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Preface...editor word

This book is the sum of a professional and
research journey started after | have got my BSc in
Architectural Engineering, housing branch, from
Alexandria University in 1981. | realized how acute
is the housing crisis in Egypt, specially the
technical side, as there were no lower cost building
methods. Thus | have studied “The Construction of
Low-income Housing” in many countries during
my first Master in building construction. In 1989 |
won a scholarship to study MA in UK, where | took
the chance to collect my needed data for my Ph.D.
in Architecture from Cairo University Egypt, with
collaboration of Pennsylvania State University
titled “Towards appropriate Self-Build Technology”.
| came up with an interlocking building system,
which | have tried to produce later in Ohio state
University, that was the base of 2 US patents in a
wall and a vaulted roof slab.

As | kept working professionally, | became a design
consultant in 1996, -from the Egyptian Engineering
Syndicate-, and | won several architectural
competitions.
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| have tried to apply my knowledge in affordable
housing, transfer appropriate building technology,
through local builders, NGOs and concerning
government bodies. In the meanwhile, | became a
professor in Architecture and building technology in
2004, and kept moving to teach and research
between many universities in Egypt, Saudi Arabia
and United Arab Emirates. Strangely enough, where
fever | felt satisfied of coming up with a lower cost
building method or a technique, the Egyptian
government issues new housing and economic
policies, which severely damages the housing
market!! As they have freed the Egyptian pound’s
exchange rate in Sep 2017, which has doubled all
prices..

Since there is no similar books in affordable
housing and lower cost construction alternatives in
Arabic and few others in English, the book is
intended to fill such gap. | believe that knowledge
should be transferred for the sake of humanity, and
that any cost saving could sum up to billions of
dollars, considering the magnitude of the housing
deficit in most countries.
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Book Objectives & Readers:

Present scientific reference for appropriate
building construction alternatives for involved
actors in housing and building industry;
architects, engineers, contractors, decision
makers and real estate developers.

Transfer of low cost housing technologies which
have been applied or proposed in similar hot arid
climates.

Provide architectural and building knowledge for
self-builders and seekers of affordable housing.
Development of local building techniques, from
building materials to construction methods, to
be more effective and competitive.

Scientific contribution to development plans in
the Arab region, where housing deficit exceeds
many millions of housing units. Thus any cost
reduction of construction, would save billions..
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Book Scope:

The book is dedicated to the technological side of
constructing affordable housing, known also as
economical, social or low cost housing.

It provides and present appropriate lower cost
construction alternatives of urban, low-rise -
between 2 to 4 floors- for Egypt, Saudi Arabia in
particular, and for the Arab hot arid region in
general. It excludes building with timber, bamboo,
steel framing and total prefabricated building
systems.

Book Structure:

The book is divided into an introduction, six
chapters and the appendixes. First three chapters
are theoretical about the housing crisis, building
technology and developed or innovative building
materials. The following three chapters are the
book technical core of wall, roof slab’s alternative
and integrated building systems. Appendixes
include relevant research of the author -which one
iIs about low cost finishes-, and some other
comparative studies of building construction
methods.
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Chapter 1:

Housing Crisis & Solutions

“Everyone has a fundamental human right
to housing, which ensures access to a
safe, secure, habitable, and affordable
home with freedom from forced eviction.

It is the government’s obligation to
guarantee that everyone can exercise this
right to live in security, peace, and dignity”

UN Housing right 2002
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Introduction

There are housing problems everywhere, in
industrialized as well as developing countries. In
Jakarta, Manila, Mexico City, and Calcutta
millions of squatters camp indefinitely in
structures made of cardboard, sheet plastic and
flattened cans, on strips of land beside canals
and railways, sometimes even in the shadows of
high-rise “low-cost” housing. In the urban United
States, the great majority of homeowners could
not afford to purchase the homes they live in
today if they had to do so at today’s prices

(Bartecchi, David 2011).

Housing problem could take many shapes:
guantitative, simply as a shortage, where housing
market in which the supply of livable dwelling
units is insufficient to meet demand or need.
Supply should be more, considering free
movement seeking jobs or as a result of
socio/economic condition change. Another shape
of the problem; could be gqualitative, where
housing supply —-types- doesn't match users,
socially or economically (Alwakeel, S. 2008)
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The problem could also be the distribution of
population in state or region, where housing
areas are not the same as jobs’ areas, without
proper transportation to link both areas. Some
developing countries invest in mega projects
without studying proper affordable housing, e.g.
the new capital of Egypt.

The lack of a comprehensive plan of housing,
economic development and construction, based
on socio/economics, urban planning, finance,
land polcies, appropriate building technology
could lead to more housing units, but
inappropriate to the market (Alwakeel, S 2008).

UN considers that almost 2 billion without proper
housing is a poverty/housing crisis, thus
HABITAT thinks that appropriate housing policies
will contribute to economic development, which
would reflect on living conditions(UNCHS 1995).

Providing appropriate shelter is one of the
Human  Right’s Declaration of Geneva,
governments should be committed to housing
provision with its broad meaning (Toepfer 2000).
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The housing crisis goes deeply beyond policy &
economy into many social conseguences;
overcrowding both in home & city, slums,
remote & unsafe districts, crimes and even
psycho/physical illness. Poverty derives lower
income families to spend greater shares of their
income on housing, which leaves less for food,
education.., creating weaker generations.

1.1 Reasons of Housing Crisis

There are multiple reasons; political,
economical, social, organizational, technical,
planning and environmental, due to the different
Housing aspects, (Nabil, Khaled 1986). The
crisis gets worse with natural disasters and civil
wars; as happening in many Arab nations; Iraq,
Syria, Libya & Yemen- which destroys not only
existing housing stock, but also basic infra-
structure, creating massive refugee problems,
who needs relocation and mass housing
schemes.
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1.1.1 Housing Crisis in Egypt

Egypt did not suffer housing crisis, till 1952,
when wrong economic policies were applied
gradually which led inflation and weaker
Egyptian pound. This came also after several
wars in Yemen 1962-66, 1967 and 1973 which led
to acute housing crisis starting from the 1975.
Privatization policies of Mobarak regime has
aggravated the situation to reach to one million
unit deficit at mid 1980’s (Alkholy, Sana 2002).

Further more, the vacant housing units has
reached 12 million (Algendy, A. 2017) !!. Bad
state economy policies has driven many to buy
units as and investment, due to local currency
depreciation. In addition to that, many rich
families “store” units for their children till they
grow up, without renting it to others, because of
week eviction rules and bad usage of some
housing tenants.

Recently, the poverty percentage in Egypt has
exceeded 53%, who earn less than 40 $ monthly
in 2015 (Algendy, A. 2016). The total disastrous
situation came after freeing Egyptian pound
exchange rate in September 2016, where prices
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were doubled, since the EGP went down to half
of its value , which drop the monthly income of
half of Egypt’s population to 20$ ! Strangely
enough this came after the revolution of 25th of
January, where millions were calling for justice &
social equality, since housing comes as basic
human right; UN housing rights of 2002 .

1.1.2 Housing Problem in KSA

Saudi Arabia has a housing deficit of one and
half million unit, which is increasing due to the
fastest growing population rate in the world.
Moreover, the collapse of oil prices, has lowered
the annual budget to 50% since 2015. Thus, it
needs to build one million housing unit each 5
years (Alshaia, khaled 2015). The problem lies in
the big gap between housing cost and
middle/low income capabilities. Since 60% of the
Saudi population is under 30 years old, and half
of retiree are limited-income, calls for affordable
housing with graded levels (Althunian, Soliman
2014). Moreover, Saudi contemporary dwelling
standard is unaffordable to majority of families,
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in terms of area, pattern, building materials and
technique. Thus, contemporary Saudi dwelling
has become unaffordable for the majority and a
burden on the national economy. As Saudi
family average is 5.5, they require 2 living
rooms, 3-4 bedrooms, summing an area of
more than 200 sgm, which exceeds luxuries
housing in western world (Nabil, Khaled 2004).

The recent social changes and economical
withdrawal due to oil prices collapse since
2015, calls for comprehensive housing plan
that suits the users (Bahamam, Ali 2018).

Adoption of new concepts based on
appropriate building technology criteria and a
clear application plan should be carried out by
public and civil society institutions, to ensure
success hence; private firms are usually
reluctant in investing in low cost housing.

The cost of the Saudi dwelling could be
reduced significantly, by stressing on 3 main
issues; dwelling area, techniques & finishes
and contractor overhead (or hidden) costs.
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1.2 Housing Crisis Alleviation

Easing of the housing deficit is varied due to
different housing aspects and main causes in
each country; political, economical, social,
organizational, technical, planning and
environmental, which many literature has dealt
with (Alkholy, Sana 2002).

Habitat emphasized that housing should not be
looked as a consuming burden over
governments, but a production that could lead
the whole economy to sustainable development
through job opportunities and poverty alleviation
with Urban management & environmental policy
(UNCH & ILO 1995). This would provide more
units and release the housing market.

There is a gap between what is
affordable and what is desirable
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1.3 Affordable Low Cost Housing

Definitions have varied by place -—political
system- and evolved by time, from economy,
social, low cost, state subsidized housing, to
needy housing. Affordability is bridging the gap
between housing cost and family income, which
could be reduced by lowering all housing cost,
and increasing family income if possible.
Housing cost should be less than 30% of family
monthly income to be affordable (Bahamam &
others 2004). It would be a burden if reached
50%, while over 50% is sever burden (KERA).

