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Forewords
H.E. TUNG-LAI MARGUE

Ambassador of the European Union to Sri Lanka and the Maldives

The devastation of three decades of conflict 
added to the destruction caused by the 2004 
tsunami, which left hundreds of thousands of 
Sri Lankans homeless. As a response, between 
2006 and 2016, the European Union (EU) has 
supported more than 80 000 internally dis-
placed people reconstruct some 20 000 hous-
es in the north and east of Sri Lanka. This has 
been funded by the generous tax contributions 
of European citizens and channelled through 
the European Commission’s regional facility for 
Asian countries called Aid to Uprooted People 
(AUP). This feasibility study has been financed 
by the sixth AUP allocation to Sri Lanka, which 

is aiming at providing ‘developmental’ housing reconstruction solutions. Hence, its aim 
is to operationalise the production of locally-sourced earth-based construction, which 
is a viable, more environmentally sustainable and more importantly in this case, a more 
socially inclusive alternative to conventional imported construction materials.

The production of compressed stabilised earth blocks (CSEB) is not experimental. CSEB 
have been successfully produced around the world, namely in South India, with out-
standing results. The technology has been perfected over the last three decades and 
with the right technical standards and supervision it is a most appropriate option. The 
EU is hereby helping in the technology transfer of this well-consolidated technology that 
should contribute to the local economies of the war-affected areas of Sri Lanka. While 
it may take some time for people to start preferring such materials to the mainstream 
options, we are convinced that CSEB will be increasingly adopted worldwide. We hope to 
be able to say that we contributed towards this transition and in doing so helped families 
be uplifted from poverty. We hope it will also help future similar attempts to produce 
such materials in Sri Lanka and abroad. We thank the Auroville Earth Institute (UNESCO 
Chair ‘Earthen Architecture’), Habitat for Humanity and World Vision for their commit-
ment to this development.
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TORRE NELSON

Vice President for Europe, Middle East and Africa, Habitat for Humanity

Habitat for Humanity believes that decent 
housing is key to thrive. And the process by 
which this is produced constitutes an op-
portunity for delivering lasting solutions be-
yond mere shelter. One way of addressing 
this opportunity is linking demand for con-
struction materials with the potential supply 
of locally-available resources in a way that it 
contributes to the local community and the 
environment. 

The ‘Homes not Houses’ project funded by 
the EU promotes and utilises appropriate con-
struction technologies such as Compressed 
Stabilised Earth Blocks (CSEB) and Earth Concrete Blocks (ECB). The production of these 
materials using mostly local resources is supporting the local economy through income 
generation. In addition, they facilitate the construction of environmentally-friendly hous-
es. This is being achieved thanks to the in-depth analysis presented in this feasibility study.

Over four decades of working with families in need of adequate housing has taught 
Habitat for Humanity that strong and stable homes build strong and stable com-
munities. Accordingly, since 1995, Habitat for Humanity Sri Lanka has supported more 
than 115,000 families to build strength, stability and self-reliance through housing.

As we work side by side with deprived and isolated families, we are promoting their 
self-reliance. We hope that this project will demonstrate that, with adequate technology 
transfer, rural families have the potential to create opportunities to stand on their own. 
In so far as the production and use of earth-based construction materials can be viably 
replicated, this project is expected to have a long-term impact not only in the target 
communities but also in Sri Lanka as a whole. We hope this study will help people,  
organisations and entrepreneurs to join us in this task.

We are thankful for the strong support of the European Union in implementing this devel-
opmental housing project in Sri Lanka in partnership with Habitat for Humanity Sri Lanka 
and World Vision Lanka. 
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Executive Summary
This feasibility report assesses the suitability of Compressed Stabilised Earth Blocks 
(CSEB) and other earth-based building technologies in the regions of North and East Sri 
Lanka. The aims of this study were to assess if and how earth-based construction meth-
ods could be implemented in the north and the east, on the basis of technical, social, 
socio-economic and ecological parameters in the areas of Batticaloa, Kilinochchi and 
Mullaitivu. Principally, the rationale for the use of earth-based building materials is that, 
with the maximum use of affordable, locally available materials, it supports the estab-
lishment of local value-added supply chains and invests significantly in local livelihoods.

The conclusions of this report have been based upon extensive preliminary research, 
investigations from a 16-day field mission, and detailed discussions with HfHSL techni-
cal officers, experts, industry representatives and stakeholders during this mission. Brief 
summary chapters on ‘Preliminary research’ and ‘Training during Evaluation Mission’ are 
presented. The remainder of the document reports on the findings from the field mission 
with a synthesis of preliminary research. Key conclusions of the feasibility study include 
the following:

• Soil suitability and availability:
In Batticaloa, there is sufficient soil of good quality for a small and effective CSEB 
industry, with plenty of small inland quarry sites in proximity to planned housing. In 
Kilinochchi, there is soil of suitable quality, but it may be more advisable to source 
soils from quarries along the border in Mullaitivu district. In Mullaitivu, the soil quality 
is very gravelly, and often suitable for CSEB, with a high percentage of wastage from 
sieving; however, these soils are highly suitable as such for Earth Concrete Block 
(ECB). Accordingly, there is abundant material of suitable quality for an effective ECB 
industry.

• Existing materials, industries and skills:
There is a limited variety of building materials for housing construction in these re-
gions, and each has certain disadvantages in terms of quality, longevity, thermal 
comfort or contribution to local economic growth. Country Fired Brick (CFB) is the 
dominant construction material in Batticaloa, whereas Cement Sand Block (CSB) is 
the dominant material in the north. Both industries could benefit from skill up-grada-
tion for local producers and craftsmen, to improve the quality of building materials 
and housing construction.

• Cultural acceptance of earth as a building material:
Generally speaking, people in these areas do not have a high opinion of earth as a 
building material; however, the combined arguments of cost, the quality of blocks 
brought by consultants, the potential for livelihoods, and availability of guidance on 
the production of good quality blocks have generated interest. A number of stake-
holders have clearly stated that they would accept CSEB if the same quality could be 
obtained at a cost equivalent to that of the conventional materials.
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• Cost and Economy:
Batticaloa: The projected cost per m3 of CSEB (bulk material) is costlier than CSB, but 
it is cheaper than CFB. Earth Concrete Blocks (bulk material) are also cheaper per m3 
than CSB and CFB. Therefore, either CSEB or ECB are appropriate in Batticaloa in 
terms of economics alone.

Kilinochchi and Mullaitivu: The projected cost per m3 of CSEB (bulk material) is not 
competitive with the market. Therefore, CSEB are not economically appropriate in 
this area. However, ECB are cheaper per m3 of bulk material than CSB. In fact, an ECB 
wall of 6 inches thick would cost the same as a CSB wall of 4 inches thick. Therefore, 
ECB are much cheaper and are an appropriate solution for Kilinochchi on economic 
grounds.

• Contribution to local economy:
In Batticaloa, the project would need only one blockyard for the production of CSEB, 
with one set of motorised machinery and one set of manual machinery; this would 
employ a team of about 35 people. In Kilinochchi and Mullaitivu, eight produc-
tion units would be required to produce Earth Concrete Blocks; employing around 
120 people. However, beyond the production teams, there would be many more 
job creation opportunities and more investment in the local market, with compa-
nies supplying soil, teams of masons, labourers and the supply chain of building 
materials needed for the construction of homes. This may amount to hundreds of  
people.

• Viability of CSEB and other earth techniques:
According to soil resource availability, cultural acceptance, economics and existing 
know-how, two different building techniques are principally proposed in the east and 
the north, Compressed Stabilised Earth Block (CSEB) and Earth Concrete Block (ECB). 
The principle considerations include: 1. The ideal mechanical properties of soil in the 
target areas, and 2. The ability of these techniques to match the existing know-how 
of each construction sector.

Batticaloa: In the east, CSEB is capable of complementing the dominant local industry 
of Country Fired Brick, providing employment for people who have only marginal 
livelihoods. A small-scale CSEB industry (e.g. one cooperative) is recommended in 
Batticaloa. It is advisable to target 233 CSEB homes in Batticaloa. The consultants do 
not recommend using ECB in Batticaloa, because the elaboration of the mix ratio 
for ECB would have to be much more engineered than in Kilinochchi.

Kilinochchi and Mullaitivu: In the north, the dominant industry of Cement Sand Block 
can easily be adapted to production of Earth Concrete Block, using the same set of 
equipment, techniques and know-how. A small scale ECB industry (e.g. eight co-
operatives) is recommended in Kilinochchi and Mullaitivu. It is advisable to target 
346 ECB homes in Kilinochchi and 347 ECB homes in Mullaitivu. The consultants do 
not recommend using CSEB in the north, for the reason that it is not economically  
viable.
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• Material requirements and production period for the project:
The calculation for the materials required for the project has been based on the ex-
ample of the model house A. Building 693 homes in the north zone would require 
about 2 200 000 Earth Concrete Blocks. Building 233 homes in the east zone would 
require about 1 200 000 Compressed Stabilised Earth Blocks. The duration period for 
the production should not be more than 18 months. Thus, it is indispensable that the 
training course in Sri Lanka, followed immediately by the beginning of production, 
happens at the beginning of January 2017.

NB: Adobe, rammed earth and other raw-earth techniques are not recommended tech-
niques on account of acceptance factors and existing know-how. Country Fired Brick 
can very advantageously be used in Batticaloa on account of its healthy local livelihood 
component; however, as a conventional building material, it should not be included in 
this target on account of environmental factors (e.g. high emissions from firing) and long-
term resource stability and livelihood factors (e.g. use of agricultural soils).

To achieve the above goals, the following strategy is recommended:

• Training:
It is recommended to begin a training-for-trainers programme immediately (on ac-
count of time constraints), with a training of key HfHSL technical staff in Auroville, 
India. The consultants consider this to be a crucial time-saving step, as training cours-
es in the field can only happen after equipment is available on location, and ideally 
after the monsoon season (October through December). Once a press is available in 
the target area(s), this can be immediately followed by training programmes for stake-
holders of emerging cooperatives in Sri Lanka, first for the production of CSEB, and 
thereafter for the construction of demonstration homes. As there is existing expertise 
in Sri Lanka in earth construction, it is advisable that training programmes involve local 
institutions willing to serve as training counterparts, in order to ensure a high standard 
of quality in construction and to improve the overall knowledge of Sri Lankan trainers.

• Establishment of cooperatives:
In parallel to this, business models can be written for cooperatives in Batticaloa, 
 Kilinochchi and Mullaitivu (World Vision).

• Production equipment (for CSEB):
The consultants have evaluated CSEB presses available in Sri Lanka, and have found 
that all presses (manual and motorised) are exclusively limited to the production of 
interlocking block, further, utilising single mould systems which do not allow for prop-
er masonry bond patterns. While it is a principle aim of this project to invest heavily 
in endogenous development, the consultants strongly discourage the use of inter-
locking block systems, on the technical grounds that they cannot — with existing 
designs — ensure a proper standard of quality or stability of the masonry. Therefore, 
the importation of some CSEB production equipment seems inevitable. A derogation 
from the EU will be necessary to import goods or employ entities from India or other 
ineligible countries .
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• Production equipment (for ECB):
In contrast, an ECB industry may rely solely on local machinery produced in Sri Lanka, 
as standard machinery for Cement Sand Block can be successfully adapted.

Despite projected delays in the construction of earthen homes (to accommodate for 
appropriate training programmes), the consultants see no reason to delay home con-
struction in Batticaloa with the use of Country Fired Brick. Sometimes the introduction 
of new technologies can compete with existing local building traditions and livelihoods. 
However, in Batticaloa the localised target areas for CSEB and CFB are mutually exclusive, 
as CSEB and fired brick require the opposite soil characteristics and therefore slightly 
different geographic areas. Accordingly, villages near alluvial clay deposits will naturally 
select fired brick. And wherever CFB is not already a strong existing industry, CSEB pro-
duction could advantageously provide complementary livelihood alternatives.

Technical specifications have been provided in soil analysis reports, which record suitabil-
ity and specifications for the production of earth block at each given location. Documen-
tation of test productions also provides examples for the production of block according to 
these given technical specifications. Descriptions of anticipated bottlenecks, conclusions 
and recommendations for next steps have been given along with extensive annexes.

Figure 2 — Satprem Maini with Habitat for Humanity and World Vision field officers after the training 
of trainers in ECB production, Killinochchi, April 2017
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1. Introduction

1.1 Project Overview

In January 2016, Habitat for Humanity Sri Lanka (HfHSL) commenced implementation 
of the project ‘Homes not Houses: Building a Sustainable Future Together’ that aims ‘to 
bridge the gap between relief, rehabilitation and development for resilient and secure 
communities in the north and east’. HfHSL aims ‘to achieve this through developing and 
supporting various housing solutions for over 3 000 households and ‘flanking measures’, 
including village hazard maps and DRR plans in 60 communities’.

HfHSL has outlined the scope of work for the CSEB technical experts as follows:

As a major component of the project, the usage of alternative technologies will be pro-
moted and encouraged through not only the construction of homes, but also targeted 
with livelihood and market development interventions to encourage the acceptance and 
proper use of alternative technologies. As the usage of alternative technologies such as 
CSEB is not widespread in Sri Lanka, nor is its limited use developed at a professionally 
adequate technical level, it is deemed that external experts will need to be utilised to 
ensure: 1) increased interest from the public in its usage; 2) appropriate knowledge of 
how to make and use; and 3) adequate and sustainable introduction of this product into 
the Sri Lankan market.

This consultancy has been broken into two parts: 1) Feasibility study of CSEB and 2) Sup-
ply chain/market development. This document answers only the first point mentioned by 
HfHSL in their scope of work outlined for the CSEB technical experts (Feasibility study of 
CSEB and other potential technologies of soil/earth). (HfHSL, grant application form) and 
(HfHSL, Terms of Reference (TOR), 01/04/2016)

1.2 Terms of Reference For Feasibility Study (Part I)

The following terms of reference has been agreed by HfHSL and the consultants as outlin-
ing the scope of work and mission aims (excerpt from: HfHSL, TOR, 01/04/2016):

This task should be primarily focused on the physical and socio-economic factors for the 
successful implementation, commercialisation, and the upscaling potential of alternative 
technologies, namely CSEB. While CSEB should be the main focus of the research, the 
consultant should also be considering and recommending other technologies where ap-
propriate.

Preliminary research: Research will be completed in terms of all existing literature relat-
ed to CSEB initiatives and data related to the quality of soils in the north and north-east 
of Sri Lanka. This should include identifying key existing/ongoing research about CSEB 
usage in Sri Lanka, as well as, the identification of key actors dealing with CSEB in Sri 
Lanka (manufacturers, researchers, institutions, etc.)
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Evaluation for soil suitability and resources: This mission would focus on the evalu-
ation of soil suitability and resource management at key sites. The ‘Homes not Houses’ 
project has preliminarily selected areas in the areas described in Box 1 and should be 
considered as the target key sites. As these are the main areas for operation, they should 
be given priority for the evaluation mission. However, the study should also take place at 
the regional level to ensure that areas prime for the usage of CSEB technology are not 
neglected.

Collection of soil samples: Habitat for Humanity Sri Lanka staff, as the main implement-
ers of the project, should be trained to collect more soil samples in various areas of the 
intended implementation areas or potential implementation areas to broaden the scope 
of the study. In addition, it is expected that local partners, such as universities, will also 
engage in and take part in this training. The training will not only consist of how to work 
at a field level but also with the creation of protocol to ensure the integrity of the testing. 
Where possible, the soil sampling should begin before the trip for the consultants to Sri 
Lanka to be able to expedite the process.

Soil analysis: The consultant should identify a local laboratory in Sri Lanka that is suffi-
cient and well-equipped to test the samples. Only if this is not proven possible will con-
sideration for international testing be considered.

The analysis through testing in a reputable laboratory should determine the suitability 
for CSEB production. The soil test should not only reveal if it is suitable for brick or not, 
but should also reveal the methods of stabilisation to make it suitable for construction. 
[Correction: Some of the soil samples collected during the evaluation mission could be 
sent to a local laboratory in Sri Lanka for further analysis; however, this appears not to 
be necessary.]

Soil analysis reports should be provided for each sample, indicating all reference infor-
mation for the concerned soil, sampling conditions, description of the visual and physical 
properties of the soil, quantification of the soil structure (the percentage of the size of 
grains), classification, statement of suitability for CSEB, material dry densities, and rec-
ommendations for soil modification for the production of CSEB at each of the given 
locations. In conjunction with the training for collecting samples, a module should also 
be created to train teams in Sri Lanka to conduct the soil diagnoses.

Feasibility report: The final feasibility study would assess the suitability of CSEB technol-
ogy in the regions of north and east of Sri Lanka, with particular attention given to all 
ecological, social and technical parameters of the considered areas. This report should 
also have the outputs of key messaging or outreach tools that can be used for gaining 
sector/community/government acceptance of CSEB. The expected format of the report 
is listed out in:

Box 2: Feasibility report — key headings for report: 1. Target districts’/villages’ potential 
for CSEB; 2. Viability of CSEB on physical and social factors; 3. Technical specifications —  
optimum need for CSEB production, treatments required; 4. Percentage of contribution 
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to local economy — analysis of cost, affordability, socio-economic interest and local mar-
ket investment; 5. Upscaling potential; 6. Potential for manual and motorised CSED [SIC] 
production, including availability and production standards; 7. Ecological impact; 8. As-
sessment of other potential technologies of soil/earth; 8. As an annex, the preliminary 
research should also be included.

As part of the feasibility report, the consultant is encouraged to video record as many of 
the technical aspects of soil studies and training sessions so that they can be utilised later 
as a demonstration, and for training and awareness. This is not expected to be profes-
sional level video quality, rather documentation of the process.

Workshop/conference in Colombo: A 1-2 day workshop would be conducted for vari-
ous stakeholders in Colombo at the end of the evaluation mission. One part of this work-
shop will be conducted with the internal stakeholders — i.e. implementation partners, 
the European Union, local expert institutional partner, etc. to discuss key findings and the 
preliminary report. The other part of this workshop will invite external stakeholders such 
as government officials, industry leads, community leaders, etc. to present key findings 
to include possibilities of building with CSEB, examples built, case studies, resource man-
agement, etc.

1.3 Summarised Schedule of Work

Preliminary research was undertaken by the consultants prior to the 16-day field mission, 
which focused on the evaluation of soil suitability and resource management at key sites. 
11 days were spent in Batticaloa, Kilinochchi and Mullaitivu for field evaluation, during 
which time the consultants collected and tested local soils, taught HfHSL technical staff 
protocols in sampling and soil analysis, and evaluated a wide range of other parameters. 
3 days were spent on preliminary reporting, expert interviews and assessment of equip-
ment in Colombo. At the end of the evaluation mission, 1 day was dedicated to a de-
briefing for HfHSL staff and key external stakeholders in Colombo to discuss key findings 
and preliminary assessments of the study (see Annex 2: Mission Travel Programme and 
Daily Reports for detailed mission schedule).

Preliminary research : 25 July to 13 August 2016

Collection of soil samples in Sri Lanka by HfHSL : 4 July to 13 August 2016

Evaluation mission of soil suitability, natural/human resources  
and debriefing

: 15 to 30 August 2016

Collection of additional soil samples in Sri Lanka by HfHSL : September 2016

Soil analysis for additional soil samples in Sri Lanka  
by local laboratory

: (n/a)

Sending feasibility report : 3 October 2016
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2. Preliminary Research
The consultants have compiled and reviewed an extensive body of resources that are 
applicable to the feasibility study (e.g. publications, independent reports, case studies, 
standards, etc.). Base data has been collected for the task of assessing soil quality at the 
regional scale. Sri Lankan experts in earthen construction were also contacted to assess 
relevant information pertaining to the suitability of soils, production equipment and CSEB 
initiatives in North and East Sri Lanka.

This section will give a brief overview of some of this preliminary research; however, in 
the interest of focusing the report most productively towards the project goals, most of 
the ‘lessons learned’ from this research will be brought to bear in the body of the report 
and not analysed separately here. For a full list of related references (see Annex 1: Ref-
erences and Data).

The reviewed literature addresses the following general categories:

• Sociological context: Relevant publications;
• Climate and environment: Climate and land usage maps and reports;
• Mineral resources: Mineralogical maps and reports;
• Soil qualities: Soil and geological maps, studies on the soil typologies of Sri Lanka;
• CSEB initiatives (abroad and in Sri Lanka): Precedent feasibility studies on CSEB, 

case studies of CSEB initiatives in Sri Lanka, research and studies from Sri Lankan ex-
perts, Sri Lankan Standards for CSEB;

• Housing and development: Relevant publication pertaining to housing, develop-
ment and resource-related concerns in the north and east;

• Raw materials, supply chain and resource management: Relevant publication per-
taining to resource-related concerns in the north and east;

• Maps and census data: Information on districts, existing habitation patterns and 
building materials.

2.1 Climate and Environment

All target areas for housing are in the ‘dry zone’ of Sri Lanka (‘Average rainfall 1961-1990’ 
map):

• Batticaloa: Average annual rainfall: 1 500-2 000 mm; average annual temperature: 
> 27.5 °C.

• Kilinochchi/Mullaitivu: Average annual rainfall: 1 000-1 500 mm; average annual tem-
perature: > 27.5 °C.
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Land usage (‘Average seasonal rainfall 1961-1990’ map) (EML consultants, 2010) (Mall-
awatantri et al., 2014):

• Batticaloa: Sparse and open forest; dominant land usage is for rice paddies;
• Kilinochchi: Dry monsoon forests (tropical dry evergreen forest); dominant land usage 

is mixed (homesteads, forest and rice paddies);
• Mullaitivu: Dry monsoon forests (tropical dry evergreen forest); dominant land usage 

is forest (much more forest cover than Kilinochchi, heavier topsoil at quarry sites).

Mineral resources (‘Mineral resources’ map):

• Miocene limestone deposits: Jaffna area, pockets on western coastline of Kilinochchi 
and Mannar districts;

• Cement raw material: Mannar district;
• Clay (for brick, tile, ceramics): Oddusuddan;
• Quartzite veins and micas: Vavuniya;
• No listed mineral resources: Mullaitivu and Batticaloa.

2.2 Soil Types and Qualities in North and East Sri Lanka

The following section pertains to the types and qualities of soils in Sri Lanka. This research 
was used to make preliminary assessments of regional zones likely to have the greatest 
potential for CSEB and other earth-based building materials, as well as a first, general 
assessment of the focus areas. Soil and geological maps have been used to assess soils in 
each target district (Land Use Division, 1988). GIS spectral reflection mapping has been 
investigated (Shanavaz and Basha, 2016), and district land use plans have been consulted 
to verify the correspondence between overall soil type and land usage, to indicate soil 
typology (EML consultants, 2010) (Mallawatantri et al., 2014).
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2.2.1 Overall Soil Types and Qualities

 

Figure 3 — Soil map of Sri Lanka, with overlays of target areas and district borders  
(Source: Land Use Division, Irrigation Department)
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Figure 4 — Soil map of North Sri Lanka with overlays of target areas and district borders  
(Source: Land Use Division, Irrigation Department)

 

Figure 3 — Soil map of Sri Lanka, with overlays of target areas and district borders  
(Source: Land Use Division, Irrigation Department)

 

 Figure 5 — Soil map of East Sri Lanka with overlays of target areas and district borders  
(Source: Land Use Division, Irrigation Department)
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 Regosols (FAO system: regosols): Over the whole of the north and east coastal area 
(along the eastern coast of Batticaloa and Mullaitivu), there is a coastal band (~2 to 5 km) 
of regosols. In Batticaloa, this is the whole area on the coastal side of the lagoons. These 
soils are coastal sand beaches and not suitable for construction purposes on account of 
their fine sandy texture and saline content. For these reasons, it is advisable to stay away 
from coastal areas when selecting soils for construction purposes.

 Alluvial soils (Entisols) (FAO system: fluvisols): In the areas of Batticaloa, Kilinochchi 
and Mullaitivu there are also large ‘finger-like’ deposits of alluvial soils along existing 
rivers and flat flood plains (with variable texture and drainage). Batticaloa and Kilinochchi 
tend to have proportionately greater quantities of alluvium. Alluvial soils such as those in 
these zones are deposited soils along coastal delta areas, which tend to be on flat terrain 
and very silty or clayey soils with fine textures. These are very poor soils for construction 
purposes, as they do not have enough structure (otherwise known as ‘skeleton’ or coarse 
inert particles such as gravels and coarse sands). Alluvial soils also tend to have a high 
concentration of humus or organic carbon content, which is unsuited for cement stabi-
lisation. In Batticaloa, there are substantial bands of these poor quality soils; where it is 
poorly drained (and suitable for rice) it may be used for Country Fired Brick production.

 Red-yellow Latosols (FAO system: ferrasols): The dominant soil group in Kilinochchi 
consists of latosols (or oxisols), which can be found in between ‘fingers’ of alluvial soils 
and in a coastal strip of Mullaitivu. The mechanical properties of such soils are good, with 
high percolation rates and low humus levels — all good characteristics for CSEB and earth 
concrete.

 Non-calcic Brown soils and Low Humic Gley soils (Alfisols) (FAO system: orthic 
luvisols): In Batticaloa, in between the ‘fingers’ of alluvial soils are non-calcic brown soils 
and low humic gley soils (or alfisols). Non-calcic brown soils, which ‘occur in most parts of 
Batticaloa districts’, have surface layers of sandy loams, water holding capacity ‘low with 
rapid infiltration’, ‘medium acid’, ‘poor in organic carbon’ (Ariyaratne, 2000). These are 
ideal soils for construction purposes, as they are soils high in iron oxides, which are later-
itic in nature (meaning that with exposure to air they go through a carbonation reaction 
which hardens them into a stone-like composite). Low humic gley soils have ‘wetness or 
gleying throughout the profile’, ‘poor drainage’, are ‘extremely hard when dry and sticky 
when wet’ and ‘moderately alkaline’ (Ariyaratne, 2000).

 Reddish Brown Earths and Low Humic Gley soils (Alfisols) (FAO system: chromic 
luvisols): The dominant soil group in Mullaitivu district is reddish brown earth and low hu-
mic gley soils (or alfisols). Reddish brown earths are dry zone soils with ‘a subsoil horizon 
with a high proportion of quartz gravel’ at variable depths. Soils are ‘extremely hard when 
dry, friable to firm when moist’, ‘slightly acid to neutral’, have ‘low water holding capac-
ity’ and ‘low organic carbon content, 1-2 %’ (Ariyaratne, 2000). These are ideal soils for 
construction purposes, as they are soils high in iron oxides which are lateritic in nature.

 Solodized Solonetz and Solonchaks (Alfisols and Aridisols) (FAO system: solon-
chaks): The northern coastal strip of Kilinochchi (~5 km strip), as well as a few areas in 
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Batticaloa on the inland side of the lagoons (again ~5 km) have such soils. These soils 
have a ‘natric horizon’, meaning that they are alkaline soils that have a high pH and 
concentration of sodium (i.e. salty soils). This is an alluvial soil type which derives from 
parent rock with high sodium salts. These soils are not good for construction because 
the excess salts can cause efflorescence and damage to blocks. Do not use in earth 
construction.

 Grumusols (FAO system: vertisols): There are some small alluvial pockets of vertisols 
on the very west coast of Mullaitivu (and in Mannar district). These soils should be fastid-
iously avoided for construction as they are very clayey, expansive soils, often with clays 
of Montmorillonite which swell and shrink considerably with deep fissures during the dry 
season. Do not use in earth construction.

 Miscellaneous: There is a zone in the north of Mullaitivu district  classified as ‘mis-
cellaneous’ which is unknown to the consultants. There is also a zone to the south of 
Batticaloa designated as ‘miscellaneous soils’, which other global classification systems 
identify as ‘inceptisols’ or ‘immature brown loams’ (FAO system: lithosols). In studying 
these areas in the field, via Google Earth and on regional land management maps (EML 
consultants, 2010), it is clear that these zones are mixed rocky areas.

2.2.2 GIS Spectral Reflection Mapping

Prior to the field mission, the consultants requested a GIS evaluation to provide additional 
data for soil types in the target areas. This study, ‘Soil Mapping Using Landsat Data to 
Identify Soil Types in Sri Lanka’, was carried out by Asst Prof. Mohamed Shanavaz D and 
Asst Prof. Akbar Basha S of B. S. Abdur Rahman University, Chennai. Using GIS, thematic 
maps were generated to ‘approximately assess the type of the soil present in the area 
based on the surface spectral reflectance captured in the satellite imagery’ (Shanavaz and 
Basha, 2016).

The study makes some conclusions about regional scale locations of soil types; however, 
these conclusions simply refer to an FAO report (FAO, 1996): ‘In the dry zone the pre-
dominant soil group is the well-drained reddish brown earths in association with poorly 
drained humic gley alluvials and red yellow latosols. In the dry zone coastal areas non 
calcic brown soil with sandy regosols, alkaline and saline soils, and grumosols are found 
distributed in patches’ (Panabokke, 1978). These conclusions can generally be made by 
studying standard soil maps.

‘Spectral reflectance signatures’ generated from terrain surfaces (i.e. reflected colours 
from ground imagery) are heavily influenced by the type of vegetation and development 
patterns, and are therefore not accurate enough to be used in the field. E.g. The large 
‘green’ portion of the image (below right), is all red soils according to soil maps and fur-
ther evidenced by extensive quarrying; however, it is not indicated as red soils because 
satellite imagery reflects the colour of forest cover. Furthermore, this method only pro-
vides information for the ground surface and does not represent the quality and depth 
of soil horizons.
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Figure 6 — Images from report on GIS spectral reflection mapping:

 

 

a. Target area in Batticaloa, 

 

 

b. Target area in Kilinochchi and Mullaitivu
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c. Satellite image of Kilinochchi/Mullaitivu area

d. Spectral reflection mapping of the same area
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3. Training During Evaluation Mission

3.1 Theoretical Training

Various lectures were presented to HfHSL technical staff at the Batticaloa and Kilinochchi 
offices: ‘Raw Material, Soil Identification, and Soil Stabilisation Basics: For Compressed 
Stabilised Earth Block’. This included information related to: 1. Definition and composi-
tion of a soil, diversity of clay and soil types, special types of soils, fundamental properties, 
good soil for CSEB, and structure of a soil for CSEB; 2. Principles of soil identification, 
laboratory analysis, and ‘sensitive analysis’; 3. Stabilisation principles, stabiliser types and 
suitability, and stabilisation calculations.

3.2 Practical Training

HfHSL technical staff were trained in sampling collection protocol and the methodology 
of soil identification during the evaluation mission. The staff have led the consultants 
on field visits to quarries, and assisted the consultants to collect further samples, assess 
the quarry potential, and test these soils. From this training, they may collect more soil 
samples in various areas of the north and east to broaden the scope of the study or to 
explore further quarries as required.

Figure 7 — Quarry visits, sampling and assessment of soil qualities
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Figure 8 — Demonstration of ‘sensitive testing’ methods in Batticaloa 1

Figure 9 — Demonstration of ‘sensitive testing’ methods in Batticaloa 2

 



 

 

 

 

 

 

 

 



SOIL SUITABILITY AND AVAILABILITY

35

Figure 10 — Demonstration of ‘sensitive testing’ methods in Batticaloa 3

4. Soil Suitability and Availability
This section encompasses the consultants’ evaluation of local material resources in prese-
lected target areas and at the regional level (e.g. soil quality and suitability, evaluation of 
the potential for industrial scale soil quarries).

