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Abstract
This paper is about Interlocking Stabilized Soil Blocks (ISSB) as developed in Thailand. ISSB are seen as an
eco-friendly building material for home building and structures such as water tanks and sanitation facilities. For
several decades the Thai R&D Institute TISTR has worked on developing and testing ISSB, which in other
countries are called compressed stabilized earth blocks or CSEB. The composition of building blocks and the
quality of building structures determine together the structural quality of the house or building. If there is a need
for earthquake- and storm resistance, the building blocks and the structures must have specific features. Building
stacked houses is an important issue given the growing scarcity of land for housing and the increasing land
prices. ISSB is not only applied in Thailand, but also in Cambodia for low-cost housing and in Nepal for home
reconstruction after the 2015 earthquake. ISSB or CSEB is also applied in other countries as an alternative
building material and technology to replace the use of fired bricks and concrete building blocks for housing.
Reducing the use of cement in the materials and structures is important for environmental reasons, but in
ISSB/CSEB the use of cement as a stabilizer cannot always be avoided. This is surely the case in areas where
earthquakes, heavy storms and floods can occur. Although this paper focuses mainly on technical aspects of
sustainable housing and construction, there is also a focus on social sustainability, meaning a strong involvement
of local communities in the production of sustainable building materials for walls, newly developed construction
technologies, and mutual house and facility construction.
Keywords: interlocking block masonry, interlocking stabilized soil blocks, ISSB, Thailand ISSB, compressed
stabilized earth blocks, CSEB, low-cost housing, social housing, mutual housing, sustainable house construction
1. Introduction
As part of the ASEAN Next 2019 Conference of the Association of Southeast Asian Nations, the Thailand
Institute of Scientific and Technological Research (TISTR), an R&D Institute under the Ministry of Science and
Technology, hosted a workshop entitled: ASEAN Workshop on Green Construction Materials for Community
and MSMEs in March 2019 in Bangkok. The workshop had the following aims: to exchange knowledge on green
construction materials by involving micro, small and medium-sized enterprises (MSMEs) from the ASEAN
member countries; to share technology of TISTR on interlocking block production and construction methods;
and to establish an ASEAN cooperative network on green construction materials. TISTR’s goal is to further
develop and improve the ISSB-technology, in order to promote affordable locally resourced building materials
for housing and other structures which are seen as environmentally friendly. TISTR brings the technology to
Thailand’s regional and local levels to be used by individuals, communities, and MSMEs.
This paper explores the use of ISSB in Thailand, as developed by TISTR since 1967. These interlocking
construction blocks are made of local raw materials – earth, loam, or soil – which are mixed in the right
proportion with a low percentage of cement, and compressed using simple machinery. The resulting building
blocks usually have high compressive strength and are suitable for constructing both outer and inner walls with
load-bearing capacity. In addition, there are several other applications, including round water-storage tanks and
sanitation facilities for communities. It is widely understood that the use of ISSB for house construction supports
green technology, as it is more sustainable than using fired clay bricks or concrete building blocks. The
construction processes using ISSB and the associated building technology are not very complicated. Due to the
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fact that raw materials can be found locally, the brick laying process and the building of homes can be done
(partly or largely) by the residents themselves, resulting in reduced construction time, and high
cost-effectiveness.
Local communities can use ISSB technology for the construction of (individual) homes of good quality as well
as community facilities and structures. This might encourage the establishment of new businesses and the
creation of jobs, especially in the rural communities and the smaller cities. Involving local households and
communities in housing construction can actually be seen as social sustainability which is achieved by the ISSB
technology and the transference of knowledge and equipment to local communities. Although the construction
technology is not very complicated, the composition of the mixtures remains a specialized matter that always
demands professional investigations of soil types to ensure the strength of the structures. Knowledge must be
transferred to local communities, producers of materials, contractors, and construction workers. Some properties
of the mixtures for the interlocking building blocks could be improved, for example to increase compressive
strength of blocks in order to be able to build in multiple stories, and to reduce the water absorption of the walls.
Research is being conducted on aspects such as the use of larger spans in building constructions, the strength of
load-bearing walls and columns, and the use of (bio-)alternatives to cement as a stabilizer in mixtures for blocks.
Box on Thailand
Thailand has a population of over 68 million inhabitants. The urbanization rate is 50.4 percent and 12.6 percent
of the population is living below the poverty line. Public housing has been provided in Thailand for low-income
households mainly in urban areas, for example in the Bangkok Metropolitan Region. The urban housing shortage
is huge and for a long time low-rise (4-5 story) apartment buildings were built among others by the National
Housing Authority. ISSB is not applied there because stacked housing in high density areas demands different
building structures, and soil for ISSBs is not available within urban areas. The housing issues in rural areas,