Factors influencing affordability: income level,
household size and geographic variation, which
means many levels, not fixed cost.

Studies show that recent and future demand in
most countries would concentrate on affordable
“economical, cost saving in building,
occupancy and maintenance”.

Levels of affordability are different from
country/region to another, however it could be
divided into 4: moderate, moderate/low, low and
very low income families.

AT (addiall 1 yuall (Siall 3.1

Al qua- allall e el GSLY) Gl gkl Ce gl
al) W) e ey SAdaall GSWY) clalhaey Al
Ol Al g ddl gl acaal) ¢ olaiay) of A (adiialg galaidy)
o8N el Hd g% (S uﬁ o) glucall pss datlaal (paliaal)
Boml) JAa (C Bsadll (el Al o lS) Jlae (B aeill G
0da aulli Kayg cdule dyaﬂ\gé'éw;i\ G i ol (Saal) AdlSH
RS B al) JRa Bal) o) (Swall ST paen il L) 3 gadl)
Oa A By (3A5 Ladie (Sl o Jgand) b pailll ae Al
1B Jla gAY 4pgpall AN il o A Cuay glia
e Swall Jo Jganll B aedll aggla dalnyg  aeillg dauallg
(2004 03,315 alarly) (Sanall o G Ao Alall 3 pu) 5 ik
g 8 (ulla g oiadl Bl JA ) CSwall g dped Jiad
Jha) el (8 penal) GSasall grw w3 Y O @y Gua caggdal)
b G Al gp JuadY) abiBall (198 . (s giaad) B puad) JA0 Jacs gia
o3 M Y O g L) Boul) JAag (2 Al (g el Jaudl
alaaly) T puuse (Saall ()9S (o gedd) Bmd) JA0 e 7 ¥ e Al
Lo clls Ll 0l c pumay (Sl o B ! iay B9 (2004
(2016 _Sis «s2iall) 2015 ol 2 %18.5 516.8 O

Al Al o " penall (Sl plhadd sl diy al dASlua (Sag
UJJ;Y\ ) dag Ayl g 3 AU A g pual) Huaall (Fiay A (Seal)
S B JAa g qualiin Al ghna AAISH (g glall (e B pud) claliial e
(2004 «ihlll 1) ") ghiial) Jiliwall Ay Al gaal)

Khaled Nabil, PhD -1 26


http://www.aleqt.com/2008/04/29/article_138971.html
http://www.aleqt.com/2008/04/29/article_138971.html
http://www.aleqt.com/2008/04/29/article_138971.html
http://www.aleqt.com/2008/04/29/article_138971.html
http://www.aleqt.com/2008/04/29/article_138971.html

Z

1.3.1 Beneficiaries of affordable Housing:

Economic criteria is the most important factor of
determining the beneficiaries:

- Limited income groups, according to different
levels of annual income of persons and families,
which is different from one country to another,
depending on the general living standards.

In general, the UN determines the poverty line
between 1000 $/year in Bangladesh, 12000 $ in
USA and 955 $ in Saudi Arabia (UN 2002).

- Low income strata which deserves affordable
low cost housing according to their expenditure
of housing cost from the total earning of the
family. The international criteria, suggests that the
family is entitled to affordable housing, if they
expend more than 30% of their income. This type
and level of housing should satisfy minimum
local standards, whether it is rented, or owned
on monthly payments; mortgage to cover housing
cost plus maintenance to keep dwelling in good
shape and healthy environment (Bodaken,
Michael 2002).
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1.3.3 Recommendations for Alleviating
Housing Crisis in SA

Many socio/economic studies in KSA have
revealed that present and future demand would
concentrate on affordable housing; lower cost
in  building, operating and maintenance
(Bahamam, and others 2008).

Thus, recommendations for alleviating the
housing crisis in SA, while other plans were
laid to provide affordable housing. Many of
these were applied by the King Abdullah in
2012:

- Allocating free land plots for needy families
and real estate developers.

- Increase housing loans with easier
procedures.

- Improve bank products and facilities.

- Provide small housing units.

- Encourage charity housing.

- Family awareness programs, concerning
financial planning and saving.

- Land taxes over vacant building plots, known
as “white land”.
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1.4 Affordable Housing in Egypt

It was tackled through the follwing (Nabil &
Alshanawany 2004):

- Applying mass housing production using
prefabricated techniques

- Minimizing dwelling’s
consideration to family size.
- Decreasing finishing level, using lower quality
materials; low cost housing projects.

- Increasing housing density, using block
apartments with limited inner spaces.

- Selection of remote areas; lowering cost on the
expense of transportation.

- loans, of Building Society Cooperatives, over
20-30 years.

It must be noted that all these aspects were
applied with different versions from “supply to
enable” same as modern housing policies in
USA, Singapore & Malyasia, focusing on urban
land management, lowering overhead cost, e.g.
finance of sweet equity loans, low mortgage
(Saleh, Ch. & Meng, Le 1996).
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These policies were applied in many other
countries, e.g. Singapore & Malaysia, to
encourage residential real estate firms to offer
affordable housing, throw tax exemptions and
free land (Saleh, Ch. & Meng, Lee 1996).

1.5 Housing Cost Saving Aspects in India

As India suffers a deficit of 50 million units, it was
found that housing construction high cost refers
to (BMTPC 2007):

- High cost of building materials.

- Shortage of skilled labor.

Scarcity of appropriate building technology.
- Lack of design and construction criteria.
Thus it has focused into general aspects:

- Provide land lots, with infrastructure, and
services for remote areas.

- Rational dwelling’s design without waist areas.
- Optimum use of building materials.

- Rationalization of standards.

- Supply of different flexible low-cost finance.
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1.6 Economic Factors  of

Production

In general, production requires 4 main inputs:
land, labor, enterprise and capital as shown
below:

Housing

Factors of Production (Factor Inputs)

Factors of production are the inputs available to supply goods and
services in an economy.

Natural resources The human input

available for into the production
preduction process

-
Entrepreneurs Goods used in the

organise factors of
production and
take risks

supply of other
products e.g. tech

4

https://www.tutor2u.net/economics/reference/factors-of-
production

Sy gl alis 6.1

@ e zUNYI palie G de 4580 3 sal) B £l aaal
. (Clla\ alic ;ha.a.uSU)

of LAY U8 plgw dggaa (0 Jln L US g4y : (Labor) Jenli-
(a1 A0 Bald ) cladd g adar ) ALAD) 3l gall Jyead cllad Lo
Human) 4dal ajisaly duasll 309 ale (B g
& aal) 43 6< ¢4d 9o Aality) Aileal) 233 of (Say ¥ Cua (Resource)
Aileal) o3gd paibady)
el o US Jad) iy @ad zoag :(Capital) Jwd) slo-
u-b ity ¥ Sl u.ub e\%—h é\ Lﬁ‘ c&.i)hﬁh‘lb a-;\SLA&A‘JS‘
;\;\M\ éﬁ.ﬁ gﬂ\ Jmm‘ Js M S d:\a.'.'\g d:' ‘L:J:Lm SAAJS\
A 8 g JAI Jibg g @kl g ¥ sfia claaiud g Al
o SaaY) AL Laliy) jualial) (e Baaly A :(Land) o2
Jadill Guldl) (s Jgliall p ggdall Lgd gadh And ) Al Cua caLaiBY)
dla (o gblyy ds1,0 dallall o) ghe Ao g L S
U 38a3 o Led (e Adiana il g g gl g emlilS g A g
o) Saaiil) Llaall Je 3l : (Entrepreneur) adiilll of 3 Y-
salic aigi A aSaldl paind) LheS ¢ el Jial) Chay 43 Y
A1) ) Jaasl Mg day Jasi o Lgiiiu) 48 z Ly
dBaad o fag 3y & ) L& g cciladddl g aledl L) (e B 5o pal)
Abhaal Aa g g pdal) (Ul
https://ar.wikipedia.org/wiki/%D8%B9%D9%86%D8%B5
%D8%B1_ %D8%A5%D9%86%D8%AA%D8%A7%D8%AC

Khaled Nabil, PhD -1 32


http://www.aleqt.com/2008/04/29/article_138971.html
http://www.aleqt.com/2008/04/29/article_138971.html
http://www.aleqt.com/2008/04/29/article_138971.html
http://www.aleqt.com/2008/04/29/article_138971.html
http://www.aleqt.com/2008/04/29/article_138971.html

Economists have determined each factor of
housing production and divided into two main
activities (Dora, Isamil 1988).

-Non construction; capital (financial resources),
land, infrastructure, design, & overhead of
management.

- Construction activities; building materials,
labor, machinery & building methods resources.

M building materials
M [and

m labor

M infra structure

m overhead cost

M capital cost

Cost breakdown of housing production
Dora, Isamil (1988)

= design & supervision
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1.6.1 Non Construction Activities:

1.7.1.1 Financial resources has a cost, -usually
similar to local bank rates- which means that if
rate is 10%, then it would be doubled after 7
years, thus it would be inappropriate to
affordable housing.

Finance cost could be provided by:

- Sweet equity loans, without interest for the
poor.

- “Zaka”, which is an imposed charity of
Muslims paid from the rich to the poor.
Low-rate loans, of housing banks & Building
Society Cooperatives.

- Housing taxes on high quality housing that
goes to affordable housing.

- Tax cuts or exempt to encourage residential
real estate firms to offer affordable housing.