4.1 Soil Testing Methodology and Procedure

4.1.1 Preliminary Collection of Soil Samples by HfHSL

In order to expedite the process for the evaluation mission and to better target key areas, 
HfHSL technical field staff were asked to collect samples before the mission. The con-
sultants provided a sheet (see Annex 4: Recommendations for Soil Sampling), which 
outlined procedure and protocol for soil sampling and collection. It was suggested that 
staff collect samples of soils known to be used principally for road quarries. Identification 
tags were given for labelling of sampled soils.

4.1.2 General Methodology

These soils were then analysed by the consultants, results were recorded, and the quar-
ries were visited to assess several factors, including:

• Soil quality/suitability: For CSEB and other earth-based techniques;
• Data: Reference no, sampling depth/conditions and GPS coordinates of quarries were 

recorded;
• Geographic range to site of planned development: The optimal distance from 

target areas is a radius of around 20 km;
• Quantity and availability of soils: Quarries are assessed for their scale and overall 

potential for extraction, including certain factors such as the consistency of soils at a 
quarry (e.g. even or striated ‘horizons’);

• Quarry conditions and planning: Additional factors such as ownership, land man-
agement issues and quarry rehabilitation planning were assessed;

• NB: For CSEB, generally it is safe to investigate quarries for road construction, as 
such soils tend to have similar mechanical properties (e.g. sand/gravelly soils which 
compact well, as opposed to clayey soils, which are not suitable for the sub-courses 
of roads).

4.1.3 ‘Sensitive Testing’ Analysis

The consultants have conducted ‘sensitive testing’, codified field-testing methods for the 
identification and classification of soils, which is an ideally suited method to determine 
the suitability of soils for earthen construction (Maïni, 2010) (Rigassi and CRAterre-EAG, 
1985). These testing procedures provide comparative information related to the com-
position and mechanical properties of soils (e.g. granularity, compressibility, plasticity, 
cohesion). According to basic classifications, one may follow recommendations for soil 
improvement and stabilisation.
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Soil analysis reports have been provided for each soil (see Annex 5: Soil Analysis Re-
ports). The reports indicate all reference information for the concerned soil, sampling 
conditions, description of the visual and physical properties of the soil, quantification 
of the soil structure (the percentages of the sizes of the grains), classification, suitability 
for CSEB, dry apparent density, etc. They also give recommendations for each sample 
of the mix ratio to start the CSEB production. These reports serve as one of the strong-
est physical factors in the recommendations made in the conclusions of the feasibility  
study.

4.2 Assessment of Suitability from Soil Analysis 
and Quarry Investigations

Fifteen sites have been explored during the evaluation mission, with assessment of 
12 samples from Batticaloa and 8 samples from Kilinochchi and Mullaitivu. The physi-
cal assessment of quarries and sensitive analysis test results are given below for 1. the 
Batticaloa area, and 2. the Kilinochchi and Mullaitivu areas. Note that Kilinochchi and 
Mullaitivu are grouped together, as many of the quarries visited are just over the Mul-
laitivu district border and are recommended for use in both districts, and additionally as 
the Kilinochchi team guided visits to both districts. This aspect of the mission was the key 
factor to determine the suitability of soils for CSEB production, as well as methods of soil 
improvement and stabilisation for construction. Soil analysis reports have been provided 
for each sample, with reference information for the concerned soil, sampling conditions, 
properties of the soil, classification, suitability for CSEB, and recommendations for soil 
modification for the production of CSEB at each of the given locations.

Generally, soils in the north and east range in quality considerably. Many soils along the 
coastal areas and river estuaries should be excluded, as they are either alluvial soils with 
poor mechanical properties, coastal sands with high salt content, or a combination of 
both. In certain areas, such as in Mannar and the western extremity of Mullaitivu, there 
are expansive soils that should be carefully avoided. Nevertheless, there are many quar-
ries commonly used for road construction with good soils for the manufacture of CSEB 
and other earth-based building materials. These soils are very similar to red ferric soils in 
Tamil Nadu used by the consultants for CSEB.

4.2.1 Batticaloa Soils

The soils of Batticaloa generally include a lot of regosols (coastal sandy soils to the east 
side of the lagoons), alluvial deposits (along existing rivers) and alfisols (between these 
river deposits). Regosols and alluvial soils are not suitable for construction purposes be-
cause of their fine silty/sandy or clayey/silty texture, lack of gravel and coarse sand, and 
sometimes saline content. However, alfisols are ideal soils for construction with CSEB 
and there are plenty inland quarry sites near to target villages which can be used for 
construction purposes.

See Section 2.2: Soil Types and Qualities in North and East Sri Lanka
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Figure 11 — Quarry sites in Batticaloa

Batticaloa

GPS Mark/Ref. Quarry sites GPS coordinates Elev.
Suitability  
for CSEB

Suitability for 
ECB

004 Villavettuwan Manmumai W. 7 43.784’ N,  
81 37.022’ E

12 m Yes (after sieving 10 mm) Not suitable

005 Villavettuwan lakeside quar. 7 43.806’ N,  
81 36.947’ E

13 m No (insufficient clay) Not suitable

006 Villavettuwan dam 7 43.443’ N,  
81 37.227’ E

25 m Yes (after sieving ¼”) Not suitable

HH-B-MW-VV 0001 Villavettuwan n/a n/a Yes (after sieving 10 mm) Yes (no crushing)

HH-B-MW-VV 0002 Villavettuwan n/a n/a Yes (after sieving 10 mm) Not suitable

007; S-I Kithul Sarvodaya Nagar 1 7 39.435’ N,  
81 30.302’ E

54 m No (too silty/fine) Not suitable

008; S-II Kithul Sarvodaya Nagar 2 7 39.469’ N,  
81 30.290’ E

51 m No (too much clay) Not suitable

K-I Kithul n/a n/a No (not enough clay) Not suitable

K-II Kithul n/a n/a No (not enough aggregate) Not suitable

HH-B-MW-KV 0001 Karaveddy (Sivalingamland) n/a n/a Yes (after sieving 10 mm) Not suitable

HH-B-MW-KV 0002 Karaveddy (Ampalavanan) n/a n/a Yes (after sieving 10 mm) Yes (add gravel)

HH-B-EP-VP-0001 Veppavettuwan n/a n/a Yes (after sieving 5 mm) Yes (no crushing)

Figure 12 — Quarry sections of sampled soils (NB: There were several other samples collected in 
Batticaloa, but the consultants were unable to test them)
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004 Villavettuwan Manmumai West

 

     

 

 

 

005 Villavettuwan lakeside quarry 006 a Villavettuwan dam
 

 

 

 

006 b Villavettuwan dam

 

     

     

 

 

006 c Villavettuwan dam 007 a Kithul Sarvodaya Nagar 1
   

   

 

007 b Kithul Sarvodaya Nagar 1 008 Kithul Sarvodaya Nagar 2 009 a Kithul Nagagakanni

 

   

   
009 b Kithul Nagagakanni

 
011 a Karaveddy Manmumai West

 

 

 

 

   
011 b Karaveddy Manmumai West

See Annex 5: Soil Analysis Reports and Section 10: Technical Specifications and Test 
Productions
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Figure 13 — Grain size distribution chart of soils from Batticaloa

In summary, soils of Batticaloa are generally evenly bedded soils with minimal topsoil. This 
makes extraction of soils from quarries easier:

• Some areas are very sandy/silty weak structure soils (including coastal islands, lagoon 
banks and estuary basins where rice paddies thrive)  These soils are unsuitable 
for CSEB, as there is commonly insufficient coarse aggregate, too much clay and/or 
sometimes also salt content.

• In some areas (including Villavettuwan, Karaveddy, and Kithul Nagagakanni quarries), 
there are many small quarries of excellent, evenly bedded lateritic soils with quartz 
and mica inclusions  These soils are highly suitable for CSEB.

It is generally recommended that soils for CSEB be identified at small inland quarry sites, 
and not taken either to the east of the lagoons (where soils are too sandy) or directly to 
the west of lagoons (where soils may have considerable salt content).

4.2.2 Kilinochchi and Mullaitivu Soils

The soils of Kilinochchi generally include coastal soils, a lot of alluvial deposits (along 
existing rivers), latosols or oxisols (in much of Kilinochchi between river deposits) and 
some miscellaneous soils. The soils of Mullaitivu generally include regosols (coastal sandy 
soils to the east side of the lagoons), some alluvial deposits (though less than Kilinoch-
chi, along existing rivers), some small pockets of vertisols (on the far west coast), some 
latosols or oxisols (along the coastal strip between river deposits) and a very large inland 
quantity of alfisols.
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Regosols and alluvial soils are not suitable for construction purposes because of their fine 
silty/sandy or clayey/silty texture, lack of gravel and coarse sand, and sometimes saline 
content. Vertisols should be fastidiously avoided for construction, as they are clayey, 
expansive soils which swell and shrink considerably. However, alfisols — such as those  
existing in the inland, forested areas of Mullaitivu — are ideal soils for earthen con-
struction, and there are road quarries of vast scales which may be used for construction 
purposes.

See Section 2.2: Soil Types and Qualities in North and East Sri Lanka  

Figure 14 — Soil ‘horizons’ showing heavy topsoil in top 1 foot and progressive lateritic layers below
Figure 15 — Laterite samples (soil in the process of carbonation and transformation to stone)
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Regosols and alluvial soils are not suitable for construction purposes because of their fine 
silty/sandy or clayey/silty texture, lack of gravel and coarse sand, and sometimes saline 
content. Vertisols should be fastidiously avoided for construction, as they are clayey, 
expansive soils which swell and shrink considerably. However, alfisols — such as those  
existing in the inland, forested areas of Mullaitivu — are ideal soils for earthen con-
struction, and there are road quarries of vast scales which may be used for construction 
purposes.

See Section 2.2: Soil Types and Qualities in North and East Sri Lanka  

Figure 14 — Soil ‘horizons’ showing heavy topsoil in top 1 foot and progressive lateritic layers below
Figure 15 — Laterite samples (soil in the process of carbonation and transformation to stone)

 

 

Figure 16 — Quarry sites in Kilinochchi and Mullaitivu 

Kilinochchi

GPS Mark/Ref. Quarry sites GPS coordinates Elev. Suitability for CSEB Suitability for ECB

013; Mul-Gr-05 Visvamadu 1 9 20.771’ N,  
80 31.537’ E

37 m Yes (after crushing) Yes (no crushing)

015; Mul-Gr-07 Kalliady (Kopilabu) 9 17.601’ N,  
80 43.107’ E

30 m Yes (after crushing) Yes (no crushing)

016; Mul-Gr-08 Mannakandal 9 15.902’ N,  
80 41.920’ E

34 m Yes (after crushing) Yes (no crushing)

019; Mul-Gr-06 Kalikadu (Mullaidebu) 9 10.567’ N,  
80 44.179’ E

58 m Yes (after sieving 10 mm or crushing) Yes (no crushing)

023; Mul-Gr-01 Kokavil 1 9 15.685’ N,  
80 24.334’ E

71 m Yes (after sieving 1/4”) Yes (no crushing)

024; Mul-Gr-02 Kokavil 2 9 15.839’ N,  
80 23.786’ E

65 m Yes (after sieving 1/4” or crushing) Yes (no crushing)

025; Mul-Gr-03 Murikandy 18 Poor 1 9 14.450’ N,  
80 24.727’ E

68 m Yes (after sieving 1/4” or crushing) Yes (no crushing)

026; Mul-Gr-04 Murikandy 18 Poor 2 9 14.224’ N,  
80 24.859’ E

69 m Yes (after sieving 1/4” or crushing) Yes (no crushing)

Figure 17 — Quarry sections of sampled soils
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013 Visvamadu 1

 

 

014 a Visvamadu 2

 

014 b Visvamadu 2

015 Kalliady 016 Mannakandal

 

019 a Kalikadu

019 b Kalikadu

 

023 Kokavil 1

 

024 Kokavil 2

025 Murikandy 18 Poor 1

 

NO PICTURE AVAILABLE 

026 Murikandy 18 Poor 2

See Annex 5: Soil Analysis Reports and Section 10: Technical Specifications and Test 
Productions
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Figure 18 — Grain size distribution chart of soils from Kilinochchi and Mullaitivu

Kilinochchi: There were few quarries identified in Kilinochchi, as the quarries visited in 
the north were principally along the district border in Mullaitivu. This is reinforced by the 
fact that 1. Coastal soils (along with some inland deposits to the west) are unsuitable for 
construction on account of soil sodium content; and 2. There are large areas of alluvial 
soils along river systems which are unsuitable for construction on account of their weak 
structure of clay and silt. While there are red-yellow latosols between alluvial deposits 
which have good characteristics for CSEB, these areas near the target villages are heavily 
developed, and it may therefore be more expedient to source soils from quarries along 
the border areas between Kilinochchi and Mullaitivu districts.

Mullaitivu: Soil horizons in Mullaitivu are less evenly bedded than in Batticaloa. Quarries 
are in previously forested areas, and therefore there is a heavy layer of topsoil. There are 
three strong soil horizons:

• Soil quality (top layer of 1 foot): Unsuitable for CSEB (topsoil must be rejected).
• Soil quality (top 1 metre): Variable; commonly silty, fine soil with no coarse sand or 

gravel. Two quarries are suitable for CSEB (Visvamadu and Mannakandal). Others are 
not suitable for CSEB, but could be used for Earth Concrete Blocks.

• Soil quality (below 1 metre): Variable; commonly very gravelly (local people call soil 
‘gravel’). These silty gravel soils are suitable for CSEB, but there is far too much wast-
age/lost cost from sieving. Some of these soils can be used for CSEB after crushing. 
However, these soils are highly suitable for Earth Concrete Block. The very coarse, 
faceted structure of pebbles and gravel make excellent aggregate for poured earth.

• Note that soil cannot be used for construction purposes at the base of these quarries, 
where the soil has already been transformed into laterite ‘stone’.
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4.3 Upscaling Potential of Quarries

Private and government quarries function differently. At private quarries, landowners 
sometimes lease land for road construction because they want to clear the land; at such 
locations the soil resource is generally free of charge, not including the cost of labour 
(e.g. excavation, loading, unloading) and transportation of soil. Government quarries are 
also generally free of charge, not including the cost of labour (e.g. excavation, loading, 
unloading) and transportation of soil. However, the process of acquiring permissions is 
more complicated. If direct permissions can be granted for the use of government quar-
ries, potential supply/demand issues can be avoided (e.g. resource bottlenecks and price 
spikes from middlemen controlling quarries, as in during the road construction boom).

Batticaloa: There is sufficient material of suitable quality for effective small CSEB indus-
try. It would appear that the best strategy would be to target only small-scale quarries, 
as there are an extensive number of good small-scale quarries in proximity to planned 
housing. However, the Villuvettuwan Kolam (dam), an existing structure which is slotted 
to be enlarged by Oxfam/United Nations Office for Project Services (UNOPS), may serve 
as one possibility for a larger, semi-industrial size quarry. For this reason, this soil has been 
tested in the CSEB test production carried out by the consultants (see Section 10: Tech-
nical Specifications and Test Productions). NB: Any soils extracted at this quarry or 
near to the lagoon area must first be tested for sodium salt content, to rule out that the 
salt content prohibits CSEB production (see Section 4.4: Further Sampling and Testing 
Recommended).

Kilinochchi: There is soil of a suitable quality available in Kilinochchi; however, as stated 
above, it is more advisable to use quarries in Mullaitivu for both Kilinochchi and Mullaitivu 
districts.

Mullaitivu: In Mullaitivu, there is sufficient material of suitable quality for an effective 
small industry of CSEB and large scale industry of Earth Concrete Block. Mullaitivu has 
the largest scale quarries available in all of the three districts. The distance between 
quarries and target villages is longer than Batticaloa; however, most construction sites 
have quarries within 15 to 20 km (which can be considered as an acceptable limit range). 
The principle question is how to move forward with quarrying in a manner that begins 
to remediate the damage caused by road building activities (see Section 6.2: Resource 
Management of Soil Quarries).

4.4 Further Sampling and Testing Recommended

4.4.1 Further Sampling and Testing by HfHSL

HfHSL technical staff have been advised to practice and improve their technique in soil 
identification by testing each of the previously collected samples, while referring to the 
final evaluation sheets provided by the consultants.
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HfHSL technical staff could collect additional samples to broaden the scope for the study 
as needed. All samples should be tested with sensitive tests according to the procedures 
taught to technical staff by the consultants. These results may be sent to the consultants 
for review and feedback.

4.4.2 Further Testing by Local Laboratory

Further testing on the mechanical properties of soil by a local laboratory has been gen-
erally assessed as no longer necessary on account of the types of soils available in the 
target areas. Difficult and/or special soils can be sent to a laboratory for analysis to eval-
uate more accurate specifications; however, there is no need for this in the case of the 
existing available soils.

However, it is advisable to conduct one additional analysis in a laboratory: testing for 
‘sulphate and chlorate content’, particularly in more coastal or lagoon areas in Batticaloa. 
In such areas, it is advisable for test results to rule out high salt content before soils should 
be used for CSEB.

Figure 19 — Compression strength testing of CSEB immediately after manufacturing by Habitat for 
Humanity in EU-funded production yard in Karaveddy, Manmunai West, Batticaloa. (Source: Jaime Royo 
Olid, EU Delegation 2017)
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5. Assessment of Existing Materials, 
Industries and Skills

This section provides an assessment of relevant raw materials, local building materials/
systems, local industries and their potential role in construction. Existing local industries 
have been studied to develop an intelligent targeting logic, to minimise the effect of 
introducing new technologies which would then compete with local building traditions 
and livelihoods. Human resources have been assessed to evaluate which alternative tech-
niques have a chance of being accepted and adapted to existing human skill, technical 
proficiencies and inclinations.

Recommendations are given in the following chapter to improve certain key conventional 
building materials and constructive systems (see Section 6: Environmental Impact and 
Resource Management). For all data pertaining to prices of materials and building sys-
tems, see Annex 6: Cost Data (Excel sheets given by the consultants and completed by 
HfHSL Project Managers).

5.1 Available Raw Materials and Industrial Products

5.1.1 Cement and Cementworks

Writing on the Sri Lankan cement industry, Holey has stated that the importation of 
cement is an ‘opportunistic trading option which lacks long-term commitment’, citing 
bagged cement lifetimes of 3 months, which declines in strength from handling and ab-
sorbed moisture, ‘while being prone to wastage and pollution’. He has noted:

Sri Lanka is estimated to be consuming about 5.8 million tons of cement per 
annum (Source: Economic and Social Statistics of Sri Lanka, Central Bank Annual 
Report 2013). Sri Lanka’s situation is quite different from the global cement in-
dustry as world trade in cement (where cement moves from one country to oth-
er) is hardly 4 per cent whereas Sri Lanka imports 66 per cent of its requirement 
either in the form of cement or clinker. It is important to note that this figure 
could go up to 75 per cent, considering clinker is being imported for grinding 
units. Sri Lanka imports cement from various plants in neighbouring countries 
like India, Vietnam, Pakistan, Malaysia, Indonesia and Thailand.

Holey, 2014 (Underline is from consultants)

About six cement companies actively sell cement in the north and the east, principally 
Toyko Super, Nippon, Ramco and Holcim (recently merged with Lafarge). Factories are 
located as follows:

• Mitsui Cement Factory (which is a part of Tokyo Cement), Trincomalee (closest factory):  
~125 km to Batticaloa and ~180 km to Kilinochchi.

• Puttalam Cement Works, Puttalam, owned by Holcim Cement (next closest factory): 
~275 km to Batticaloa and ~210 km to Kilinochchi.
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• Most other suppliers are based in the Colombo area (e.g. Siam City Cement, Ultratech 
Cement Lanka, Tokya Cement (Lanka), Lafarge Mahaweli Cement, Sierra Readymix 
Pvt): ~320 km to Batticaloa and ~340 km to Kilinochchi.

There used to be a cement factory in the north: KKS Cement Factory, Kankesanthurai, 
Jaffna, but this was closed in the 1980s on account of the war: ~75 km to Kilinochchi and 
~375 km to Batticaloa. There are now discussions about reviving the factory, with vari-
ous outside corporate entities jockeying for operations control, despite the controversial 
construction of large-scale residential complexes for IDPs in the neighbouring plot (Daily 
News, 2016) (Global Cement, 2016) (Mohan, 2016).

With this variability in import sources, it is virtually impossible to assess the percent contri-
bution of cement to export economies and to local economies in the north and east. But 
it is safe to say that the local contribution is small. Companies only deliver to shops and 
distributers. Therefore, as individuals cannot buy from the factory, there is no possibility 
of bulk procurement rates for individual homeowners (only for large corporate entities). 
However, cooperatives may be able to apply.

Price of cement: Tokyo Super LKR 930/50 kg bag (sale price: LKR 900).

5.1.2 Lime and Lime producers

There are lime quarries in Jaffna, the west coasts of Kilinochchi and Mannar, and in the 
mountains in the central province (the same areas where lime clinker can be used for 
cement production). However, good lime putty is generally said not to be available. It is 
possible to procure hydrated lime for wall plastering, but we do not think it is possible 
to get good quality hydraulic lime. The following description by Pamela Jerome clarifies 
the difference:

‘Hydrated lime came into use in modern times after the advent of Portland 
cement. It can be described as a dry flocculent powder resulting from the treat-
ment of quicklime with sufficient water to satisfy chemically all the calcium ox-
ide present’ (Lazell, 1915). Having lime in a dry powder form, rather than a 
putty, makes it convenient to ship in paper bags (like cement), and inhibits hy-
draulic reaction. There is also the perception that it is easier to mix with cement 
in order to create lime-modified cement-based plasters and pointing mortars. 
Hydrated limes do not make great binders and are used to weaken cement 
mortars and plasters, and make them more workable. But hydrated lime cannot 
be compared to lime putty, which is far superior in its consistency, workability, 
and binding abilities.

Jerome and Al-Aidaroos, 2016

5.1.3 Steel refinery

Most of the raw materials for steel are said to be imported from abroad (e.g. mainly 
India). In Sri Lanka, there are principally foundries for re-forming ore steel into rebar. The 
average distances to steel foundries is unknown to the consultants, however, it can be 
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said with general certainty that steel contributes relatively little to local economies in the 
north and east.

5.1.4 Sand

One truckload of sand is sold on average for LKR 13 500 in Batticaloa and LKR 17 000 in 
Kilinochchi. Villagers in Kilinochchi said that one cube of sand is sold for LKR 4 000. There 
are a number of regulatory mechanisms in place for sand mining. Quarry mining permis-
sions go through the government office, environmental authority, and are granted by a 
government agent (DA). Once quantities are finalised, the need is calculated. In common 
quarries the government limits extraction to 2 tractor loads sand/month/per person. The 
closest major river sand quarries with respect to Batticaloa, Kilinochchi and Mullaitivu are:

• From Batticaloa: Vellykadha (85 km), Santhanamadu aru (55 km)
• From Kilinochchi: Paliyaru (70 km), Kandawalai (20 km)
• From Mullaitivu: Paliyaru (70 km), Kandawalai (40 km)

5.1.5 Clay and Brickworks

HfHSL staff estimated that there may be approximately 250 brickworks in the Batticaloa 
district. This is an industry of small-scale, decentralised producers, in which there appears 
to be little regulation or quality standards. There is only one example of an industrial 
scale brick plant in the north and east: the closed tile factory in Mullaitivu (see Section 
5.4.1: Re-opening Pandara Vannikam Tile Factory). Regarding permissions for mining 
clay for Country Fired Brick, typically owners mine their own land for clay or brick-makers 
lease land from other owners and therefore there is no required permissions process.

5.1.6 Stone

One truckload (~8 to 8.5 m3) of 3/4 inch gravel is sold on average for LKR 31 000 in Bat-
ticaloa and LKR 33 000 in Kilinochchi. One truckload (~8 to 8.5 m3) of stone is sold on 
average for LKR 16 500 in Batticaloa and LKR 19 000 in Kilinochchi.

The closest major stone quarries with respect to Batticaloa, Kilinochchi and Mullaitivu are:

• From Batticaloa: Karadiyanaru (27 km), Mannampittya (90 km), Thikkodai (50 km)
• From Kilinochchi: Oddisuddan (60 km)
• From Mullaitivu: Oddisuddan (30 km)

5.1.7 Soil

One truckload of soil (known as ‘gravel’ in Kilinochchi) is sold on average for LKR 3 100 
in Batticaloa and LKR 8 000 in Kilinochchi.

5.2 Wall Materials and Systems

The following materials are the principle materials used in construction in Batticaloa, 
Kilinochchi and Mullaitivu. There are certain other exceptions which the consultants have 
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seen or heard of (e.g. one LTTE building built with interlocking block), however, this sec-
tion considers only mainstreamed materials (top) and proposed alternatives (bottom) as 
shown below: 

Figure 20 — Cement Sand Block (CSB)

Figure 21 — Hollow Core Fired Brick (HCFB) 
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Figure 22 — Country Fired Brick (CFB)

Figure 23 — Earth Concrete Block (ECB)

 

Figure 24 — Compressed Stabilised Earth Block (CSEB)

5.2.1 Cement Sand Block (CSB)

Cement Sand Block has become de facto the dominant building material in the north of 
Sri Lanka, principally because there are few obvious alternatives. Cement is relatively easy 
to import, but contributes quite little to local economies (see Section 5.1.1: Cement and 
Cementworks). Most raw materials for cement come from Japan or India, therefore its 
importation is poor management of global resources, which increases the already high 
embodied energy and carbon emissions of cement. This building system also puts a lot 
of pressure on river sand resources, resulting in price spikes, water-table issues like salt-
water intrusion, and coastal erosion. Lastly, CSB houses are very thermally inefficient and 
extremely hot in this climate.
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Figure 25 — Concrete yard in Kilinochchi

5.2.2 Hollow Core Fired Brick (HCFB)

This type of industrial brick and masonry system is currently not available in the target 
areas. However, examples can be seen in Kilinochchi and Mullaitivu from the time that 
the Pandara Vannikam Tile Factory was still in operation (see Section 5.4.1: Re-opening 
Pandara Vannikam Tile Factory).

5.2.3 Country Fired Brick (CFB)

The CFB industry in Batticaloa is responsible for a large proportion of rural livelihoods. 
Therefore, it should be favoured as a building technique in Batticaloa. If would be good 
to assess how many bricklayers are in Batticaloa and where they are located. Pushpa 
Kanth has estimated around 200 brickworks. It is likely that most of these producers are 
based in areas with high percentages of poorly drained alluvial soils and/or along river 
basin areas where clays are often deposited at swales (or depressions). Such is the case 
with the following visited brickworks:

Figure 26 — Brickworks at Karadiyanaru (NB: location at swale of river, in an area of alluvial soil) with a 
seasonal price fluctuation according to wet/dry season, with a low of LKR 5/brick and a high of LKR 10/
brick.
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Figure 25 — Concrete yard in Kilinochchi

5.2.2 Hollow Core Fired Brick (HCFB)

This type of industrial brick and masonry system is currently not available in the target 
areas. However, examples can be seen in Kilinochchi and Mullaitivu from the time that 
the Pandara Vannikam Tile Factory was still in operation (see Section 5.4.1: Re-opening 
Pandara Vannikam Tile Factory).

5.2.3 Country Fired Brick (CFB)

The CFB industry in Batticaloa is responsible for a large proportion of rural livelihoods. 
Therefore, it should be favoured as a building technique in Batticaloa. If would be good 
to assess how many bricklayers are in Batticaloa and where they are located. Pushpa 
Kanth has estimated around 200 brickworks. It is likely that most of these producers are 
based in areas with high percentages of poorly drained alluvial soils and/or along river 
basin areas where clays are often deposited at swales (or depressions). Such is the case 
with the following visited brickworks:

Figure 26 — Brickworks at Karadiyanaru (NB: location at swale of river, in an area of alluvial soil) with a 
seasonal price fluctuation according to wet/dry season, with a low of LKR 5/brick and a high of LKR 10/
brick.
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Tambiarasan’s Brickworks is located in Karadiyanaru village, at a location along a river 
where clays can be found in copious quantity. The following information has been pro-
vided courtesy of him:

• Clay resources: He can normally excavate such sites for a duration of around 
9 months (while leasing the land at LKR 1 500/month), digging the top surface of the 
ground until reaching the water table (~4 feet). Then when the topsoils are exhaust-
ed, he must move to another site.

• Wood resources: The kilns are fired with wood fuel (costing LKR 23 000/trac-
tor, and about 1.5 tons wood/tractor). Each tractor of wood produces around  
12 000 bricks.

• Productivity and employment: Each brick requires about 2 weeks of production 
time (from excavation and moulding to firing). One person can produce 850 bricks/
day. Tambiarasan’s family business employs 10-15 people.

• Income generated: The average sale price is LKR 5.5/brick (transportation not  
incl.), 

• Wastage: Out of each 1 000 bricks, Tambiarasan reports that there is wastage 
of only about 50 bricks. However, it is important to assess how many under-fired 
bricks are sold and used in house construction. As an average, the consultants esti-
mate that possibly as much as 10-15 % poor quality, under-fired brick are laid into  
walls.

• Brick size: Like most Country Fired Brick producers, Tambiarasan makes the ‘tchina’ 
size brick:
{{ Tchina size: 7-1/2” x 3-1/2” x 2-1/2” (19 x 9 x 6 cm) (for 9” wall)
{{ Large size: 9” x 4” x 3” (not available on the market)
{{ British standard: 215 x 112.5 x 65 mm

• Wall thickness: This corresponds to wall thicknesses of 9” (external walls) and 4-1/2” 
(internal partitions). More recently, to economise, people have been building the ex-
ternal walls of their homes with a single thickness (1 wythe) of 4-1/2”. This is a very 
bad practice for overall wall stability (see Section 14: Conclusions).

Figure 27 — Country Fired Brick production at Tambiarasan’s brickyard
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5.2.4 Earth Concrete Block (ECB)

Earth Concrete Block (ECB) — or ‘Mud Concrete Block’ (MCB) as developed by Dr Rangi-
ka Halwatura of the University of Moratuwa, Dept Civil Engineering — is a mix of soil, 
aggregate, cement and water with the consistency of concrete, which is cast into a 
block mould. As a much greater quantity of water is added in ECB (as opposed to CSEB), 
the quantity and grain size distribution (or size of aggregates in constitutive soils and/or 
added aggregates) is a key parameter to prevent the shrinkage of blocks. According to 
the research of the consultants, ECB must have a minimum of 50 % of well distributed 
gravel. Note that the consultants do not advise to use the name ‘Mud Concrete Block’, 
as the name mud commonly has a pejorative meaning in the mind of people.

Certain Sri Lankan experts do not advice ECB to be used as it is a less standardised build-
ing product, whereas Sri Lankan Standards exist for CSEB. Nevertheless, in areas where 
soils are not just suitable but ideal for this technique, and the dominant construction 
practices are concrete-based, this technique has strong potential for acceptance and 
upscaling in local markets. Note that the only application of MCB in the target areas are 
several community centres in Batticaloa, where soils are generally not conducive for the 
technique.