villages, and smaller cities differ from those in the urban areas. Outside of urban areas, houses – modest and
middle class – are mostly built by individual households. The ISSB building blocks are most conveniently used
for 1 or 2 story houses. This is shown in a book of TISTR containing illustrations of home types on offer. In
addition to homes, also schools, community centers, hotels, industrial buildings, etc. can be realized with the
ISSB building blocks. The ISSB building blocks are also suitable for families building homes on private land.
The modest housing type is model Style a 1, with 45 m2 floor space. According to TISTR, the houses built with
the first generation ISSB – which are already around 35 years old – are still in good condition. The National
Housing Authority (NHA) has developed various housing typologies for people with low and moderate income:
condominium housing, as well as small houses on their own plots to be expanded incrementally by the residents.
Currently, they are developing Green Housing projects for low-income people, and give grants for home
renovations and loans for house building (National Housing Authority Thailand, n.d.).
2. International Focus on Earth Technologies Including ISSB
After the first human settlements were founded, the residents started to use earth as a building material. Building
earthen walls gradually became a specialized craft in most regions of the world, such as Asia, Africa, the Middle
East and Latin America. Earth was also used in North America and in some European countries. Various names
were used for earthen building materials, such as adobe, compressed or rammed earth, and mud bricks. Using old
techniques and adding new technology and additives makes earth building blocks more durable and sustainable,
compared to the ‘common modern' building materials such as reinforced concrete and steel. Adding a little
cement (3-4 percent) to the adobe mixtures greatly improves their resistance (Dethier, 1983). A great quality
upgrade was made possible by the development of hand-press devices and mechanized presses. The Cinva Ram
press was developed in 1952 by Raul Ramirez in Colombia; the blocks produced with the press were stronger
and more water resistant than adobe. Since the 1960s many projects were started with earth techniques to realize
housing and other buildings, as was the case in most countries in Africa. In India the Auroville Earth Institute
(AVEI) and the Indian Institute of Science of Bangalore (IISc) performed research concerning earth technologies
such as CEB and CSEB and developed new knowledge and building standards. The Auroville Earth Institute a
highly respected expertise center on Earth technologies and architecture. They have successfully built various
buildings with CSEB over the years, including high-quality houses and apartment buildings with three and four
stories (Auroville Earth Institute, n.d.). Other countries, such as Thailand and Sri Lanka, also developed CSEB
or ISSB and developed their own standards, as did New Zealand, Australia, and the USA. In France,
CRAterre-ENSAG promotes earth techniques and is a center of excellence of the UNESCO Chair ‘Earthen
Architecture, Constructive Cultures and Sustainable development’ (Rocha, 2017).
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The searchh for ‘affordabble and sustainnable buildingg materials forr low-cost houssing’ got a new
w boost in the
e first
decade of this century by
b UN-Habitatt, which has leed to various publications aand pilot projeects. These pro
ojects
often usedd earth technoologies, such as compressedd (stabilized) earth blocks (CEB; CSEB
B) and interloc
cking
stabilized soil blocks (IS
SSB), which aare names of thhe same type oof building bloocks. These buuilding blocks have
environmeental advantagges and can bee used for housing and builddings such as community annd medical cen
nters.
UN-Habitaat is promotingg earth technoologies for low
w-income houssing because oof the environm
mental benefitss and
the social and economicc advantages oof involving loocal communitties and entreppreneurs in bloock production
n and
house buillding. A holisttic approach oon sustainabilitty contains thee following asspects: environnmental, econo
omic,
cultural, soocial, and institutional. The vision is that local raw matterials are usedd for the compposition of building
materials ffor walls and that
t local laborr is involved inn constructionn. Then, housess and other buiildings can be built
by local ppeople, while simultaneouslyy local buildinng practices aare improved bby adding upggraded technology.
This meanns that a transfeer of knowledgge to local com
mmunities and small businesses must be peerformed.
In Africa, low-cost buildding technologgies have beenn promoted foor low-income housing in coountries like Kenya
K
and Ugandda in order to reduce the buuilding costs aand to promotee construction capacities in poor commun
nities.
This has leed to the use of
o alternative bbuilding materrials – such as stabilized soiil blocks and m
micro concrete
e roof
tiles. In 20009 UN-Habittat published a document onn appropriate earth technoloogies in Ugannda, specificallly on
interlockinng stabilized soil
s blocks (Péérez-Peña, 20009). It demonstrates how ennvironmentallyy friendly building
materials aand constructiion technologiies can be madde more afforrdable and acccessible to the urban poor, while
w
meeting sttrict building standards.
s
Com
mpared to alterrnatives such aas fired brickss, ISSB offers lower constru
uction
costs at sim
milar quality, is
i suitable for a wider range of environmennts, and signifficantly reducees the impact on the
environmeent. The ISSB
B was used forr walls for housing, schoolss, sanitation fa
facilities and kkitchens. The walls
w
consist of ISSB blocks built within fr
frames of reinfforced concrette, with colum
mns and beamss. Thus, the bllocks
themselvess don’t normaally have to bee load bearingg. The forms oof the interlockking blocks diiffer from the ones
used in Thhailand. It has been found thhat intensive suupervision is nneeded at the start of a projeect to ensure block
b
quality. Annother examplle of the use off stabilized soil blocks is in D
Darfur (UN-Haabitat, 2010).