In general, cost of finance should not exceed
10%, and preferably without cost.
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1.6.1.2 Land cost represents the highest factor,
which may exceed half of total cost in
luxurious housing. Land value is determined
by city, neighborhood, location, distance to
attractions and main roads. Thus governments
have to provide land lots, with infrastructure,
and services for remote areas. It could be
delivered as BOT, to avoid land speculation.

1.6.1.3 Infrastructure & city services represents
about 12% which gets greater by lower finishes
cost. Infrastructure includes, water, electricity
supply, sewerage, solid waste treatment, roads,
transportation and communications. City
services includes all health, education,
security..etc, which should be provided
national development plans.
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1.6.1.4 Engineering Design

Designs and building permits even though it
may be the lowest factor of about 4%, but it
determines the whole building process.

Architectural and planning solutions of
affordable housing has ranged as followed
(Nabil & Shanawani 2004):

- Mass housing of small finished apartment.
- Unfinished dwelling, to minimize initial cost.

- Support-Infill Structure, similar to low-cost
housing projects in Egypt, where units has
bathroom, kitchen and outer walls only.

- Core houses of minimum space of living and
sanitary, where owner expands on self help
bases according to his affordability.

- Site & Services projects, where infra-structure
Is provided to small land lots, however it raises
its value, and turned to be unaffordable to the
poorest 40% of the world population.
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- Settlement plots for planned sites without infra-
structure, until finance is provided.

- Upgrading of slums by different tools.

1.6.1.5 Organization and Management

Overhead of management, including contractor
profit, taxes & insurance even though it may be
about 10%, but it controls the whole process and
could be significant if there is management
corruption, where it could go up to 30%
according to country.

Some projects have successfully minimized
overhead costs by applying the “Building Team”
concept which combines representatives of local
government, consultant, contractor and users.
The regional Building research center of UN in
Bandong, Indonesia, has managed to reduce the
cost of Sokaloyo project of 30% due to direct
relation between all involved parties (EWC 1990).
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1.6.2 Construction Activities

1.7.2.1 Building materials, represents the highest
cost factor of affordable housing of up to 30%.
its gets higher wherever housing level gets
down, due to lower land and finishing level.
Building materials cost depend on - like any

commodity- scarcity or abundance, local
industry, transportation, market and local
monopoly. Chapter 3 discusses criteria,

classification and reviews some developed lower
cost building materials

1.6.2.2 labor costs between 15-20% of economic
housing in Egypt (Nabil, Kh 2000). It is varied
within the same country according to region,
local living standard and scarcity of profession.
If users and dwellers are jobless or get lower
wages than construction labor, then training
them to build for themselves would be more
economical. This concept of self-build —-DIY-, has
been applied successfully in most countries,
where it gives the poor a profession which
upgrades their socio/economic status and
contributes to sustainable development (Nabil,
Kh 1995).
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Millions of construction labor of Egypt have
moved to the Gulf region since the 1970th, which
has badly affected the labor market, which calls for
DIY activities as possible, even for internal
finishes.

1.6.2.3 Building methods determine labor level,
used machinery and techniques, which could be
between 10-15%, when added to labor, it reaches
one third of building cost. Therefore, many
appropriate building technologies has aimed at
facilitating self-build using developed
environmental components, depending on the
following (Nabil, khaled 1995):

- Simplifying production by standardization and
simple low-energy tools.

- Lowering needed labor skills, e.g. staking.
- Increase productivity.
- Raising structural performance.

- Improving product image, to ensure social
acceptance and wide spread.

All of these aspects of appropriate building
techniques would be discussed in next chapter.
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1.7 Classifications of Housing Units

Housing units vary according to aim and science;
technology,
architecture, housing size, height, possession and
table (Bahmam, Ali

anthropology, history,

building regulations; Next
2018).

building
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Chapter 2:
Appropriate Building Technology

“It is not so much ‘how to build’ as ‘how to 485

choose techniques and materials
appropriate to a given situation”

A volunteer builder from Latin America.
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“It is not so much ‘how to build’ as ‘how to choose
technigues and materials appropriate to a given
situation” A volunteer builder.

2.1 Definitions:

- Technology is originally a greek word meaning
“science of skill”, the implementation of science for
human benefit both physically and mentally. “The
science of the application of knowledge to practical
purposes : applied science, a scientific method of
achieving a practical purpose.” (Merriam Webster
Dictionary).

- Technology = technique + structure.

The technique is that tools and know-how, the
structure is the social relations, within which the
tools become operational, and the know-how
becomes meaningful” (Galtung, John 1979).

- “Building construction” is the process of building
a structure or : “The art of assembling materials
into a structure” (Merriam Webster Dictionary).
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- “Building Technology” means knowledge of the
technical processes, methods and details.

- Building technology = Hard ware + Soft ware

Building technology is building construction
methods & materials, which differs according to
time, place, culture, owner, designer, building
function & program...

The Egyptian architect Hassan Fathy was the first
to discuss and implement “suitable building
technology” in his projects in Egypt since the
1940t and up to the 80t in USA.

He has argued in his book, -Architecture of the
Poor- that solving housing crisis for millions of
low income, requires appropriate technology
serving humans, not vise versa (Fathy, Hassan
1969). Fathy has succeeded in blending local
heritage and natural environmental resources.

-In 1970, Schumacher has stated that appropriate
technology in developing countries is an
‘Intermediate Technology’. Since then,
“Intermediate Technology Development Group”
has been established (www.ITDG.org).
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ATDG has emerged as a response to failure of
many western high tech solutions in developing
world after the 1960%". Charles Abrams has
discussed and criticized that most imported
solutions, such as prefabricated concrete
housing, were more costly and inappropriate to
local markets (Abrams, Ch 1964). ITDG thinks
that the most appropriate technologies are :

- Sustainable ; requiring fewer natural resources
and producing less pollution than techniques
which are often wasteful and environmentally
polluting.

- Small; where possible (as in Small is Beautiful),
manageable by the users. However, there are
also times when the most appropriate
technologies are large-scale depending on
market.

- Appropriate to the local resources, context,
including the environmental, ethical, cultural,
social, political, and economical context.

Thus appropriate technoloqgy for one context may

not be appropriate for another.
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2.2 Levels of Building Technology

ITDG have characterized the different technology
levels as "low", "intermediate”, and "high" on the
bases of capital investment and employment.

After the info-revolution and emerging
digitalization in all aspects, Building technology
should be developed into four levels concerning
knowledge, labor skills, resources, market,
socio/economic and technology context:

- Low Building Technology

- Intermediate Building Technology

- High Building Technology

- Advanced digital Building Technology

1. Low Building Technology is the traditional
methods of construction techniques widely used
for vernacular architecture, using simple
techniques, e.g. load bearing structures of local
materials. These techniques are generally slow,
low quality but economical (Eweda, M. 1984).
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2.2.2 Intermediate Building Technology is the
construction technique and building materials
that uses simple machines to speed and simplify
building production, raise product quality and
production. It tries to combine both advantages
of traditional methods, and prefabrication -speed
and quality control-, thus it is some times called
“Partial prefabrication”, or “semi-industrialized”.
It depends on small/medium size building
components — such as floor joists, stairs, lintels-
produced on site, in addition to some
conventional techniques. This level avoids the
disadvantages of both conventional methods,
and total prefabrication (Nabil, Kh 1995).

2.2.3 High Building Technology uses more
complex equipment to produce materials, reduce
labor and increase product quality. Total
prefabrication and mechanized building
techniques, e.g. large concrete panels and “lift
slab” or “Slip Form” requires specialized labor,
equipment and large scale markets. However, it is
characterized by speed, higher cost and quality.
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2.2.4 Advanced Digital Building Technology has
emerged with info-media age; digital architecture,
structure, fast mass production capabilities and
construction applications. Robots have been
used in building production lines and in
construction sites for more than 20 years,
specially in complicated high structures (Nabil,
KH. & Others 2005). New responsive building
materials using Nano technology of advanced
specification are promoted to achieve kinetic
dynamic architecture.

BIM applications along with 3D printing of
complete buildings will push building technology
to unprecedented limits.

The appropriate building technology to urban
housing in_developing countries seem to be the
intermediate/high technology which fills the gap
between low and high tech methods. It should
balance between production of material and
construction techniques depending on the
context of each project and region while
applying next appropriateness criteria.
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2.3 Criteria of Appropriate

Technology; The Quadrant Concept

American Society of Civil Engineers defines
construction quality by meeting the requirements
of the owner, designer, contractor and government
regulations, which could lead to significant
benefits to all actors. Thus, appropriate technology
should be tackled as a multi disciplinary process
rather than a choice of a product, depending on
four overlapped process phases: design,
production, construction and
promotion/marketing. This concept adds a fourth
dimension of promotion procedures, using
business model to guarantee economic
sustainability and wide spread of appropriate
technology (Polak, P. 2010), while previous ones
misses recent economic changes of free market
and privatization.

The suggested concept -by the editor- is
complying with new definitions of overall quality in
projects which focus on the consistency of the
process, starting from material selection to

maintenance and after occupancy.

Building
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The Quadrant concept of appropriate technology
depends on meeting the demands and criteria of all
involved parties.

