0id vonesiuedio NSS
.
a & b @ B
uayfie ulluep
Buor op ABarens NSS eimin4 Ul Q%Humﬁﬂwn,%
{ulue) 'WM upjoid| | PeIsais] ,preoq, NSS| [euoneuIBIu|
:JUBWISAJOAU] MO (p) ens|liz axes :
(€) uewassop U3 \ /
(g) ase01g INOM S b AN y,
(1) Lpiamey
-yosog UBLB a R [edsN ussise3
€'  wesL uoneIUBWS|dW)
USBAIBPBN JBPUBS € wes| 1oMRW
(1) usjiopm saiboy gipaL uopeEld 00qWEg
(S'v'e'e's) } weel e
UBEUaA SAINT SWEes] Snoinaid
(S'v'e'e't)
Jaddiyos |20y
1UsWaAIoAU] UBIH
waepbooH
N, A ueA ulipen
uabiaquiipm
SpueliayisN

dnmojio}
Se Sisay JIsul
PIP OUM SIUBPNIS

SHINLHVd ANV NSS 40 AHOLN3ANI



I|.C Risk Assessment

RISK

E2

ES)

E4

E5

E6

E7

D1

D2

D3

D4

D5

D6

c1

c2

c3

TYPE COMPONENTS |ELEMENT FAILURE CAUSE CONSEQUENCE PROBABILITY |IMPACT PRIORITY FOR | STRATEGY EXTRA INFLUENCE INFLUENCE INFLUENCE INFLUENCE INFLUENCE
MODE (high/medium/I | (high/medium/l | CURRENT (Transfer/Avoi BY SAFETY BY BY BY BY
ow. ow. SITUATION d/Reduce/Acce SOCIAL/ETHIC [ENVIRONMEN |ECONOMICAL |LEGAL/POLIT
pt) AL TAL ICAL
External Physical Location On landslide or |Environment No safe house Medium Medium Low Retain Consumer X
environment hill <20% bound to land
Consumer Wishes and Not according | Designer/archit | Consumer does not | Medium Medium Medium Reduce Respect the X X X
needs needs ect want to live in house wishes as much
as possible,
however not
harming the
structural
elements
Costs Price of house |Unaffordable or |Materials, Not possible to build |High High Avoid Use locally X X X X X
supply chain, house available
manpower too materials and
expensive create a design
according to
NBC or Design
Catalog in order
to get funding
Government's  |Building code  |No acceptance |Not according |No funding High High High Avoid Create a design X X
regulations of design to NBC according to
NBC or Design
Catalog in order
to get funding
Mandpower Not enough No educated Low performance High Low Avoid Technical X X
manpower people building assistance on
site and training
sessions
External control | Technical No technical No House not according |High Low Avoid Supervisor X X
assistance assistance to earthquake (technical
resilient design assistance)
Design risks Materials Structural No right Lack of Low structural Low Medium Transfer Research in X X X
by technicians elements dimension of technical performance earthquake
cross section of | assistance, resilient
the elements money, building,
knowledge, time calculations and
improve
building code
Poor Lack of Low structural High High High Avoid Technical X X X
connections technical performance assistance
between assistance,
structural money,
elements knowledge
Insufficient Lack of Low structural Low High High Transfer Research in X X X
reinforcement | technical performance earthquake
assistance, nt
money, in
knowledge calculations and
Wrong type of |Lack of Not in building code, |Low Medium Medium Transfer Changing X X X X X
material knowledge and |thus no funding, not materials
(bamboo, steel |locally available |socially accepted,
etc) materials low structural
performance
Low qu Lack of Low structural High High High Avoid Technical X X X X
material (the technical performance assistance
components of |assistance,
the material) money,
knowledge,
availability of
materials, time
Secondary -
elements
Construction | Materials Bamboo Wrong or no Tools, Low structural High High Avoid Technical X X X
risks by the treatment knowledge/tech |performance assistance
locals al
assistance,
effort, money,
time
Exposure to Tools, Damaging material | Medium High Medium Avoid or Avoid: cover X X
external knowledgel/tech |(roof) transfer material
conditions nical Transfer: renew
assistance, material
effort
Different type Environment, Different weight and | Medium Low Low Retain Too expensive |X X X
other materials, |dimension to change type