5.2.5 Compressed Stabilised Earth Block (CSEB)

CSEB technology is a modern, stabilised advance upon traditional building methods, 
developed in the 1950s for structural, load-bearing strength and resilience against the 
climate. CSEB may be stabilised with as little as 5 % cement or lime and compressed 
either with a manual or hydraulic press to produce structural masonry units with greater 
strength and longevity than the average Country Fired Brick. CSEB can be used for plain 
walls, interlocking walls for disaster resistance, composite technologies for columns and 
beams, etc. CSEB is a cost effective, low carbon, low embodied energy solution for sus-
tainable development. It utilises predominantly affordable and abundantly available local 
materials and thereby supports the establishment of local value-added chains and liveli-
hoods. It is a labour-intensive construction technology with an average cost breakdown 
of 60 % cost invested in local labour and 40 % cost invested in materials. It thereby 
invests significantly in local livelihood development (rather than imported building ma-
terials). This can supplement the use of imported materials, which contribute relatively 
little to the local economy. CSEB can be implemented with the aim to mobilise local 
actors with skills for the establishment of locally driven entrepreneurships. There is very 
little CSEB construction existing in the three target districts, and these are not considered 
to be of very high quality. Building codes for CSEB exist in Sri Lanka (Sri Lanka Standards 
Institution, 2009).
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5.2.6 Existing Block Type According to Location

According to 2012 census data (and generally apparent by observation), the predomi-
nance of block type according to location may be generalised as follows:

• Batticaloa: The dominant construction industry is Country Fired Brick (76.3 %). Ce-
ment Sand Block construction is proportionately little (8.6 %). There exists less than 
3 % of any earth-based construction.

• Kilinochchi: The dominant construction industry is Cement Sand Block (50.6 %). 
Fired Brick is a miniscule percentage of housing (0.6 %). CSEB ranks higher than Fired 
Brick, but is still negligible in numbers (1.5 %). Mud construction ranks at a consider-
able percentage (12.8 %). Cadjan/Palmayrah constructions rank quite high (19.6 %). 
There are also relatively many of plank/metal sheet constructions (10.7 %).

• Mullaitivu: The dominant construction industry is Cement Sand Block (50.8 %). Fired 
Brick ranks significantly higher than in Kilinochchi (12.6 %); it should be determined 
if this is on account of local production from good clay quarries, or if this material is 
imported from aid/development work. Mud constructions rank equally to Kilinochchi 
(12.8 %). CSEB is a miniscule percentage of housing (0.6 %).

Figure 28 — Census of population and housing of Sri Lanka, 2012 (provisional data based on the 5 % 
sample) (Dept of Census and Statistics)
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5.3 Foundation Systems

The standard foundation system in the target areas is of random rubble masonry with 
an RCC plinth 1:2:4 (with 2-4 bars steel). It is crucial that foundation systems are flood 
resistant. Note that the consultants have previously suggested Stabilised Rammed Earth 
Foundations (SREF); however, it is advised to consider in its place Poured Earth Concrete 
Foundations (PECF) on the grounds of reduced labour and cost, and lower absorption rates.

Figure 29 — Rubble foundation
Cost (+)
Flood resistance (+)

Brick foundation
Cost (+)
Flood resistance (–)
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Figure 30 — Poured Earth Concrete foundation
Cost (+)
Flood resistance (+)

5.4 Roofing Materials and Systems

Figure 31 — Corrugated metal sheet
Cost (+)
Thermal (–)
Acoustic (–)
Aesthetic (–)
Ethical (–)
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Figure 32 — Asbestos sheet
Cost (+)
Thermal (OK)
Acoustic (OK)
Aesthetic (–)
Ethical (–) To be banned in 2018

Figure 33 — Ceramic roof tiles
Cost (+)
Thermal (+)
Acoustic (OK)
Aesthetic (+)
Ethical (OK) Shipped from long distance
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Figure 34 — Micro-concrete tiles
Cost (+)
Thermal (+)
Acoustic (OK)
Aesthetic (OK)
Ethical (OK)

Figure 35 — Magnesium oxide sheet
Cost (–) 2x micro-concrete tiles
Thermal (–)
Acoustic (–)
Aesthetic (–)
Ethical (OK)
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Figure 36 — Ferrocement
Cost (+)
Thermal (–) Hot, poorly ventilated
Acoustic (+)
Aesthetic (–) Flat roofs only
Ethical (OK)

For ceramic tile roofing, proper beam sizing is critical; many roofs have been seen to sag 
as the sections of the wood are insufficient for the weight of the roof. Also, attention to 
end gables is necessary to prevent rapid damage from wind, storms, etc. As roof tiles are 
shipped from all the way across the country, it is really advisable to look at possibilities 
of local roof tile production (see Section 5.4.1: Re-opening Pandara Vannikam Tile 
Factory).

5.4.1 Re-opening Pandara Vannikam Tile Factory

The consultants suggest that the EU and HfHSL consider lobbying government to re-open 
Pandara Vannikam Tile Factory in Mullaitivu. The factory, which initially opened in 1968, 
was closed some time before 1990 on account of the war. As a strong symbol of previous 
industrial strength and the high degree of masonry craftsmanship in northern Sri Lanka, 
it may be a worthwhile endeavour to consider re-opening the factory for its 50th anni-
versary (in 2018). Additionally, as a cooperative industry model from its founding, the tile 
factory is well positioned to open again as a collective ownership model.

The factory’s re-opening is justified on both economic and ecological grounds: The local 
production of roof tiles would offer a maximum contribution to the local economy, while 
minimising embodied energy, damage to roads, and inflated cost from transportation of 
tiles across the country. A separate feasibility study may be advisable to assess how much 
capital must be injected to re-open the factory; however, this is not imagined to be pos-
sible within the scope of this housing project.  

  

Figure 37 — Images from Pandara Vannikam Tile Factory
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Figure 37 — Images from Pandara Vannikam Tile Factory
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6. Environmental Impact 
and Resource Management

This section presents the environmental impact of building materials and ways to mitigate 
its impact or improve the quality of materials. Data is presented on environmental impact, 
with the basic argument that environmentally sustainable building practices and local 
resource management ensures sustainable local livelihoods in the long term. This section 
has borrowed judiciously from co-author publication (Davis, 2017).

6.1 Environmental Impact and Improvements

The following table shows comparative carbon emissions of various materials: CSEB has 
the lowest emissions, with an average of around 50 kg CO2/m

3. ECB 1:10, ECB 1:8, CSB 
1:6 follow. CFB has the greatest emissions, 441 to 643 CO2/m

3, depending on the effi-
ciency of the kiln (data from Tamil Nadu, India) (Maïni and Thautam, 2013).

 

Figure 38 — Locally available cement

Block type
% 

Cement
Emissions 
kg CO2/m

3

CSEB 
(29 x 14 x 9 cm)

5 % 49.36 (Ma) 
51.53 (Mo)

Earth Concrete Block 1:8 
(30.5 x 15 x 10 cm)

~8.7 % ~80

Earth Concrete Block 1:10 
(30.5 x 15 x 10 cm)

~7 % ~70

Country Fired Brick 
7.5” x 3.5” x 2.5”

0 % 
But lot of 

fuel

441 to 643

Cement Sand Block 1:6 
12” x 6” x 4”

~12.5 % ~130

NB: Ma = Manual ; Mo = Motorised

6.1.1 Cement Sand Block (CSB) Industry

CSB has very high carbon emissions and embodied energy, which is further increased by 
the transportation of raw materials for cement to Sri Lanka. In Sri Lanka, cement is mainly 
imported and river sand suitable for construction is scarce. Sand shortages are common-
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place. Yet, there is a heavy reliance on cement and sand for CSB construction. The high 
demand and low availability of these resources has been linked directly to sharp inflation.

The biggest reasons for low-quality cement/concrete products are: 1. Expired retention 
time of cement (e.g. after hydration/before casting), and 2. Insufficient curing. In stand-
ard practice in Sri Lanka, the retention time is ignored, and products such as CSB are 
typically cured for 1 week only or less (not the 28 days required for full strength). This is 
a waste of costly, high embodied energy materials. Improvements would involve shift-
ing standard practice, to considerably increase material strengths and longevity, without 
decreasing economic productivity (e.g. only larger stocks are required). NB: When home-
owners are producing materials, rather than purchasing from a supplier, the building 
material qualities are better because they tend to be betted cured.

6.1.2 Country Fired Brick (CFB) Industry

Standard industry practice in the production of CFB involves stripping valuable topsoil/
agricultural soils and firing in stack kilns with wood fuel. Beside the fact that brick makers 
use agricultural soils, which in the long run will prevent farmers from farming for dec-
ades, quarry excavations are often randomly done, as can be seen in the background of 
the photo below. This results in unusable land, unless extensive work is done to level it 
back. These kinds of clamp kilns consume an enormous amount of wood and generally 
people do not plant trees to balance what is cut for firing. This kind of practice consumes 
about 10 times more fuel than the production of CSEB or ECB (for which the embodied 
energy is mostly from cement). On account of these resource-related issues, the con-
sultants strongly recommend that CFB should not be considered as an ‘alternative 
building method’. In any case, it is difficult for the most dominant industry in Batticaloa 
(around 76 % of construction) to be considered alternative.

Material and fuel resources are very poorly managed for the production of CFB. 
The industry is a heavy consumer of valuable and scarce resources (e.g. topsoil 
and wood). Such use of agricultural soils for development purposes is a highly 
unsustainable use of resources and poor land management practice.

[…]

Agricultural soils are among the world’s ‘most significant, non-renewable 
geo-resources’ (UNCCD). The use of agricultural soils for development purposes 
is one of the major factors in loss of arable soils and desertification globally. 
Additionally, wood is burned in large quantities for firing CFB, contributing to 
chronic pressure of deforestation. In the past, 100 tons of wood were burnt 
to produce 100 000 fired bricks; however, presently, only 50 tons of wood are 
burnt to produce 100 000 fired bricks. There has also been progressive deforest-
ation of jungles for timber in recent years (Gates, 1999).

Davis, 2017
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Figure 39 — Unfired clay bricks, during drying and before firing (NB: topsoil excavation at rear)

Figure 40 — Two wall samples: ~15 % wastage, ~80 % wastage (exacerbated by capillary rise)

The most significant reasons for low-quality Country Fired Bricks are: 1. Poor quality 
clay, and 2. Under-firing. Despite the apparent low wastage rate in CFB production (see 
Section 5.1.5: Clay and Brickworks), many buildings in the region are built with a wide 
range of quality in bricks, including as much as 20 % of under-fired brick laid into the 
walls. When there are poor damp-proof course details, extensive capillary damage can 
be seen in buildings.

Improvements can be made on two levels by bringing in sectoral experts to work with 
local brick producers. (FAO, 1993) (Regional Energy Resources Information Centre, 2003):

1. Investigate existing models of kiln/firing efficiency, which could reduce fuel consump-
tion and improve the vitrification (or firing) process.

2. Plan strategic land reclamation such as that in Tamil Nadu, India, seen in the photos 
below: brick makers shallowly excavate the entire surface area of the land and the 
excavation is rehabilitated as paddies.
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Figure 41 — Traditional land conservation practices in Tamil Nadu, India

6.1.3 Compressed Stabilised Earth Block (CSEB) and Earth Concrete Block (ECB)

The consultants have done extensive research on the embodied energy and carbon emis-
sions of earth-based building materials (Maïni and Thautam, 2013), and have written a 
great deal on its resource economy:

Raw earth as a building material requires zero energy for production, has the low-
est environmental impact of any material, and is 100 % recyclable. Earthen con-
struction mitigates deforestation (since it does not require firing), and does not 
make use of agricultural soils, which are extremely valuable for food production. 
Earth can be locally mined from soil on the construction site to reduce transpor-
tation fuel, associated costs, and the environmental impact of building. Modern 
stabilised earth technologies have only fractions of the carbon emissions and em-
bodied energy of conventional building technologies. When CSEB is produced from 
soil excavated on site, its embodied energy is 10.7 times less than CFB, and its 
emissions are 12.5 times less than CFB. This is partially due to the fact that wood 
combustion in CFB production accounts for 79.2 tons of CO2 for every 50 tons of 
wood burned. Comparing the emissions of all available masonry blocks and bricks 
on the market, CSEB ranks as the least carbon emitting of them all.

Davis, 2017

Local soils should always be sourced for earth construction techniques. Soil and/or block 
should be transported at a maximum of 20 km from the construction site, as the import 
of soil kills the economic and livelihood benefits of CSEB. Transportation of soil or block in 
great distances is very costly and very poor management of resources and embodied energy.

6.2 Resource Management of Soil Quarries

6.2.1 Best Practice Resource Management of Soil Quarries

Best practice resource management of small soil quarries mean that (AVEI, n.d.):  
1. A rehabilitation plan for the quarry is defined in advance, 2. Excavations are planned 
according to requirements for block production, and 3. After construction, quarry pits are 
transformed into sustainable infrastructure to suit development needs:

CSEB excavations can be used for rainwater harvesting and percolation systems 
in arid, water-scarce or flood-prone regions, to increase water security and to 
answer to the problem of reduced water-table capacity and seawater intrusion 
in coastal areas. Roof rainwater can be harvested in underground tanks and 
used for, i.e. toilets, construction needs, and green spaces. Surface rainwater 
can be harvested in landscaped percolation pits to maximise recharge of the 
water table. Large rainwater harvesting bodies can be used to store overflow of 
rainwater harvesting systems, like those in vernacular village dwelling patterns in 
Sri Lanka. CSEB excavations can also be used for sanitation infrastructure (e.g. bi-
ological waste water treatment or baffle reactor systems), to address challenges 
of sanitation and to reduce ground-water and pond contamination from septic 
systems, affecting fisheries and other livelihoods.

Davis, 2017
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6.2.2 The State of Soil Quarries in the North

In Mullaitivu, there are numerous quarries in recently cleared forest land, which have 
mainly been used for road construction. The enormous scale of these quarries and the 
short time frame of extraction are staggering. There is apparently no regulation during 
the extraction of soil: the heavy layer of topsoil is not separated but mixed in with extract-
ed soils, gravel is extracted only with the logic of fastest/easiest route of access by trucks, 
and by this logic, even raw material is wasted. Trees are removed for timber, with no con-
sideration for replanting, stability of existing trees or erosion. According to government 
sources, there is supposed to be a rehabilitation plan for these quarries; however, if this is 
so, such plans are not being put in place to ensure that resources can be used efficiently 
and that ecologies can be regenerated. These large-scale quarries are producing environ-
mental wastelands, and the tendered companies winning road contracts are not being 
accountable for stewardship of the land.

 

Figure 42 — Large scale unmanaged quarries in Mullaitivu
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Figure 42 — Large scale unmanaged quarries in Mullaitivu
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This is a massive scale planning issue, which goes far beyond the parameters of this pro-
ject. However, as the consultants are suggesting the use of these quarries, it is suggested 
that the following steps be taken.

• Survey and identify the remaining clusters of trees that are worth keeping, and keep 
enough ground and vegetation around them to allow them to grow properly: Do not 
excavate around trees as shown above.

• For the areas which have not been yet touched, a lot of care should be taken to main-
tain clusters of trees.

• Topsoil should be carefully removed and stored in a corner of the quarry. This topsoil 
should be reused when quarry activities are complete, and spread over the excavation 
to help vegetation to grow again.

• Identify the soil ‘horizons’ (or layers) that can be used, either for CSEB or ECB.
• Excavate these horizons in an even thickness, and level the excavation to flat surfaces: 

Random excavations of holes of various sizes are not recommended, as the land be-
comes unusable.

• Survey the contours of the quarry and the surrounding area to evaluate how rainwa-
ter could be channelled into excavations, so that they function as rainwater catch-
ment systems.

• Once the excavation is complete, the entire area should be either reforested or used 
for agricultural purposes (after re-covering the land with the topsoil saved initially).

HfHSL should consult and discuss with environmental planning experts who are familiar 
with existing rehabilitation plans. It is also worth considering the possibility of doctoral 
research to assess the rehabilitation of these quarries and to evaluate a future quarrying 
planning scheme which takes resource management and ecological impact into consid-
eration (possibly with the support of Professor S. A. S. Kulathilaka, Dept Civil Engineering, 
University of Moratuwa) (University of Moratuwa, n.d.).

Below, one map from the ‘Integrated Strategic Environmental Assessment of the North-
ern Province of Sri Lanka’ shows areas available for mining and areas that may be mined 
after detailed studies. Present mining activities seem well underway towards the ‘Phase II’ 
target outlined on the map. However, such scales of mining without implementation of 
proper rehabilitation plans would be devastating for the local forest ecology.
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7. Evaluation of Cultural Acceptance
The cultural acceptance of earth as a building material may be evaluated through a num-
ber of different routes. The first factor is the overall social, economic and psychological 
context of the post-war setting, which influences people’s mentalities and motivations 
in reconstruction. Direct discussions with and feedback from stakeholder groups is ob-
viously a principle source of information. Towards this purpose, the HfHSL technical of-
ficers have been enormously helpful, not only in facilitating such meetings but also for 
contextualising some of these discussions. In addition to this, the assessment of existing 
buildings built with earth is key to better understanding the acceptance of already exist-
ing CSEB buildings. Finally, it is indispensable to understand the existing practices of home 
construction in order to assess how present mindsets and livelihoods either support or 
discourage alternative materials (see Section 5: Assessment of Existing Materials, In-
dustries and Skills).

7.1 Context Evaluation

7.1.1 Batticaloa

Of all of the things the consultants have read on the effects of the war on the mentality 
of the people, there is no better representation than the following statement (quoted 
with paraphrase) from Mr Pushpa Kanth, Senior Project Manager east zone, Habitat for 
Humanity Sri Lanka — Batticaloa Office:

People still need shelter — not compensation. There is a need for 12 000 hous-
es in Batti. This project offers 600 for Batticaloa; the government programme, 
another 1 000.

After the war, people were resettled. They lost their paddies/livestock, had no 
capital. Little by little, they improved their situation, but they didn’t have any 
financial resources. Two times there were severe floods. They had already lost 
everything in the war, and then they had to start again ‘from zero’. Meanwhile, 
rich people seemed to get richer. The government introduced micro-finance, 
but it was a wrong system which placed burden upon people. There was a loan 
system, but no monitoring. Often people had to spend money for some other 
purpose (e.g. food). This burden was increased by interest percentages, which 
were unfair or exploitative.

Now imagine yourself: You were dropped into houses — with nothing to eat 
or drink. To start from zero, you had to borrow money. So you started from a 
minus. When you went from minus to plus, you got flooding: the minus became 
compounded. An upgrade to family income is needed.

Mentally, people become absent with such circumstances. They need money to 
solve their problems, but their earnings are not enough. It becomes a hopeless 
situation.
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Other Batticaloa technical officers have spoken on the impact of the war on the  
people:

‘War began because of unequal civil rights and freedoms for the Tamil people. 
The war has been finished for around 7 years, but continued about 30 years 
[NB: the whole lifetime of present HfHSL staff members]. People left the jungle, 
were displaced — they lost everything. People were scared all the time and 
many died. HfHSL staff also lost family members. People had to start from zero. 
Land ownership was not really secured.’ HfHSL staff joined because ‘it was a 
good job’; they joined ‘to help people’.

Principle income sources are viable only for a seasonal period: 1. Agriculture (paddy, cas-
sava ‘chenai’ cultivation), 2. Animal husbandry, 3. Fishing, 4. Construction (not much is 
available; if so, it is unskilled labour). So, one man might make a livelihood on rice paddy 
agriculture for 3 months/year, and for the rest of the year he must search for other work, 
which may or may not be forthcoming (e.g. labour for brick-making).

There are many unfinished small houses in Batticaloa (with no work ongoing), due to 
poverty as well as the incremental housing approach.

7.1.2 Kilinochchi and Mullaitivu

In Kilinochchi and Mullaitivu, similar scenarios are at stake as in Batticaloa. Furthermore, 
there is tremendous discontinuity between the economic structure/system pre- and post-
LTTE. There was more economic opportunity for people in LTTE times than now. Before, 
there was a strong system of internal resource distribution and redistribution. Cooper-
atives were very effective in Kilinochchi and Mullaitivu and are still commonly found on 
business signage. There was strong women’s empowerment, sponsored capital exchange 
without discrimination of the elderly, women, children, etc. Women were employed as 
trainers in LTTE self-defence.

Now, there is no opportunity. The prevailing model is the export capitalism model, where 
most of the profit goes to companies outside of the area. There are a high number of 
widows, but little possibilities for women to work. Most people are living on government 
subsidy or subsistence-based social welfare policies (3 acres).

While it is difficult to make any comparison of the poverty and need in Kilinochchi/Mul-
laitivu vs. Batticaloa, the major questions here seem to revolve around re-mobilising com-
munal control of resources and land tenure questions. The Tamil people have expressed 
interest in industrial production, but the resources to grow the local economy are lacking.
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7.2 Discussions with Village Stakeholder Groups

To facilitate the process of discussions with villages, the consultants presented themselves 
as experts from Tamil Nadu assisting HfHSL — to make the greatest possible investment 
in local livelihoods (local production rather than importation of building materials). The 
consultants gave a presentation on CSEB technology showing some technical basics. 
Many examples were presented of houses and other building types built in Tamil Nadu —  
in a similar climate and context as North and East Sri Lanka. Samples of blocks were 
shown from Batticaloa, Colombo and Auroville, and passed around for people to hold, 
weigh, try to break, etc., allowing them to compare good quality block samples with 
what they imagine to be CSEB. These meetings were made possible by the sensitive 
translation and communication of HfHSL technical staff.

7.2.1 Batticaloa ‘Community Support Committees’

7.2.1.1 Villavettavan village
In the afternoon, the group met with a selection of about 20 stakeholders from the 
villages of Villavedduvan, Sourvamunai, and Arasapuram. Clearly sceptical at first, after 
the presentation the villagers expressed that there are obvious advantages to using CSEB 
blocks (e.g. lower cement use, lower cost, possible incomes, etc.). One villager even re-
marked that CSEB provide a more environmentally friendly option, which was a welcome 
surprise. People were very positively surprised by the quality of the block brought from 
Auroville to the meetings. They expressed that they were willing to go for CSEB, provided 
that the quality is the same.

 

Figure 44 — Meeting with ‘Community Support Committee’ in Villavettavan village

7.2.1.2 Karavetti village
From the villages of Karaveddi, Nelluchenai, Mullamunai, Villamunai, approximately 
50 people make a livelihood in Country Fired Brick production, and most villagers build 
with CFB from nearby producers. Villagers observed that it was a ‘good building mate-
rial’; however, their reception was cooler than the previous village. Although villagers 
expressed that they had no objection against CSEB, the conflict of livelihoods in CFB and 
CSEB industry were discussed. Principally, responses were not very forthcoming as the 
price of block in market value was not given.
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Figure 44 — Meeting with ‘Community Support Committee’ in Villavettavan village

7.2.1.2 Karavetti village
From the villages of Karaveddi, Nelluchenai, Mullamunai, Villamunai, approximately 
50 people make a livelihood in Country Fired Brick production, and most villagers build 
with CFB from nearby producers. Villagers observed that it was a ‘good building mate-
rial’; however, their reception was cooler than the previous village. Although villagers 
expressed that they had no objection against CSEB, the conflict of livelihoods in CFB and 
CSEB industry were discussed. Principally, responses were not very forthcoming as the 
price of block in market value was not given.
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Figure 45 — Meeting with ‘Community Support Committee’ in Karavetti village

7.2.2 Kilinochchi ‘Community Support Committees’

7.2.2.1 Meeting at Maruthanagar village (KN-24)
With about 30 village representatives, we had detailed discussions on bulk costs and 
quantities, ratios of blocks and mortar, calculations of stabilisers, block productivity. Very 
good data was collected to inform the economic assessments of this study (see Sec-
tion 8: Economic Analysis and Contribution to Local Economy). We discussed not 
only the cost of the blocks alone, but detailed cost breakdowns of savings from mortars, 
plasters, etc. More questions revolved around physical factors, such as the weight of a 
clay tile roofing and foundation systems in low-lying lands and with water stagnation 
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(NB: flooding was said to come to sometimes 2 feet above ground, and therefore foun-
dations are raised). Villagers requested a model house construction.

Figure 46 — Meeting with ‘Community Support Committee’ in Maruthanagar village

7.2.2.2 Meeting at Divisional Secretariat Karachchi
There were detailed discussions with about 40 villagers on costs, quantities, ratios, trans-
port, masonry systems and sizes. Villagers asked if it was possible to get a machine, and 
asked the consultants to give recommendations to identify good soils and quarries. They 
asked if any soil can be used and which types. There were some interesting questions 
regarding supply and demand issues, e.g. would soil become more expensive with more 
demand, will costs rise like sand? One woman asked if CSEB can be transported from 
production, and if so, noted that the cost would go up from transportation. One man 
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suggested that the consultants should send masons to run a business, for better quality 
control; however, we explained the HfHSL project goal of village self-sufficiency. There 
was discussion on cooperative societies, the possibility of cutting out the middle-man and 
organising collective control of resources, production, sales, profits and reinvestment. 
Someone offered that one community stakeholder should take responsibility for block 
production. It seemed plausible that this discussion format could be useful in gaining 
feedback from the community about ideal scales and modes of operation (e.g. fixed 
industries, mobile units, etc.).

There were repeated suggestions to build a model house for local people before starting 
housing project, so that they could see, imagine and gain trust.

 

 

Figure 47 — Meeting with ‘Community Support Committee’ at Divisional Secretariat Karachchi
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7.2.3 Meeting with Devi (in Kilinochchi)

Chandrasegaram Arulambigai (known as ‘Devi’) of Santhapuram, Kilinochchi was a bene-
ficiary of one of UN-Habitat’s housing construction projects also financed by the EU. When 
she was able to build her house on time for the budgeted amount of LKR 550 000, and 
other stakeholders were unable to do so, UN-Habitat started asking her to assist other 
stakeholders. Eventually for later disbursements to beneficiaries, UN-Habitat suggested 
that they give their money outright to Devi and allow her to build their houses for them.

To maintain constructions at cost and on schedule, Devi explained that she:

• relied on informal networks for material sourcing for lowest cost materials;
• was supported by the DS to procure sand (and cut out middlemen materials suppliers);
• engaged in various training programmes (which added to her existing knowledge and 

skills that she had developed during the LTTE times as a community safety organiser, 
etc.);

• fastidiously supervised constructions, calculated materials, maintained building mate-
rial stocks accordingly, controlled masons, and set daily targets for masonry work.

Devi said model house beneficiaries in the north reported that thermal comfort was 
better in CSEB houses, but that it was still difficult to accept soil. Her advice to HfHSL 
was principally that HfHSL should: 1. Purchase lowest cost materials, 2. Ensure that ben-
eficiaries contribute physically and materially to the constructions, and 3. Give masons 
daily work targets. She offered to assist HfHSL to identify other stakeholders with her 
competence/motivation, and to train other women.

7.2.4 Kilinochchi Government officials (at Government Secretariat)

Contact with local officials in the various target districts/villages is extremely important for 
the purpose of gaining support for permissions and possibly gaining champions for alter-
native building methods. Officials asked about the anticipated lifetime of building, noting 
that engineers can give a projected lifetime of 30 years for Cement Sand Block houses. 
The consultants answered that earth buildings have a lifetime of > 30 years, citing vari-
ous historical examples and they emphasised the cost-saving nature of ECB which could 
be readily adapted in Kilinochchi. There was extensive discussion on foundation systems 
for low-lying areas with particularly low bearing capacity or salty soils (e.g. comparing 
rammed earth, poured earth and random rubble foundations). Some discussion revolved 
around resource bottlenecks and permissions for the use of quarries.

The role of cooperative societies (COOPS) in small-scale industry was discussed, with clari-
fication of how this introduces a government/private entity, a ‘limited business’. In relation 
to this, the dormant tile factory in Mullaitivu, previously a registered cooperative society, 
was discussed, with interest in how its rehabilitation could inject more capital into the lo-
cal economy. Officials emphasised that masons need more training, but also asked about 
the role of women in CSEB production and if they could operate presses/participate in 
construction. They requested a business plan to be written with some assessment of train-
ing in production and masonry. The most important factor was clearly stated as ‘cost’.
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Figure 48 — Interacting with government representatives in Kilinochchi
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7.2.5 Conclusions

In Batticaloa, it was clear that an intelligent targeting of stakeholder groups is impera-
tive to avoid competing with CFB industry. It is strongly advisable to focus on potential 
implementation of CSEB production cooperatives in communities with reduced, seasonal 
livelihoods that have no conflict with CFB industry (see Section 5.2.3: Country Fired 
Brick (CFB)). In Kilinochchi, stakeholders demonstrated exceptional analytical skill and 
reasonable scepticism on cost-related factors. Nevertheless, a general enthusiasm and 
interest prevailed. In all areas, the cost figure of blocks is very important for the next 
stage of village stakeholder discussions. Stakeholders have expressed that below LKR  
30/block, they can produce block. Officials, too, who were positively surprised and ex-
pressed interest to learn more, equally expressed cost as the primary factor.

From other key stakeholders, such as Devi, we have learned that cooperatively organ-
ised, community project managers can be essential actors to set and maintain targets 
for construction time and cost. Such actors could provide assistance on the calcula-
tion of raw materials and building elements to prevent bottlenecks in material supply 
from delaying construction. It is very good to note in general that a high percentage of 
women representatives have been brought in as members of the ‘Community Support 
Committees’.

The consultants have already shared outreach tools with HfHSL, to continue addressing 
the acceptance of CSEB with community and government stakeholders (e.g. in the form 
of power-point lectures, photos and videos). Pushpa Kanth has already noted that people 
like the pictures of earth block houses, as well as the videos, but that it may be advisable 
to cut other technical content and modify the lectures to really address the needs and 
interests of local people. For some of the most classic acceptance concerns, (e.g. ‘Will it 
be long lasting when it gets wet, will it dissolve?’), physical demonstrations will have the 
greatest effect: Show a good quality CSEB in water, show a raw earth sample in water, 
and show the video of a block in water for many years. Such techniques can even be use-
ful to convince people how important it is for them to properly cure blocks for 28 days. 
The CSEB samples should themselves be convincing for the people.

7.3 Assessment of Existing Earthen Constructions

It is critical that any newly implemented alternative technologies in a place use the very 
best practice, so that people can build trust in the material. Conversely, poorly implement-
ed examples convince people not to take risks with lesser known materials. For example, 
expert colleagues discussed one case in which one post-tsunami housing scheme tested 
the use of CSEB: Insufficient technical advice was given and expansive soils — common 
in this area of Sri Lanka — were used, with the result that walls later collapsed.

This is why local technical staff need basic technical training and more technical support 
during the implementation of demonstration buildings. As demonstration buildings are 
very effective methods for training technical staff and key stakeholder groups, successful 
constructions also mean effective training.
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During the course of the field mission, case studies of several built projects in the north 
and east have been analysed. The purpose was not to unfairly target the implementing 
in any way, but rather to learn from the existing buildings which have been built, in the 
interest of critically addressing the concern of acceptance of CSEB and other earth build-
ing techniques, as examples to learn from. These case studies have not been presented 
in this feasibility study.

For information on best-practice construction with CSEB, the consultants refer to the Au-
roville Earth Institute’s ‘Code of Practice’ document, ‘Production and Use of Compressed 
Stabilised Earth Blocks’ (Maïni, 2010).

7.4 Ironies of Acceptance: Interlocking Block

One salient note on the complications of acceptability: Sometimes what people want, 
what people accept, is something that requires skill or other resources beyond common 
means. Such is the case with interlocking block systems. It was noted several times along 
the trip that hollow interlocking block systems are more readily acceptable. This is reflect-
ed in the use of interlocking block moulds for every Sri Lankan press design.