As the designer applies owner or user needs, they
are combined together in the first owner/designer
criteria. The intervener criteria—government or civil
society- and the promoter procedures are
combined together. Since production depend on
consumer wishes, their criteria are combined also
(Nabil, Kh 1995-2015).
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2.3.1 The Owner/Designer

The design phase of sustainable appropriate
technology starts by owner/designer criteria that
fulfills several aspects, e.g. architectural, structural,
environmental, etc. Although some aspects might
be constant such as fire, sound, durability, modular
coordination and appropriate weight, architectural
and climatic aspects are varied from a country to
another which emphasizes the importance of
studying local technical performance criteria of
each country/region to achieve appropriate
sustainable design of components.

The performance criteria approach is preferred over
the traditional specification approach, since it
allows innovation depending on the user needs and
socio-economic  situation rather than fixed
solutions.

Naturally, the technical performance criteria begins
with the used raw materials, since it is the base of
any building technique -or a building product-,
which could be summarized in next Table 2.1:
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Table 2.1 Performance criteria of building components

Technical Aspects

Performance criteria of components

Appropriate abundant materials

- Use of low cost indigenous materials.

- Integration of local non-organic & organic into composite
materials.

- Non-organic materials; sand, lime and stones ..

- organic are; reeds, palms, rice husk and peanut shells..

- Processed by-products; saw dust, waste, fibers, reeds..

Architectural performance

- Assessing architectural heritage.

- Generate socially accepted pattern.

- Reflect diversity; different unit shapes and colors .
- Flexibility of design & space; Support-infill.

- Vertical and/or horizontal space expansion.

Structural performance

- Achieve structural safety.

- Application of the dry interlocking.

- Partial prefabrication.

- Use of successful local structural solution.

Thermal performance

- Micro-climate of human comfort; temperature, humidity and air
ventilation.
- Conductivity of the component should not exceed 1.1 W/mc for
mid Egypt.




Continued Table 2.1 Performance criteria of building components

Technical Aspects

Performance criteria of components

Fire resistance

- 1-2 hours for internal & external walls.
- 2 hours for beams and floors.

- 3 hours for columns.

- Flame spread rating from 0 to 300 s.

Sound insulation

- 40 dB for living rooms.
- 25 dB for sleeping rooms.

Durability

- 60-100 years for structural components.
- 20-40 years for non-structural components.

Modular coordination

-To coordinate with production, transport, construction and
other building units.

- Apply the 30 cm module (3M).

- Use some self build Standard NEN...

Appropriate weight

- Easy handling design.
- Self build weight levels:
level A, two hands: 15 kg for most units
level B, four hands: 50 Kg for larger units
level C, two shoulders: up to 100 kg approx.
level D, Four shoulders: 180 kg
level E, lifting crane; 200 kg, not recommended




2.3.2. Producer/Consumer Criteria

- Availability of building materials.

- Minimum labor skills.

- Production generates profit.

- Production machines locally made, easily maintained.
- Standardization/repetitive production.

- Minimum use of local high cost materials; steel and
cement.

- High performance molds with reasonable tolerance.
- Quality control.

2.3.3. Builder/Contractor Criteria

- Minimum skilled labor.

- Speedy Construction (time saving).

- Easy installation, assembly & facilitating learning by
doing.

- Tools increase productivity.

- People labor generates more value than regular jobs.
- Scaffolding and formwork are avoided as possible.

- Minimum finishing operations.

- Components‘ assembly integrates building utilities.
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- Alternative construction options
-Simplicity of drawings and numbered components

2.3.4. Intervener/Promoter Criteria
- Survey concerns of the local contractors.

- Market study of user needs, priorities and
perception.

- Advertising in newspapers, TV, radio and web net.
- Distribution of data and simple drawings.

- Construction of a demonstration building.

- Conducting training courses.

- Participation in trading fairs.

- Organization of technology promoters.

Finally, a responsible body must be created to
manage the whole process and link all resources
together; governmental and non governmental,
banks, local authorities, builders, users (Nabil,
Khaled 2000).
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Introduction

Any material used for construction purposes is
called as building material, which has a total cost
representing many aspects (Wikipedia):

- Economic costs is the initial cost which often
governs decision making about what materials to
use. Sometimes people take into consideration the
energy savings or durability of the materials,
trading higher initial cost in return for a lower
lifetime cost.

- Ecological costs of materials; environmental
damage at their source and in transportation of
the raw materials, manufacturing, retailing,
transportation and installation. A life-cycle
analysis also includes the reuse, recycling, or
disposal of construction waste, taking into
account sustainable development.

- Energy costs includes the amount of energy
consumed to produce, deliver and install the
material into a structure (embodied energy).

https://en.wikipedia.org/wiki/Building_material
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Long term energy cost is the economic,
ecological, and social costs of continuing to
produce and deliver energy to the building.

- Social and health costs are human rights, health
insurance and injury of the people producing and
transporting the materials. Monopoly or fair trade
and labor rights are social costs of material
manufacturing.

Thus the choice of building materials affects many
sectors of the local economy and job generation.
In previous chapter 2, some general criteria
considering used raw materials were laid out in
Table 2.1, where here more specific criteria is
discussed.

It must be stated that this chapter does not
present _a catalogue of appropriate building
materials , but a signal to the potentials of some
developed and innovated usage of local
resources, usually found in the hot arid climates
of the Arab region.
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3.1 Selection criteria of Sustainable Building
Materials (BMTPC), (theconstructor.org ):

3.1.1 Manufacturing of building materials should
be environment friendly; good quality, efficient
building materials, reducing waste generation and
pollutants to environment.

3.1.2 Recycling of wastes in manufacturing;
wastes which can be recycled and used in
masonries and wooden wastes can be used in
manufacture of plywood (Nabil, Kh 2007).

3.1.3 Reducing Energy Consumption and use of
raw materials; the greater a materials embodied
energy, the greater usage of non-renewable
sources. Natural materials impact more
sustainability to structures as well as they are
friendlier to environment.

3.1.4 Use of local material not only reduces
transportation cost but also are suitable for the
local environmental conditions.

(see next figure)
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3.1.5 Use of non-toxic building materials; which
has impact the health of construction labor and
users, e.g. several chemicals usually used
including benzene formaldehydes, ammonia,
resins and ply boards.

3.1.6 Durability and maintenance of building
material to reduce cost -over long usage- and
save building operating cost.

3.1.7 Recyclability and reusability of building
material. The plastics waste can be used for
recycling and producing newer materials (see
Pre-plast building system in chapter 6). The
scrap from steel can be reused to manufacture
reinforcing bars.

3.1.8 Bio-degradability; A material should be
able to decompose naturally when discarded.
Natural materials or organic materials would
decompose very easily, while other materials
produces some toxic gases, e.g. some paints.
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3.2. Classification of Building Materials

In general, it could be classified into (Fig 3.2):

- Natural raw materials: extracted or harvested,
minimally processed same as clay, aggregate,
stone, lime, gypsum, metal ore, wood, rubber..

- Processed, formulated: brick, blocks, tiles, glass,
lime mortar, natural insulating materials.

- Industrial processing : cement, steel, aluminum
and metal alloys used in construction.

-Synthetic and artificial materials:, chemicals,
polymers, plastics, foam and fabrics.

- Cement composites: Concrete, various fibrous
materials; paper, fiberglass, and carbon-fiber.

- Processed byproducts and Recycled materials;
asphalt, particle & manufactured wood.

- Nanostructured materials; paints, carbon tubes,
fibers, mortars..
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- Recycled building materials could be of different
sources:

* Industrial by-products; coal ash, saw dust
which are used in producing blocks.

« Agricultural waste, wheat straw, rice husk,
peanut shells, reeds, bagasse ..

« Used Paper and cartoon rubbish, used in
blocks and gypsum boards.

« Steel and metal scrap, remains of electrical
and home appliances, where plastic and
metals could be recycled.

The opposite illustration (Fig 3.2) shows that one
abundant manufactured product, -as the mattress-
could be recycled into different useful building
materials.

Example of efficient recycle T . g . . e .
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Types and position of the materials in the building construction

MATERIALS
.
™ 4 &)
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o 9| b o Roof tiles
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Fig 3.2 Flow of building materials into the construction industry, from nature to assembly.
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3.3 Some Developed & Innovative Building
Materials

Steel, cement and wood are the most expensive
main building material in developing countries.
Thus many R&D have tried to minimize usage by
rational design, improve material properties and
replacing them with other lower cost alternatives.
No doubt that the most available material, without
cost is the building site soil itself.

3.3.1 Earth Architecture

Soil have been used for construction for thousands
of years in many forms; clay, adobe and burnt clay
in building walls and even domed roofing. Ancient
Egyptians have used earth since 3000 Bc in walls
and vaulted roofing (Ramsses Il temple in Luxor).
But It has not been developed, nor promoted same
in other developing countries. Literature shows
that there is about 18 methods of using earth,
classified under 3 structural systems (fig 3.3) (Stulz
& Mukerji 1983).
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3.3.1.1 Stabilized earth

Compressed earth block construction is one of
the most widely used technologies in building
with earth. The key feature of this technology is
the compression of the soil in a mold with the
help of a manual or motorized press, to form a
regular block of appropriate shape and size
(nzdl.org).

The characteristics of the product itself and the
scope of production scales possible, which range
from small workshops to industrial units, make it
a high quality product and a technologically
advanced material. The problem with earth
blocks is its poor resistance to abrasion, impact
and low tensile strength. Such problems can be
solved by suitable stabilizers which improve
certain characteristics of the soil, and use of
plaster on building surface (see next chapter;
Wall alternatives.