1

2

3

Earth Bricks used inn Africa: (1) ISSSB in Ugandaa (model ‘Tanzzania’); (2) intterlocking CSE
EB Uganda; (3))
rectangullar loam brickks for Mali. Souurces: (1) authhor; (2) UN-Ha
Habitat; (3) authhor.
Image 1. V
Various forms of earthen building blocks/bbricks
An additioonal example inn Africa show
wed the use of eearthen buildinng blocks in a project of 3000 houses in Bam
mako,
commissiooned by the Miinistry of Tow
wn Planning and Habitat in M
Mali. Blocks are produced wiith a mobile factory;
the hydrauulically compreessed earth bloocks (HCEB) aare also called loam bricks oor clay bricks, bbut are comparable
to CSEB aand ISSB – but these are nott interlocking ((LEVS Architeects, n.d.). Thee rectangular looam bricks are
e laid
with morttar of only 0.5 cm. No cem
ment is used in these loam
m bricks, although for bearring walls a small
s
percentagee of lime as a stabilizer iss needed. Usiing earthen m
materials from the constructtion site decre
eases
transport aand constructiion cost as weell as the envvironmental im
mpact. Oskam--vf provides thhe technology
y and
machineryy (Oskam-vf, n.d.).
n
The archiitect Francis K
Kéré from Burkkina Faso desiggned and builtt a series of sch
hools
in some A
African countriies with compparable compreessed earthen building blockks, which are also rectangullar in
form. The bricks used arre stabilized w
with around 7 ppercent cemennt. The architeect also built thhe Center for Earth
E
Architectuure in Mopti, Mali,
M
with 7 ppercent cemennt added to thee CEB for greeater stability (Kéré, 2016). This
building iss in the same city
c as the greaat mosque of M
Mopti, an imposing earthen sttructure built iin traditional sttyle.
Research ffor the improvvement of earthh blocks is being conductedd in various coountries, in ordder to minimiz
ze the
use of cem
ment. Thereforre, there is an oongoing search for stabilizeers made from plant and anim
mal products. Prof.
Gernot Miinke of the Unniversity of Kaassel in Germaany, a specialiist in building with earth, w
wrote: “Plant juices
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containingg oil and latexx derived from
m plants such as sisal, agavve, bananas, aand Euphorbiaa herea, usuallly in
combinatioon with lime, are used as a stabilizing cooating successf
sfully in many countries. Sevveral reports show
s
that cookeed starch and molasses
m
can aalso be used too enhance stabbility. This effe
fect is more pro
ronounced if a little
lime is also added” (Minnke, 2013). Thhe search for sstabilizers as aalternatives forr cement in earrth blocks conc
cerns
enhancing the durabilityy and water ressistance of bloccks by using bbio-resources aas stabilizers. T
The main challlenge
is finding bio-stabilizers that can repplace cement iin CSEB and ISSB for cerrtain usages. T
This issue is under
u
investigatiion in various research
r
instituutes.
Adobe buiilding blocks have
h
been used in many plaaces including Central Amerrica. The follow
wing are impo
ortant
nkage
issues regaarding the usee of adobe: (1)) blocks have a higher percenntage of clay – meaning theree is more shrin
than CSEB
B/ISSB, (2) addobe keeps a hoouse cool in hoot climates, (3)) it is mostly uused in rural areeas where clay
y-like
soil is avaiilable, and (4) do it yourselff is possible w
with technical gguidance. Adobbe is compresssed by hand orr feet
and its dim
mensions are ussually 30 x 30 x 9 cm. The strructures of the buildings are rreinforced withh bamboo bars. The
walls mustt always be plaastered to avoiid the disease of Chagas. Thhe houses builtt with adobe w
walls can be bu
uilt so
that they are earthquakke resistant. C
Currently, research is being conducted att FUNDASAL
L’s research center
(Foundatioon for Salvadoorian Developm
o the
ment and Afforrdable Housingg) in El Salvaddor on improviing the ratios of
mixtures inn order to loweer the percentaage of clay, to rreduce shrinkagge. Besides thaat, FUNDASA
AL also experim
ments
with colorred mixtures, adequate
a
mixtuures for plasterrwork and painnt for walls wiith natural coloors. The researrch is
relevant too the developm
ment of CSEB aand ISSB (Breedenoord, 20177).
3. The ‘Joourney’ of Thaailand’s Interrlocking Stabiilized Soil Bloocks
The Thailaand ISSB is a compressed eaarth (soil) blocck that is madee up of several raw materials, which are mixed
m
in a certainn proportion. 'IISSB' is a com
mmon abbreviaation of the com
mpressed earthh block or bricck. The dimenssions,
weight, annd form of the blocks can vaary internationally; the TIST
TR interlockingg stabilized soil blocks cannot be
shifted. Thhese interlockking blocks haave been develloped as a loaad-bearing buiilding material with a pattern of
holes, whhich makes possible
p
the aaddition of hhorizontal andd vertical reinnforcements iin the walls. The
reinforcem
ments are not visible
v
from thhe outside or tthe inside, which is an archiitectural advanntage. Stacking the
blocks cann be done by loocal people aftter training, buut normally undder the superviision of experiienced construction
workers. B
By making use of local raw m
materials such aas gravel, sandd, silt, clay andd loam or suitabble waste materials,
the use of cement in the mixtures can be reduced whhich makes the blocks less hheavy than thee first generatio
on of
interlockinng blocks. The use of ISSB hhelps to increasse the value off existing naturral materials, aand can give a boost
b
to the locaal economy. According
A
to TIISTR, the use of ISSB helpss to reduce connstruction costs by more tha
an 20
percent coompared to connventional maaterials. The IS
SSB that is known in Thailaand has a deveelopment history of
several deccades. A first interlocking
i
buuilding block w
was introducedd in 1982, but that turned outt to be too heavy in
use. Verticcal grooves weere made on thee outside, but tthe owners/resiidents did not llike that too mu
much. Conseque
ently,
the secondd block model for
f homes hadd no exterior grroves. The shappe and dimensions of the bloocks were imprroved
over the yyears mostly as
a a result of tthe practical experiences. M
Model 3 has beeen developedd with two holes to
connect thhe bricks in verrtical directionn for better inteerlocking functtioning. Modeels 3 and 4 are suitable for regular
building appplications (Jaanbunjong, 20119).