time

of bamboo
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C5

Cé

Cc7

c8

C9

C10

C11

Lack of Knowledge/tech | Low structural High High High Avoid Technical
knowledge nical performance assistance
about assistance,
construction effort
Durability Environment Damaging material, |Medium Medium Medium Reduce Improve
and time, wrong |so not structurally properties of
or no treatment |safe materials
Bricks Low Knowledge/tech | Low structural High High High Avoid Technical
quality/producti | nical performance assistance,
on assistance, provide CSEB
CSEB machine, machine
money through funding
Lack of Knowledge/tech | Low structural High High High Avoid Technical
knowledge nical performance assistance
about assistance,
construction effort
Durability Environment Damaging material, |Low Low High Ignore -
and time s0 not structurally
safe
Concrete Mixture of Knowledge/tech |Low structural High High Medium Avoid Technical
concrete nical performance assistance,
assistance, provide tool
money, tools, ensure funt
available
materials
Lack of Knowledge/tech | Low structural Avoid Technical
knowledge nical performance assistance
about assistance,
construction effort
Durability Environment Damaging material, |High Medium Medium Reduce Improve
and time so not structurally properties of
safe materials
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11.D ADDITIONAL VISUALISATION

Conclusion diagrams to keep up to date

To further structure the long-term plan of Shock safe Nepal, certain communication diagrams
have been created to organise the process. These have helped structure the long-term process
and plan and can be of use for following teams

market chain worf Use phone banking

Bylusion
bamboo in the eaf

Plastic Bricks:
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BRAINSTORM OF FUTURE ROLE OF SSN WITH ALL SSN TEAMS

Onsite ttesting of CSEB

2/5 tonne hydraulc test cube of

8x8

Compressive strength
Early tests

10000 Houses built with
Build up nepal as
implementation partner

Gebruiksvriendelijke
Software/website
ontwikkelen voor lokaal
gebruik (doorberekenen)

25 (?) Students a year

working on the project

Fulltime Representative in |

Nepal and in NL

SSN FESTIVAL!!!
Artist coming together
showing the use of
bamboo, traditional building
methods & new building

methods. People meeting |
each other, art (how to build |
:beautifully into the culture). |
'Raise money for earthquake
| resistant building. Spread |
knowledge. ;

Shaketable tests and good |

videos of it.

Building manual in Nepali

Videos on how to build
earthquake resistant

| SUSTAINABLE! Buildings: !
: Recyclable :
LCA of the building
Local Material Use
Closed Loop designs in |
| terms of material transport
: & livelihood

Provide hard evidence about
Earthquake resilient building:

"Elk huis dat gebouwd
wordt door..... Is

' doorberekend door de TU"

"l don't believe in
entrepreneurs themselves
testing the bricks. If the

‘community knows how to test |

the brick- need to empower

the people to test. Absolutely

crucial."

Mensen Helpen

: Knowledge about/research i

into disaster relief
processes/ planning/

‘Organisation comparable to i

the Motown Movement?

: Previous Teams on the role |

of SSN:

- Learning by doing instead i

of reading

Information exchange
between teams through
workshops

Beursvloer with little
projects from every team

Wellknown project for
students,

| Umbrella organisation that |

has research questions/
assignments available

Broader research : eg other i

countries.
Pakistan, India,
Bangladesh, Haiti
Other studies:
eg Social, Political,
Economical
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i"lk denk dat als het nu lukt om dat huis te valideren en
: 20 tot een echt goed ontwerp te komen wat we keer
op keer kunnen verbeteren tot een volwaardig huis
‘een prachtig doel is. Ik denk dat zo’n huis niet zomaar
af is. Het eerste doel was natuurlijk om het huis !
| aardbevingsbestendig en betaalbaar te maken. !
§Vervolgens zou je kunnen kijken om het steeds beter |
of duurzamer te ontwerpen. Bijvoorbeeld door !
‘een echt watersysteem, of zonne-energie, bepaald |
] kooksysteem, duurzame materialen, etc. !

: Dus tot een volwaardig ontwerp te hebben van een
‘huis komen dat men ook kan opschalen. Een huis dat
§in principe ook de ‘normale’ Nepalees kan bouwen en
;waarvoor niet alleen hulpgeld nodig is. Misschien wel
. een twee versies met beide een verschillende prijs.
Bovendien is er misschien wel voor elk gebied een

i ander soort huis nodig (i.v.m. met andere

: omstandigheden, ondergronden etc.) maar dat is iets
: voor de verre toekomst. Eerst 1 goed huis!