Stulz & Mukerji (1993), “Appropriate Building Materials”
SKAT, switzerland, p10.
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3.3.1.2 Rammed Earth

Rammed earth is a technology that has been used
by human civilization for thousands of years, and
can last a very long time. Modern rammed earth
buildings can be made safer by use of rebar or
bamboo, and mechanical tampers to reduce the
amount of labor required to create sturdy walls.
Site soil is hardly moisture, stabilized with lime -or
cement of up to 5%- and tamped down very tightly
in wooden or steel forms, e.g. the following house
in Arizona, USA (Minke, Gernot 2014).
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3.3.2 Stabilizers & Pozolana

Soils that do not possess the desired
characteristics for a particular construction can
be improved by adding one or more stabilizers. A
great number of substances may be used for soil
stabilization, so that it is up to the builder to
make trial blocks with various kinds and amounts
of stabilizers which can be tested. The most
common naturally available stabilizers used in
traditional constructions are: clay, straw, plant
fibers, wood ashes, animal products & excrete
(blood, hair, glues).

The most common manufactured stabilizers, lime
and Pozzolana (type of volcanic ash used for
mortar that reacts chemically with slaked lime at
ordinary temperature), Portland cement, gypsum,
bitumen, commercial soil stabilizers, sodium
silicate, resins, whey and molasses (Stulz
&Mukerji 1993). Burnt rice husk ash is a Pozolana
with a cement nature, that could be added to
sand
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and lime, compressed in lightweight good quality
bricks, which minimizes labor, cost and rice
straw burning. Moreover, rice straw has been
stabilized with cement to produce brick of
density 25% less than the conventional cement
bricks with a cost saving of 25% (Allam & others
2011).

A comparative study between conventional RC
structure and eco-friendly building materials
using sustainability criteria, a prototype of two
stories was constructed using such materials
(integrated bricks, rice straw bales, M2 system,
OC, and Rockwool sandwich panels). Results
showed that the eco-friendly system had better
sustainability rank than the conventional system
during the 1st and 3’ phases of total life cycle
assessment (manufacturing & demolition) not 2nd
construction phase ! (Bakhum & others 2015).
Opposite figure supports that sustainability
should be dealt as life cycle not limited to
construction phase only.

Bakhoum, Garas & Allam (2015) Sustainability Analysis of
conventional & Ecofriendly materials, Journal of Engineering
and Applied Sciences, VOL. 10, NO. 2
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3.3.3 Date palm leaves & fibers

There is about 100 million palm tree in the Arab
world that produces about a million ton of leaves,
which could be used in many building ways. Leaves
could be tied together to form arches for shelter or
made into curved permanent concrete shuttering
(Ghareeb, N. 2015). Leaves could be chopped and
used as fibers to stabilize earth blocks and
reinforce light weight wall panels. It was found that
date palms fibers can improve the tensile strength
of concrete and make it easier to deform and
manipulate, less likely to crack and a better
insulator (Ozerkan, N & others 2013).

The-Sabla project, Al-Ain, UAE,
by Sandra-Piesik
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In another field study, date leaves were used
successfully -after chemical treatment-, to
substitute steel reinforcing in RC of moderate
loads. The strength reached 85% of steel, while
indoor temperature was less of 12* compared to
traditional RC structures. Moreover, reinforced
concrete with date leaves is more flexible,
concerning earthquakes and cheaper by 25%
compared to traditional RC (Alhadidy, Ah &others
2011).

Date palm leaves and plastic waste were recycled
to produce WPCs with characteristics similar to
commercial wood MDF, that were innovative,
clean, cheap, and effective (Binhussaina, M., El-
Tonsy, M. 2013).

Binhussaina, M., El-Tonsy, M. (2013), “Palm leave and
plastic waste wood composite for out-door structures”, in
Construction and Building Materials, V. 47, October.
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3.3.4 Developed Concrete & cement alternatives:
The Arab world building construction depends
heavily in concrete and cement which is
environmentally hazardous material. Research and
applications were made to minimize or substitute
concrete and cement with other local materials, as
seen with rice ash, palm fibers and leaves.

3.3.5.1 Ash Crete is a concrete alternative that uses
fly ash (a by-product of burning coal) instead of
traditional Portland cement. Recycled fly ash, when
mixed with lime and water, forms a compound
similar to Portland cement and is extremely strong
and durable. High-volume fly ash concrete
displaces more than 25% of the cement used in
traditional concrete. Blast furnace slag is another
by-product that produced from blast furnaces used
to make iron and, like fly ash, creates a very strong
cement when mixed with lime and water (Evans,
Stephanie 2009).

Evans, Stephanie at http://greenlivingideas.com/2008/12/21/can-

concrete-be-eco-friendIy/
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3.3.4.2 Gas concrete or foam concrete -known
also as autoclaved cellular concrete- is a lighter,
aerated, concrete that requires less energy to
produce. It is made by injecting a gas-forming
agent (usually aluminum powder) into a mixture
consisting of a binding component (cement or
quick lime) with sand and produced in
autoclave.

It provides structure, insulation, and fire-
resistance products; blocks, wall, floor, roof and
cladding panels. The density of gas concrete
starts from 300kg/m3; with graded compressive
strength. There are a number of varieties of gas
concrete, according to the type of cementing or
siliceous material used. The main advantage is
heat insulation, lightweight and easier cutting by
saw, which make it easier to build. Major
disadvantage is limited compression strength
and large water absorption. Gas concrete is
produced in SA and most countries as
“SIPOREX” while in Egypt as “light sand
blocks”.

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AE%D8%
B1%D8%B3%D8%A7%D9%86%D8%A9 %D8%AE%D9%81%D9%
8A%D9%81%D8%A9 %D8%A7%D9%84%D9%88%D8%B2%D9%
86
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3.3.4.3 Biofuel Concrete

The world uses about 7 billion cubic meters of
Biofuel mixture each year, making it the most
utilized industrial material. Researchers in
Kansas State University have developed a type of
concrete made from biofuel waste that has a
lower carbon footprint than conventional
concrete. Taking advantage of the byproducts
from biofuel production such as corn stover,
wheat straw, and rice straw, the team was able to
create a stronger concrete and save excess
material from ending up in the landfill
(Peckenham, E. 2016).

3.3.4.4 Recycled aggregate

In addition to cement substitutes, there are other
ways of making concrete more sustainable such
as using recycled aggregate. Conventionally,
cement was mixed with virgin materials, such as
sand or gravel, to make workable concrete.
Crushed rubble could substitute aggregate.

http://inhabitat.com/11-green-building-materials-that-are-way-
better-than-concrete/
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The wide spread of wars in the Arab world in last
decades, have caused huge  building
destruction. Moving of thousands, or even
millions of tons, of rubble is time and cost
consuming operation, while cleaning roads and
sites or preparation for re-building is time and
labor intensive operation also.

It has been reported that this process saves up
to 30% of the building cost. This has led the
editor to search of the steps and methods of
“Recycle of demolished buildings' debris in
post-war construction” (Ahmed, Kh & Wasfy, H.
2007). The full paper is attached in book
Appendix.

Aggregate is now mined from various solid
wastes, including: fiberglass waste materials,
discarded glass, wood products, old tires, and
more. Creating concrete from recycled plastics
and trash, not only reduces greenhouse gas
emissions, but reduces weight and provides a
new use for plastic waste.

Khaled Nabil, PhD -3
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Filling the mold with rubble stones and masonry

construction using pre cast rubble.
(Stulz & Mukerji 1993)

Ahmed, Kh & Wasfy, H. (2007),"Reuse of Demolished Building's
Debris in Post warConstruction"”, The 1st Euro-Mediterranean
Regional Conference, Barcelona, pp 514-518.
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3.3.5 Mycelium

Mycelium is the vegetative part of a fungus or
bacterial colony, consisting of a mass of
branching. Fungal colonies composed of
mycelium are found in and on soil and many other
substrates, comprises the root structure of fungi
and mushrooms (Wikipedia 2017).

Mycelium can be encouraged to grow around a
composite of other natural materials, like straw
and sawdust, in molds then air-dried to create
lightweight bricks (Peckenham, Emily 2016).
Mycologist Philip Ross discovered that it can be
grown and transformed into building blocks of
different shapes. Once dried, mycelium-built
material can then be sanded and painted, which is
100% organic and compostable, with a
consistency that is stronger than concrete (next
figures).

Numerous companies are testing its properties,
particularly as a substitute for styrofoam, and
future promising material.

https://en.wikipedia.org/wiki/Mycelium
https://www.buildabroad.org/2016/10/12/mycelium/
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3.3.6 Environmental cement alternative; Dead Sea
Cement

Jordanian scientist Maher Al-Manasrah have
invented a new cement material with high quality
international standards, which does not pollute air,
same as traditional cement production. The new
cement material is characterized by high
decorative and dynamic properties, low cost, can
be colored while mixing, which eliminates the use
of paint.

The material is resistant to salts, thus it would be
suitable for the construction on sea shores.
Al-Manasra, has obtained a patent of the new
cement in Jordan, Lebanon and Russia
(Almanasra, Maher 2012).

The new cement uses abundant raw materials that
differ in composition from those used in the
manufacture of known and manufactured cement,
which requires high energy to burn the raw
materials of its constituent (four materials) to a
high temperature of (1450 ° C). The traditional
cement process requires complex chemical
process that leads to increase of the final cost.
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3.3.6 Nano-structured Materials

Traditional materials properties are enhanced
when engineered at the Nano-scale, which offers
tremendous potential for improving building
materials by using different laws of physics
inside material. There are many applications in
recent years (Chin, J. 2012):

- Cement and Concrete; Nano silica and clinker
used to increase densification and hence
mechanical properties, durability, volume stability
and sustainability of concrete.