TISTR IIB, Model 2 (11998)

TISTR IB, Model 1 (19882)
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TISTR IIB, Model 4 (ccurrent with linnk-hole depresssion
for more tthan 2 story beearing)

Source: TIISTR.
Image 2. TIST
TR IB block m
model 1-4
At the begginning of 2019, TISTR begaan working onn the next geneeration of imprroved buildingg blocks; (1) bllocks
that are suuitable for loadd-bearing walls in stacked homes with moore than two flloors, and (2) lightweight ho
ollow
panels thatt can be used for
f interior wallls. Naturally, the new compressed blocks and their mixtuures were teste
ed on
the most reelevant properrties and its funnctioning in thee houses’ strucctures. The proovision of the bbuilding block
ks has
changed oover the coursse of time. Beefore 1998 thee TISTR interllocking block method was taught to the rural
communitiies to build theeir own housess. After 1998, tthe sale of the blocks took pllace at the facttory – 665 facttories
are spreadd out all over the
t country – and a house cconstruction paackage becamee possible. In 2012, construction
material reetailers emergeed with retail pprices, free deliivery services, and a house construction paackage. In 2017
7, the
constructioon material is also
a offered in the online maarket with its trraders and retaiilers, free delivvery services, and
a a
house consstruction packaage. In the table below somee wall materialls in Thailand aare compared. It shows that ISSB
I
has advanttages over otheer materials ass fired bricks annd blocks of cement.
Table 1. Comparison of wall
w materials properties in T
Thailand (Souurce TISTR)
Properties of bricks/bloccks