Ben vooral nu erg benieuwd naar jullie validatie
onderzoek, wie weet blijkt dat er toch een andere
methode handiger of beter is i.v.m. wat dan ook...

] SSN binnen de TU: !

Verder zou het denk ik goed zijn als SSN een project !

is waar mensen op kunnen afstuderen en misschien !

: 0ok hun PhD over kunnen doen. Ik zou nooit iets met

| bijvoorbeeld bachelor studenten doen. Ik zie het als
een Master of dus Master+ project.

Verder:
Ik wil van SSN een stichting maken, ook omde |
icontinu‘l'teit te waarborgen, met bestuur en al. Ik heb al!
met de KvK en notaris hierover contact gehad. Zo !
| kunnen we makkelijker fondsen aanspreken en ook !
een rekeningnummer openen waar we een klein
bedrag op kunnen zetten om verdere projecten te
waarborgen."



FUTURE RESEARCH INTO EARHQUAKE RESISTANT BUILDING W‘:;le’":;gf‘:‘;'m LIST OF POSSIBLE BUILDING METHODS
Village. eem2)

Self sustaining water « Lowstrength
System Permaculture- « values (stone) masonry
optimisation of « Low strength
LCA Of Building agriculture land use : 'Sb\'ofv:} ’:x:ss:mm
Self sustaining « cement mortar
water System | | Self sustaining * Brick masonry in
water System
Earthquake resistant LCA Of Building ¥ « cement mortar

« Confined
Earthquake - masonry
Self sustaining resistant « Hollow concrete
Energy System Self sustaining « brick masonry

Expanding Energy System Expanding « Cement
possibiliies- Multiple possbitios- « Concrete
designs to expand Multple designs + Concrete insitu
Optimisation COMPLETE BAMBOO torexpand + shear wal
Optimisation Costs CSEB BRICKS HOUSE Coets House Fundig of the + Timber
ok + construction
S with the house? Addog
possibilities- « Dhajj Deware
Multple designs « Rammed Earth
“to-expand * Steel
+ Confined masonry
« Bamboo
« Earthbags
+ Prefab-framed in-situ concrete
+ Single Panel Waling System
Sel sustaining + Light Weight Steel Profile building system
waler System Sel sustaining
LCAOf Bulding WaierSysteam

Funding of the Reinforced it f
house « Reinforced cement concrete frames

with the house?

Expanding

possibilties- Multiple
designs to expand

Self sustaining (costingup to 50%
water System Self sustaining [

LCA Of Building water System thanstructures Earthquake
using more resistant
Eartnquake Todons
resistant Imatorels Expanding
Self sustaining possbilties-
Energy System Expanding Mu:w\e derzgns
10 expal

possibilities- Optimisation

Mutiple designs Costs AT

onmatn o o expand Fundng ofthe
Funding of the with the house?

iy Exoanding

ibilities-

Expanding Mth I house, Motple designs
possioites- 10 expand
Multiple designs
t0.6xpand.

As there are so many different types of building methods used in Nepal currently, and the
building method that was used in Ratankot for the case study might not be optimal in every part
of Nepal, this document was created. In it, project can be added that come across but do not
necessarily fit into the scope of the group at the particular moment. By using this document, the
research questions can be structured, a database of information regarding different building
methods can be created and/or ways of comparing building methods (and implementation
feasibility) can be explored.
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MONEY FLOWS RATANKOT
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Timeline disaster response
June

2016

0:
Disaster: 1 year

[ Karma

| Lama £\
Lot ] )

\ el
-

Ratankot

2 years

3 years

Time

v

Earthquake

Emergency

Early
recovery

Recovery (humanitarian)

Development

NRA- was created. Only 6 months after the
earthquake.Political issues about who would lead it.
Took a year before it was functioning (Abed,
Habitat)

!

Habitat got their designs
approved in June last

year-1 year 2month after earthquake

Exit strategy within two years is not possible- more within 5 or 10Recovery strategy shouldnt take more
than 2 years maybe 3First year there no powercutsMicrohydro in villages work better than electricity new
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