- Service life can be doubled through the use of
Nano-additive viscosity enhancers which reduce
diffusion of harmful agents in concrete .

- Photo catalytic Titanium Dioxide TiO2 added to
concrete to reduce carbon monoxide and NOx
emissions on roadways.

- Carbon Nanotubes:

Considered as one of the “Top ten advances in
materials science” over the last 50 years.
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It enhances strength, stiffness and toughness
without added weight Improved durability,
increased functionality and reduced flammability.

- New infused steel allows ultra high strength,
corrosion resistance and have good surface finish.
Addition of copper nanoparticles reduces the
surface unevenness of steel which then limits the
number of stress risers.

- Coatings — Organic:

Thin film, clear Nano-composites for improved
scratch and material properties. Antimicrobial, self-
cleaning surfaces. Smart coatings: sense pressure,
impact, damage, chemicals, heat, etc.

- Coatings — Inorganic:

Self-cleaning glass , Titanium dioxide (TiO2) is used
as nanoparticle form a glazing coat since it has
sterilizing and anti-fouling properties.

- Fire-protective glass which is achieved by using a
sandwiched layer between glass panels.

Khaled Nabil, PhD -3
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- Photovoltaic
Conventional photovoltaic material is silicon, but

innovative material technology involves the use
of dye-sensitized nano-TiO2. Large surface area
of Nano TiO2 greatly increases photovoltaic
efficiency. It uses less material with lower
processing costs relative to conventional solar
cells.

-Nano additive fire retardants possess improved
flammability resistance  while improving
mechanical properties. It reduces heat release
rate during fire event by formation of surface
char which insulates underlying material (Chin, J.
2010).

Nanoarchitecture.net

Nanoforum.org

Wikipedia.org

Chin, J. (2010) Nanotechnology in Building and Construction.
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Introduction:

Walls are the vertical elements of the building,
which might be declined in special cases. The wall
has many purposes; protection from weather and
outside dangers, privacy, ventilation, lighting and
transfer of loads in case of wall bearing structures.

Thus walls are subjected to many forces;
compression, shear , bending due to unequal soil
settlements and earthquakes, lateral forces as
winds or soil compression against retaining wall
and push-up due to sub ground water.

The wall could include many elements; windows,
doors, vents, lintels, shading devices and parapet .

There are many brick and block bonds according
to wall thickness, starting from the running bond
for Y2 brick or one layer which is used for all
blocks, the Egyptian bond -known as English- for a
width of one brick (headers and soldiers), Flemish
bond and regular stack.

The chapter presents 13 types of wall alternatives
of different materials; adobe, stone, Rammed
Earth, stabilized interlocked blocks, polystyrene,
waste Plastic and mixed materials.
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4.1 Traditional Red Brick: Rat-bond
India

The manner of laying bricks and its overlap is
called the bond. The rat-trap bond is laid by
placing the bricks on their sides having a cavity
of 4” (100 mm), with alternate course of
stretchers and headers. The headers and
stretchers are staggered in subsequent layers to
give more strength to the walls. Rat-trap bond
brick work in 1:2:12 cement :lime :sand mortar.

Modified flemish Brick bond

http://lauriebaker.net/

2igd) 1 Ul Bamas jaa¥) qighll by, 1.4

Ll ssk By -dige Blly clSgll) ol gkl ga) A8k e
Al e qghll pdag o) Al Jsas dal aigh B Saaa
A4k alaal) ga i aw 10§18 Legin (it (e £ sde haila
sUaey dllada S lghia 5 aly (g s gbiciy 53l (a (,SEalil) Ly )
1:2:12 Cland: paiday Aeaival) dflanl) digall hailall 8] 548

(S sus)

canties

A.IGJ\ U‘Lﬂ\ 3.4..3*44 JAAY‘ ‘?’JH‘ .hl..iJ

Khaled Nabil, PhD -4 89



Advantages:

This technology has about 25% overall-saving on
cost of a building of traditional 22.3 cm
construction. The structure has proven its strength
to go up to three floors with the support of brick
columns. Reduced number of joints reduces the
mortar consumption and heat transmission

through wall.

Disadvantages:

- Structurally safe up to 3 floors only.

- Needs accuracy & strong mortar bond.
i e

Rat-bond

http://lauriebaker.net/
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4.2 Precast Stone masonry blocks:
CBRI, India.

Stone is an abundant material in the Arab region,
widely used in traditional architecture for several
purposes, according to its properties. Random
rubble masonry needs skill, produces non-uniform
wall subject to water penetration while loadbearing
Is limited. Its also produces leftover rubbles of
different shapes, sizes and color. It could be reused,
mixed with new similar stone in Dblock
manufacturing. This technique is developed in the
Building Research Center of Roorkee, India (CBRI
1986). Partially damaged stones could be recycled
as precast stone blocks, mixed with same color
mortar in molds at the same size of original stones
to sustain the building identity.

Production:

Steel molds, vibrators & trowels . A concrete casting
plate form with 4-5 mold spaces are oiled. Into each
mold, 2-3 rubble stones are placed with flattest side
facing the ground. Gaps between stones should be
at least 15 mm (Stulz & Mukerji 1993).

Stulz & Mukeriji (1993) "Appropriate Building Materials", SKAT,
Switzerland, p74-76.
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Filling the mold with rubble stones and compacting
the blocks with a plate vibrator (Stulz & Mukerji 1993)
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A concrete mix of 1:5:8 of cement, sand and SIS sl 31 a quua A883 15-10 Qi g8 (e S pll) pd 5
graded aggregate of 10 mm is filled into the SR Ao gl ciadl (AT 0 sl G5 (S saaal Baal plally
mold, compacted, vibrated and finished with a L) 5L Al o) JSy s

trowel (Stulz & Mukerji 1993). . o SU o) Sgal sl gy sl
The blocks are de-molded 10-15 minutes latter, ghil O s 3 Pl gand o 20x19x14 ‘f“f'm‘ s
water cured for 2 weeks and kept dry for (JY U Laglia ddaay Laa Ldial) galudl Gl ) by 2iS oy
another 2 weeks. The bottom face with the ) casdad) jaal) Jadlga e DB S A ga culS plally U ellgioy
exposed stone texture forms the external face b £l L LS (e ) by gliad Y Steady 558 iS) L

during construction. Blocks typically 29x19x14
cm, permitting single brick thick walls (20cm)
for 3 floor buildings. Special blocks with
recesses for reinforcement can be used, to
achieve earthquake resistance.

The blocks consumes slightly more cement in
production than random rubble masonry, but it
doesn’t need plaster. Loadbearing capacity is
far greater, construction skills & time is
reduced. This technique is very useful in post
war construction, to recycle demolished
building debris (Ahmed, Kh. 2007).

L)

Ahmed, Khaled (2007), "Reuse of Demolished Building's Debris Houses built with Precast Stone masonry blocks in Nibal.
in Post war Construction”, The 1st Euro-Mediterranean Regional Stulz & Mukerji (1993) "Appropriate Building Materials",
Conference, Barcelona, pp 514-518. SKAT, Switzerland, p74-76.
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4.3 Blocks from Agro-Waste: Philippines

This technique is developed in the Forest Products
Research & Development Institute, in manila,
Philippines.

It is a hollow soil-cement blocks which contain a
certain amount of cement, beach sand, and
agricultural wastes, such as rice-husks, sawdust,
wood chips or coconut trunk particles.

Blocks are 10x20x40 cm with 3 rectangular holes,
made in wooden hand molds. The raw mixture are
those of the soil-cement blocks, is filled into the
mold, tampered & leveled (Stulz & Mukerji 1993).

The blocks are de-molded and left to dry on its
narrow side for moist curing for 10 days.
Construction is the same of concrete hollow blocks.
Stronger walls could be done by inserting
reinforcement bars in the holes to achieve
earthquake resistance. For more details see
following reference:

RENAS-BMTCS (1984), "Building Materials from Agro Residues,
Low Cost Building Materials Technologies and Construction
Systems”, Monograph Series No. 1/1984, UNIDO/UNIDO, Manila.
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4.4 Cut Stone Masonry (Ashlar) Wall;
Invention by editor, Egypt

Natural stone is a wide spread building material
since dawn of history all over the world. Stone is
cut into rectangular accurate dimension and laid
in parallel courses -known as ashlar- to facilitate
easy laying, neat building and speed.

Stone Blocks are environmental, low cost
building material and socially accepted in many
regions. However, traditional cut stone’s laying
process is characterized with:

- Requiring experienced costly labor.

- Consumes large amount of bonding mortar.

- Slow process.

- Might be of higher cost over traditional blocks.

The invention is an Innovative of wall bearing
construction of one block width, ranging between
25-50 cm, using developed semi-dry Flemish bond.
Each course contains a header and stretcher
alternately, the outer end of each header coming
on the middle of the stretcher, next Fig. This bond
has better appearance and shear force resistance.
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The idea depends on using two layers of standard
stone blocks in a semi-dry laying process, using
developed vertical internal mortar.

Concept surpasses traditional Flemish bond with
the following (Ahmed, Kh 2015):

*Elimination of horizontal mortar, by applying
surface-bonding, discovered by ancient Egyptians,
turning the process into dry stacking.