In Sri Lanka, people like interlocking block a lot. For something which is different (i.e. 
earth block), it looks sufficiently technical to be ‘modern’ and sufficiently easy to be 
resilient against mediocre or low skill levels. Interlocking block is commonly believed to 
be a ‘fool-proof’ system for unskilled masons. This is not the case and in fact it is rather 
the opposite: it is a high-tolerance, high-precision system for skilled masons. Unfortu-
nately, interlocking block systems are not ‘Legos’ and not at all easy to implement with 
quality, unless there is a lot of skill involved in the design, production and laying of block.  
Therefore, something which at face value appeals to people as ‘acceptable’ can give re-
sults which are really ‘unacceptable’. Such pitfalls should be avoided at all costs. Towards 
this aim, the following is provided as a demonstration of why not to use interlocking 
block.
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Figure 49 — Poor quality, low tolerance interlocking blocks

Figure 50 — Auram block HI 295 produced in Auroville

Coarse texture of interlocking block from poor production and improper stacking and transportation; 
The Auram interlocking block (with precision corners and keys)

With interlocking block systems, errors in production can lead to aggregated errors in the 
masonry. For example, if there is poor control of block production or loose block height 
tolerances, the height of a block can easily vary > 5 mm from one corner to another. This 
tends to be the case with machines produced in Sri Lanka (e.g. one of the most controlled 
CSEB suppliers in Colombo has a height tolerance of 3 mm).
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Figure 51 — Aggregated errors from interlocking block (produced with a 3-5 mm tolerance and laid 
‘dry’, without a proper mortar bed)
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Such loose tolerances are really bad practice for interlocking block, because when a 
block is laid on the wall, it is not possible to achieve level courses. This problem propa-
gates errors in the masonry: If a block is laid slightly crooked, it forces the courses above 
to also be crooked. It becomes impossible to control the masonry, even with very skilled 
masons. Each progressive course ‘walks’, meaning that the top of each course goes up 
and down (like a gentle rollercoaster). This can easily be seen by viewing the wall from an 
oblique angle (rather than straight on).

Import/transportation of CSEB block can badly damage block if trucks are not packed 
properly; this is especially the case for interlocking block. If interlocking block are stacked 
improperly (e.g. with the keys oriented male-to-female), the block keys can be filed down 
significantly from transporting the block; this reduces interlocking capacity. Such blocks 
should not be stacked male-to-female for initial curing or transportation. However, the is 
a common industry practice.

 

Figure 52 — Improper stacking of interlocking blocks
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Figure 53 — Proper stacking of interlocking blocks

Interlocking block produced in Colombo, then cured and transported with the keys interlocking (this causes 
excessive friction to wear keys out); Proper stacking procedure to prevent abrasion of keys and edges.

Some interlocking block used in Sri Lanka has been adapted from an Auram Press mould 
and used improperly: The masonry system above was designed for a 5 mm bed mortar 
joint; however, in Sri Lanka, commonly no bedding mortar is used (only a paste of 1 ce-
ment: 3 soil, inconsistently applied). This exacerbates the problem of un-level masonry 
courses described above, as there is no mortar to take up the 3-5 mm block height dif-
ferences. Also, it creates many small gaps in the masonry, which can become a haven for 
insects and small animals (especially if the cores of the interlocking block are not filled).

Finally, like in all masonry systems, if a press without a full mould set (full, ½, ¾ blocks) 
is used, the result is very poor bond patterns. This is often occurs when little attention 
is given to bond patterns at the design stage, and when the bond is improvised on site. 
Even if there is some variation in the mould possible (such as in the OS Bricks press), if the 
mould set is incomplete, such as in this case below (where there is no full block with a flat 
end), all window openings, corners and special areas of the masonry should be plastered 
(or composed of RCC elements).
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Figure 54 — Bond pattern pathologies from interlocking block system with incomplete mould set and 
poor bond planning
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In general, the impression of such masonry is very poor. Unfortunately, even if the skill 
of the masons was better, many of these errors would still occur. With even mediocre 
block tolerances, stacking practices, long distance transportation of block, and lack of 
bed  mortar, poor execution of masonry is inevitable. Removing any one of these varia-
bles would not significantly improve the masonry. It is still a high tolerance system that 
requires a high degree of quality control at all points of production and masonry con-
struction.

Furthermore, interlocking blocks are not needed at all in Sri Lanka, as this system 
is designed for disaster resistance and there is no seismic risk at all in these areas, 
This makes interlocking systems much more expensive than plain CSEB masonry. 
E.g. 6-7 years ago, OS Bricks reinforced their buildings with steel, but now acknowledge 
there is no point in reinforcement. Therefore, it is strongly advised to simply avoid inter-
locking block altogether. Interlocking block in this context is a very difficult experiment, 
and not one that should be considered for people’s homes.

7.5 Other Factors Related to Acceptance

Signs and plaques on buildings are counter-productive to the acceptance and owner-
ship identification of beneficiaries, particularly in post-war contexts in which, for IDPs, 
identification is already in question (Boğaç, 2009). During the war years, the practice of 
painting the names of non-governmental organisations (NGO) names on rooftops was 
part of a strategic action to protect residents and to prevent new house constructions 
from being bombed by the Sri Lankan government. However, local people are still living 
in such buildings; and it is obvious that participating NGOs have continued to exploit this 
opportunity for their own visibility and self-promotion, often at the expense of people 
feeling that these houses are theirs — or in other words, ‘houses not homes’ (the oppo-
site of the project aims).

This is particularly evident in the case of alternative building technologies, which are 
perceived to be ‘experimental’ by owners. If user acceptance is already at greater risk on 
account of new technologies being proposed to people, it is very important not to invade 
the psychological domain of homeowner further with signs, which are associated with 
the responsibility and ownership of others.

As the aims and mission of the EU, of Habitat for Humanity (at large and in Sri Lanka), 
and of the ‘Homes not Houses’ project is to aid people in the construction of their own 
homes, it is strongly advised that the EU — and/or other donor organisations — to allow 
for this important sense of home ownership by avoiding signage entirely. Particularly as, 
without the cost of plaques (at LKR 500/each), two additional houses may be built for 
affected persons.

As it may be necessary for the EU to demonstrate where taxpayers’ euros are going, 
alternately, the consultants suggest to consider laying a sign within the foundation of a 
building, as is classically done in special ‘pujas’ in Tamil Nadu (or even traditional Euro-
pean cornerstones). If the sign is laid ceremonially with flowers and an offering to the 
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gods, documented with photographs and then hidden, it is more likely that the sign and 
symbol will become a source of pride for homeowners in the long run. And as it can be 
certain that few taxpayers will go to visit these homes, a creative solution like this could 
be a very important compromise.

Figure 55 — EU-funded CSEB masonry wall under construction by Habitat for Humanity for model 
house in Karaveddy, Manmunai West, Batticaloa. (Source: Jaime Royo Olid, EU Delegation 2017)
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8. Economic Analysis and Contribution 
to Local Economy

The following section presents an analysis of cost, affordability, socio-economic interest 
and local market investment. The aim of this evaluation is in fact the aim of the project 
itself: to promote construction practices with the greatest percentage of contribution to 
the local economies of the north and the east.

8.1 Estimated Cost of Materials

The cost of CSEB was evaluated with the ‘Economic Tool for CSEB Production’ developed 
by the Auroville Earth Institute (Anicotte and Gaudin, 2008) (Haviez, 2011). This tool has 
been elaborated to evaluate the profitability of a business producing CSEB. Therefore, the 
tool takes into account all parameters of cost, from the initial investment cost (e.g. ma-
chinery with infrastructure), working capital, equipment depreciation, variable costs from 
production (e.g. labour, all raw materials including water and electricity), maintenance of 
the machinery, etc.

For this reason, the estimated cost of CSEB may not be comparable with that of Cement 
Sand Blocks or Country Fired Bricks, for which many of these parameters may not be 
taken into account or may be long since amortised.

 

Figure 56 — Economic Tool for CSEB Production, with cost data run for the target areas in North and 
East Sri Lanka
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Accordingly, CSEB cost estimations have been provided in two ways:

1. cost calculation without the cost of press and infrastructure (i.e. investment costs), 
but with only recurring costs (such as raw materials, labour, electricity, water and 
maintenance of machinery, etc.);

2. cost calculation including the cost of press and infrastructure, to evaluate the 
profitability of a business (i.e. machinery, infrastructure, working capital, equipment 
depreciation), and all recurring costs (as above).

As the ‘Homes not Houses’ project is not to directly set up small enterprises, but to build 
homes and stimulate endogenous development with local materials, flanking measure 
funds would be used to provide equipment and infrastructure. Therefore, the assump-
tion is made that the project’s CSEB costs would be aligned with No 1.

No 2 however provides important information for the establishment of small to medi-
um-sized enterprises (SME) (to be organised by World Vision Lanka), and for the future 
after the project is completed. E.g. If interested local communities would like to set up a 
small enterprise.

Two types of blockyards have been taken into account:

• two manual presses plus peripheral equipment, which is for a minimum set-up;
• one manual press and motorised machinery, which is for a semi-industrial set-up, 

including a crusher, a mixer, a hydraulic press and peripheral equipment.

The tables presented below show the various options for the cost estimation of CSEB 
(manual or motorised production, and with or without machinery/infrastructure costs). 
These tables also compare the cost of Country Fired Bricks (CFB), Cement Sand Blocks 
(CSB) and Earth Concrete Blocks (ECB) of various ratios. The cost estimated is for a CSEB 
of 29 x 14 x 9 cm, which is the recommended size for the project (see Section 12.3: 
Recommendations on Equipment and Block Type).

For data taken into consideration for the cost estimation, see Annex 7: Data and As-
sumptions for Cost Estimation. This data has been provided by HfHSL project manag-
ers from Batticaloa and Kilinochchi and the cost of imported Auram machinery. This is 
justified because the economic tool used for this estimation has been designed for the 
Auram equipment and Auram blocks. Nevertheless, it is important to note that if the 
Saram press were to be used, the blockyard would need seven Saram presses, costing 
LKR 1 328 250, to produce the same number of blocks per day (1 700) as two Auram 
presses, which cost only LKR 847 344 (with import tax). As a result, a block produced by 
the Saram press would cost LKR 29.2: LKR 4 more than a block produced with a set-up 
of two Auram Press 3000.
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8.1.1 Kilinochchi

The table below shows that CSEB produced in Kilinochchi are always costlier per cubic 
metre than Cement Sand Blocks: CSEB are 6.4 % to 21.2 % costlier than CSB. Note that 
CSEB are not compared to Country Fired Bricks in Kilinochchi, as the latter product is not 
so readily available in this area. On the other hand, Earth Concrete Blocks are cheaper per 
m3 than CSB by 15.3 % or 28 %, depending on the mix ratio and thickness. Therefore, 
CSEB may be too expensive in Kilinochchi, and the consultants consider that it may 
not be so appropriate in this area. However, ECB are much cheaper and are there-
fore an appropriate solution for this area in terms of economics.

Regarding the experimental Earth Concrete Block produced in Kilinochchi (see Sec-
tion 10.2.3: Motorised ECB Test Production (at Cement Yard, Kilinochchi)), the con-
sultants used a very conservative ratio of 1 cement: 8 soil, which results in about 9 % 
cement (by weight). This percentage was selected for the reason that the blocks needed 
to be transported to Colombo 1.5 days after they were cast. These blocks should be tested 
in compression to evaluate their compressive strength. According to the results, the ratio 
could be changed to 1:10, which would reduce the cost from LKR 25.4 per 4 inch thick 
block to LKR 21.8 per 4 inch thick block: such a product would be a little less than 
1/3 cheaper than Cement Sand Blocks (LKR 30/block).

KILINOCHCHI

Item
LKR/
piece LKR/m3 Cheaper or costlier per m3

CSEB with manual press (29 x 14 x 9 cm) 
including cost of press and infrastructure

29.1 7 951 21.2 % costlier/m3  
than CSB 4” thick

CSEB with manual press (29 x 14 x 9 cm) without 
cost of press and infrastructure

27.3 7 479 14.1 % costlier/m3  
than CSB 4” thick

CSEB with motorised press (29 x 14 x 9 cm) 
including cost of press and infrastructure

28.6 7 840 19.6 % costlier/m3  
than CSB 4” thick
26.5 % cheaper/m3  
than CFB

CSEB with motorised press (29 x 14 x 9 cm) 
without cost of press and infrastructure

25.5 6 976 6.4 % costlier/m3  
than CSB 4” thick
34.6 % cheaper/m3  
than CFB

Earth Concrete Block 4” thick (ECB) 1:8

(30.5 x 15 x 10 cm) (1:8 cement soil ratio)

25.4 5 551 15.3 % cheaper/m3  
than CSB 4” thick
(LKR 30)

Earth Concrete Block 4” thick (ECB) 1:10

(30.5 x 15 x 10 cm) (1:10 cement soil ratio)

21.8 4 768 27.3 % cheaper/m3  
than CSB 4” thick
(LKR 30)
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Earth Concrete Block 6” thick (ECB) 1:8

(30.5 x 15 x 15 cm) (1:8 cement soil ratio)

37.7 5 586 16.2 % cheaper/m3  
than CSB 6” thick

(LKR 45)

Earth Concrete Block 6” thick (ECB) 1:10

(30.5 x 15 x 15 cm) (1:10 cement soil ratio)

32.4 4 802 28.0 % cheaper/m3  
than CSB 6” thick
(LKR 45)

Cement Sand Block 4” thick (CSB) 1:6 **
12” x 6” x 4” (30.5 x 15 x 10 cm)
(1:6 cement sand ratio)

30 6 557 17.5 % cheaper/m3  
than CSEB manual
16.4 % cheaper/m3  
than CSEB motorised
37.5 % costlier/m3  
than ECB 1:8
57.1 % costlier/m3  
than ECB 1:10

Cement Sand Block 6” thick (CSB) 1:6
12” x 6” x 4” (30.5 x 15 x 15 cm)
(1:6 cement sand ratio)

45 6 667 16.2 % cheaper/m3  
than CSEB manual
15.0 % cheaper/m3  
than CSEB motorised
20.1 % costlier/m3  
than ECB 1:8
39.8 % costlier/m3  
than ECB 1:10

The values rating system shown here comparatively evaluates the items above:

Not economically viable Economically viable Very economically viable

** 4” thick Cement Sand Block is the standard conventional technique in Kilinochchi. 
However, its economic viability is much lesser than Earth Concrete Blocks.

8.1.2 Batticaloa

The table below shows that CSEB produced in Batticaloa are costlier per m3 than 6 inch 
Cement Sand Blocks: 3.3 % to 16.9 % costlier, depending on the type of press (motor-
ised or manual). However, CSEB are 11.5 % to 32.5 % cheaper per m3 than Country Fired 
Bricks, which is good as CFB is the main building material in Batticaloa. Earth Concrete 
Blocks also are 17.4 % to 47.8 % cheaper per m3 than CSB and CFB, depending on the 
ratio and width.

Therefore, either of these techniques CSEB or ECB, are appropriate in Batticaloa in 
terms of economics alone.
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BATTICALOA

Item
LKR/
piece LKR/m3 Cheaper or costlier per m3

CSEB with manual press (29 x 14 x 9 cm)
including cost of press and infrastructure

25.2 6 899 16.9 % costlier/m3 than CSB 6” thick
11.5 % cheaper/m3 than CFB

CSEB with manual press (29 x 14 x 9 cm)
without cost of press and infrastructure

23.5 6 433 26.4 % cheaper /m3 than CSB 6” thick
17.5 % cheaper/m3 than CFB

CSEB with motorised press (29 x 14 x 9 cm)
including cost of press and infrastructure

22.4 6 121 3.3 % costlier /m3 than CSB 6” thick
21.5 % cheaper/m3 than CFB

CSEB with motorised press (29 x 14 x 9 cm)
without cost of press and infrastructure

19.2 5 260 39.8 % cheaper/m3 than CSB 6” thick
32.5 % cheaper/m3 than CFB

Earth Concrete Block 4” thick (ECB) 1:8
(30.5 x 15 x 10 cm) (1:8 cement soil ratio)

22.2 4 858 17.7 % cheaper /m3 than CSB 4” thick (1:6)
37.7 % cheaper /m3 than CFB 

Earth Concrete Block 4” thick (ECB) 1:10
(30.5 x 15 x 10 cm) (1:10 cement soil ratio)

18.6 4 071 31.0 % cheaper /m3 than CSB 4” thick (1:6)
47.8 % cheaper /m3 than CFB

Earth Concrete Block 6” thick (ECB) 1:8
(30.5 x 15 x 15 cm) (1:8 cement soil ratio)

33.0 4 892 17.4 % cheaper/m3 than CSB 6” thick (1:6)
37.3 % cheaper /m3 than CFB

Earth Concrete Block 6” thick (ECB) 1:10
(30.5 x 15 x 15 cm) (1:10 cement soil ratio)

27.7 4 104 30.5 % cheaper/m3 than CSB 6” thick (1:6)
47.4 % cheaper /m3 than CFB

Country Fired Brick (CFB) **
7.5” x 3.5” x 2.5” (19 x 9 x 6 cm)

8 7 797 13.0 % costlier/m3 than CSEB manual
27.4 % costlier/m3 than CSEB motorised
91.5 % costlier/m3 than ECB 1:8
119.0 % costlier/m3 than ECB 1:10

Cement Sand Block 4” thick (CSB) 1:6
12” x 6” x 4” (30.5 x 15 x 10 cm)
(1:6 cement sand ratio)

27 5 902 14.5 % cheaper/m3 than CSEB manual
3.6 % costlier/m3 than CSEB motorised
21.5 % costlier/m3 than ECB 1:8
45.0 % costlier/m3 than ECB 1:10

Cement Sand Block 6” thick (CSB) 1:6
12” x 6” x 4” (30.5 x 15 x 15 cm)
(1:6 cement sand ratio)

40 5 926 14.1 % cheaper/m3 than CSEB manual
3.2 % costlier/m3 than CSEB motorised
22.0 % costlier/m3 than ECB 1:8
45.6 % costlier/m3 than ECB 1:10

The values rating system shown here comparatively evaluates the items above:

Not economically viable Economically viable Very economically viable

** Country Fired Brick is the standard conventional technique in Batticaloa.

However, its economic viability is not so good.
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8.2 Estimated Cost of Masonry Systems

The following tables of estimated costs of masonry systems have attempted to compare 
calculated costs for ECB and CSEB (calculated without cost of press and infrastructure) 
with costs given by HfHSL officers in Batticaloa and Kilinochchi. It appears that these costs 
cannot be reliably compared, as some data given by HfHSL is either missing certain infor-
mation (i.e. size of building units, thickness of wall, cost per m2 or m3 not specified, details 
of building teams, etc.) or the data of raw materials and built masonry do not entirely cor-
respond. In Batticaloa for example: the cost of one Country Fired Brick (190 x 90 x 60 mm) 
is LKR 8, which gives a price per cubic metre of LKR 7 797, when the cost of a cubic metre 
of finished masonry was given as LKR 9 900. It is not possible that the labour and mortar 
cost amount to only LKR 2 103. Therefore, all costs mentioned in the following tables and 
explanations are calculated with the same type of data (i.e. composition of construction 
team, speed of masons) and with the same template. For calculation sheets, see Annex 
7: Data and Assumptions for Cost Estimation. These calculation sheets give details per 
m2 and m3 of wall, to properly compare walls with different thicknesses.

8.2.1 Kilinochchi

As mentioned previously, CSEB produced in Kilinochchi would not be economical (see 
Section 8.1.1: Estimated Cost of Materials). Compared to a Cement Sand Block wall 
4 inch thick, a CSEB wall (produced with a manual press) would be around 11.4 % cost-
lier per m2 and only 2.7 % costlier if the CSEB is produced with a motorised press. But a 
CSEB wall would be 14 cm thick when the Cement Sand Block wall would be only 10 cm 
thick (according to standard practice in Kilinochchi). As CSEB are wider and stronger, the 
walls would not require any columns or plaster, and this would reduce the overall cost 
of the building system. However, these arguments may not convince stakeholders, and 
building with CSEB may not be accepted in Kilinochchi on account of cost factors.

On the contrary, Earth Concrete Block walls are cheaper than Cement Sand Block walls in 
all cases, either in 4 or 6 inch thick. The analysis studied two different mix ratios and two 
different wall thicknesses: Mixes of 1:8 and 1:10, and wall thicknesses of 10 cm (4 inch) 
and 15 cm (6 inch). As Country Fired Bricks are not used much in Kilinochchi, ECB walls 
are compared only with Cement Sand Block walls. Walls built with Earth Concrete Block 
would compare as follows with walls built with Cement Sand Block:

Wall of 10 cm thickness ECB (4”) thick wall (1:8) would be 9.5 % cheaper per m2 than a CSB (4”) thick wall

ECB (4”) thick wall (1:10) would be 14.1 % cheaper per m2 than a CSB (4”) thick wall

Wall of 15 cm thickness ECB (6”) thick wall (1:8) would be 11.0 % cheaper per m2 than a CSB (6”) thick wall
ECB (6”) thick wall (1:10) would be 16.7 % cheaper per m2 than a CSB (6”) thick wall

Note that the final cement-soil ratio (1:8 or 1:10) should be decided after further re-
search. Nevertheless, based on the research on earth concrete conducted in Auroville 
over the last 6 years, the consultants feel confident that the mix ratio of 1 cement: 10 soil 
will produce blocks satisfying requirements.
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The ideal building system in Kilinochchi appears to be with ECB walls of 15 cm thickness 
(6 inches) for these reasons:

• As the walls are wider, they would be stronger and would not need any reinforced 
columns (as commonly practiced for Cement Sand Blocks).

• Earth concrete is very water tight, and therefore walls would not need a plaster or 
paint for rainwater protection.

• Depending on the mix ratio, ECB wall would be 11 % to 16.7 % cheaper per m2 than 
walls built with 6 inch CSB. In fact, an ECB wall of 6 inch would cost the same as a 
CSB wall of 4 inch. Therefore, people could have stronger and more environmentally 
friendly buildings for the same cost as the local practice of 4 inch thick CSB walls.

Notes for the following tables:

The values rating system comparatively evaluates the following items:

• SEM 1:4:8 = stabilised earth mortar 1 cement: 4 soil: 8 sand for laying blocks
• SEM 1:6:6 = stabilised earth mortar 1 cement: 6 soil: 6 sand for pointing
• CSM 1:6 = cement sand mortar 1 cement: 6 sand for laying bricks or Cement Sand 

Blocks
• Manual = CSEB produced with a manual press
• Motor. = CSEB produced with a motorised press

KILINOCHCHI

Wall type CSEB wall ECB 4” wall ECB 6” wall
CFB 
wall

CFB 
wall CSB 4” or 6” wall

Block dim. 
(cm)

29 x 14 x 9 30 x 15 x 10 30 x 15 x 15 22.5 x 
10 x 5

22.5 x 
10 x 5

30 x 15 
x 10

30 x 15 
x 15

Mortar 
details

SEM 1:4:8

SEM 1:6:6

SEM 1:4:8

SEM 1:6:6

SEM 1:4:8

SEM 1:6:6

CSM 
1:6

CSM 1:6 CSM 1:6

Plaster 
required

No No No Yes Yes Yes

Wall 
thickness

14 cm 10 cm 15 cm 10 cm 22.5 cm 4”=10 cm 6”=15 cm

Columns 
required

No No No Yes No Yes No

Cost  
(LKR/m2)

Manual
2 154

Motor.
2 086

Mix 1:8
1 697

Mix 1:10
1 610

Mix 1:8
2 007

Mix 1:10
1 879

1 864 3 728 1 875 2 256

Cost  
(LKR/m3)

15 383 14 900 16 973 16 101 13 383 12 525 18 639 16 568 18 754 14 042

Economics 
(LKR/m2)

2 2 4 5 2 4 4 1 4 3
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Thermal 
comfort

5 5 3 3 4 4 1 5 1 2

Structural 
stability

5 5 3 3 5 5 1 5 1 2

Speed 
construct.

3 3 5 5 5 5 5 1 5 5

Life 
expectancy

5 5 5 5 5 5 2 5 2 2

Total marks 20 20 20 21 21 23 13 17 13 14

The values rating system shown here comparatively evaluates the items above:

Bad/not viable economically:  
1 or 2

Average/viable economically:  
3

Good/very viable economically:  
4 or 5

8.2.2 Batticaloa

The main conventional building material used in Batticaloa is Country Fired Bricks (CFB) 
and to a much lesser extent Cement Sand Blocks (CSB). The cost comparison considers 
CSEB, ECB, CFB and CSB. In Batticaloa, walls built with CSEB or ECB are mostly cheaper per 
m2 than CFB or CSB. The only case where they are costlier per m2 is when they are com-
pared with a Country Fired Brick wall of a single thickness bond pattern (9 cm): However, 
this should not be compared at all, as the building practice of building 9 cm thick walls 
is a sub-standard practice, and this system should not be considered for this project.

In Batticaloa, both CSEB and ECB can be equally used. They are both much stronger 
than CFB and CSB. Their environmental impact is much lower and they can offer a sub-
stantial cost reduction. Walls built with CSEB or ECB would compare as follows with walls 
built with Country Fired Bricks or Cement Sand Block:

ECB wall 10 cm 
thick

ECB (4”) thick wall (1:8) would be 10.1 % cheaper per m2 than a CSB (4”) thick wall
ECB (4”) thick wall (1:8) would be 15.6 % costlier per m2 than a CFB (9 cm) thick wall
ECB (4”) thick wall (1:8) would be 42.2 % cheaper per m2 than a CFB (19 cm) thick wall
ECB (4”) thick wall (1:10) would be 15.0 % cheaper per m2 than a CSB (4”) thick wall
ECB (4”) thick wall (1:10) would be 9.3 % costlier per m2 than a CFB (9 cm) thick wall
ECB (4”) thick wall (1:10) would be 45.3 % cheaper per m2 than a CFB (19 cm) thick wall

CSEB wall 14 cm 
thick (manual press)

CSEB wall would be 11.4 % costlier per m2 than a CSB (4”) thick wall
CSEB wall would be 5.9 % cheaper per m2 than a CSB (6”) thick wall
CSEB wall would be 43.2 % costlier per m2 than a CFB (9 cm) thick wall
CSEB wall would be 28.4 % cheaper per m2 than a CFB (19 cm) thick wall

CSEB wall 14 cm 
thick (motorised 
press)

CSEB wall would be 2.7 % costlier per m2 than a CSB (4”) thick wall
CSEB wall would be 13.3 % cheaper per m2 than a CSB (6”) thick wall
CSEB wall would be 32.0 % costlier per m2 than a CFB (9 cm) thick wall
CSEB wall would be 34.0 % cheaper per m2 than a CFB (19 cm) thick wall
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ECB wall 15 cm 
thick

ECB (6”) thick wall (1:8) would be 5.0 % costlier per m2 than a CSB (4”) thick wall
ECB (6”) thick wall (1:8) would be 11.3 % cheaper per m2 than a CSB (6”) thick wall
ECB (6”) thick wall (1:8) would be 35 % costlier per m2 than a CFB (9 cm) thick wall
ECB (6”) thick wall (1:8) would be 32.5 % cheaper per m2 than a CFB (19 cm) thick wall
ECB (6”) thick wall (1:10) would be 2.2 % cheaper per m2 than a CSB (4”) thick wall
ECB (6”) thick wall (1:10) would be 17.4 % cheaper per m2 than a CSB (6”) thick wall
ECB (6”) thick wall (1:10) would be 25.8 % costlier per m2 than a CFB (9 cm) thick wall
ECB (6”) thick wall (1:10) would be 37.1 % cheaper per m2 than a CFB (19 cm) thick wall

BATTICALOA

Wall type CSEB wall ECB 4” wall ECB 6” wall
CFB 
wall

CFB 
wall CSB 4” or 6” wall

Block dim. 
(cm)

29 x 14 x 9 30 x 15 x 10 30 x 15 x 15 19 x 9 
x 6.5

19 x 9 x 
6.5

30 x 15 
x 10

30 x 15 
x 15

Mortar 
details

SEM 1:4:8

SEM 1:6:6

SEM 1:4:8

SEM 1:6:6

SEM 1:4:8

SEM 1:6:6

CSM 
1:6

CSM 1:6 CSM 1:6

Plaster 
required

No No No Yes Yes Yes

Wall 
thickness

14 cm 10 cm 15 cm 9 cm 19 cm 4”=10 cm 6”=15 cm

Columns 
required

No No No Yes No Yes No

Cost  
(LKR/m2)

Manual
2 007

Motor.
1 850

Mix 1:8
1 620

Mix 1:10
1 532

Mix 1:8
1 892

Mix 1:10
1 762

1 402 2 803 2 118 2 620

Cost  
(LKR/m3)

14 336 13 212 16 198 15 321 12 613 11 750 15 573 14 753 21 183 17 466

Economics 
(LKR/m2)

2 2 4 5 3 3 5 1 2 1

Thermal 
comfort

5 5 3 3 4 4 1 5 1 2

Structural 
stability

5 5 3 3 5 5 1 5 1 2

Speed 
construct.

3 3 5 5 5 5 5 1 5 5

Life 
expectancy

5 5 5 5 5 5 2 5 2 2

Total marks 20 20 20 21 22 22 14 17 11 12

The values rating system shown here comparatively evaluates the items above:

Bad/vot viable economically:  
1 or 2

Average/viable economically:  
3

Good/very viable economically:  
4 or 5
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8.2.3 Parameters Influencing the Cost of CSEB Masonry

The following can be considered for Batticaloa, for the reason that CSEB are not econom-
ically viable in Kilinochchi:

• Blocks produced with a manual or motorised press
The cost difference per m2 for CSEB masonry would be as follows: A CSEB wall built with 
blocks from a manual press would be 8.5 % costlier per m2 than a CSEB wall built with 
blocks from a motorised press. Therefore, blockyards which are set up in Batticaloa would 
advantageously be with motorised presses.

• Influence of the cost of press and infrastructure
Considering (or not considering) the cost of press and infrastructure in the cost calcula-
tion for CSEB influences the cost per m2 of a CSEB masonry wall only by a little: Without 
considering the cost of press and infrastructure, and considering only recurring costs, a 
CSEB masonry wall would cost as follows:

- Manual press: The cost of masonry per m2 would be only ~3 % cheaper than that 
considering the cost of a manual press, infrastructure and all recurring costs.

- Motorised machinery: The cost of masonry per m2 would be only ~6.2 % cheaper 
than that considering the cost of motorised equipment, infrastructure and all recur-
ring costs.

Thus, while considering the cost of the press, infrastructure and all recurring costs, a 
CSEB wall would still be cheaper per m2 than a CFB wall of 19 cm thickness: 26.2 % 
cheaper (for blocks produced manually) or 29.9 % (for blocks produced with motorised 
equipment). This is important information as this indicates a strong potential market: in 
Batticaloa, small enterprises could be set up by people on their own and become profit-
able businesses.

8.3 Material Requirements and Production Period for the Project

The calculation of materials required for the project is based on the numbers of houses 
to be built in the target areas, the size of the house and the daily productivity of blocks 
(either with CSEB presses or a vibrating machine for ECB). The following analysis details 
the various parameters taken into account and gives an idea of the scale and the time 
frame of the block production required. One important parameter is the duration pe-
riod for the production: as the blocks need to be cured for 1 month, and as a house 
may take 3 to 5 months to be built, block production should stop 6 months prior the 
end of the project. Therefore, the total production period would not be more than 
18 months. Thus, the total number of production days would be: 18 months x 26 days/
month = 468 days. To achieve this target, it is indispensable that the training course in 
Sri Lanka, followed immediately by the beginning of production, happens at the begin-
ning of January 2017.
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8.3.1 Kilinochchi and Mullaitivu

In Kilinochchi and Mullaitivu districts, a grand total of approximately 867 houses and 
868 houses, respectively, are to be built. 346 houses in Kilinochchi and 347 houses in 
Mullaitivu can be built with Earth Concrete Blocks (see Section 9.3: According to Target 
Districts/Villages of the ‘Homes not Houses’ Project).