Normall Brick

Cem
ment Block

L
Light Weight B
Block

Interloocking Block ISSB

Dimensionn (cm) w*h*d

15*6*7

40*77*20

660*7.5*20

25*10*12.5

660*10*20
Compressiive strength (kksc)

20-40

10-15

30-80

<70

Water absoorption (%)

40

-

30

15<

Mortar heiight (cm)

1.5-2

1.0-11.5

00.2-0.3

Grout

Plastering (cm)

1.5-3

1.5-33

1.0-1.5

No

Wall bearing

No

No

N
No

Yes

3.1 How thhe ISSB Buildiing Blocks Aree Made, and the Walls Built
During thee ASEAN Worrkshop on Greeen Constructtion Materials for Communiity and MSME
Es in March 2019,
2
experts annd researchers took
t
part in thhe workshops; they were from
m TISTR, execcutives of privvate companiess that
produce innterlocking buuilding blocks,, researchers, and architectss. Participants were from Viietnam, Cambodia,
Malaysia, the Philippinnes, and Indonesia, and tw
wo internationnal consultantss came from Australia and
d the
Netherlandds respectivelly. Several prresentations w
were given byy scientists frrom TISTR aand the previo
ously
mentionedd countries. Thhe building bloocks were prodduced on the loocation of TISTR, also calledd Technopolis, and
the next daay placed in a trial set. The composition oof the mix for the ISSB was determined inn advance. The
e raw
materials, namely sand, laterite (contaaining sand/silt and clay) annd cement, were mixed andd then the building
blocks werre compressedd, making use oof both a hand press and a m
mechanized press.
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Mixing machine

The block out of the hannd press

Blocks too be used for looad-bearing waalls, coming ouut
of a mecchanized presss

Soource: author.

Image 3.. The productioon process of IISSB in Thailaand
A first layyer of building blocks was laaid directly; thee first layer neeeds to be posiitioned carefullly. The next day,
d a
wall was bbuilt and the attendees
a
weree invited to paarticipate and to comment. M
Many importaant comments were
made by eentrepreneurs from
f
Cambodia and Malaysiia who themselves own a building blocks ffactory. The bllocks
that were ppressed the dayy before were used. The following aspects were noted:
o

reinfoorced corner jooints

o

horizzontal reinforceements

o

verticcal reinforcem
ments

o

finishh of the reinforrced top layer

o

fillingg the vertical holes
h
with cem
ment

o

treatm
ment of the outtside with a waater-repellent ccoating.

1

2
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4

Source: auuthor.
Image 4. Thhe process of cconstructing w
walls with ISSB
B (1-4)
3.2 Testingg the ISSB
TISTR hass tested the com
mpressed buildding blocks thrrough the yearss concerning thhe next propertties (Kokkamh
haeng,
2019):
o

Comppressive strenggth; in wet andd dry conditionn (7 MPa)

o

Comppressive strenggth dependent on density of bblock and cem
ment ratio

o

Wateer absorption capacity; with vvariations of cement ratio annd density

o

Flexuural bond strenngth

o

Optim
mum ratio of grout
g
mortar: P
Portland cemennt per course saand is 1:2 and w/c 0.75

Testing coolumns and waalls under varioous circumstannces in full scaale load test:
o

Capaacity of Interloccking Block C
Columns

o

Capaacity of TISTR
R Interlocking B
Block Beams ffor 3, 4- meterr long beams

o

Testinng of 2.5-meteer-long wall w
with a 1-meter ddoor opening

o

Behaavior of TISTR
R interlocking bblock wall undder lateral loadd

Source: TIISTR
Image 5. Coluumns tested byy TISTR
In additionn, to protect against
a
environnmental disastters, more testts under severre conditions w
were performe
ed as
follows:
o

Behaavior of walls under
u
conditionns of severe flooding

o

Behaavior of walls under
u
conditionns of earthquaakes

o

Behaavior of walls in
i the event off tsunami
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Currently, there is no sppecific Standarrd for Interlockking Block in Thailand; therrefore TIS 57-2533 (Standarrd for
hollow loaad-bearing conncrete masonrry units: Thailand Industriall Standard) haas been applied. Ultimate te
esting
results on all properties are much higgher than allow
wable; and a ddesign code iss required. Thhe safety of TIISTR
interlockinng blocks has been proven iin all sorts of buildings, collumns and wallls under manyy circumstances. It
must be saaid that all testss were executeed by TISTR, w
who has advannced equipmennt to carry out all necessary tests.
t
3.3 Architeectural qualityy of ISSB
The wallss of houses annd structures built with IS
SSB are of hiigh architectuural quality, w
which makes ISSB
I
applicable for all kinds of
o housing typees, from low-ccost to high-ennd.