*Providing wall insulation by adding light weight
material, e.g. perlite or polyurethane grains to the
internal vertical mortar.

*Better earthquake resistance, where internal
vertical bonding mortar is composed of Hydraulic
lime, sand and light weight grains in equal
portions. Lime mortar allows flexibility rather than
cement, which could be added in wet areas.
sIndoor cement plaster reinforced with fibers could
be applied to resist lateral forces, giving monolithic
action for the wall.

*Stretcher blocks are protruding from the outside
to shade the header blocks, providing texture and
sun protection.

Ahmed, Khaled (2015), “Appropriate Building Technology &
Sustainability”, The Saudi International Conference for Building and
Construction Technologies, KACST, Riyadh.
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2 courses of the stone wall. Intersection is
reinforced with steel bar

US20140245679 A1
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Innovation advantages :

- Usage of low cost limestone and other cut stones
in most countries, compared to conventional CMU.

- Speed of wall Laying increases productivity.
- Thermal insulation of wall.

- The use of 50% of mortar, compared to
conventional building process.

- Better appearance of fair face stone due to lack of
joints treatment; does not need rendering.

- Dry stacking avoids stains often happen by the use
of cement mortar.

- Simple construction process could be a “Do it
yourself”’ operation.

- Concept is applicable to other building blocks of
accurate dimensions e.g. concrete and Siborex
blocks.

- Overall economy of the building process.
Disadvantage :

- More wall thickness.

- Larger foundations.
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Ahmed, Khaled (2015), “Appropriate Building Technology & Sustainability”, The Saudi International Conference for Building

and Construction Technologies, KACST, Riyadh10-11 May, 2015.
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45 Sand Bags “Superadobe”. USA,

Germany

Sandbag are typically used in war trenches and
flood prevention. In Germany, Gernot Minke started
applying the concept in house building which is
known as earth bags or soil bags (Grasser and
Minke, 1990).

It is essentially to make solid blocks by putting soil
in polypropylene bags, tamping and laying them
down like blocks or bricks. Khalili has further
developed the concept, while working with Cal-
earth Institute, US, calling it “Superadobe”
technology, to avoid conventional adobe
shortcomings. It is instant and flexible line
generator. Long or short sandbags are filled with
on-site earth and arranged in layers or long coils
(compression) with strands of barbed wire
between them to act as reinforcement (tension).
Stabilizers such as cement, lime may be added.
The technology is patented and trademarked (U.S.
patent #5,934,027, #3,195,445) offered free to the
needy of the world.

http://calearth.org/
http://www.earthbagbuilding.com
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Building elements :

- non-woven geo-textile made from polypropylene
or polyester is commonly used.

- clean stabilized sand by mud, (soil. 25% to 30%
clay in the soil is the best mix) lime or 3-5%
cement.

- galvanized barbed wire.
- Wooden, metal opening’s frames, or old car tires.

Construction:

Structural principles of sandbags and barbed wire
uses compression shell structures. Barbed wire
adds the tensile element to the traditional earthen
structures, creating earthquake resistance despite
the earth’s low shear strength. The aerodynamic
forms resist hurricanes, flood resistance, and easy
construction, while the earth itself provides
insulation and fire-proofing. Bags do not slip off
from each other, they stick safely together because
of wires. It guarantees a good adhesion of the
plaster to bags. Lime plaster made from hydrated
lime; 1 part lime to 6 parts sand. Wall thickness
needs to maintain ratio of 1:10 in to height.
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Construction process of dome house (SuperAdobe):

Khalili, Nader (1996), “Ceramic Houses and Earth Architecture:
How to Build Your Own”, Cal-Earth Press, USA.

https://www.youtube.com/watch?v=bnWw PrJB48
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Advantages :

- Avoid conventional adobe shortcomings. It is a
simple adobe; flexible allowing Self-build.

- Low cost using site earth.

- Good thermal insulation of sand,

- Earthquake & fire resistance despite the earth’s
low shear strength.

- The aerodynamic forms resist hurricanes.

- Environmental friendly, no production energy.
Disadvantages :

- Not suitable for multi floors; only two.

- Superadobe requires circle plans.

- Life time is 35 years (not tested).

- It must be plastered by natural soil, lime or
cement to be protected from rain.

- Sangbags are vulnerable to UV degradation.

.
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46.1 Sandbags: South Africa,
Germany..

The potentials of Sandbag concepts has led to
widespread in many countries; South Africa,
Australia, Germany & Latin America. Other
applications took different traditional house
shapes, such as the sandbag house in South
Africa, patented as Ecobag and Ecobeam
(Kracht 2008). Ecobeam structure is a modified
timber frame house, which behaves as a
monolithic structure and appears exactly like a
common brick house. Sandbags are used as
infill within the technique. Plaster is applied.

gy o

=,

http://www.sandbaghouse.com/Publications.html
http://www.sandbaghouse.com/Home.html

iball U 8 qigia rda ) (ubsi 1.6.4

cadladl g Ca paadly AEEl) LEANY @l Jal) (sl #U) <l jaaa
e AU 1S a9 el i) o Lailal) gea (o glacilly Ly 41 o giag

dpddl)l @i UY) ¢ ¢« Ecobag and Ecobeam sl jlsiy & Jdlg
g -an00 IS — Al N Gaisad) G b Jasll sl S A
Gligllaally s 4l 9 duald ¢l (SnaS gapl dualy oy
OSeually 45 i 950 4l L8 Ladd Jidal) 134 (gha 2By Ayuddl)
LI Ja )l s il alinal WA ()90 Adly Saaly LS gyl
.(Kracht 2008)
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4.6.2 Sandbags: Gaza, Palestine

Israel's blockade of the Gaza Strip has created a
shortage of construction materials such as
cement. Some builders have tried to make use of
one thing they have; plenty of sand. This has led
them to use sandbags in different ways.

Some has used it as typical one floor house with
arched openings and vaulted roof sprayed with
lime as finishing. Sand was mixed with some mud
(Fig.1). The house building technique is similar to
the Superadobe. While others used the typical
sandbags walls cladded from inside with painted
plywood, roofed with wooden truss and tiles

(Fig.2).

(Fig.2) Abdelrahman Algara house.
https://www.youtube.com/watch?v=d7VEJCyhB3Q

Cpbaadd (338 1 el uls] 2.6.4
sl dga ali B qued 2010 U X 3R Jail ol Jas ¢
SalS b daall sl gal) ST Jlaxial Gland) ad Lea cciiendS
ol ¢ g8l g LAY e Adala ail gas Ja ) (ubaSi crasdiing 13gd
&a gjdiﬁjﬁuﬂwh’hweaﬂuj A Juld daaa J3ia A LS
ana pdia) LS (Fig.1) dasd ol Gulal) (i Angy Apusd A
O Adnpasy Ay Lgidl aa- 33 jdal) Jall GaliSY gl o gl 1 AN
cliglaally Leddudiy (Jalal) Ga ddl)l #iglh gty -cuiend)

(Fig.2) Ysd Jisi ) jgdia J3ial) slhe cana 8 g Appddl)

(Fig.1) Hassan Abo Kabail house
http://www.earthbagbuilding.com/videos/worldvideos.
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Sandbags & Super adobe testing:

It is important to note that traditional bags of sand
-used in war trenches or flood prevention- are not
considered as Sandbags. It must contain a
percentage of 20-30% clay, or stabilized with lime
or cement, well tamped and dried, to create safe
structures. Testing of the difference between solid
poly bags and tubes, and the strengths of walls
created with barbed wires and other plastic
meshes must be carried out to determine the
correct dimensional and reinforcement
recommendations. Some of the structural &
thermal behavior tests could be found in the
following site :

http://www.earthbagbuilding.com/testing.htm

rgd) g gead) — Ja ) (uls] @ s

Yool A Aaadiall- Lalad) Ja ) (ulS) o S Asaall el A
V) il gl g LAY aa Alala ail gaS Lgaladind pleay
e85 LS Al (Ja ) ot culand) gl uadl g cuadal) cpa Al Al
Beh (e Sl G LaS il cligSe waadl Ay Al LSS g
o) aa sl o glhaal) o) dlagl g ana aal g () g absY)
Al (G585 gl B -l gSy) gabijm gAY Jalatl) O L ugd (a S
GILLERY) gan o cialll (Sayy  ApulEEl bl e Al
BLDYL ¢ Q) ugaad) i Jal) (absT A o cyjal AN dliay)
Aadall Jialy Gl ad gally Alall oda 3eUEST (o ) jad) Julasll

Maximum shear stress

Maximum compressive stress

Pelly (2009), “Plastic Limit Analysis of Earthbag Structures”,
MEng, The University of Bath.
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4.7 Rammed Earth Walls: International,
USA, Australia, Germany..

Most of the Arab world lies in the great Sahara,
where sand and aggregate is the most abundant
cheapest material, or even no cost if used on-site.
Rammed earth walls are constructed by ramming a
mixture of selected aggregates, including gravel,
sand, silt and a small amount of clay, into place
between vertical flat formwork panels. Modern
technology uses Pneumatic tampers to reduce the
amount of labor and increase strength and
durability. The choice of formwork and ramming
devise influence speed, cost and quality of
construction. Formwork should be rigid, light, easy
to dismantle and permit different wall thickness.
The most appropriate soil mix should be 50 to 75%
fine gravel and sand; 15 to 30% silt and 10 to 20%
clay. Soil should not contain more than 10%
moisture (Stulz&Mukerji 1981).