The following calculations are based on the model house A (of the original contract), 
which seems to be the largest of the various proposed housing plans. NB: the largest 
house is considered for a safety factor in terms of production time. This house type 
requires about 3 100 ECB of 6 inch (30 x 15 x 15 cm) to be built. Therefore, the total 
number of blocks needed is about 1 100 000 blocks in Kilinochchi and equally about 
1 100 000 blocks in Mullaitivu. Note that this does not take into consideration incre-
mental phases of construction and therefore potentially fewer blocks must be completed 
during the principle project period.

According to data collected in Kilinochchi, a team producing CSB can easily produce 
550 blocks per day. Some said even 700, but it is not recommended to have such produc-
tivity, as it would be detrimental to the block quality. Therefore, a reasonable productivity 
per day is assumed to be 550 ECB.

Thus the total production time would be around 1 950 days for Kilinochchi and the same 
for Mullaitivu. Assuming 468 days (maximum) for the production period, this means that 
about 5 production units (5 precasting yards with 1 machine per yard) would be needed 
to meet the production requirement during this period (1950/468 = 4.2) in Kilinochchi 
and the same in Mullaitivu.

In terms of raw material requirements, 8 900 m3 of raw soil would be needed in Kilino-
chchi and also the same in Mullaitivu. Assuming an average excavation depth of 1.5 m, 
this would require a little more than half a hectare (5 950 m2) in Kilinochchi and the same 
for Mullaitivu. The number of bags of cement would be ~23 400 bags for a mix ratio of 
ECB 1:8, or ~18 300 bags for a mix ratio of ECB 1:10, for Kilinochchi and the same for 
Mullaitivu.

This quantity of bags of cement seems enormous. However, this must be compared with 
6 inch Cement Sand Blocks 1:6, which would require about 27 % more than ECB 1:8 and 
~62 % more than ECB 1:10, with ~29 750 bags of cement required for CSB in Kilinoch-
chi and the same for Mullaitivu.

8.3.2 Batticaloa

In Batticaloa district, a grand total of approximately 580 houses are to be built. 233 hous-
es can be built with Compressed Stabilised Earth Blocks.

Calculations follow the same principles as above. The house type A requires about 5 100 
CSEB of 29 x 14 x 9 cm. Therefore, the total number of CSEB needed in Batticaloa is 
about 1 200 000 blocks.
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Two types of productions are evaluated here: one with only manual presses and one with 
motorised equipment. The calculations are based on the productivity of the Auram Press 
3000 and Press 4000, as these presses have the highest practical productivity: 850 blocks 
per day for the Auram 3000, and 2 400 blocks per day for the Auram 4000.

The total production time would be around: 1 398 days for one manual Press 3000, or 
495 days for one motorised Press 4000. Thus, to be able to produce the blocks during the 
maximum production period (468 days), the project would require either three Auram 
Press 3000 or one Auram Press 4000 to meet the production requirements.

About 8 000 m3 of raw soil would be needed in Batticaloa. Assuming an average excava-
tion depth of 1.5 m, this would require a little more than half a hectare (5 350 m2). The 
number of bags of cement required would be ~14 150 bags.

8.4 Livelihood Potential and Investment in Local Markets

As seen in the previous section, several production units would be needed to fulfil the 
project’s requirement for block production: in total eight production units for Earth Con-
crete Block in Kilinochchi and Mullaitivu and one blockyard in Batticaloa. No data is avail-
able regarding the human resource requirement for the production of ECB. However, a 
reasonable production team would be composed of about 12 people, including sieving, 
mixing, casting, handling and curing blocks. A management team of probably 3 peo-
ple (accountant, manager and storekeeper) should be added to this production team. 
Thus this production would create about 120 jobs (15 people x 8 production units) in 
the north.

Regarding CSEB production in Batticaloa, a production team of about 35 people would 
be required: 22 people for the motorised equipment (crusher, mixer and Press 4000) plus 
11 people for the manual Press 3000 plus 3 people for the management (see Section 
12.4: Recommendations for Blockyard Type).

Similarly, to what was said in the previous section on the calculation for the productivity 
of blocks, the number of people mentioned here are estimated on the basis of the Auram 
Press 3000 and Press 4000, as these machines have the highest practical productivity. If 
other equipment if chosen, the human resource requirement would be similar for motor-
ised equipment and probably more for manual presses.

Apart from the production of bulk building elements, there will be many more job crea-
tion opportunities and investment in local markets. This is difficult to estimate in such a 
report: companies excavating and transporting the soil, the teams of masons and labour-
ers, and of course the supply chain of building materials needed for the construction of 
these houses. This may amount to hundreds of people.

On the basis of this data, it is recommended that World Vision work with local stakehold-
ers to establish business proposals for 11 cooperatives groups as part of the flanking 
measures for financial literacy: one cooperative in Batticaloa for the production of CSEB, 
and five cooperatives in Kilinochchi and five in Mullaitivu for the production of ECB.
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With so many variables still undetermined, it is quite difficult at this time to evaluate the 
percentage of the project’s contribution to the local economy, in comparison to CSB or 
CFB. However, building with stabilised earth often results in a cost breakdown of approx-
imately 60 % labour cost and 40 % materials cost. Thus it could be said that at least 60 % 
of the project cost would be invested in local livelihoods, with the potential to form co-
operatives for the supply of material, production of blocks and construction supervision.

Figure 57 — EU-funded stock of CSEBs under produced by Habitat for Humanity in Karaveddy, 
Manmunai West, Batticaloa. (Source: Jaime Royo Olid, EU Delegation 2017)
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9. Viability of CSEB and Other Earth 
Techniques

In this section, the viability of CSEB and other earth-based building technologies are as-
sessed on the basis of multiple physical and social factors outlined separately in the pre-
vious sections, principally: ‘Soil Suitability and Availability’, ‘Existing Materials, Industries 
and Skills’, ‘Cultural Acceptance’, and ‘Cost and Contribution to Local Economy’. Earth-
based building materials considered viable by the consultants are then evaluated accord-
ing to geographic location and according to the target districts/villages of the ‘Homes not 
Houses’ project. Finally, some assessments are made regarding which building materials/
methods should be considered as ‘Alternative’ for the scope of this housing programme.

9.1 According to Resource Availability, Cultural Acceptance 
and Existing Know-How

According to resource availability, cultural acceptance and existing know-how, the earth 
construction techniques advised to be considered include the following:

1. Compressed Stabilised Earth Block (CSEB)
2. Earth Concrete Block (ECB)
3. Poured Earth Concrete Foundations (PECF)*

It should be noted on the basis of feedback from stakeholders that not all earth con-
struction techniques may be considered as acceptable. Stakeholders expressed ap-
proval of good quality samples of ‘stabilised earth’ (in this case CSEB); nevertheless, they 
expressed a disapproval of the ‘raw earth’ construction methods they have seen in Kilin-
ochchi and Batticaloa.

Accordingly, the methods of Compressed Stabilised Earth Block (CSEB) and Earth Con-
crete Block (ECB) as developed by the consultants, could be considered as appropriate 
alternative choices for stakeholders, provided that the quality of the products is suitable. 
Poured Earth Concrete walls (PECW), cast in-situ, could be considered from a standpoint 
of cultural acceptance, but is not recommended from a standpoint of the difficulty level 
of soil engineering and construction quality control for casting walls. However, the soils 
in Kilinochchi are suitable for casting Poured Earth Concrete Foundations (PECF). Poured 
earth concrete in foundations are less sensitive than walls. Though the mix ratio may 
require some adjustment according to the soil type, this system may significantly reduce 
cost and provide very strong foundations.* Note that the consultants have previously 
suggested Stabilised Rammed Earth Foundations (SREF); however, it is advised to consider 
in its place Poured Earth Concrete foundations on grounds of reduced labour and cost, 
and lower water absorption.

Raw earth applications (e.g. walls of adobe, rammed earth, wattle and daub, etc.) are ex-
pected not to fulfil the acceptance criteria of stakeholders. It is possible to stabilise adobe 
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and rammed earth; however, according to expert research (Van Damme and Houben, 
2016), the statistical gains in material properties do not justify stabilising these techniques.

Laterite is considered as a raw earth technique which is self-stabilising, however, the 
quality of laterite in the north and east is not conducive to the use of laterite block con-
struction. To the knowledge of the consultants, no rammed earth and no adobe have 
been done in the north and east of Sri Lanka; neither is there a traditional local culture, 
nor contemporary experimentation or development. The consultants feel that rammed 
earth is too different from existing local construction methods to be considered as a via-
ble technology to introduce.

In summary: It is recommended that CSEB and ECB should be considered for walls, and 
Poured Earth Concrete for foundations only (and only in Kilinochchi and Mullaitivu, on 
account of soil quality). Adobe, rammed earth, laterite, other raw earth techniques and 
poured earth concrete walls should not be considered.

9.2 According to Geographic Location

According to geographic location, the consultants advise that it is most feasible to use 
the following materials:

9.2.1 Earth-based Construction Techniques

• CSEB: In Batticaloa (not in Kilinochchi or Mullaitivu)
• ECB: In Kilinochchi and Mullaitivu (not in Batticaloa)

9.2.2 Conventional Construction Techniques

• Country Fired Brick (CFB): In Batticaloa (not presently in Kilinochchi or Mullaitivu, as 
bricks are imported)

• Cement Sand Block (CSB): In Kilinochchi and Mullaitivu (not in Batticaloa, as the CFB 
industry there is small and CFB contributes much more to the local economy)

9.3 According to Target Districts/Villages of the ‘Homes 
not Houses’ Project

HfHSL has identified and refined the list of housing targets in the north and east prov-
inces as below, proposing that, ‘2 455 families will be served: 2 315 full houses (as per 
the breakdown below) and 140 repairs. A minimum of 40 % should be targeted to be 
constructed with appropriate locally produced material — 982 houses’ (Percentage and 
numbers updated as per email from Anjalie Page of 30/08/2016). These revised numbers 
proposed by HfHSL are it seems the results of meetings with the Government and the 
European Union, and the percentages discussed after the 2-week feasibility mission. NB: 
According to the consultants calculations, this total should be 926 houses. Therefore, ac-
cording to these target districts/villages and corresponding target numbers, it is estimated 
that the potential for construction with earth-based building techniques (CSEB or ECB) 
could be distributed as follows:
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Nos. Houses/  
Earth Technique Overall %

Northern 
Province 
(75 %):

•  Killinochchi District (approx. 867 houses) 
Karachchi and Kandawala

•  Mullaitivu District (approx. 868 houses) 
Maritimepattu and Puthukkudiyiruppu

346 Nos. with ECB

347 Nos. with ECB

14.95 %

14.98 %

Eastern 
Province 
(25 %):

•  East Batticaloa (approx. 580 houses) 
Eravur Pattu (Chenkalady) 
Manmaunai West (Vavunathivu)

233 Nos. with CSEB 10.07 %

TOTAL: 40 %

* NB: Manmaunai South West (Vellavali) and Porathivu Pattu (Pattipalai) are no longer considered.

Of course, such numbers can only be considered as a broad estimate, and very much rely 
on the acceptance of local people to build with these techniques. It is more advisable for 
this number and ‘acceptance quotient’ to be refined by HfHSL technical officers in further 
discussion with local stakeholders and with consideration of certain previously noted 
points (e.g. factors related to the CFB industry in Batticaloa) (see Section 7: Evaluation 
of Cultural Acceptance).

Note that previous analyses (soil quality and economic study) state that ECB could be 
suitable in Batticaloa. However, the consultants do not recommend using ECB in  
Batticaloa, as the elaboration of the mix ratio for ECB would have to be much more 
engineered than in Kilinochchi and therefore, quality control might be an issue.

9.4 Consideration as ‘Conventional’ or ‘Alternative’

According to the project documents of HfHSL, it is not entirely clear which building ma-
terials should be considered as ‘conventional’ and which should be considered as ‘alter-
native’. The following table has been compiled to summarise these factors, including 
possible categorisation as ‘alternative’ on the basis of reduced cost, livelihood factors 
(i.e. if this technology produces an appreciable number of jobs or local livelihoods), and 
environmental factors (i.e. if the technology produces low carbon emissions and is re-
source-conscious for long-term local resource stability). According to the table below, 
Cement Sand Blocks and Country Fired Bricks should not be considered as ‘alternative 
technologies’.
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Cost Livelihood Environment Overall

Batti. Kilino. Batti. Kilino. Batti. Kilino. Batti. Kilino.

Cement Sand Block 
(CSB)

1 1 1 1 1 1 3 3

Country Fired Brick 
(CFB)

1 1 2 1 1 1 4 3

Earth Concrete 
Block (ECB)

2 2 2 2 2 2 6 6

Comp. Stab. Earth 
Block (CSEB)

2 1 2 1 2 2 6 4

Values rating system: Low= 1 ; High= 2

The ‘overall’ column is rated as such: 3 = Conventional 4 = Conventional 6 = Alternative
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10. Technical Specifications  
and Test Productions

This section outlines recommendations for technical specifications of blocks, with several 
examples given from block test productions executed during the field mission. For an 
overall assessment of the types of soils available in the target areas (see Section 4.2: 
Assessment of Suitability from Soil Analysis and Quarry Investigations).

10.1 Soil Reports

For the development of good mix ratios for CSEB production, the following soil reports 
record test results of the soil, and relate observations of its general nature to a logical 
matrix of soil classification and suitability for CSEB.

First, all references are recorded during sampling. Secondly, when the soil is tested with 
‘sensitive analysis’ all results of the tests are recorded (see Section 4.1: Soil Testing 
Methodology and Procedure). Comparative assessments are made regarding the soil’s 
mechanical properties (e.g. granularity, compressibility, plasticity, cohesion), and on the 
basis of these assessments the soil is classified. The dry density is measured, calculations 
are done to determine the percentage stabilisation, and the process for CSEB production 
can then be recommended.

Figure 58 — Description of components in soil testing reports
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It can take time to train technicians to assess soils, so that they can develop good strat-
egies for the production of CSEB. However, 20 soil samples have already been assessed 
(12 in Batticaloa and 8 in Kilinochchi/Mullaitivu), and these can serve as a strong guide 
for field technicians in selecting other quarries (see Annex 5: Soil Analysis Reports for 
all 20 reports).

10.2 Test Productions

On the basis of soil analyses, and also the influential factor of acceptability, the consult-
ants performed three test productions of earth-based building materials. One test pro-
duction (of one mix ratio) of CSEB was produced in Batticaloa. Two test productions (with 
a total of four mix ratios) of ECB were produced in Kilinochchi. These productions are an 
example of how to translate between technical specifications of soils and applications in 
CSEB and ECB production.

10.2.1 Manual CSEB Test Production (at St. John’s Vocational Training Centre, 
Batticaloa)

Only one set of tests was performed in Batticaloa. CSEB were produced at SJVTC with 
soil from the Villavettavan dam quarry. This soil was not the best of the samples in Batti-
caloa, but it is a good soil for CSEB and was chosen because this dam quarry has a high 
potential for being enlarged and to serve as an industrial scale soil quarry. Note that this 
soil should be tested for ‘sulphate and chlorate content’ to ensure that the dissolved salts 
in the soil are acceptable (see Section 4.4.2: Further Testing by Local Laboratory).

According to the soil analysis report for the soil of Villavettavan dam, a mix with the fol-
lowing ratio was used: 61.6 litres of soil were mixed with 4.3 kg of cement and 8 litres 
of water. From this single mix, 18 blocks of 23 x 11 x 9.25 cm were produced. This ratio 
results in stabilisation of 5.21 % cement.

The dry densities of all materials were measured. Then stabilisation calculations were 
done to determine the percentage of cement (by weight). One mix of soil and cement 
was prepared, first dry and then with optimal moisture content for CSEB. A very old Bal-
ram press was used, which did not yield a proper compression ratio, such that the first 
produced blocks were very under-compressed: when checked with the pocket penetrom-
eter, it went directly through the block. The only way to achieve a proper compression 
with this press was to pre-compress the mix within the moulds by hand. Therefore, this 
press cannot be used as it is under standard for these reasons: 1. It has an unacceptably 
low compression ratio; 2. It is not capable of producing quality blocks; 3. There are safety 
hazard concerns related to the ergonomics of the press and 4. It is too old.
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Figure 59 — Measuring dry density of materials

Figure 60 — Measuring out and mixing

 

 

 

 

Figure 61 — View of old Balram press

Figure 62 — Measuring the mould box for compression ratio
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Figure 61 — View of old Balram press

Figure 62 — Measuring the mould box for compression ratio
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Filling and levelling soil mix Closing press

Compressing Penetrometer showing very weak compression

Pre-compressing mix Levelling mix

Checking with penetrometer Removing block

Figure 63 — CSEB production with Balram press in Batticaloa
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10.2.2 Manual ECB Test Production (at HfHSL, Kilinochchi)

ECB were first cast with hand-moulds used for Cement Sand Block, with soil from the 
quarry of Kalliyady (Kopilabu). Two mix ratios were used:

• Sample Ref. 004 C = 1 cement: 8 gravelly soil, which results in stabilisation of 6.77 %
• Sample Ref. 004 CL = 1 cement: 0.25 lime: 8 gravelly soil, which results in stabilisation 

of 6.77 % cement (by weight) and 1.65 % lime (by weight).

Note that the percentages of cement and lime were relatively low for a mix ratio of 1:8, 
because the soil sample used for casting was very dense. The reason is that it had more 
stones than the sample analysed. Its dry bulk density was measured as 1.858 (1 litre = 
1.858 kg), when a soil sample from the same quarry (collected for sensitive analysis), 
had a dry bulk density of 1.42. Thus a similar type of soil (without stones and just gravel) 
should be used in the future. This would result in the following stabilisation:

• Ratio 1:8 = 8.68 % cement (by weight)
• Ratio 1:0.25:8 = 8.68 % cement and 2.15 % lime (by weight)

Note that the mix of soil-cement stuck onto the mould a lot while de-moulding, and 
this slightly deformed the blocks. Therefore, some more development should be done to 
evaluate how these blocks could be cast using hand-moulds, which may be the case with 
self-made blocks cast by beneficiaries.

Measuring dry density of materials
 

Calculating percentage stabilisation

Measuring and mixing

 

Throwing mix into mould

Figure 64 — Hand-moulded production of Earth Concrete Block 1
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Compressing/vibrating with hands  
and wooden bat

Levelling

 De-moulding
 

After de-moulding

Figure 65 — Hand-moulded production of Earth Concrete Block 2

10.2.3 Motorised ECB Test Production (at Cement Yard, Kilinochchi)

In the second trial, two different soils with the same ratio of 1:8 were cast using vibrat-
ing equipment for Cement Sand Block production. This test demonstrates that standard 
equipment for CSB can be effectively re-appropriated for the production of earth-based 
block.

One sample was made with the soil from the quarry of Kokavil 1, and one sample was 
made with the soil from the quarry of Kokavil 2. The ratio of 1:8 was used for the reason 
that the blocks had to be transported to Colombo the following day. Therefore, this ratio 
could be reduced to 1:10 for the actual production of ECB in Kilinochchi.

In any case, the decision to use the ratio of 1:8 or 1:10 would depend on the strength 
achieved by the sample blocks made during this experiment. Further research should be 
done in this regard (see Section 10.3: Further Testing Recommended, next page).

Depending on the mix ratio the stabilisation would be as follows:

• Ratio 1:8 = 9.27 % cement (by weight)
• Ratio 1:10 = 7.55 % cement (by weight)
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Note on stabilisation calculations:

Calculations for soil stabilisation are done by weight of dry materials, following this prin-
ciple formula:

weight of stabiliser / (total weight = weight of soil, sand and/or gravel (if any) + weight 
of stabiliser)

The percentage varies with the bulk density of all material. The percentages mentioned 
above are calculated with a density of 1.53 kg/litre for the soil (which is the average 
density of the soils in Kilinochchi/Mullaitivu) and 1.25 kg/litre for cement (average density 
for cement).

Adding soil to press mould

 

Compressing and vibrating mix

 

After de-moulding

 

Final product for curing

 

Soil from Kokavil 1 quarry, Ratio: 1:8

 

Soil from Kokavil 2 quarry, Ratio: 1:8

Figure 66 — Machine-moulded production of Earth Concrete Block
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10.3 Further Testing Recommended

The consultants brought two samples made in Kilinochchi to the debriefing session in 
Colombo: one hand-moulded and one cast with the vibrating machine. These two sam-
ples should be tested for dry compressive strength in a certified laboratory, i.e. at the 
Department of Civil Engineering at the University of Moratuwa.

A research project could be proposed in collaboration with a professor from the Universi-
ty of Moratuwa: Dr  Rangika Halwatura or Professor Asoka Perera, from the Department 
of Civil Engineering may be interested.

11. Availability and Assessment  
of Production Equipment

This section assesses available CSEB presses in Sri Lanka, both manual and hydraulic, and 
evaluates them comparatively with a select number of quality presses available outside 
of Sri Lanka.

11.1 Manual Presses

Many presses have been used in Sri Lanka, both imported and designed in Sri Lanka. 
Mainly NGOs involved in tsunami relief have imported several models. However, for many 
or even all of these projects, there was little to no consideration for setting up livelihoods 
in production; therefore, the knowledge for operating these presses has been lost (Her-
mann, 2016). UN-Habitat now has two presses in Mannar and St. John’s Vocational 
Training Centre in Batticaloa has two Balram Presses; beyond this, little more is known 
about presses in the north.

There are only three manual CSEB presses available on the Sri Lankan market, which are 
produced in Sri Lanka: Saram Manual Press, NERDC Manual Press, NewMachine Tech 
Manual Press. There are advantages and disadvantages to each of these machines. The 
following comparative analysis offers a comparison of technical features between these 
three machines, in addition to the Terstaram Press (Belgium) and Auram Press 3000 (India).

NERDC Manual Press
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NERDC Manual Press
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Saram Press

Auram Press 3000

NewMachine Tech Press (Copy of the Auram Press 3000)

Figure 67 — Manual presses
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Recorded specifications are given by the manufacturers, and when information is missing 
it is noted as ‘unknown’. Comments by the consultants are in italics. A ‘values rating sys-
tem’ has been given in the column at the far right, as relative comparative data of these 
machines. A rating scale is given from 1 to 5 from lowest to highest. Ratings of ‘1’ and 
‘2’ are considered as poor (orange), ‘3’ average (light green), and ‘4’ and ‘5’ good (dark 
green). ‘0’ indicates an unknown value.

The overall rating of all three Sri Lankan presses is quite low. Many of the key technical 
parameters for the machines are insufficient, certain key figures have been checked by 
the consultants and are simply wrong, and many remaining technical specifications are 
simply unknown as the machines have not been extensively tested. Press specification 
sheets are basic, incomplete and/or inaccurate.

Machine design:

• The NERDC machine is the only machine that has an original engineered design. 
NERDC was responsible for design-development, and the machine is fabricated by 
Saram and a number of other manufacturers.

• The Saram is modified from the Cinvaram Press, an open-source design (Open Source 
Ecology, 2016).

• The NewMachine Tech Press is a bad copy of the Auram Press 3000; according to 
multiple experts from the University of Moratuwa, this press is not reliable as the 
knowledge of their design is insufficient and as certain special metal components (e.g. 
heat-treated steel in areas of high stress) are executed in lower quality steel. This will 
lead to quick wearing of key parts and accordingly short machine lifetimes.

• The Terstaram press from Appro Techno (Belgium) is an original design by Mr Fernand 
Platbrood. This press is a good machine, producing good quality blocks. It is being 
sold worldwide since 1979.

• The Auram Press 3000 (India) is an original design by the Auroville Earth Institute. It is 
a versatile press which is being sold since 1990.

Applied force, Compression and Block strength:

• The only important technical parameter which is well rated in the Sri Lankan presses 
is the compression ratio (Saram and NERDC presses, as calculated by the consultants). 
This is important. A lesser compression ratio will result in poorly compressed block, 
which will not satisfy international technical criteria for block compression (e.g. pock-
et penetrometer will penetrate > 6 mm into a freshly produced block).

• However, for the NERDC press, the lever design is totally inadequate to achieve this 
compression ratio. The force applied to a press should be in relationship to its com-
pression ratio to ensure that a press can be operated without an excessive amount of 
labour. According to the lever design, it is only possible to have an applied force of 
maximum 900 kg (calculated by the consultants). For this reason, it is known among 
local industry people to be extremely labour-intensive in its use (expressed by the 
manager of Saram, producing this machine). In fact, with this compression ratio and 
this lever, the only way to compress blocks is to increase the moisture content of the 
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mix to an inacceptable level. This is principally the reason that NERDC technical staff 
recommend the addition of a lot of water in their earth mixes: The moisture content 
is so high that the mix is semi-plastic. This is not good, as water cannot be com-
pressed, so in effect there is no compression and the result is a visibly low density, 
low strength of blocks. After production with this press, the block was very soft and 
fingers could easily enter the block by 1.5 cm (way beyond the standard maximum 
penetration range (6 mm) of a pocket penetrometer). The average dry compressive 
strength is low (2-4 N/mm2, or Grade 3). Note that the NERDC percent cement sta-
bilisation is very high (~8 %) to compensate for low compression, because the mix is 
much too wet.

Physical characteristics Specified limits

Dry density 
Total water absorption

>1750 kg/m3 
<15%

Dry compressive strength

Grade 1: >6.0 N/mm2

Grade 2: >4.0 up to 6.0 N/mm2

Grade 3: 2.8 up to 4.0 N/mm2 
(not applicable for interlocking blocks)

Wet compressive strength

Grade 1: >2.4 N/mm2

Grade 2: >1.6 up to 2.4 N/mm2

Grade 3: >1.2 up to 1.6 N/mm2 
(not applicable for interlocking blocks)

Flexural strength (bending strength) >0.5 N/mm2

Pitting depth (Erosion resistance) <10 mm

Linear expansion of block upon saturation with water <0.10%

Figure 69 — Table on physical characteristics of CSEB from Sri Lankan Standards (SLS 1382-1:2009)



FEASIBILITY REPORT FOR COMPRESSED STABILISED EARTH BLOCK (CSEB) PRODUCTION AND USE

124

NERDC Press

Old block, which was exposed to rain and eroded

‘Quality’ of the stabilised earth mix: too wet with dry lumps

Imprints made by the consultant’s fingers

Figure 70 — Block production with manual press at NERDC
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‘Quality’ of the stabilised earth mix: too wet with dry lumps

Imprints made by the consultant’s fingers

Figure 70 — Block production with manual press at NERDC
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• Saram is said to have an applied force of 10 tons; however, this is doubtful given 
that the Cinvaram is only 9 tons and given also that many given Saram specifications 
are incorrect (e.g. press weight and lever size). Information/demonstration given by 
the manager contradict the specification in the brochure and the videos. Promotions 
videos of this press show a short lever of about 1.5 metres, but the actual lever used 
for the demonstration was ~9 feet long and a whopping 15 kg; this would give a 
higher applied force, but make for a very labour-intensive production. In the video, 
a high number of compressions is required to compress the block, but it is boasted 
that ‘Saram is less labour intensive than NERDC press’. The average strength of block 
was said to be 1.4 N/mm2 — which is a very low strength, below standards. How-
ever, this is most likely due to the fact that the manufacturer only cures the block for 
3 days).
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Figure 71 — Demonstration of Saram press with heavy, 9-foot lever (more than twice as long as the 
lever in the website video)

• The Auram Press 3000 has an available force of 15 tons, which has been calculated 
by the designer and checked with an empirical method. This press has an adjustable 
compression ratio, from 1.6 to 1.83 and it can be adjusted very precisely with a special 
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device. The press is delivered with a pocket penetrometer and a block height gauge to 
check, respectively, the quality of compression and the thickness of the block.

• Terstaram has a similar available force as the Auram Press 3000. However, its com-
pression ratio is lower, with only 1.55. It is not obvious that the compression ratio can 
be adjusted. The manufacturer does not specify it. Block height can be adjusted, like 
the Auram Press 3000. In general this press produces good quality blocks.

Figure 72 — Terstaram manual press

• For the NewMachine Tech Press, the applied force is unknown, and there was no 
physical model of the press to assess. Though this press is a copy of the Auram Press 
3000, it cannot be ascertained if it delivers the force of the original press, particularly 
as the video from their website shows very easy compression (minimum force).

Mould Design and System:

• All three SL machines have moulds that are modified from the design of the Auram 
interlocking block system (HI Block 295). They all produce only interlocking block and 
are only single mould presses. Saram mentions in its product brochures that it can 
produce various size blocks ‘½, ¼ and ¾’. Firstly, ¼ size blocks cannot and should not 
be produced. Moreover, with the design of the mould box and piston mechanism of 
the Saram and NERDC (machines seen in the workshop), it is not possible to produce 
½ or ¾ blocks unless the design of the machine is totally modified. Therefore, it is 
really not clear how they can advertise this.

• The Terstaram Press is an original mould design and it produces plain blocks. How-
ever, the dimension of this block (295 x 140 x 90 mm) is such that it implies using a 
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mortar of 15 mm thickness, in order to be able to have a proper bond pattern with 
the English bond (double bond wall).

• All moulds of the Auram Press 3000 are an original design. The Auram Press 3000 can 
fit 18 moulds, which are either plain, hollow or interlocking. However, for the ‘Homes 
not Houses’ project, only plain blocks are recommended. The mortar thickness is op-
timised to 10 mm for the block 290 (290 x 140 x 90 mm).

Block/Masonry System:

• For all three SL machines, there is only one option for block height, no plate adjust-
ment, no volume control and no system to ensure regular block height. This means 
that the height of the blocks is variable from differences in soil volume and moisture 
content. Particularly for an interlocking block system — which has been modified for 
dry laid masonry (no-mortar between block courses; only slurry) — this is an omission 
which is expected to produce very poor quality masonry.

• No proper masonry bond pattern can be done with these interlocking block systems, 
as the presses do not accommodate the full set of moulds of the HI Block 295 (full, ½, 
¾). This makes very ugly, poor strength, incomplete looking bonds, requiring that all 
corners, T-junctions, and window openings are plastered or that the masonry is built 
within RCC columns (see Section 7.4: Ironies of Acceptance: Interlocking Block).

• Terstaram and Auram block systems allow walls to be built with proper bond patterns.

Single bond pattern walls Double bond pattern walls (English bond)

Figure 73 — Drawings of proper bond patterns: Stretcher bond and English bond (Maïni, 2010)
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Productivity: The theoretical productivity for all three SL presses is on average less than 
a third of that of the Terstaram Press or the Auram Press 3000, and practical productivity 
values are not given or unknown.

Cost: The key benefits of the Sri Lankan machines is their cost (possibly with the excep-
tion of the NewMachine Tech Press) and their availability in the country. What is available 
for this cost is not much; particularly in the case of the NewMachine Tech Press (for 
making one block type, etc.).

To summarise: These three Sri Lankan machines have been based on the design of 
(or even directly copied from) either the Cinvaram or the Auram Press. It appears that 
none of these machines have been extensively tested, many technical parameters are 
unknown, and little to no data is available to compare the performance of the various 
machines. However, all of these machines only produce interlocking block systems, and 
in basically all cases, the block module has been developed from the Auram interlocking 
systems. Therefore, all of these presses constrain the project to: 1. The use of interlock-
ing block, and 2. Single-mould block systems. The consultants do not recommend high 
tolerance interlocking block systems, on account of inevitable quality control problems, 
which can compromise the structural system of the buildings. See Section 7.4: Ironies 
of Acceptance: Interlocking Block for details on why interlocking block systems are not 
recommended for this project. Furthermore, single-mould presses, which produce only 
one size block (and not ½ size or ¾ size block), will result in sub-standard bond patterns. 
Therefore, it is with some regret that we cannot recommend these Sri Lankan machines.