Photos above are taken at thhe TISTR testinng center wherre a house wass built. Sourcee: author.

R) House in Chhiang Rai builtt with ISSB. 20014. Source: TIISTR
A 35-yearr-old house buiilt with ISSB (SSource: TISTR
Imaage 6. Architeccture of realizeed structures
4. Transfeerring Buildin
ng Knowledgee to the Counttry’s Regions
The goverrnment of Thaiiland wants to bring the new
wly developed knowledge too regions wherre it can be putt into
practice. T
This concerns many areas off science. The ISSB interloccking blocks can be well useed in commun
nities,
especially if the soil forr the blocks is sourced locallly. TISTR proomotes such pprojects and giives accompan
nying
training, soo the knowleddge is being traansferred in a good way, whhile the qualityy of building sttructures is asssured
by superviision over buillding activitiess. Dr. Aparat M
Mahakhant, deeputy-governoor Research and Developmen
nt for
sustainablee developmentt of TISTR, prresented duringg the March 2019 Workshopp two examplees: the Karen group
g
– a populaation group in the
t North of T
Thailand – wouuld like to buildd a water storaage tank and too build homes. This
was done in collaboratiion with the K
Karens for Chhrist Foundatioon in Chiang M
Mai; the popuulation particip
pated
actively heerewith. Eventtually, that led to the construuction of a water tank and sannitation facilitiies. In anotherr case,
TISTR traansferred know
wledge and toogether with llocal people a Buddhist tem
mple was buiilt in Udon Thani.
T
Communitties can develoop economic aactivities in thhe form of a ccommunity enterprise (groupp). Such a forrm of
cooperatioon can be a sm
mall or medium
m enterprise to produce TIST
TR building bllocks, sell them
m to the public
c and
give technnical assistancee to self-buildinng householdss and groups.
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Source: TIISTR.
Image 7. Waater storage tannk built with thhe Karen comm
munity
ctory.
In other caases, the transsfer of knowleedge is done bby entrepreneuurs who have sset up a building blocks fac
Here, buildding blocks annd other materrials are producced and sold too households aand businessess. The entrepre
eneur
can be respponsible for prroviding technnical assistancee to self-buildiing householdss and groups, aand offer a hou
using
package. IIn addition, thhese entreprenneurs also act as contractor.. This is a chhallenge becauuse many tasks are
combined,, while the entrrepreneurs muust be able to eearn a profit froom their enterrprise. Control over the qualiity of
constructioon blocks and their physical properties is vvital. The philosophy regardding the dissem
mination of the
e new
technologyy is good, but it is often a cchallenge to im
mplement it efffectively. Norrmally, the loccal authorities have
specific taasks in supervising the buildiing activities, m
making building regulationss, and executinng building con
ntrol.
The functiioning of technnical assistancee and the role oof local - muniicipal - buildinng control migght be clarified.
5. Suitabillity of Thailan
nd’s ISSB forr Low-Cost Hoousing
The ISSB technology ass developed byy TISTR is suiitable for all kkinds of housinng, from low-ccost to middle- and
high-incom
me housing solutions. As thee demand for llow-cost housing is high in Thailand, appplication of ISS
SB in
low-cost social housing and in housingg programs to support self-cconstruction coould be considdered. The Nattional
Housing A
Authority (NHA
A) is a governnment enterprisse that providees housing for low- and middle-income earners
and deliveers financial assistance
a
to thhem for land acquisition annd decent houuse building, inn order to dev
velop
strong andd self-reliant communities.
c
N
NHA started ccarrying out thhe housing proogram Baan Euua Arthorn (B
BEA),
which aim
ms to produce hundreds
h
of thhousands of afffordable housiing units. Addditionally, the function of NH
HA’s
Urban Com
mmunity Deveelopment Officce (UCDO) is tto grant subsiddies and loans tto community savings groups, for
example foor the purchasee of land and thhe constructionn or improvem
ment of homes. Organizing loocal communitiies to
help them become self-rreliant commuunities is one of UDCO’s m
main tasks. Byy 2000 many ccommunity sav
vings
groups haad been formeed in various pprovinces. UC
CDO providedd loans and teechnical suppoort and establiished
communityy networks. Inn the same yearr, UCDO fusedd with the Ruraal Developmennt Fund to becoome the Commu
unity
Organizatiion Developmeent Institute (C
CODI), now a ppublic organizaation with greaat autonomy to mobilize resou
urces.
Providing for green houssing developm
ment for low-inncome people iis the next chaallenge. A seriees of housing types
t
were deveeloped, such ass row-houses of three, two and a half, annd two stories,, two-story dettached houses, and