The Terstaram Press is known to be a good quality manual press. Its only negative factor, 
besides requiring import, is that at LKR ~924 000 (without import taxes), it is prohibitively 
costly from a standpoint of the overall project budget.

The Auram Press 3000 is quite well known internationally — despite potential bias of the 
consultants — to be a good quality manual press, with superior technical characteristics 
for its low price. Its principle negative factor here is that it requires import, with a cost of 
LKR ~383 000 (without import taxes). As this press was designed by the lead consultant, 
Satprem Maïni, suggesting this machine may present a conflict of interest. Note that the 
consultants would receive zero financial gain from the sale of this press for the HfHSL 
project. Furthermore, they have asked partner organisation Aureka (the manufacturer of 
the machine), to quote the greatest possible discount on account of the nature of the 
project: Aureka has agreed to grant an 18 % discount for this project only (included in 
quoted price).
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11.2 Hydraulic/Motorised Presses

Similarly, there are only three hydraulic CSEB presses produced in Sri Lanka: Saram Hy-
draulic Press, OS Bricks Hydraulic Press and NERDC Hydraulic Press. The following analysis 
offers a comparison of technical features between these three machines, in addition to 
the Semi-Terstamatique Press (Belgium) and the Auram Press 4000 (India), showing ad-
vantages and disadvantages with the same values rating system.

Hydraulic press (NERDC), Sri Lanka

 

   

 

Saram Hydraulic press (Saram), Sri Lanka (Photo from price list)
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Auram Press 4000 (Aureka), India
Semi-Terstamatique (Appro-Techno), Belgium

 

   

 
AECT 2001 AL (AECT), USA
Figure 74 — Motorised presses
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Machine design:

• NERDC has developed a motorised hydraulic press; however, experts at the University 
of Moratuwa have stated that they should not be expected to ‘run without problems 
since those have not gone through rigorous testing’. To our knowledge, this machine 
is not manufactured by anyone. It is a double mould press with a rudimentary design, 
as showed on the photo. The hydraulic oil tank is quite small and therefore the system 
may heat up a lot in the case of sustained production. This press is extremely slow 
with 100 blocks/hour, especially because the press produces two blocks at a time. This 
press appears to the consultants to be a prototype machine being experimented in its 
early stages of development.

• The Saram Hydraulic Press cannot be evaluated as the manufacturer did not have 
specification sheets and there was no sample in its workshop. The photo on the pre-
vious page was scanned from the price list.

• OS Bricks Hydraulic Press is an original in-house design development by Orange, for 
their commercial production. Their marketing team have confirmed that this press is 
not sold on the market. This press cannot be evaluated, as no data/specifications are 
available.

• The hydraulic press AECT 2001 AL (USA) is an original design by Mr Lawrence Jetter. 
It is a good machine, which produces good quality blocks and it has been sold world-
wide for a long time.

• The motorised press Semi-Terstamatique from Appro Techno (Belgium) is an original 
design by Mr Fernand Platbrood. This press has a mechanical system (no hydraulics) 
and it is a good machine, which produces good quality blocks. It has been sold world-
wide since 1983.

• The Auram Press 4000 (India) is an original design by Aureka, in collaboration with the 
Auroville Earth Institute. It is a semi-automated press which is still under development 
and has been on the market only for 2 years.
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Applied force, Compression and Block strength:

• The NERDC hydraulic press seems to have a low force as the diameter of the hydraulic 
jacks were quite small. The compression ratio of 1.7 (calculated by the consultants) 
is not very high for a hydraulic press and the block produced was not stronger than 
the block produced by the NERDC manual press (see above comment on the moisture 
content of the mix in the section on manual presses). With minimum finger pressure 
at 2 cm x 2 cm from the corner, the corner of the block could be easily broken as the 
soil matrix is under-compressed.

• The hydraulic press AECT 2001 AL (USA) has an applied force that depends on what 
pressure the press is operating with (quoted by the manufacturer). Thus it is not pos-
sible to know this value without more data.

• The motorised press Semi-Terstamatique from Appro Techno (Belgium) has an availa-
ble force similar to their manual press Terstaram, of 15 tons.

• The Auram 4000 (India) has an available force of 20 tons, making blocks stronger 
than the Auram 3000.

 

 

   

Figure 76 — Block production with NERDC hydraulic press: a. Corners of NERDC hydraulic blocks not 
well compressed, b. Texture of the NERDC block (a lot of lumps, not well mixed)
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Mould design and System:

• All three SL machines have moulds that are modified from the design of the Auram 
interlocking block system (HI Block 295). See above comments in the section on man-
ual presses.

• The Auram Press 4000 has moulds which are original designs, adapted from the 
Auram Press 3000. The Press 4000 can fit only five moulds: either plain, hollow or 
interlocking. See above comments in the section on manual presses.

Block/Masonry System: The NERDC hydraulic press produces blocks varying in height 
from 9.5 to 9.9 cm. This kind of variation is not acceptable for masonry systems, and 
especially not for interlocking block systems. Other comments are identical to the com-
ments in the section for the manual presses.

Productivity: The productivity for SL presses is very low (100 or 120 blocks/hour). This 
type of productivity is lower than those of the manual presses Terstaram or Auram 3000, 
which is surprising. The whole purpose of investing in motorised machinery is the argu-
ment that higher productivity means a faster payback period.

Cost: The key benefits of the Sri Lankan machines is their cost and their availability in the 
country: They are below LKR 1 million, compared to the imported ones which are above 
LKR 2 million (without import taxes). However, the value for money of the Sri Lankan 
machines is very low.

To summarise: The few hydraulic presses in Sri Lanka cannot be considered as mar-
ket-ready. There is one machine by NERDC which has substandard compression according 
to observation, and Sri Lankan experts have stated that this press has not been properly 
tested; so problems would be expected. However, this press seems to be a prototype 
machine in its early stages of development. There is another machine which is produced 
only by OS Bricks for their internal sales production, and head sales representatives have 
clarified that this machine is not for sale.

AECT press 2001 AL from USA and the Appro Techno Press Semi-Terstamatique from 
Belgium are reliable machines which have proven their quality for decades. However, the 
main limitation of these machines is their price, above LKR 4.8 and 2.5 million respec-
tively (without import taxes). Aureka’s Auram press 4000 ranks the best in the feature 
comparison. However, its price, at above LKR 2 million (without import taxes) is double 
the price of the Sri Lankan presses. However, this press is a young press which is still under 
development, and therefore it would not be as reliable as the presses from the USA and 
Belgium.

Motorised machines (hydraulic presses) will also require absolutely motorised machinery 
for soil preparation (e.g. motorised crusher and mixer). Pan mixers are suitable for mixing 
soil for CSEB. There are several pan mixer manufacturers in Sri Lanka; however, there is 
no technical data to substantiate their efficiency and reliability. Regarding crushers, there 
are no soil crushers available on the Sri Lankan market.
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Appro Techno and Aureka manufacture and sell motorised crushers and mixers, and 
therefore these companies can propose the whole production line. AECT produces a 
large mixer, which can supply presses 2001 AL, but this company does not produce or 
sell any crusher.

11.3 Recommendations on Equipment and Block Type

In the framework of this project, it is obvious that there are many factors favouring the 
use of a press from Sri Lanka: principally, the aim of the project is to maximise local in-
vestment, while avoiding import and import tax related issues, as well as increased cost 
and emissions from transportation. However, until now, the consultants have not found 
machinery produced in Sri Lanka that seems to have adequate production standards for 
this project.

While we do not feel it is appropriate to make explicit recommendations on machines, a 
number of strong general recommendations can be given:

• It is strongly advised not to implement construction programmes with interlocking 
block systems (see Section 7.4: Ironies of Acceptance: Interlocking Block for ex-
tensive detailed argumentation).

• It is strongly advised to use a plain rectangular block, laid with a typical 1 cm mor-
tar: 29 x 14 x 9 cm. The press producing such block must make ¾ and ½ size blocks 
to insure a good bond pattern. This size is recommended for several reasons: 1. It is 
consistent with sizes already used for earth block buildings (but it is not interlocking), 
2. It provides a sufficiently stable wall section with one block only (as opposed to CFB, 
which is being built commonly in Batticaloa with one and not the classic two-brick 
bond), 3. It is more handleable than wider block modules. The thickness of mortar 
(1 cm) is optimum thickness for workability and minimum shrinkage.

• It is strongly advised that any presses chosen should be able to produce block for 
proper best-practice masonry bond patterns (i.e. full size, ½ size and ¾ size block). 
Single mould presses are not recommended as they can result in very poor bond 
patterns for T-junction walls, window and door openings, and any other special con-
dition in the masonry.

It is not recommended at this stage in the project schedule to try to sponsor the research 
and development (R&D) of more effective and better quality presses in Sri Lanka. Without 
experienced technicians, R&D for any decent quality press will be time consuming and 
very costly. It can take up to 1 or 2 years for R&D of a reliable and efficient machine.

The manufacturer of the Auram Press 3000, Aureka, has clarified that it is out of the 
question to give drawings for the production of this press in Sri Lanka. Particularly con-
sidering the ethic demonstrated by NewMachine Tech in copying this press ‘1 to 1’, the 
consultants agree to respect Aureka’s position on this. The most advisable option is to 
import a press, which produces plain block (not interlocking only) and which has moulds 
that accommodate for proper bond patterns (e.g. full, 3/4 and 1/2 block). This would 
be infinitely less time-consuming, less costly, and more reliable than beginning R&D for 
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new presses in Sri Lanka. However, this would entail the request of a derogation from EU 
procedures (rules of origin) for the import of machinery.

It is strongly recommended that purchase of hydraulic presses is considered only after 
testing the market and stakeholder acceptance with good quality CSEB produced by 
manual presses. A manual press can be considered as a low-cost/low-loss investment, 
whereas motorised equipment should only be introduced after the scalability of potential 
industries has been tested and market demand proven.

11.4 Recommendations for Blockyard Requirement

As previously mentioned, the blockyard should be composed of either three manual 
presses or one set of motorised equipment (see Section 8.3.2 Material Requirements 
and Production Period for the Project (Batticaloa)). The present section details what 
the blockyard requirements would be for these two options.

11.4.1 Manual Blockyard Set-up

• Production equipment
The following equipment is required per press:

1 manual press with various moulds 4 buckets of 15 litres 

1 sieve # 10 mm, 1 x 2 m 4 buckets of 10 litres

1 wheelbarrow 200 litres 1 barrel 200 litres (or bigger)

1 wheelbarrow 75 litres 1 water tank 2 000 litres

1 flat wheelbarrow, capacity 350 kg 1 hose pipe 30 m

4 shovels or hoes + 4 pans Jute cloth: 4 strips, 5 m long, 4 feet wide,  
per pile of 1 000 CSEB

2 thick plastic tarpaulins 9 x 9 m 
(Quality: 6 to 8 m²/kg and UV stabilised)

3 thick plastic sheets (2.75 x 10 m) 
(Quality = 4 to 6 m²/kg)

Note that the project would need 3 sets of this equipment.

• Manpower
One manual press requires the following team for manpower: 11 to 13 people (2 to 
4 sieving, 3 mixing, 3 pressing, 1 initial curing and 2 final stacking). The project would 
need 3 teams as described, plus 1 supervisor and 1 storekeeper for the entire set-up.

• Infrastructure
The following infrastructure is required per press. (The project would need 3 times this 
infrastructure.)
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TYPE OF PREMISES DETAIL OF PREMISES AREAS (m2)

Built-up premises Storeroom for cement and tools 25

Covered blockyard 75 (5 x 15 m)

Office 25

Total area built-up premises 125

Open premises Storing raw materials 75 to 100

Final stacking of blocks (for 2 months of production) 200 to 400

Total area open premises (m2) 275 to 500

Total area of the production unit (m2) 400 to 625

• Other requirements
 - Access for a heavy vehicle such as a 12-ton truck.
 - Fence around the production site.
 -  Water from a well or a network with water storage. The water storage shall be cal-

culated on the basis of 6 to 8 litres per block, including mixing and curing (approx. 
20 m3 tank).

11.4.2 Motorised Blockyard Set-up

The following set-up is based on one set of motorised equipment and also one set of 
manual equipment, for the reason that often motorised presses cannot produce special 
blocks like U-blocks for casting ring beams, blocks with indents for provision of conducts, 
round blocks, etc.

• Production equipment
The following equipment is required for the entire set-up:

1 manual press with various moulds 8 bucket of 15 litres

1 motorised crusher 2 barrels 200 litres (or larger)

1 motorised mixer 1 water tank 2 000 litres

1 motorised press 1 hose pipe 30 m

1 wheelbarrow 200 litres Jute cloth: 4 strips of 5m long 4 feet wide, per pile of 
1 000 CSEB

1 wheelbarrow 75 litres 4 thick plastic tarpaulins (9 x 9 m, quality: 6 to 8 m²/kg, 
UV stabilised)

4 flat wheelbarrows, capacity 350 kg 3 thick plastic sheets (2.75 x 10 m, quality = 4 to 6 m²/kg)

10 shovels or hoes + 10 pans 2 thick plastic sheets (5.5 x 10 m, quality = 4 to 6 m²/kg)

8 buckets of 10 litres
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• Manpower
33 to 35 people are required for the entire set-up:

 -  Manual press: 10 people (4 for mixing, 3 for pressing, 1 for initial curing and 2 for 
final stacking). Note that the soil will not have to be sieved, as the manual press can 
use crushed soil.

 -  Motorised equipment: 21 to 23 people (7 to 8 people for the crusher, 6 to 7 people 
for the mixer, 3 people for the press and 5 for final stacking).

 -  Supervision: 1 supervisor would be enough for both the manual press and the mo-
torised equipment.

 - Storekeeping: 1 storekeeper.

• Infrastructure
This infrastructure is required for the entire set-up:

TYPE OF PREMISES DETAIL OF PREMISES AREAS (m2)

Built-up premises Storeroom for cement and tools 75

Covered blockyard 225 (15 x 15 m)

Office 25

Total area built-up premises 325

Open premises Storing raw materials 550 to 850

Final stacking of blocks (for 2 months of production) 550 to 1 100

Total area open premises (m2) 1 100 to 1 950

Total area of the production unit (m2) 1 425 to 2 275

• Other requirements
 - Access for a heavy vehicle such as a 12-ton truck.
 - Fence around the production site.
 -  Water from a well or a network with water storage. The water storage shall be cal-

culated on the basis of 6 to 8 litres per block, including mixing and curing (approx. 
20 m3 tank).
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12. Anticipated Bottlenecks
The challenges or expected bottlenecks in achieving the targets for housing construction 
with earth-based building technology will be discussed in this section. When alternative 
houses are built in the context of post-disaster or post-war settings, investment funds 
rarely go towards flanking measures such as those that exist in this project; therefore, 
industries rarely develop in the long term. However, when there are such measures in 
place, there are other factors which complicate the successful implementation of earthen 
technologies.

Piyal Ganepola has extensively documented these potential bottlenecks for alternative 
technologies in the context of home-owner driven housing programmes in North and 
East Sri Lanka (Ganepola et al., 2017). Much can be learned by studying his excellent re-
port; it should be considered as mandatory reading for all HfHSL project managers, both 
at the headquarters and more importantly in the field. The following list of anticipated 
bottlenecks is much owing to Piyal’s paper and his accumulated knowledge of working 
with earth in Sri Lanka, in addition to a number of other experts including Asoka Perera, 
Joseph Jeyamaran, Pushpa Kanth, Priyan Dias, Aruna Paul and Mehul Savla.

12.1 Project Timeline

The principle challenge of this project — to build so many houses with CSEB and ECB — 
is that the homeowner-driven process is anticipated to be time consuming, and further 
unpredictable in duration. Another parameter which is difficult to control is the time for 
the promotion of these techniques and convincing people to build with earth. Lastly, the 
training component needs time, and this is one of the key parameters for the success of 
this programme.

12.2 Poor Quality Examples of Model Homes

In many areas of the north and east, CSEB production and construction can be successful 
if care is taken and good technical advice is given in selecting soils, producing block, and 
for appropriate design and construction. In the past, a number of NGOs have attempt-
ed to work with CSEB, but some have run into problems because they did not receive 
good technical advice. For example, in certain areas, such as in Mannar and the western 
extremity of Mullaitivu, there are expansive soils which should be very carefully avoided; 
buildings using such soils are not likely to last long. UN-Habitat, CRS/Caritas, ZOA, and 
Oxfam have used CSEB in the past, and possibly they all have lessons learned. Many 
past initiatives have not been sustained beyond model house constructions, because 
they were simply not well built, and understandably, did not result in enthusiasm from 
people.
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12.3 Curing (!)

Related to the above topic, there is one major technical hurdle which is expected to be of 
critical importance in this project, and here again we can learn from past efforts: One in-
dustry representative spoke of a post-tsunami reconstruction initiative in Kirinnda where 
CSEB was used. The people did not cure the block well, which led to a lot of blocks break-
ing. This can be an expected outcome for CSEB when curing standards are not main-
tained, and it is principally the biggest weakness of CSEB as a construction technology.

Professor Priyan Dias has rightly inquired about this factor of ‘robustness’, the ability of 
the material to tolerate misuse; and possibly it can be said that curing is a major factor 
wherein stabilised earth materials are not robust. There are certainly cases in which CSEB 
can be cured for very short periods of time and still appear for all intents and purposes 
to be a quality product (e.g. Saram blocks for instance cure for a very short period of  
time — 3 days — and still achieve outwardly acceptable block).

However, this is not always the case. The real challenge is that in most of Sri Lanka, the 
maximum curing periods for cement-stabilised products is 7 days. People need to be ed-
ucated that proper curing is necessary for cement-stabilised products, so that they do not 
waste their money; not only for earthen building materials, but for all cement-stabilised 
materials (see Section 6.1.1: Cement Sand Block (CSB) Industry). Note that curing 
must be done with freshwater only (not salt water), therefore attention to curing near 
lagoon sites may be necessary.

12.4 Acceptance of Homeowners

User acceptance is generally the principle obstacle to overcome for the success of earth-
based building technologies. In urban areas of Sri Lanka, there is reasonably good interest 
in CSEB, however, the target areas are more rural and people commonly believe that 
earth buildings are weak. Mehul Savla has written that ‘The major challenge was people 
acceptance to the technology and to make them realise the material is not any inferior as 
it’s made of earth. This process has taken time in all the projects we have implemented 
giving time to the communities to feel the material, test the material and see the final 
product and feel the strength of the overall structure. The initial first houses take a lot of 
time as there are many doubts but gradually families have understood the technology 
and opted for the technology. The communities will accept when they see the first house 
constructed.’

Piyal explains that some key arguments for CSEB, like ‘environmental and resource effi-
ciency’ ‘are not apparent to the beneficiaries and are of less importance to them in the 
short term’. He has also written of the ‘safe mode’, stating: ‘People generally do not wish 
to take risks in a once in a lifetime investment and follow conventional practices’. For 
this reason, as Pushpa Kanth has mentioned, it may be a good strategy to target young 
people.
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However, there are arguments that motivate people in the north and the east: like qual-
ity, cost, jobs, and self-sufficiency. It is critical to sensitise people to the advantages of 
CSEB, to properly market the material, and to ensure that good quality CSEB are pro-
duced. Based on market success, it can be popularised. If people agree, they may still 
possibly agree to a more limited application, like one wall or one room.

12.5 Competition with other Industries

The availability of fired bricks and Cement Sand Blocks at lower prices is another chal-
lenge, especially as they are considered ‘pukka’ building material. If a ‘pukka’ building 
material is cheaper and more readily available, it will almost always win out. Some experts 
have said that CSEB will not be economical in these areas; this is particularly the case 
when CSEB or other earth block has to be transported. The price of CSEB is regularly 
LKR 48 in Colombo and has even once been seen at LKR 60.

12.6 Acceptance of Masons

Local masons play a leading role as trusted technical advisors for homeowners. However, 
as Piyal has rightly pointed out, often artisans and masons do not have knowledge of 
alternative building materials and methods. Craftsmen in general do not jump to new 
materials quickly; they develop competencies and a feel for material over time and re-
peated work. At least in the past, they have often learned on site from their fathers and 
have cultural and emotional links to their building materials and systems. They may not 
be interested in CSEB or other introduced technologies for specific reasons. For example, 
masons are very quick with CFB, but may find the larger block sizes of CSEB cumbersome.

Also, dimensions are classically in imperial units (inches) for CFB, but all CSEB presses give 
sizes in millimetres. Such individuals have enormous influence on people and out of a fear 
of the new, perceived competition, or simply comfort with known material and methods, 
they may convince people to choose conservative materials which reinforce their own 
competences. And so they should! If this project is to sincerely carry out its aim to sup-
port endemic development and local livelihoods, masons and artisans are the first people 
who this project should reach out to. Whether local craftsmen work with brick, concrete 
block, or other materials, they should be actively sought out and invited to participate as 
stakeholder owners. It is only through such craftsmen than this project can truly succeed.

12.7 Comparison with Government Housing Programmes

HfHSL has already explained many of the complications of ongoing government grants 
running parallel to grants targeting alternative technologies. Differences in overall finan-
cial disbursements and perceived quality of housing lead people to ask why others receive 
something different from their families. Pushpa Kanth has explained that it is easier to 
implement an alternative technology, if the government is doing the same.
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12.8 Permissions for Soil Quarries

Supply and demand related bottlenecks easily occur when there is a heavy demand for 
the same material for other infrastructural work. This was previously the case in the north 
during the construction of large road projects. Tendered companies which controlled 
quarry resources would artificially inflate prices for other uses of resources. While this 
boom is now over, it shows the vulnerability of earth construction to resource permis-
sions. Sand quarrying permissions can be given by the district authority; however, soil 
permissions must go through a more complicated process and be granted by the central 
government. This must be carefully investigated by HfHSL, with close collaboration of 
government agents. Permissions processes should begin effectively immediately.

12.9 Supply Chain Bottlenecks and Scalability

There are a number of key supply chain bottlenecks which can cause havoc in homeown-
er-driven construction projects (for both alternative and conventional materials). Most of 
the time, this is related to supply and demand imbalances (e.g. high demand, over-quar-
rying, scarcity, and price inflation), which create environmental stress on resources and 
then further economic complications (Davis, 2017). Such can be the case particularly with 
cement and river sand.

Local supply chain bottlenecks can also be overcome by cooperative management of 
local resources, production, and sales. When bulk purchase orders are made by a co-
operative of shareholders, people have a better chance to control prices, partially by 
cutting out the middleman and also though cooperative volunteer systems (each person 
gives in-kind x numbers of hours of volunteer labour per week) (Davis, 2017). Besides 
just block production, bulk purchasing should be considered as a principle activity of e.g. 
‘CSEB cooperatives’.

As reinforced by Mehul Savla of CRS, scalability is a key challenge particularly for scat-
tered village sites with large numbers of houses to be constructed. CRS employs a ‘do no 
harm’ principal ‘from the stage of sourcing to occupancy’, in order to conserve precious 
resources (such as agricultural soils) and simultaneously fulfil project objectives and stake-
holder needs and expectations. Resource mobilisation requires the participation of local 
stakeholders and authorities.

12.10 Supply Chain Bottlenecks on Building Sites

The more relevant supply chain bottlenecks expected to occur during this project are 
simple things related to construction planning: e.g. The masons are on site, but there is 
not enough block, sand/earth for mortar, tools, water, electricity, etc. Time and money 
is wasted. Sometimes answers are not forthcoming and more time is wasted. There is 
a special kind of creativity that develops in resource-constrained contexts (like the north 
and the east), however, small bottlenecks on site can easily add up to double or triple the 
time period of construction.
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Such bottlenecks can be reduced by strong housing support services and training mod-
ules, like in the ‘Save and Build’ programme. Habitat for Humanity in general has a very 
strong system of housing support services. This was briefly implemented in Sri Lanka, but 
didn’t work principally because the funding was cut. Steve Weir from Habitat for Hu-
manity USA (Georgia office) is a key contact in this regard, as well as past HfHSL member 
Aruna Paul.

However, for homeowner-driven construction projects such as this, with a very wide 
area of simultaneous constructions, this can stretch the capacity of technical officers. 
The consultants’ preferred approach is to try to overcome the problem by building up a 
grassroots level network of building supervisors (a network of Devi’s); people who have 
certain competences in basic math, calculation of blocks, of bulk quantities, and of con-
struction management; people who can follow the work and set regular targets for ma-
sons and workers on the basis of what is reasonable but ambitious. Such an organisation 
of stakeholders would make this programme quite a success. And from what we have 
seen, particularly in Kilinochchi, people are commonly very savvy with such frugal skills 
(see Section 7.2.3: Meeting with Devi in Kilinochchi).

12.11 Land/Homeownership

The complication of land ownership rights in the post-war context is beyond the ex-
pertise of the consultants, however, this can be an undisputable complication. From a 
more practical standpoint, the ownership model of the house/household does play a 
significant role in the success of homeowner-driven construction (with both alternative 
and conventional materials). There are many female-headed households in the affected 
regions, with a history of a quite advanced women’s liberation movement. The strength 
of women actors is a considerable strength in this programme. Nevertheless, it may be 
advisable to consider the details of homeowner decision-making, particularly when it 
comes to the role of women in handling construction funds. To receive home construc-
tion disbursements or loans, are joint bank accounts required? Can funds by withdrawn 
by one user, or are women required as co-signers? This can impact how responsibly home 
construction funds are used.

12.12 Landmines

All of these areas were conflict zones in the past, and it is estimated that as many as 
1.5 million landmines were laid in Sri Lanka during the war years. It is quite urgent that 
soil quarrying is carefully avoided in any areas not cleared by de-mining agencies (or 
perceived in any way to be a continued threat). Great care and discretion is required in 
selecting quarries, particularly in remote forested quarry sites in Mullaitivu. It is strongly 
suggested that HfHSL ground teams do a thorough cross-check on potential quarry sites 
with de-mining agencies before proceeding with any excavation plan (National Mine 
Action Programme Sri Lanka, n.d.).
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12.13 Resilience and Motivation of People

Much can be said about the challenge of psychological resilience and the motivation of 
people in post-disaster or post-war contexts. These areas have been affected extensively 
by both, in some cases repeatedly. Some people have mentioned that, on account of 
trauma from the war years, it is or may be difficult to achieve much productivity from 
workers in the north and east. It has been said that a lot of work related to motivation 
needs to be done, not only for workers but for supervisors. It has been said that there 
now exists a ‘dependency syndrome’ in these areas. It is hard to corroborate such things 
from what we have seen, although they should certainly be taken into account particu-
larly for labour-intensive construction technologies like those of earth construction. The 
feeling of the consultants is that HfHSL ground staff — people of this place, having ex-
perienced similar hardship — know more about these factors than anyone else. And they 
also know more about the inner strengths and mentalities of the people than anyone 
else; therefore, their good judgment should be trusted. Like all people, certain special 
things are an enormous resource of strength and pride for the Tamil people in these are-
as, and it is these qualities that this project must call upon to succeed.

Figure 77 — Family who volunteered to get a CSEB model house after eight years living in transitional 
shelter conveys their trust on the new material based on what has been built. (Source: Jaime Royo Olid, 
EU Delegation 2017)
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13. Conclusions
This feasibility study has assessed the suitability and potential of CSEB technology and 
other earth-based building technologies for the ‘Homes not Houses’ project in the north 
and east of Sri Lanka. This study has critically surveyed a key set of technical, physical, 
social, socio-economic, and ecological parameters in the target areas of Batticaloa, Kilin-
ochchi and Mullaitivu, including: local materials use, livelihood development, cultural ac-
ceptance, existing skills, suitability of raw materials, investment share in the local market, 
up-scaling potential for industrial scale production, ecological impact and the sustainable 
use of local resources. The pre-selected target districts/villages have been studied though 
extensive preliminary research and assessment of ground conditions, to determine the 
viability of CSEB industry in these areas and in the broader region at large.

Soil Suitability and Availability: Many quarries were visited in the north and the east to 
evaluate soil types and qualities. The consultants have surveyed the target areas, com-
pleted 20 soil reports and explained how these soil types are indicative. The study has 
targeted the best quarries where soil is ideal for construction, particularly for industrial 
scalability. The study has also identified areas where soil is not as good and should not be 
used for construction purposes (e.g. where soils have a high salt content, weak structure 
or expansive properties). During this mission, the consultants have taught HfHSL techni-
cal officers procedures of soil identification and sensitive testing.

East zone: In Batticaloa, there is sufficient soil of good quality for an effective small 
CSEB industry, with plenty of small inland quarry sites in proximity to planned housing.

North zone: In Kilinochchi, there is soil of suitable quality, but it may be more advis-
able to source soils from quarries along the border in Mullaitivu district. In Mullaitivu, 
the soil quality is very gravelly, and often suitable for CSEB with a high percentage 
of wastage from sieving; however, these soils are highly suitable as such for Earth 
Concrete Block (ECB). Accordingly, there is abundant material of suitable quality for 
an effective ECB industry.

Existing Materials, Industries and Skills: There is a limited variety of building materials 
for housing construction in these regions, and each has certain disadvantages in terms of 
quality, longevity, thermal comfort and contribution to local economic growth. There are 
even fewer options for appropriate building technologies, and little resource-conscious 
use of local materials. Existing industries could benefit from skill up-gradation for local pro-
ducers and craftsmen, to improve the quality of building materials and housing construc-
tion, and to improve the resource-efficiency of standard practice materials and methods.

East zone: Country Fired Brick (CFB) is the dominant construction material in Batti-
caloa. Therefore, stakeholder villages should be targeted for non-CFB-based econ-
omies and otherwise low livelihood potential. As CFB soils are unsuitable for CSEB, 
the existing industry locations for CFB should generally rule out CSEB. Therefore, 
there would be no competition for soil resources. Two complementary industries may 
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co-exist, with choice of material principally corresponding to location. Where soils are 
clayey, CFB is the natural industry. Where soils are sandier, CSEB is appropriate.

North zone: Cement Sand Block (CSB) is the dominant material in Kilinochchi and 
Mullaitivu. However, this material contributes very little to the local economy and is 
really not very suitable for the region in terms of the thermal comfort of buildings. 
On the other hand, the potential competition of these two industries is not seen to 
present a problem, as the same equipment and existing know-how can be adapted 
for both techniques and further because local industry people have already expressed 
an interest in adapting their businesses to include ECB.

Cultural Acceptance of Earth as a Building Material: Generally speaking, people in 
these areas do not have a high perception of earth as a building material; however, the 
combined arguments of cost, the quality of blocks brought by consultants, the potential 
for livelihoods, and the availability of guidance on good quality products have provoked 
interest. A number of stakeholders have clearly stated that they would go for CSEB, if the 
same quality could be obtained at a cost equivalent to that of the conventional materials. 
Regardless, bold, proactive efforts are required to persuade stakeholders of the advan-
tages of CSEB and to promote its use and adoption.

Cost and Economy: Comparative cost values have not been given for the houses them-
selves, as such calculations have far too many parameters; however, extensive calcula-
tions have been done to compare the unit cost and cost per cubic metre of raw materials 
(e.g. CSEB, ECB, CFB, CSB), as well as the overall cost of masonry systems with each 
of these materials. These figures are district-specific, and include a number of variables 
such as manual or motorised production, percentage of stabilisation, wall thickness and 
investment cost.