two-story duplexes. TIST
TR’s approachh to spreadingg the eco-buildding blocks andd its technologgy to all regions of
Thailand is the same as that
t of UDCO and CODI. Innvolving local communities iin the buildingg of water tanks and
sanitary faacilities is also done in a com
mparable, particcipatory way. Housing projeects in small ciities and rural areas
might be ssupported by NHA
N
and execuuted using the TISTR buildinng blocks techhnology (CODII, n.d.).
6. Future R&D on ISSB
B and Structu
ures of Housin
ng and Buildin
ngs
Building bblocks as developed by TIST
TR are suitablee for low-cost and low-rise hhousing, and ffor green colle
ective
housing prrojects. The blocks are also ssuitable for hoousing for indivvidual familiess who self-builld and expand their
homes oveer time. In thhe latter case, technical assiistance is requuired, but Thaailand’s housiing institutions are
capable off delivering suuch services, inncluding assisttance for save--and-build grooups and housiing cooperatives. It
is to be exxpected that soccial (collectivee) housing hass great potentiaal for the appliication of sustaainable and du
urable
building m
materials, such as ISSB, especially in rural areas and smaaller cities.
TISTR foccuses, among other things, on the use off residues andd biomass. Sinnce a relativelly large amount of
cement is still used in thhe IBBS technnology, it is too be expected tthat TISTR wiill search for rreplacements for
f (a
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portion) off the cement. Current
C
cemennt use in ISSB is twofold: 1) there is a relaatively high percentage of cement
in the mixxtures of the blocks
b
themsellves, and 2) sttrong cement is used in verrtical and horizzontal cavitiess that
function aas columns; some are reinforrced with a steeel bar and othhers are not. T
TISTR might rresearch the use
u of
lime, and bio-based stabbilizers, such as enzymes annd bio-resins for use in ISS
SB. Such research is being done
internationnally and TIST
TR could easilly follow thosee studies, and focus on reseaarch of applicaations of locallly or
regionally available inorrganic as well aas organic resoources.
Currently, the constructiive strength off the reinforceed wall consistting of ISSB iss determined bby the vertical bars
and cemennt fillings. It gives
g
the wall a structural sttrength compaarable to a masssive concrete wall, which is not
necessary in one-story houses. The ddesired structuural strength ccould be provvided by iron tensile bars to
t be
anchored in the foundattion, so the bblocks do not have to be laaid with mortaar and can eveen be reused later.
Non-bearinng walls can be
b built with bllocks that havee less compresssive strength aand a lower peercentage of cement.
Research ccould clarify suuch possibilities and others, which might aallow builders to minimize thhe use of ceme
ent in
wall consttruction, whilee the building blocks can bbe re-used lateer elsewhere, w
which is not tthe case in cu
urrent
cement-filled ISSB.
7. The Usee of ISSB for Housing in C
Cambodia
In Camboodia, the ISSB
B technology uused is compaarable to ISSB
B as developeed in Thailandd, but it is no
ot yet
widespreadd. The follow
wing examplee clarifies thee housing praactice in Cam
mbodia. The ssocial entrepre
eneur
Kongngy H
Hav from Phnnom Penh, Cam
mbodia established an ISSB
B brick factoryy and has deveeloped ‘My Dream
Home’, a concept desiggned to providde quality andd affordable grreen housing. It utilizes the interlocking brick
system, deesigned to proovide durable construction tthat can be puut together byy people withoout building skills.
s
Through tthe initiative, an average sm
mall two-storyy home can bee built for bettween US$4,0000 and US$6,000,
including ddesign and tecchnical assistannce on the connstruction. Acccording to the eentrepreneur, a dwelling is 20-40
2
percent chheaper than traaditional housiing, is less labbor intensive aand is better ffor the environnment. The brricks,
made from
m soil, sand annd clay, are allso aesthetic foor modern buiilding and do not harm the environment when
w
they are m
made. The use of
o cement is m
minimized hereewith. The firm
m also builds m
more expensivve houses and other
structures (My Dream Home,
H
n.d.). T
The NGO Habbitat for Humaanity has builtt a housing prroject with earthen
blocks forr at least 15 saafe, high-qualitty, and affordaable homes inn the Battambaang Province iin the northwe
estern
part of Caambodia. The project
p
uses prrimarily comppressed earth bblocks (CEB), a building maaterial that is made
m
mainly froom damp soiil compressedd to form bloocks. CEB teechnology hass been develooped for low
w-cost
constructioon, as an alteernative to addobe to prom
mote the use oof eco-friendlyy constructionn materials within
w
communitiies (Habitat foor Humanity Caambodia, 20177).