East zone: The projected cost per m3 of CSEB (raw material) is costlier than CSB, but 
it is cheaper by more than 11.4 % than CFB, which is good as CFB is the main build-
ing material in Batticaloa. The projected cost of a CSEB masonry wall (14 cm thick) 
is (depending on the type of press) 5.9 % or 13.3 % cheaper per m2 than a CSB wall 
(6 inch) and 28.4 % or 34 % cheaper per m2 than a CFB wall (19 cm thick). Earth 
Concrete Blocks (bulk material) would be 17.4 % or 47.8 % cheaper per m3 than 
CSB and CFB, depending on the ratio and block width. The projected cost of an ECB 
masonry wall (15 cm thick) is (depending on the mix ratio) 11 % or 17.4 % cheaper 
per m2 than a 6 inch CSB wall and more than 30 % cheaper per m2 than a CFB wall 
(19 cm thick). Therefore, either CSEB or ECB are appropriate in Batticaloa in terms of 
economics alone.

North zone: The projected cost per m3 of CSEB (bulk material) is not competitive 
with the market on account of the economy of the local area, and because the ar-
eas gravelly soils would require excessive labour for sieving. Therefore, CSEB are not 
economically appropriate in this area. However, ECB are cheaper per m3 than CSB by 
15.3 % or 28 %, depending on the mix ratio and block thickness of ECB. Depending 
on the mix ratio, the ECB wall would be between 11 % and 16.7 % cheaper per m2 
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than walls build with 6 inch CSB. In fact, an ECB wall of 6 inch could cost the same 
as a 4 inch thick CSB wall. Therefore, ECB are much cheaper and are an appropriate 
solution for Kilinochchi.

Contribution to Local Economy: Most reconstruction efforts in the north and east of 
Sri Lanka have employed conventional building technologies with a high percentage of 
import materials (e.g. Cement Sand Block). While it has proven near impossible to calcu-
late the percentage of imported materials in standard products, the report has still given 
a basic metric of the comparative investments of CSEB, ECB, CFB and CSB technologies. 
The expected investment in the local building market will vary according to in the target 
areas and according to many factors of these local markets. However, for the time being, 
there are too many unknown variables to present a realistic share of contribution to local 
economy. Only ballpark percentages can be given. Generally, it may be said that out of 
the target for earth-based buildings in the ‘Homes not Houses’ project (926 units), at 
least 60 % of project funds are projected to be invested into the local market economy 
and livelihoods of masons and villagers.

Viability and Overall Targets of industries of Earthen building industries: Two differ-
ent building techniques are principally proposed in the north and the east according to: 
1. The ideal mechanical properties of soil in the target areas, and 2. The ability of these 
techniques to match the existing know-how of each construction sector. According to 
soil resource availability, cultural acceptance, economics and existing know-how:

East zone: In the east (i.e. Batticaloa), Compressed Stabilised Earth Block (CSEB) is 
capable of complementing the dominant local industry of Country Fired Brick, provid-
ing employment for people who have only marginal livelihood related to agriculture 
during a limited 3-month period of the year. A small-scale CSEB industry (e.g. of one 
cooperative) is recommended in Batticaloa. According to the locations of target dis-
tricts/villages, it is advisable to target 233 CSEB homes in Batticaloa.

North zone: In the north, the dominant industry of Cement Sand Block (a poured 
technique) can easily be adapted by homeowners and industries to Earth Concrete 
Block, using the same set of equipment, techniques and know-how. An industry of 
ECB (e.g. five cooperatives) is recommended in Kilinochchi and Mullaitivu. According 
to the locations of target districts/villages, it is advisable to target 346 ECB homes in 
Kilinochchi and 347 ECB homes in Mullaitivu.

With these two earth-based building techniques, CSEB and ECB, it is considered by the 
consultants to be feasible to build 40 % of houses (i.e. 926 units). Note that adobe, 
rammed earth and other raw earth techniques are not recommended techniques on 
account of acceptance factors and existing know-how.

Country Fired Brick can very advantageously be used in Batticaloa on account of its 
healthy local livelihood component; however, as a conventional building material, it 
should not be included in this target on account of environmental factors (e.g. high 
emissions from firing) and long-term resource stability and livelihood factors (e.g. use of 
agricultural soils).
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The achievability of this target depends principally upon the success of training initiatives, 
strict quality standards and the crucial factor of the people’s choice: the acceptance, will-
ingness, and interest of people to build their homes with earth. 40 % of housing remains 
an ambitious figure on account of the overall time constraints of the project; ensuring ac-
ceptance of this many houses between now and January 2019 will require major efforts. 
Less than this may be built on account of stakeholder acceptance (e.g. a lower threshold 
of 35 % or 850 units). It is advisable to focus on the quality of implemented houses rather 
than the quantity, as badly implemented or rushed earth buildings could lead to irrepara-
ble future opposition to these technologies.

Technical specifications: Based on each of the sampled soils, recommendations have 
been given for optimal technical specifications for CSEB and ECB production in the tar-
get areas. These specifications have been provided in soil analysis reports, which record 
suitability and specifications for the production of earth block at each given location. 
Documentation of test productions also provides examples for the production of block 
according to these given technical specifications.

Up-scaling potential: The report has evaluated the potential for manual and motorised 
production equipment, looking carefully at the potential for industrial-scale production 
and soil quarries in the target areas. It has also given recommendations on strategies for 
the end-of-life design of soil quarries, which can ensure more sustainable use of local 
resources. While automated machinery presents a greater upfront investment cost, it 
would also lead to greater productivity, reduced overall block costs and broader relevance 
and applicability in the region. This option is more appropriate for the implementation 
of mass-scale housing; however, it is recommended that motorised equipment be in-
troduced only after there is evidence of successful acceptance/commercialisation with 
manual equipment.

Production equipment (for CSEB): The consultants have evaluated CSEB presses avail-
able in Sri Lanka, and have found that all presses (manual and motorised) are exclusively 
limited to the production of interlocking block, utilising single-mould systems which do 
not allow for proper masonry bond patterns. While it is a principle aim of this project to 
invest heavily in endogenous development, the consultants strongly discourage the use 
of interlocking block systems, on the technical grounds that they cannot ensure a proper 
standard of quality or stability of the masonry. Therefore, the importation of some CSEB 
production equipment seems inevitable. A derogation from the EU will be necessary to 
import goods or employ entities from India or other countries ineligible under the rule 
of origin.

Production equipment (for ECB): In contrast, an ECB industry may rely solely on local 
machinery produced in Sri Lanka, as standard machinery for Cement Sand Block can be 
successfully adapted.

Material Requirements and Production Period for the Project: The materials required 
for the project have been calculated by taking the example of the model house A, which 
seems to be the largest of the various proposed housing plans. In the north zone, the 
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construction of 693 homes (based on the model A) would require about 2 200 000 Earth 
Concrete Blocks. In the east zone, the construction of 233 houses would require about 
1 200 000 Compressed Stabilised Earth Blocks. The total duration period for the produc-
tion period should not be more than 18 months (26-day months). Thus to achieve this 
target, it is indispensable that the training course in Sri Lanka, followed immediately by 
the beginning of production, happens at the beginning of January 2017.

Yet, despite some projected delays in the construction of earthen homes (to accom-
modate for appropriate training programmes), the consultants see no reason to delay 
home constructions in Batticaloa with the use of Country Fired Brick. Sometimes the 
introduction of new technologies can compete with existing local building traditions and 
livelihoods. However, the target areas for CSEB and CFB are mutually exclusive, as CSEB 
and fired brick require the opposite soil characteristics and therefore different geographic 
areas. Accordingly, villages near alluvial clay deposits will naturally select fired brick. And 
wherever CFB is not already a strong existing industry, CSEB production could provide 
complementary livelihood alternatives.

Overall Design Parameters: There are a number of overall design parameters to con-
sider, including natural disaster risk factors, wall thicknesses, foundation systems and 
strategies for incremental housing. Hazard considerations for technical design should in-
clude: flood, winds/mini-cyclones, tsunami resistance (only in certain areas) and possibly 
elephants. Accordingly, building plinths should to be designed for flood conditions. Walls 
should be designed with greater thicknesses for these conditions. The present practice 
of 4 inch wall thicknesses (in Batticaloa) is neither safe nor appropriate; therefore 
alternative block systems can be seen as an opportunity to realign safer building practic-
es. However, there is no seismic risk in Sri Lanka, and therefore seismic resistant systems 
(such as interlocking masonry systems) are superfluous and not at all cost-appropriate.

In Batticaloa, there are many houses in progress with no current ongoing work. While 
this reflects good strategies of incremental housing (housing which aims to be built in 
accordance with the means of the families), it is clear that such strategies should aim to 
erect roofing faster to prevent damage to the building during prolonged construction 
periods. Furthermore, incremental housing should be planned carefully, addressing the 
continuity of constructive systems and details (e.g. bond pattern).

In conclusion, there may always be bottlenecks for projects at this scale, and even more 
so for projects which look ambitiously at improving the status quo of both homes and 
livelihoods. However, the consultants believe that this project presents enormous oppor-
tunities for the stakeholder communities in the north and the east. With investment into 
industries of alternative, locally sourced, locally produced earth-based materials — for 
homes and for livelihoods — there will be less dominance on single industries which 
import construction materials, less investment which ends up in the hands of large cor-
porate markets, and more possibilities for local people in the north and the east to profit 
from their own rebuilding endeavours. It is time to boldly move forward in partnership 
with these communities, and find out how they are interested to rebuild.
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Figure 78 — EU-funded CSEB model house under construction by Habitat for Humanity in Karaveddy, 
Manmunai West, Batticaloa. (Source: Jaime Royo Olid, EU Delegation 2017)
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Figure 79 — Completed EU-funded CSEB model house in Karaveddy, Manmunai West, Batticaloa. 
Designed by Habitat for Humanity in collaboration with Satprem Maini.
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Figure 80 — Completed EU-funded ECB model house in Mullaitivu. Designed by Habitat for Humanity 
with owner adaptations (i.e. front columns). (Source: Jaime Royo Olid, EU Delegation 2018)
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Annex 2: Mission Travel Programme  
and Daily Reports
MISSION TRAVEL PROGRAMME

Day Date Mission Programme Location 

Sun. 14 August 2016 Arrival: Flight Chennai to Colombo — Meeting 
with Jaime Royo Olid and HfHSL board 
members

Chennai to 
Colombo 

Mon. 15 August 2016 Day 1 Introduction to HfHSL national office staff — 
Discussions with staff — Expert meeting Asoka 
Perera

Colombo 

Tues. 16 August 2016 Day 2 Travel to Batticaloa — Introduction to Batti 
technical staff — General presentation to staff

Colombo 
to 
Batticaloa

Wed. 17 August 2016 Day 3 Field visit Villavettuvan quarries (Manmunai 
West DS Div) — Village meeting at 
Villavettuvan

Batticaloa 

Thur. 18 August 2016 Day 4 Lectures and practical demonstrations on soil 
analysis — 
Field visits Kithul and Nagagakanni (Eravur 
Pattu DS Div) — Visit brick manufacturer — 
Discussions with Pushpa

Batticaloa 

Fri. 19 August 2016 Day 5 Village meeting at Karavetti — Field 
visit Karavetti (Manmunai West) — Visit 
Echantheevu Community Centre — Visit to St. 
John’s Vocational Training Centre — Meeting 
Jeyamaran

Batticaloa 

Sat. 20 August 2016 Day 6 Block production at St. John’s Voc. Centre — 
Soil testing (Satprem and Lara)

Batticaloa 

Sun. 21 August 2016 Day 7 Travel to Kilinochchi Batticaloa 
to 
Kilinochchi 

Mon. 22 August 2016 Day 8 Introduction to Kilinochchi technical staff — 
Soil testing (Satprem and Lara)

Kilinochchi 

Tues. 23 August 2016 Day 9 Village meeting at Maruthanagar village  
(KN-24) — 
Lectures and practical demonstrations on soil 
analysis

Kilinochchi 
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Wed. 24 August 2016 Day 10 Field visit 4 quarries — Visit 3 CSEB model 
homes — Visit tile factory

Mullaitivu 
& 
Kilinochchi 

Thur. 25 August 2016 Day 11 ECB Production at HfHSL — Village meeting 
at divisional secretariat Karachchi — Field 
visit 4 quarries — ECB production at cement 
manufacturer

Mullaitivu 
& 
Kilinochchi 

Fri. 26 August 2016 Day 12 Presentation to government planning officials 
— Discussions with Devi — Travel to Colombo

Kilinochchi 
to 
Colombo 

Sat. 27 August 2016 Day 13 Prep for debriefing — Visit University of 
Moratuwa

Colombo 

Sun. 28 August 2016 Day 14 Prep for debriefing Colombo 

Mon. 29 August 2016 Day 15 Visits to NERDC and press manufacturers — 
Prep for debriefing

Colombo 

Tues. 30 August 2016 Day 16 Debriefing at national office Colombo 

Wed. 31 August 2016 Departure: Flight Colombo-Chennai Colombo 
to Chennai
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Figure 81 — Map of mission route  
(Source: OCHA map)
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DAILY REPORTS

Upon arrival, the consultants met with Jaime Royo Olid, European Union Delegation to 
Sri Lanka and the Maldives, and then met with a group of HfHSL board members and 
Sri Lankan experts in appropriate building technologies, including Ms Amila de Mel, Prof. 
Priyan Dias, Senior Professor in the Department of Civil Engineering at the University of 
Moratuwa, and architects Mr Aruna Paul, Mr Varuna de Silva, and Mr Sumangala Jayat-
illeke.

Day 1: Colombo (HfHSL national headquarters)
During this first introduction day, the consultants visited Habitat for Humanity Sri Lanka’s 
national office, meeting Anjalie Page, Project Manager of the ‘Homes not Houses’ pro-
ject and discussing with staff members in preparation for the field mission. A late notice 
meeting with government in the north meant that it was not possible to meet Dinesh 
Kanagaratnam, National Director of HfHSL. However, a number of logistical matters for 
the mission were finalised, including transportation, communication, etc. The consultants 
also met with expert Dr Asoka Perera, professor in the Department of Civil Engineering at 
the University of Moratuwa.

Day 2: Colombo to Batticaloa
The field mission began early morning 4:30 with travel to Batticaloa. Upon arrival, the 
consultants were introduced to Batti technical staff, including Pushpa Kanth (Senior Pro-
ject Manager east zone) and Alex Benjamin (Zonal Manager of World Vision), then gave 
a general presentation to the staff. After this, it was possible to have a brief check of the 
soil samples in time for quarry visits scheduled the following morning.

Day 3: Batticaloa
Batti technical staff guided the consultants on field visits to Villavettuvan soil quarries 
(Manmunai West DS Div). Three quarry sites were visited, with samples collected, basic 
data recorded and assessment of quarry potential. In the afternoon, the group returned 
to Villavettuvan to meet with a selection of stakeholders from the villages of Villaveddu-
van, Sourvamunai, and Arasapuram.

Day 4: Batticaloa
The morning session comprised of a presentation by Satprem to ten HfHSL staff mem-
bers on the theory of ‘raw material’, ‘identification’ and ‘stabilisation of soils’. This was 
followed by a hands-on, practical demonstration on soil analysis to train staff members 
in codified field testing methods for soils. In the afternoon, two vans of field technicians 
went on a field mission to Karadiyaru, Kithul and Nagagakanni (Eravur Pattu DS Div). 
Numerous quarry sites were visited, with assessment of soils and quarries, and one brick 
manufacturer was visited. There were some long discussions with Pushpa at the end of 
the day.

Day 5: Batticaloa
Batti technical staff brought the consultants for a village meeting at Karavetti (with rep-
resentatives from Karaveddi, Nelluchenai, Mullamunai, Villamunai) and then field visits to 
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Karavetti (Manmunai West) soil quarries. In the afternoon, the group visited the Echan-
theevu Community Centre, a UN-Habitat Mud Concrete Block demonstration building. 
They also paid a visit to St. John’s Vocational Training Centre to see CSEB presses and test 
productions carried out by Qi Guo of Rhode Island School of Design (RISD) (Guo, 2016). 
They received the permission of Principal, Mr Ratnaswamy Muthukumar, to return for 
block production the following morning. At the end of the day, the consultants were very 
happy to have the chance to meet Joseph Jeyamaran, Senior Project Manager north and 
east zones, and have extensive discussions with him on a number of key topics.

Day 6: Batticaloa
A small group returned to St. John’s Vocational Centre to test block production with one 
selected local soil, with the assistance of the masonry instructor, Mr Konesaraj. Blocks 
were left to cure. The consultants returned to the HfHSL Batticaloa headquarters in the 
afternoon to complete all soil testing and begin soil analysis reports.

Day 7: Batticaloa to Kilinochchi
The Sunday was occupied with travel from Batticaloa to Kilinochchi.

Day 8: Kilinochchi
The consultants were introduced to Kilinochchi technical staff, including Kaandeepan 
Tharmalingam (or Kaandi), Senior Project Manager north zone, and later Philip Pre-
mathasan, Operations Manager World Vision Lanka, who spent a good portion of the 
following days with the group. For the remainder of the day, it was decided that the 
consultants would test the soil samples preselected by HfHSL staff in order to narrow in 
on the best target quarries.

Day 9: Kilinochchi
Kilinochchi technical staff brought the consultants for a village meeting at Maruthanagar 
village (KN-24). In the afternoon, lectures and practical demonstrations on soil analysis 
were given for HfHSL Kilinochchi technical staff.

Day 10: Kilinochchi and Mullaitivu
HfHSL staff guided the consultants on field visits to four large quarries, mainly over the 
district line in Mullaitvu. The group visited three CSEB model homes, as well as the closed 
Pandara Vannikam Tile Factory in Mullaitivu.

Day 11: Kilinochchi and Mullaitivu
The consultants did a test production of Earth Concrete Block at the HfHSL Kilinochchi 
offices. Afterwards, there was a village meeting at the divisional secretariat of Karachchi. 
In the afternoon, HfHSL staff guided the consultants on field visits to four quarries. At 
the end of the day, a test production of Earth Concrete Block was carried out at a local 
concrete manufacturing yard.

Day 12: Kilinochchi to Colombo
A presentation was given for government planning officials in the morning, with ex-
tensive discussions ensuing. A small group paid a special visit to discuss with Devi, key 
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stakeholder and housing beneficiary during the UN-Habitat housing project. Finally, the 
consultants retrieved Earth Concrete Block samples from the concrete yard and travelled 
back from Kilinochchi to Colombo, starting late afternoon/early evening.

Day 13: Colombo
Saturday began with preparation for the debriefing. In the afternoon, the consultants met 
with Anjalie Page and Dr Rangika Halwatura, Senior lecturer in the Department of Civil 
Engineering at the University of Moratuwa. Dr Halwatura generously discussed ongoing 
research initiatives, his participation in demonstration projects, bottlenecks in develop-
ment work, and showed the consultants some test prototypes for research in progress.

Day 14: Colombo
Sunday was occupied with extensive preparation for the debriefing, collation of initial 
findings and the preparation of PowerPoint presentations.

Day 15: Colombo
The full day was occupied for visits to local experts and industry representatives, principal-
ly for the assessment of production equipment in Sri Lanka and for an evaluation of over-
all expertise. The consultants were able to meet and discuss with Dinesh Kanagaratnam 
in the morning, and were guided by Anjalie Page and Dwight Savundranayagam for visits 
to NewMachine Technology, OS Bricks, NERDC and Saram. Engineer Wasantha Perera of 
NERDC was very generous to show the group around to see the workshop and presses, 
prototype buildings, permanent buildings, training hall and presentations at the Depart-
ment of Civil Engineering. From evening onwards the consultants finalised preparation 
for the following day’s debriefing.

8:00 NewMachine Technology

9:00-9:30 Meeting Dinesh

9:30-10:30 OS Bricks/Terra Bricks

12:00-12:30 Lunch

12:30 Depart to NERDC

13:30 Meeting with NERDC

15:30 Visit Saram

18:00 onwards Prep for debriefing

Day 16: Colombo (Debriefing at national office)
At the end of the evaluation mission, the consultants conducted a 1-day debriefing in 
Colombo for HfHSL staff and various stakeholders. Discussions ensued in both sessions.

The morning session was principally an audience of HfHSL internal staff members and 
partners from World Vision and the EU. Preliminary findings were presented in detail, 
focusing slightly more on sociological and socio-economic aspects, and case studies of 
earth-based buildings were presented.
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The afternoon session included a wider range of stakeholders, such as Ms Libuse Souku-
pova and Jaime Royo-Olid from the European Union to Sri Lanka and the Maldives, HfHSL 
board member, experts from NERDC, University of Moratuwa, and government agents 
from Kilinochchi and Mullaitivu. The session began with a general introduction on CSEB. 
The lectures presented the possibilities of building with CSEB, examples built by the con-
sultants and others, ecological footprint, resource management, economics of CSEB, etc. 
The lecture on the mission findings was presented again, focusing on technical synthesis.

DEBRIEFING PROGRAMME 

Session Timings Topic

1 9:00-10:30 Context of north and east — Findings (acceptance, socio-economics)

Tea break 10:30-10:45 -

2 10:45-12:15 Case studies of earthen buildings in the north and east

Lunch 12:15-13:00 -

3 13:00-14:30 CSEB and the renaissance of earthen architecture (general introduction)

4 14:30-16:00 Context of the north and east — Findings (technical synthesis)

Tea break 16:00-16:15 -

5 16:15-17:00 Discussions and next steps
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Annex 3: Contact References During 
Mission

Ms Anjalie Page, Project Manager
‘Homes not Houses’ project
Habitat for Humanity Sri Lanka — Colombo 
Headquarters
42/14 Ananda Coomaraswamy Mawatha, 
Colombo 03

Mr Dinesh Kanagaratnam, National Director
Habitat for Humanity Sri Lanka — Colombo 
Headquarters
42/14 Ananda Coomaraswamy Mawatha, Colombo 03
Web: www.hfhsl.org

Eng. Joseph S. Jeyamaran (Maran),
Senior Project Manager north and east zones
Habitat for Humanity Sri Lanka — Batticaloa 
Office
22/5, Station Road, Dehiwala 

Mr Kaandeepan Tharmalingam (Kaandi),
Senior Project Manager north zone
Habitat for Humanity Sri Lanka — Kilinochchi Office
27 Krishnan Kovil Road, Kilinochchi 

Mr Pushpa Kanth, Senior Project Manager 
east zone
Habitat for Humanity Sri Lanka — Batticaloa 
Office
143/2 Boundary Road, Batticaloa 

Mr Dwight Savundranayagam, Finance Manager
Habitat for Humanity Sri Lanka — Colombo 
Headquarters
42/14 Ananda Coomaraswamy Mawatha, Colombo 03

Mr Alex Benjamin, Zonal Manager
World Vision Sri Lanka
Batticaloa

Mr Philip Premathasan, Operations Manager
World Vision Sri Lanka
Kilinochchi

Ms Libuse Soukupova,
First Secretary, Head of Cooperation
European Union to Sri Lanka and the 
Maldives
389, Bauddhaloka Mawatha, Colombo 07
Web: www.eeas.europa.eu/delegations/sri_lanka 

Mr Jaime Royo Olid,
Programme Manager-Infrastructure and Reconstruction
European Union Delegation to Sri Lanka and the 
Maldives
389, Bauddhaloka Mawatha, Colombo 07
Web: www.eeas.europa.eu/delegations/sri_lanka

Ms Amila de Mel, Architect and Board 
Member HfHSL
Habitat for Humanity Sri Lanka
2 B1 Jeswell Place, Mirihana, Nugegoda

Prof. Priyan Dias, Senior Professor,
University of Moratuwa, Dept Civil Engineering
Web: http://www.mrt.ac.lk/

Dr Asoka Perera, Professor and Engineer, 
Researcher
University of Moratuwa, Dept Civil 
Engineering
Web: http://www.mrt.ac.lk/

Dr Rangika Halwatura, Senior lecturer
University of Moratuwa, Dept Civil Engineering
Web: http://www.mrt.ac.lk/

Mr Piyal Ganepola, Deputy Project Manager 
Programmes, UN-Habitat
Web: www.unhabitat.lk

Mr Tony Senewiratne, Honorary Chairman
National Peace Council of Sri Lanka

Mr Aruna Paul, Architect Mr Sumangala Jayatilleke, Architect
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St. John’s Vocational Training Centre
— Principal ‘Muthu’: Mr Ratnaswamy 
Muthukumar
— Konesaraj (masonry instructor)
— Pushpan (automotive fabrication instructor)
Vanniah’s Lane, Airport Road, Batticaloa

Mr Varuna de Silva, Architect

National Engineering Research and 
Development Centre (NERDC) 2P/17B, IDB 
Industrial Estate, Ekala, Ja-Ela
Mr Anton Fernando, Dir. Techno and 
Marketing
Mr W. J. L. Shavindranath Fernando, 
Chairman
Mr Wasantha Perera
Web: www.nerdc.lk

New Machine Tech = Copy Auram Press 3000
Mr Isuru Prasana Withana, Manager
Head office: 16/121, High Level Road, Homagama
Factory: 39/1B, UDA, Industrial State, Katuwana Road, 
Homagama
Web: http://www.newmachinetech.com

Mr Duminda Wijesinghe, Sales Manager
OS Bricks Terra Bricks
34 Old Road, Nawinna, Maharagama
49 Sri Jinarathana Road, Colombo 02
Web:http://refreshingsrilanka.blogspot.
in/2011/11/interlocking-stabilised-earth_30.html

Mr J. A. F. G. Nimal Saram, Managing Director
Saram Machinery (Pvt) Ltd
No 97 Arch Bishop Niculua Marcus, Mawatha, Negombo
Web:http://www.idb.gov.lk/index.php?option=com_
content&view=article&id=239&Itemid=178&lang=en
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Annex 4: Recommendations 
for Soil Sampling

Source: Auroville Earth Institute.

NB: This form was given to HfHSL as a guideline for technical staff to collect preliminary 
soil samples.

METHODOLOGY OF SOIL IDENTIFICATION

− ‘Sensitive testing’ includes codified field-testing methods for the identification and 
classification of soils. These testing procedures provide comparative information re-
lated to the composition and mechanical properties of soils (e.g. granularity, com-
pressibility, plasticity, cohesion). According to basic classifications, one may follow 
recommendations for soil improvement and stabilisation.

− The following laboratory testing procedures can be useful for application in earthen 
construction:
{{ Granularity: Grain size distribution (sieving, sedimentation)
{{ Compressibility: Proctor test (optimum moisture content)
{{ Plasticity: Atterberg’s limits (liquid limit, plastic limit, plasticity index)
{{ Cohesion: ‘8’ test (wet tensile resistance)
{{ Humus content: Carbon test

− See ‘Soil Identification for Earth Construction’ for further information. (Maïni, 2010)

SOIL SAMPLING AND COLLECTION PROTOCOL

− Soil quality/suitability: The best soils for CSEB are sandy soils (with approximately 
50 % of sand, 15 % of gravel and 15 % of silt, and only 20 % of clay). A wider variety 
of soils can be used, but it is better to look for soils that are rather more sandy than 
clayey. Very clayey soils (greater than 40 % clay) are not suitable for CSEB. However, 
if necessary, clayey soils of lower percentages can be used if mixed with sand or oth-
er sandy soils. Agricultural soils and topsoil with humus content are not suitable for 
earthen construction and should not be selected. Never take topsoil with the sample; 
it must be removed before sampling.

− Quantity: A 3-litre sample of each soil is required for both sensitive analysis and lab-
oratory analysis:
{{ Sensitive analysis: 1 litre per sample
{{ Laboratory analysis: 2 litres per sample (depending on test)

− Recorded data: The following information should be recorded with the sample: Ref-
erence no, sampling depth and sampling conditions.

− Geographic range: Soils should ideally be sampled from construction sites to mini-
mise or eliminate soil transportation. The optimal distance from target areas is a radius 
of ~20 km.
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− Quarry planning: It is advisable to collect samples near sites where it is possible to 
reuse quarry excavations for other development needs (e.g. for ponds, underground 
water storage tanks, etc.). See the following link for an overview of design strategies 
for quarries: http://www.earth-auroville.com/natural_resource_management_en.php

SOIL SAMPLING PROCEDURE

− Remove topsoil.
− Sample soil from a depth of at least 20 cm (below surface).
− Bag soil and add a sampling tag, which records:

{{ Sampling location (preferably with GPS coordinates).
{{ Reference no, sampling depth and sampling conditions (e.g. moisture content, 

etc.).

SENDING SOILS BY MAIL

− Soil samples should be sent by courier service/speed post only.
− Parcels should be labelled ‘for laboratory analysis’ and customs forms should be in-

cluded if necessary.
− Avoid sending large packages with many samples; each 1 to 3-litre sample should be 

sent separately.
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Annex 5: Soil Analysis Reports
Source: Auroville Earth Institute test forms.
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Annex 6: Cost Data
COST OF LABOUR AND BUILDING MATERIALS - BATTICALOA

LABOUR

Items Rate (Rs.) Unit  

LA
B

O
U

R
 T

Y
PE

Supervisor (Net cost with bonus and welfare) 2,200.00 1 day  

Mason (Net cost with bonus and welfare) 1,700.00 1 day  

Helper (Net cost with bonus and welfare) 1,500.00 1 day  

Labour male (Net cost with bonus and welfare) 1,000.00 1 day  

Labour female (Net cost with bonus and welfare) 900.00 1 day  

BUILDING UNITS DELIVERED ON SITE

Items Rate (Rs.) Unit Details

U
N

IT
 T

Y
PE

S

Compressed earth blocks (solid) 42.00 piece 300x150x150

Compressed earth blocks (Interlocking) 42.00 piece 300x150x150

Local Fired Bricks 8.00 piece 190 x 90 x 60 mm (215x112.5x65)

Industrial Fired Bricks 10.00 piece 215x112.5x65

Solid Cement Blocks 4” 27.00 piece 300x150x100

Solid Cement Blocks 6” 40.00 piece 300x150x150

Hollow Concrete Blocks 40.00 piece 300x150x150

Other building material 37.00 piece Cement Block 300x150x150

RAW MATERIALS DELIVERED ON SITE

Items  Rate (Rs.) Unit Details

A
G

G
R

EG
A

TE
S

Soil dug by hand 300.00 m3  

Soil dug by machine and transported by truck 3,100.00 Truck 8 m3

Sand raw transported by truck 13,500.00 Truck 8 m3

Sieved sand (# 5 mm) 21,000.00 Truck 8 m3

Stone dusttransported by truck 31,000.00 Truck 8 m3

Stone transported by truck 16,500.00 Truck or m3 8 m3, Rubble (150 mm-225 mm)

Gravel / Aggregates Chips 1/4” (7.5 mm) 25,000.00 Truck 8 m3

Gravel / Aggregates 1/2” (15 mm) 25,000.00 Truck 8 m3

Gravel / Aggregates 3/4” (20 mm) 31,000.00 Truck 8 m3

Gravel / Aggregates 1” (25 mm) 28,000.00 Truck 8 m3

Gravel / Aggregates 1.5 “ (40 mm) 28,000.00 Truck 8 m3

B
IN

D
ER

S

Cement 925.00 Bag 50 Kg Which grade?

White cement 1,200.00 Bag 50 Kg  

Lime 350.00 Bag 25 kg

Gypsum 350.00 1kg  
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ST
EE

L

Binding wire 120.00 kg  

Steel Φ 4 MS 130.00 kg  

Steel Φ 6 MS 130.00 kg 3.6 m

Steel Φ 8 TS 130.00 kg 6 m

Steel Φ 10 TS 130.00 kg 6 m

Steel Φ 12 TS 130.00 kg 6 m

Steel Φ 16 TS 130.00 kg 6 m

Steel Φ 20 TS 130.00 kg 6 m

Chicken mesh 1/2 “ - 22 gauge - 3 ‘ 50.00 m in 3’ Length of 1 roll of mesh?

Chicken mesh 1/2 “ - 22 gauge - 4 ‘ 65.00 m in 4’ Length of 1 roll of mesh?

R
O

O
FI

N
G Terra cotta tile, transported to site 50.00 piece 1’-6” x1’ transport 250 km away

Micro concrete tiles 75.00 piece 2’ x 2’

Fibro concrete tiles 100.00 piece 1’x1’

TRANSPORTATION

Items  Rate (Rs.) Unit Details

 Truck Transportation cost (Over 20 - 30 Km)  1,870.00 Truck 8 m3

Tractor Transportation cost (Over 20 - 30 Km) 650.00 Tractor 2.12 m3

COST OF BUILDING SYSTEMS - BATTICALOA

Items  Rate (Rs.) Unit  

FO
U

N
D

A
TI

O
N

S

Random rubble masonry with local stone  5,200.00 M3 8 m3

Solid concrete block in CSM mortar 14,000.00 ??? 1squre (10’x10’) 6”” thick

Reinforced concrete 13,200.00 m3 1:2:4(20 mm)

Fired bricks in CSM mortar  9,900.00 m3  

Other type of foundation (precise type)  ???  Not in use

W
A

LL
S,

 C
O

LU
M

N
S

Random rubble masonry wall with local stone 14,000.00 m3 8 m3

Solid concrete block wall in CSM mortar 15,000.00 ??? 1 squre (10’x10’) 6”” thick

Hollow Concrete Blocks wall in CSM mortar 17,500.00 ??? 1 squre (10’x10’) 6”” thick

Reinforced concrete wall 32,000.00 ??? 1 squre (10’x10’) 3”” thick (10 mm & 6mm Rainforcement)

Reinforced concrete column / beam 13,500.00 M3 1:2:4(20 mm)

Fired bricks wall in CSM mortar  9,900.00 M3 Precise unit: m3 or cft or rm, etc. Precise width and mortar type

Other type of wall (precise type) 11,000.00 ??? 1 squre (10’x10’) 4’” Thick

Cement sand plaster 440.00 m2 Precise unit: m3 or cft, etc. Precise mix ratio
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COST OF LABOUR AND BUILDING MATERIALS - KILINOCHCHI

LABOUR

Items  Rate (Rs.) Unit  

LA
B

O
U

R
 T

Y
PE

Supervisor (Net cost with bonus and welfare) 2,000 day  

Mason (Net cost with bonus and welfare) 1,700 day  

Helper (Net cost with bonus and welfare) 1,500 day  

Labour male (Net cost with bonus and welfare) 1,200 day  

Labour female (Net cost with bonus and welfare) 800 day  

BUILDING UNITS DELIVERED ON SITE

Items  Rate (Rs.) Unit Details

U
N

IT
 T

Y
PE

S

Compressed earth blocks (solid) not available piece Type & size in cm?

Compressed earth blocks (Interlocking) not available piece Type & size in cm?

Local Fired Bricks 12 piece 225 x 100 x 50

Local Fired Bricks 22 piece 225 x 150 x 75

Industrial Fired Bricks not available piece Size in cm?

Solid Concrete Blocks 30 piece 300 x 100 x 150

Solid Concrete Blocks 45 piece 300 x 150 x 150

Hollow Concrete Blocks 31 piece 300 x 100 x 150

Other building material  piece Detail & size in cm?

RAW MATERIALS DELIVERED ON SITE

Items  Rate (Rs.) Unit Details

A
G

G
R

EG
A

TE
S

Soil dug by hand not available Truck  

Soil dug by machine and transported by truck 8,000 Truck 300 cft (8.5 m3)

Sand raw transported by truck 17,000 Truck 8.5 m3

Sieved sand (# 5 mm) 6,000 m3  

Stone dusttransported by truck 17,000 Truck 8.5 m3

Stone transported by truck 19,000 Truck 8.5 m3

Gravel Chips 1/4” (7.5 mm) 25,000 Truck 8.5 m3

Gravel 1/2” (15 mm) 31,000 Truck 8.5 m3

Gravel 3/4” (20 mm) 33,000 Truck 8.5 m3

Gravel 1” (25 mm) 30,000 Truck 8.5 m3

Gravel 1.5 “ (40 mm) 28,000 Truck 8.5 m3

B
IN

D
ER

S

Cement (Nippon) 920 Bag 50 Kg Which grade?

White cement 980 Bag 50 Kg  

Lime 300 Bag Weight of a bag?

Gypsum not available Bag Quality & weight of a bag?
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ST
EE

L

Binding wire 120 kg  

Steel Φ 4 MS not available kg Length of bar?

Steel Φ 6 MS 89 kg Length of bar? 6 m

Steel Φ 8 TS 93 kg Length of bar? 6 m

Steel Φ 10 TS 103 kg Length of bar? 6 m

Steel Φ 12 TS 101 kg Length of bar? 6 m

Steel Φ 16 TS 100 kg Length of bar? 6 m

Steel Φ 20 TS not available kg Length of bar?

Chicken mesh 1/2 “ - 22 gauge - 3 ‘ 6,000 m in 3’ Length of 1 roll of mesh? 100 ft

Chicken mesh 1/2 “ - 22 gauge - 4 ‘ 8,000 m in 4’ Length of 1 roll of mesh? 100 ft

R
O

O
FI

N
G Terra cotta tile, transported to site not available piece Size? Distance of transportation?

Micro concrete tiles not available piece Size? Distance of transportation?

Fibro concrete tiles not available piece Size? Distance of transportation?

TRANSPORTATION

Items  Rate (Rs.) Unit Details

 Truck Transportation cost (Over 20 - 30 Km) 50 km Volume of truck? 3 cube

Tractor Transportation cost (Over 20 - 30 Km) 100 km Volume of tractor? 3/4 cube

COST OF BUILDING SYSTEMS - KILINOCHCHI

Items Rate (Rs.) Unit  

FO
U

N
D

A
TI

O
N

S

Random rubble masonry with local stone 8,100 m3 Precise unit: m3 or cft or rm, etc. Precise width and mortar type

Solid concrete block in CSM mortar 10,820 m3 Precise unit: m3 or cft or rm, etc. Precise width and mortar type

Reinforced concrete  - ??? Precise unit: m3 or cft or rm, etc. Precise width, mix ratio & bar 
size

Fired bricks in CSM mortar 11,345 m3 Precise unit: m3 or cft or rm, etc. Precise width and mortar type

Other type of foundation (precise type)  ??? Precise unit: m3 or cft or rm, etc. Precise width and mortar type

W
A

LL
S,

 C
O

LU
M

N
S

Random rubble masonry wall with local stone 8100 m3 Precise unit: m3 or cft or rm, etc. Precise width and mortar type

Solid concrete block wall in CSM mortar 10,820 m3 Precise unit: m3 or cft or rm, etc. Precise width and mortar type

Hollow Concrete Blocks wall in CSM mortar not available  Precise unit: m3 or cft or rm, etc. Precise width and mortar type

Reinforced concrete wall 4,150 m2 Width is 100mm, bar size in 10mm (CN bar)

Reinforced concrete column / beam 2,410 m Size of column is 225 x 225, 12 mm CN bar, 6mm stirupps 
150mm c/c

Fired bricks wall in CSM mortar 11,345 m3 125mm width, 1:5 cement mortar

Other type of wall (precise type)  ??? Precise unit: m3 or cft or rm, etc. Precise width and mortar type

Cement sand plaster 425 m2 Precise unit: m3 or cft, etc. Precise mix ratio

Source: Habitat for Humanity Sri Lanka (collected by Batticaloa and Kilinochchi offices).
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Annex 7: Data and Assumptions 
for Cost Estimation

DATA FOR THE PRODUCTION COST OF CSEB  
(ALL COSTS WITH MACHINERY AND INFRASTRUCTURE)

COST DATA FOR BATTICALOA COST DATA FOR KILINOCHCHI

Infrastructure cost (LKR) & details Infrastructure cost (LKR) & details

Shelter 645,000 Shelter 680,000

Watchman cabin 50,000 Watchman cabin 55,000

Storeroom 50,000 Storeroom 55,000

Lifetime buildings 10 years Lifetime 10 years

Water Connection setup cost 25,000 Water Connection setup cost 25,000

Water subscription/year (LKR 265 x12) 3,180 Water subscription/year (LKR 265 x12) 3,180

Water (small industries) (LKR/m3) 56 Water (small industries) (LKR/m3) 56

Mix & Materials cost (LKR) Mix & Materials cost (LKR)

Cost for raw soil (LKR/m3) 390 Cost for raw soil (LKR/m3) 950

Cost for crushed soil (LKR/m3) 600 Cost for crushed soil (LKR/m3) 1,375

Cost for raw sand (LKR/m3) 1,690 Cost for raw sand (LKR/m3) 2,000

Cost for raw gravel ½” (LKR/m3) 3,125 Cost for raw gravel ½” (LKR/m3) 3,250

Cost bag cement 50 kg 925 Cost bag cement 50 kg 920

Cost bag lime 25 kg 350 Cost bag lime 25 kg 300

Labour cost (LKR) Labour cost (LKR)

Management & office (LKR/month) 60,000 Management & office (LKR/month) 65,000

Labour male (LKR/day) 1,000 Labour male (LKR/day) 1,000

Labour female + welfare (LKR/day) 900 Labour female + welfare (LKR/day) 900

Other costs (LKR) Other costs (LKR)

Electricity initial 3 phase connection 150,000 Electricity initial 3 phase connection 150,000

Elect. subscription/year (LKR 600 x 12) 7,200 Elect. subscription/year (LKR 600 x 12) 7,200

Electricity (> 300 kWh) (LKR/kWh) 12.20 Electricity (> 300 kWh) (LKR/kWh) 12.20

Diesel (LKR/L) 95 Diesel (LKR/L) 95
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COST OF MANUAL AURAM MACHINERY COST OF MOTORISED AURAM MACHINERY

Item Data Item Data

Production Equipment cost (LKR) & details Production Equipment cost (LKR) & details

Machine’s cost (2 Nos. Auram 3000) 847,344 Machine’s cost (1 set) 8,485,429

Transport Colombo — Batti or 
Kilinochchi

20,000 Transport Colombo — Batti or 
Kilinochchi

40,000

Resale value 10 % Resale value 20 %

Wheelbarrows/Sieves (2 sets.) 496,838 Wheelbarrows/Tools (1 set.) 253,635

Hand Tools/Small Equipment (2 Nos.) 128,000 Hand Tools/Small Equipment (2 set.) 64,000

Nos. of workers for 2 presses 23 Nos. of workers for 1 set of machines 22

Daily productivity (Blocks) 1,700 Daily productivity (Blocks) 2,800

NB: Cost of machinery includes import tax.

COST OF SARAM PRESS

Production Equipment cost (LKR) & details

Saram cost (7 Nos.) to get same 
productivity as 2 Auram press 3000

1,328,250

Transport Colombo — Batti or 
Kilinochchi

20,000

Resale value 10 %

Wheelbarrows/Sieves

(Same as 2 Auram Press 3000)

496,838

Hand Tools/Small Equipment

(Same as 2 Auram Press 3000)

128,000

Nos. of workers for 7 presses 29

Daily productivity (Blocks) 1,700

NB: Cost of machinery includes VAT.
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DATA FOR THE COST OF VARIOUS MASONRY WALLS (CSEB, CFB AND CSB)

COST DATA FOR BATTICALOA

MASONRY COST ANALYSIS - BATTICALOA

CSEB MASONRY (BLOCK 290 PRODUCED BY PRESS 3000)

DATA CSEB 290 WALL

Block size (L, W, H)  (in cm)  29.0 14.0 9.0  

Block weight (average dry)  7.00 Kg = 1916 Kg/ m3

Wall thickness   14.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost

Full blocks + cost press 23.51 33.3 Full blocks per m2 822.7 

Mortar SEM 1: 4: 8 5,628 24.4 Litres per m2 of wall 137.1 

1 Mason 1,700 130 blocks = 3.9 m2 per day 435.9 

1 Helper 1,500 130 blocks = 3.9 m2 per day 384.6 

1/2 Labour female 900 130 blocks = 3.9 m2 per day 115.4 

Mortar 1: 6: 6 (pointing) 5,795 2.7 Litres per m2 of wall 15.8 

SUB TOTAL PER M2     1,911.5 

Miscellaneous 5.0%     95.6 

TOTAL COST PER M2 (14 cm wall thickness) 2,007 

TOTAL COST PER M3     14,336 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

COST DATA FOR KILINOCHCHI

MASONRY COST ANALYSIS - KILINOCHCHI

CSEB MASONRY (BLOCK 290 PRODUCED BY PRESS 3000)

DATA CSEB 290 WALL

Block size (L, W, H)  (in cm)  29.0 14.0 9.0  

Block weight (average dry)  7.00 Kg = 1916 Kg/ m3

Wall thickness   14.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost

Full blocks + cost press 27.33 33.3 Full blocks per m2 956.5 

Mortar SEM 1: 4: 8 6,305 24.4 Litres per m2 of wall 153.6 

1 Mason 1,700 130 blocks = 3.9 m2 per day 435.9 

1 Helper 1,500 130 blocks = 3.9 m2 per day 384.6 

1/2 Labour female 800 130 blocks = 3.9 m2 per day 102.6 

Mortar 1: 6: 6 (pointing) 6,527 2.7 Litres per m2 of wall 17.8 

SUB TOTAL PER M2     2,051.0 

Miscellaneous 0.0%     102.6 

TOTAL COST PER M2 (14 cm wall thickness) 2,154 

TOTAL COST PER M3     15,383 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - BATTICALOA

CSEB MASONRY (BLOCK 290 PRODUCED BY PRESS 4000)

DATA CSEB 290 WALL

Block size (L, W, H)  (in cm)  29.0 14.0 9.0  

Block weight (average dry)  7.00 Kg = 1916 Kg/ m3

Wall thickness   14.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost

Full blocks + cost press 19.22 33.3 Full blocks per m2 672.7 

Mortar SEM 1: 4: 8 5,628 24.4 Litres per m2 of wall 137.1 

1 Mason 1,700 130 blocks = 3.9 m2 per day 435.9 

1 Helper 1,500 130 blocks = 3.9 m2 per day 384.6 

1/2 Labour female 900 130 blocks = 3.9 m2 per day 115.4 

Mortar 1: 6: 6 (pointing) 5,795 2.7 Litres per m2 of wall 15.8 

SUB TOTAL PER M2     1,761.6 

Miscellaneous 5.0%     88.1 

TOTAL COST PER M2 (14 cm wall thickness) 1,850 

TOTAL COST PER M3     13,212 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - KILINOCHCHI

CSEB MASONRY (BLOCK 290 PRODUCED BY PRESS 4000)

DATA CSEB 290 WALL

Block size (L, W, H)  (in cm)  29.0 14.0 9.0  

Block weight (average dry)  7.00 Kg = 1916 Kg/ m3

Wall thickness   14.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost

Full blocks + cost press 25.49 33.3 Full blocks per m2 892.1 

Mortar SEM 1: 4: 8 6,305 24.4 Litres per m2 of wall 153.6 

1 Mason 1,700 130 blocks = 3.9 m2 per day 435.9 

1 Helper 1,500 130 blocks = 3.9 m2 per day 384.6 

1/2 Labour female 800 130 blocks = 3.9 m2 per day 102.6 

Mortar 1: 6: 6 (pointing) 6,527 2.7 Litres per m2 of wall 17.8 

SUB TOTAL PER M2     1,986.6 

Miscellaneous 5.0%     99.3 

TOTAL COST PER M2 (14 cm wall thickness) 2,086 

TOTAL COST PER M3     14,900 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female
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MASONRY COST ANALYSIS - BATTICALOA

EARTH CONCRETE BLOCKS (Ratio 1: 8, 4”) MASONRY - 10 CM 
WALL

DATA EARTH CONCRETE BLOCKS (ECB)

Brick size (L, W, H)  (in cm)  30.0 10.0 15.0  

Block weight (average dry)  10.00 Kg = 2222 Kg/ m3

Wall thickness   10.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Earth concrete block 22.23 20.2 blocks per m2 515.4 

Mortar SEM 1: 4: 8 5,628 17.9 Litres per m2 of wall 101.0 

1 Mason 1,700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1,500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 900 80 blocks = 4.0 m2 per day 113.4 

Mortar 1: 6: 6 (pointing) 5,795 1.1 Litres per m2 of wall 6.5 

SUB TOTAL     1,542.7 

Miscellaneous 5.0%   77.1 

TOTAL COST PER M2 (15 cm wall thickness) 1,620 

TOTAL COST PER M3     16,198 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - KILINOCHCHI

EARTH CONCRETE BLOCKS (Ratio 1: 8, 4”) MASONRY - 10 CM 
WALL

DATA EARTH CONCRETE BLOCKS (ECB)

Brick size (L, W, H)  (in cm)  30.0 10.0 15.0  

Block weight (average dry)  10.00 Kg = 2222 Kg/ m3

Wall thickness   10.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Earth concrete block 25.40 20.2 blocks per m2 588.8 

Mortar SEM 1: 4: 8 6,305 17.9 Litres per m2 of wall 113.1 

1 Mason 1,700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1,500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 800 80 blocks = 4.0 m2 per day 100.8 

Mortar 1: 6: 6 (pointing) 6,527 1.1 Litres per m2 of wall 7.3 

SUB TOTAL     1,616.5 

Miscellaneous 5.0%   80.8 

TOTAL COST PER M2 (15 cm wall thickness) 1,697 

TOTAL COST PER M3     16,973 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - BATTICALOA

EARTH CONCRETE BLOCKS (Ratio 1: 8, 6”) MASONRY - 
15 CM WALL

DATA EARTH CONCRETE BLOCKS (ECB)

Brick size (L, W, H)  (in cm)  30.0 15.0 15.0  

Block weight (average dry)  15.00 Kg = 2222 Kg/ m3

Wall thickness   15.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Earth concrete block 33.02 20.2 blocks per m2 765.6 

Mortar SEM 1: 4: 8 5,628 19.5 Litres per m2 of wall 109.9 

1 Mason 1,700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1,500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 900 80 blocks = 4.0 m2 per day 113.4 

Mortar 1: 6: 6 (pointing) 5,795 1.1 Litres per m2 of wall 6.5 

SUB TOTAL     1,801.9 

Miscellaneous 5.0%   90.1 

TOTAL COST PER M2 (15 cm wall thickness) 1,892 

TOTAL COST PER M3     12,613 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - KILINOCHCHI

EARTH CONCRETE BLOCKS (Ratio 1: 8, 6”) MASONRY -  
15 CM WALL

DATA EARTH CONCRETE BLOCKS (ECB)

Brick size (L, W, H)  (in cm)  30.0 15.0 15.0  

Block weight (average dry)  15.00 Kg = 2222 Kg/ m3

Wall thickness   15.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Earth concrete block 37.70 20.2 blocks per m2 874.2 

Mortar SEM 1: 4: 8 6,305 19.5 Litres per m2 of wall 123.1 

1 Mason 1,700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1,500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 800 80 blocks = 4.0 m2 per day 100.8 

Mortar 1: 6: 6 (pointing) 6,527 1.1 Litres per m2 of wall 7.3 

SUB TOTAL     1,911.9 

Miscellaneous 5.0%   95.6 

TOTAL COST PER M2 (15 cm wall thickness) 2,007 

TOTAL COST PER M3     13,383 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female
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MASONRY COST ANALYSIS - BATTICALOA

EARTH CONCRETE BLOCKS (Ratio 1: 10, 4”) MASONRY -  
10 CM WALL

DATA EARTH CONCRETE BLOCKS (ECB)

Brick size (L, W, H)  (in cm)  30.0 10.0 15.0  

Block weight (average dry)  10.00 Kg = 2222 Kg/ m3

Wall thickness   10.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Earth concrete block 18.62 20.2 blocks per m2 431.8 

Mortar SEM 1: 4: 8 5,628 17.9 Litres per m2 of wall 101.0 

1 Mason 1,700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1,500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 900 80 blocks = 4.0 m2 per day 113.4 

Mortar 1: 6: 6 (pointing) 5,795 1.1 Litres per m2 of wall 6.5 

SUB TOTAL     1,459.1 

Miscellaneous 5.0%   73.0 

TOTAL COST PER M2 (15 cm wall thickness) 1,532 

TOTAL COST PER M3     15,321 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - KILINOCHCHI

EARTH CONCRETE BLOCKS (Ratio 1: 10, 4”) MASONRY -  
10 CM WALL

DATA EARTH CONCRETE BLOCKS (ECB)

Brick size (L, W, H)  (in cm)  30.0 10.0 15.0  

Block weight (average dry)  10.00 Kg = 2222 Kg/ m3

Wall thickness   10.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Earth concrete block 21.81 20.2 blocks per m2 505.7 

Mortar SEM 1: 4: 8 6,305 17.9 Litres per m2 of wall 113.1 

1 Mason 1,700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1,500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 800 80 blocks = 4.0 m2 per day 100.8 

Mortar 1: 6: 6 (pointing) 6,527 1.1 Litres per m2 of wall 7.3 

SUB TOTAL     1,533.4 

Miscellaneous 5.0%   76.7 

TOTAL COST PER M2 (15 cm wall thickness) 1,610 

TOTAL COST PER M3     16,101 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - BATTICALOA

EARTH CONCRETE BLOCKS (Ratio 1: 10, 6”) MASONRY -  
15 CM WALL

DATA EARTH CONCRETE BLOCKS (ECB)

Brick size (L, W, H)  (in cm)  30.0 15.0 15.0  

Block weight (average dry)  15.00 Kg = 2222 Kg/ m3

Wall thickness   15.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Earth concrete block 27.70 20.2 blocks per m2 642.3 

Mortar SEM 1: 4: 8 5,628 19.5 Litres per m2 of wall 109.9 

1 Mason 1700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 900 80 blocks = 4.0 m2 per day 113.4 

Mortar 1: 6: 6 (pointing) 5,795 1.1 Litres per m2 of wall 6.5 

SUB TOTAL     1,678.5 

Miscellaneous 5.0%   83.9 

TOTAL COST PER M2 (15 cm wall thickness) 1,762 

TOTAL COST PER M3     11,750 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - KILINOCHCHI

EARTH CONCRETE BLOCKS (Ratio 1: 10, 6”) MASONRY -  
15 CM WALL

DATA EARTH CONCRETE BLOCKS (ECB)

Brick size (L, W, H)  (in cm)  30.0 15.0 15.0  

Block weight (average dry)  15.00 Kg = 2222 Kg/ m3

Wall thickness   15.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Earth concrete block 32.41 20.2 blocks per m2 751.5 

Mortar SEM 1: 4: 8 6,305 19.5 Litres per m2 of wall 123.1 

1 Mason 1,700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 800 80 blocks = 4.0 m2 per day 100.8 

Mortar 1: 6: 6 (pointing) 6,527 1.1 Litres per m2 of wall 7.3 

SUB TOTAL     1,789.2 

Miscellaneous 5.0%   89.5 

TOTAL COST PER M2 (15 cm wall thickness) 1,879 

TOTAL COST PER M3     12,525 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female
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MASONRY COST ANALYSIS - BATTICALOA

CEMENT SAND BLOCKS (1: 6, 4”) MASONRY -  
10 CM WALL

DATA CEMENT SAND BLOCKS (CSB)

Brick size (L, W, H)  (in cm)  30.0 10.0 15.0  

Block weight (average dry)  10.00 Kg = 2222 Kg/ m3

Wall thickness   10.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Cement sand block 1: 6 27.00 20.2 blocks per m2 626.0 

Mortar CSM 1: 6 8,806 17.9 Litres per m2 of wall 158.0 

1 Mason 1,700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1,500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 900 80 blocks = 4.0 m2 per day 113.4 

Mortar 1: 5 (pointing) 10,834 1.1 Litres per m2 of wall 12.1 

SUB TOTAL     1,716.0 

Miscellaneous 5.0%   85.8 

TOTAL COST PER M2 (10 cm wall thickness) 1,802 

TOTAL COST PER M3     18,018 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - KILINOCHCHI

CEMENT SAND BLOCKS (Ratio 1: 6, 4”) MASONRY -  
10 CM WALL

DATA CEMENT SAND BLOCKS (CSB)

Brick size (L, W, H)  (in cm)  30.0 10.0 15.0  

Block weight (average dry)  10.00 Kg = 2222 Kg/ m3

Wall thickness   10.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Cement sand block 1: 6 30.00 20.2 blocks per m2 695.6 

Mortar CSM 1: 6 9,490 17.9 Litres per m2 of wall 170.3 

1 Mason 1,700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1,500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 800 80 blocks = 4.0 m2 per day 100.8 

Mortar 1: 5 (pointing) 11,581 1.1 Litres per m2 of wall 13.0 

SUB TOTAL     1,789.1 

Miscellaneous 5.0%   89.3 

TOTAL COST PER M2 (10 cm wall thickness) 1,875 

TOTAL COST PER M3     18,754 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - BATTICALOA

CEMENT SAND BLOCKS (1: 6, 6”) MASONRY -  
15 CM WALL

DATA CEMENT SAND BLOCKS (CSB)

Brick size (L, W, H)  (in cm)  30.0 15.0 15.0  

Block weight (average dry)  15.00 Kg = 2222 Kg/ m3

Wall thickness   15.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Cement sand block 1: 6 40.00 20.2 blocks per m2 927.4 

Mortar CSM 1: 6 8,806 19.5 Litres per m2 of wall 172.0 

1 Mason 1700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 900 80 blocks = 4.0 m2 per day 113.4 

Mortar 1: 5 (pointing) 10,834 1.1 Litres per m2 of wall 12.1 

SUB TOTAL     2,031.4 

Miscellaneous 5.0%   101.6 

TOTAL COST PER M2 (10 cm wall thickness) 2,133 

TOTAL COST PER M3     14,220 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - KILINOCHCHI

CEMENT SAND BLOCKS (Ratio 1: 6, 6”) MASONRY -  
15 CM WALL

DATA CEMENT SAND BLOCKS (CSB)

Brick size (L, W, H)  (in cm)  30.0 15.0 15.0  

Block weight (average dry)  15.00 Kg = 2222 Kg/ m3

Wall thickness   15.0 cm   

Mortar thickness   1.0 cm   

Item Unit cost Detail Cost 

Cement sand block 1: 6 45.00 20.2 blocks per m2 1,043.3 

Mortar CSM 1: 6 9,490 19.5 Litres per m2 of wall 185.3 

1 Mason 1,700 80 blocks = 4.0 m2 per day 428.4 

1 Helper 1,500 80 blocks = 4.0 m2 per day 378.0 

1/2 Labour female 800 80 blocks = 4.0 m2 per day 100.8 

Mortar 1: 5 (pointing) 11,581 1.1 Litres per m2 of wall 13.0 

SUB TOTAL     2,148.9 

Miscellaneous 5.0%   107.4 

TOTAL COST PER M2 (10 cm wall thickness) 2,256 

TOTAL COST PER M3     15,042 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female
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MASONRY COST ANALYSIS - BATTICALOA

COUNTRY FIRED BRICKS MASONRY - 9 CM WALL

DATA COUNTRY FIRED BRICK (CFB)

Brick size (L, W, H)  (in cm)  19.0 9.0 6.5  

Block weight (average dry)  1.80 Kg = 1619 Kg/ m3

Wall thickness   9.0 cm   

Mortar thickness   1.5 cm   

Item Unit cost Detail Cost 

Bricks CFB 8.00 61.0 bricks per m2 561.0 

Mortar CSM 1: 6 8,806 30.8 Litres per m2 of wall 271.2 

1 Mason 1700 490 bricks = 8.0 m2 per day 211.5 

1 Helper 1500 490 bricks = 8.0 m2 per day 186.7 

1/2 Labour female 900 490 bricks = 8.0 m2 per day 56.0 

Mortar 1: 5 (pointing) 10,834 4.5 Litres per m2 of wall 48.5 

SUB TOTAL     1,334.8 

Miscellaneous 5.0%   66.7 

TOTAL COST PER M2 (9 cm wall thickness) 1,402 

TOTAL COST PER M3     15,573 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - KILINOCHCHI

COUNTRY FIRED BRICKS MASONRY - 10 CM WALL

DATA COUNTRY FIRED BRICK (CFB)

Brick size (L, W, H)  (in cm)  22.5 10.0 5.0  

Block weight (average dry)  1.90 Kg = 1689 Kg/ m3

Wall thickness   10.0 cm   

Mortar thickness   1.5 cm   

Item Unit cost Detail Cost 

Bricks CFB 12.00 64.1 bricks per m2 884.6 

Mortar CSM 1: 6 9,490 38.0 Litres per m2 of wall 361.1 

1 Mason 1,700 490 bricks = 7.6 m2 per day 222.4 

1 Helper 1500 490 bricks = 7.6 m2 per day 196.2 

1/2 Labour female 800 490 bricks = 7.6 m2 per day 52.3 

Mortar 1: 5 (pointing) 11,581 5.1 Litres per m2 of wall 58.5 

SUB TOTAL     1,775.2 

Miscellaneous 5.0%   88.8 

TOTAL COST PER M2 (10 cm wall thickness) 1,864 

TOTAL COST PER M3     18,639 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - BATTICALOA

COUNTRY FIRED BRICKS MASONRY - 19 CM WALL

DATA COUNTRY FIRED BRICK (CFB)

Brick size (L, W, H)  (in cm)  19.0 9.0 6.5  

Block weight (average dry)  1.90 Kg = 1709 Kg/ m3

Wall thickness   19.0 cm   

Mortar thickness   1.5 cm   

Item Unit cost Detail Cost 

Bricks CFB 8.00 122.0 bricks per m2 1,122.0 

Mortar CSM 1: 6 8,806 61.6 Litres per m2 of wall 542.3 

1 Mason 1700 490 bricks = 4.0 m2 per day 423.1 

1 Helper 1500 490 bricks = 4.0 m2 per day 373.3 

1/2 Labour female 900 490 bricks = 4.0 m2 per day 112.0 

Mortar 1: 5 (pointing) 10,834 8.9 Litres per m2 of wall 96.9 

SUB TOTAL     2,669.6 

Miscellaneous 5.0%   133.5 

TOTAL COST PER M2 (19 cm wall thickness) 2,803 

TOTAL COST PER M3     14,753 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female

MASONRY COST ANALYSIS - KILINOCHCHI

COUNTRY FIRED BRICKS MASONRY - 22.5 CM WALL

DATA COUNTRY FIRED BRICK (CFB)

Brick size (L, W, H)  (in cm)  22.5 10.0 5.0  

Block weight (average dry)  1.90 Kg = 1689 Kg/ m3

Wall thickness   22.5 cm   

Mortar thickness   1.5 cm   

Item Unit cost Detail Cost 

Bricks CFB 12.00 128.2 bricks per m2 1,769.2 

Mortar CSM 1: 6 9,490 76.1 Litres per m2 of wall 722.2 

1 Mason 1700 490 bricks = 3.8 m2 per day 444.8 

1 Helper 1500 490 bricks = 3.8 m2 per day 392.5 

1/2 Labour female 800 490 bricks = 3.8 m2 per day 104.7 

Mortar 1: 5 (pointing) 11,581 10.1 Litres per m2 of wall 117.0 

SUB TOTAL     3,550.3 

Miscellaneous 5.0%   177.5 

TOTAL COST PER M2 (22.5 cm wall thickness) 3,728 

TOTAL COST PER M3     16,568 

All prices are in LKR Sri Lanka, 28. 09. 2016

Team = 2 masons + 2 helpers + 1 labour female
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