Source: Koongngy Hav.
Image 8. Low-cost housing type by ‘M
My Dream Hoome’
8. The Usee of CSEB forr Housing Recconstruction iin Nepal
Nepal is a disaster-pronne country whhere many naatural disasterss occur regulaarly. In Nepal the use of CSEB
C
increased after the 201 5 earthquakee, which des troyed almosst 200,000 hom
mes and damaaged approxim
mately
175,000 hhomes. Thoussands of peo ple were kil led and manny severely hhurt. Build-upp-Nepal as a social
s
enterprise helps local communities
c
rebuild their oown homes ussing local raw
w materials. Toogether with other
aid-organizations and loccal entrepreneuurs, they delivvered the necesssary training aand the machinnery to local ac
ctors.
In principlle, the villagerrs build up theiir own homes with interlockking earthen buuilding blocks, making the ho
omes
earthquakee resistant alsoo due to the dessigned buildingg construction for the whole house. They eexecuted low--cost
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housing projects, community centers, and schools with CSEBs – comparable to ISSB in Thailand. It is
done by community-driven and entrepreneurship-driven reconstruction (Build-up-Nepal, n.d.).
Build-up-Nepal has started rebuilding 90 villages in various regions of Nepal, and mentioned the following
advantages of earthen brick technology over building with fired bricks:
o

Earth technology is 25 - 40 percent cheaper, making it affordable for poor rural families.

o

Utilization of local materials results in 60 percent less CO2 emissions.

o
The market for the earthen brick construction technology is applicable across Nepal, beyond earthquake
affected communities, where many families also live in poor and unsafe housing.
o
Building method is easy to learn for local people, resulting in many women now actively engaged in the
reconstruction, some groups have started their own earthen brick enterprises.
This CSEB technology is approved and recommended by the government of Nepal, which established regulations
for the use of this and other building materials and construction technologies (Government of Nepal, 2017). In
Thailand and India, the same technology was successfully applied earlier and likewise in earthquake-affected
areas.
9. Conclusions and Afterthoughts
The development of ISSB and related construction technology in Thailand indicates positive results in the field
of sustainable construction of homes and other buildings. The technology has spread across Thailand, so that
households in the rural areas and smaller cities can make use of it. Application of ISSB is more environmentally
friendly than using fired bricks and concrete building blocks. With the ISSB technology developed by TISTR,
load-bearing walls can be built with internally reinforced structures or frames, which are not visible from the
outside. This technology makes it possible to build earthquake and storm-resistant structures. TISTR, as
Thailand's research and development Institute, is capable of further developing these building materials and
construction technology, and it can execute all necessary testing in a scientific way. On a practical level, ISSB
technology is being propagated across all provinces, with the involvement of many MSMEs. Thailand's
development policy is also based on bringing knowledge to local communities also in smaller cities and rural
areas. This is happening with the outlined developments with earthen technology ISSB too. In Cambodia, the
ISSB technology is also applied, among other things for low-cost housing. In this paper, an example of homes
built by a social entrepreneur is described. Habitat for Humanity also uses compressed earthen blocks in a social
housing project. The development of ISSB in this country is still relatively small-scale. Entrepreneurs face
difficulties in getting funding for their low-cost housing products. In Nepal, ISSB technology was applied after
the earthquake of 2015, as is apparent from the efforts of the aid organization Build-up-Nepal. There are many
applications of ISSB technology for the reconstruction in villages, such as for homes, community facilities and
schools that were built or rebuilt. SMEs were established and started to further apply the ISSB technology in the
regions where it is needed. It's a great benefit that the government has approved the application of ISSB for
housing projects. Finally, the development of the ISSB technology may benefit from maintaining the ASEAN
network for sustainable building materials, including exchange of knowledge and standardization of the
materials. Research programs could be set up jointly. Further limiting the percentages of cement in the mixtures
and the building structures would be an interesting research question. Some other research questions are
described in this paper. It's a challenge to match ISSB technology with the housing programs that are developed
by the NHA of Thailand.
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