If there is no clay, lime -or cement of 10-5% could
be used for stabilizing (Minke, Germot 2014).

Minke, Germot (2014), “Building with Earth, Design & Technology
of Sustainable Architecture”, College, BIRKHUSER.

A el () eyl 148 aall 4y ) Jai g 7.4
dalina £ oBsl ooall allally | Bgi sl 2ga JSI alS,N 5 Jal) iy
wad ) (e ASgarall 4 hailga Jaany Laa LSl slawall (gl
JaN cdpb 5 pa Alihallg cplally alS )l bald B b Gua (i)
A S g AR Jia o aladiudy claal) Ay jh gkt o3 B9 Badid)
L ol gl g \ga gand g Al Lgual g3 (pa @) Laa Al i) queas
Ao g8 saddl eSS ¢ e SUA AAWY Sagag Ae Ao s el

Jailall A8lAa (2 g0 AalY & e JRI 5 clil) Algu g Adidd

ik 9%30-15 asl Jayy alS) %75-50 (e dsaiial) 48 s

%10 & uk ¥ Lo Wubi ey 4Ll sh %20-10y
CSay o(phlly Addlll b e Ja Ay (Stulz&Mukerji 1981)

.(Minke, G 2014) sl 5} cuia) (4 %10-5 Ay alS 1) s

l,.ﬁb:\u\ 4&#\9 clS,uA\ el Y e
Perth rammed earth home, Australia
http://www.yourhome.gov.au/materials/rammed-earth

http://www.yourhome.gov.au/sites/prod.yourhome.gov.au/files/
pdf/YOURHOME-Materials-RammedEarth.pdf
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Modern rammed earth walls have been applied in
western America and Australia, built using cement
stabilize and are typically 300mm thick for external
walls and 200mm for internal (Keiren 2016).

Construction (Stulz&Mukerji 1981) & (Minke, 2014):

- Strip footing is laid under all rammed bearing
walls, at least 30 cm above ground.

- A DPC between footing and wall is recommended.
- Formwork should overlap the wall section below
of at least 10 cm, starting from corners.

- Soil is filled in formwork of layers of 15 cm for
manual ramming, which could exceed with
pneumatically tamper to 80cm, compressing each
layer to about 50-70 %of its original height.

- Once wall layer is completed, the formwork is
immediately dismantled and moved further along.

- Joints between each row should be fortified.

- Openings coordinates with formwork, made
without lintels to spans of 1meter, and cut by saw.

- Walls are usually coated with an air-permeable
sealer to increase the life of the material , next Fig.

(Keiren 2016), "Rammed earth” at:
https://www.niftyhomestead.com/blog/rammed-earth/

sl Cilanlly LSS an AS gSaal) Jail gald) Colii aly ¢ Ll il 9 1S el A g
.(Keiren 2016) 4dalall aw 209 s JAd) Jail gall 430 dawy bail ga

:(Stulz&Mukerji 1981) & (Minke, G 2014) il 4lae
Lilall (2 0 dind au300 pa ) gl @sd Ak pd Sl Jans -
dailall g clulad) G Ay gl Ul Al jle A gl -

Y e L)y hailal) e o 10 a8 s BN gl -

80J 4idh) (Sary ¢ o) dlaall s 15 clid o Badd) Jala 4y Al Bad -
s (e %70-50 geaal 4y ) Jaidali o ¢Sl daall o

A Al il O A jey LBET A JA Gy Aluda S (e plgEY) e -
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(Keiren 2016)
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Formwork & pneumatic tamper
(Keiren 2016), "Rammed earth” at:
https://www.niftyhomestead.com/blog/rammed-earth/
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Minke, Germot (2014), “Building with Earth, Design & Technology of
Sustainable Architecture”, College, BIRKHUSER .
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Advantages : D Jpall
- One of the cheapest wall construction alternatives. 2B gal) 3 e aladin) aa dald celid) (3 b (el i (e -
- High compression strength and durability. Adlal) (glalially Luald Agdlal) da gagtl) ga bagiidall e Jaa -

- Suits low-mid rise buildings; 2-5 floors.
- High thermal qualities, similar to stone.
- Requires no energy for manual ramming.

Bl adl AT A8 lae 4y ) s el 5 g By ad) da glia -
_EN\MQM&AJUA;MUS;;U#M.

- It causes no wastage or pollution to environment. (UGS Y Laa ) gall (35ad Al Zlias Y Cua (Aill Asa -
Disadvantages: - gand)
- Requires skill in earth construction. LA Janiaa) g 4y il U B 5 lga liag -

- Thicker walls could be costly.

: : AR 2 5 28 Laa S LYY e S Jailald) dlaw -
- Not architecturally flexible. & guiY) g s

A88Y) JaBlical) 45 g pa dag Laa cAlalalf Jai) gadly kil oSay Y -

o

I, AR i PV SR e
b e B T

Rammed Earth Home in Westlake Hills, Texas, NKk'Mip Desert Cultural Centre in Osoyoo0s,
minimizes air conditioning (loukimball.com). British Columbia, Canada, completed in 2006

(Kieren 2016) “Rammed earth” :https://www.niftyhomestead.com/blog/rammed-earth/
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4.8 Hydraform Interlocking Stabilized
Block: India

Hydraform’ refers to the ‘hydraulic forming’ of
interlocking blocks, which are produced in India
and spread to 45 countries. Blocks have 3 types;
- Hydraform HF220 block is the standard block
and is suitable for external 9" thick walls.

Block dimensions:

Length: 120 — 240 mm

Width: 220 mm

Height: 115 mm

- Hydraform HF220 conduit block is similar in
dimension and application as HF 220 block above
with additional provision for conduit for
horizontal reinforcement applications.

- Hydraform HF150 block is suitable for external /
partition 6" thick walls.

The blocks can be made in Hydraform machine
using Fly ash — Lime — Gypsum — Cement- Sand
(Fal-G), other fly Ash based combination OR Soil-
Cement (Compressed Stabilized Earth Blocks
SEB) OR Stone Dust — Cement (Hydraform.com).

Khaled Nabil,

Mgl Aidal) ABdmall a8 1 S ol 8.4

Bagy 93 ol gmila elhel Sidg ngdl Jusddl) ) dandll & A
18158 3 Sl Mg 45 A guh e ga g dile

115 gl )5 2220 (a8 9 240 Jsb il o) 58l o gl -
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A g Shyaail) gf galedl) s gl gl a0 (Ask ) shal
gUily ma110 Lae 5 aa240 Job mld Chal a8 sl -
Lob il (aa115
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http://www.hydraformasia.com
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Blocks have been successfully made using
following combinations:

- FLY ASH CEMENT BLOCK:

Fly ash = 35% — 60%

Coarse sand = 35% — 70%

Stabilizer = 8% — 15% (including lime, cement,
gypsum)

- STABILIZED EARTH BLOCK:

Soil =60 -70%
Coarse sand =20 - 30%
Cement=8-10%

The block strength is determined by its nature of
Soil / Fly Ash , quantity of Cement and other
materials used, water curing.

Cement Content Strength Cement Content

8% 4to 5 MPa 8% 7to 8 MPa
10% 7 to 8 MPa 10% 12 to 13 MPa
1 MPais equal to 10 Kg / Sq. cm

http://www.hydraformasia.com
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Machines & Production process :

- Machine is inclusive of hydraulic power pack
mounted on a static frame. Capacity: Up to 200
blocks per hour, provided by company.

- Machines can be installed at a block yard to
operate as a factory or on site production.

- Sieved Soil or Fly Ash is blended with cement,
coarse sand & water to make a homogeneous
mix. The mix is then fed into the compacting
chamber through a sliding hopper. The Chamber
is fitted with replaceable mold plates to give
different shapes and sizes of blocks. The mix
material is then hydraulically compacted and
extruded to form block.

Fresh blocks, so made can be handled manually
and do not require pallets for stacking, curing
and production. This saves block transportation
cost. Once blocks are fully cured by sprinkle
water , they can be dry-stacked with no or
minimal mortar depending on application.

http://www.hydraformasia.com/products/interlocking-block-

machine/
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Wl OSay dgaigll AS,Al gl e Ao clisld) -
Aclufd gl 200 il ¢ a8 gall Lelii 5 aduaally

slally cpddll Jaylly cilawtl Leghald g 4y Al gi alajl) JA5 ey -
S O Al sl B a8 Jlil) auda gy cadlatie bdd Jead
A sllaal) S gLl £ o8 casn Lgall g8

A Ll Lgily o8 S olal) (s T -

Baal Lgdy aly i ccfaill Aol (B (a5 a0 Ly gy S glal) Jaa -
Sl & )T o o gl

iy 40 gay gl il s LS Lgdlartis) (S Cilial) ax, -

Hydraform Hydraulic production machines
(psS. bl pugdian)
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Technical specifications of blocks G gaally 48l cilia) gal)

220 mm (9 inch) 150 / 115mm (6/4.5 inch)

115 mm 115 mm

Interior/Partition Walls/Framed
External walls/Fencing/Load bearing constructions
Constructions

120 mm to 240 mm 120 mm to 240 mm

u+ — 11 Kg (Full block) for SCEB; + — 8 kg (full block) for fly Ash blocks 5.5-7 kg approx

By size, one HF220 is equivalent to three to three & half size of conventional fired bricks. Other sizes are also

available.

http://www.hydraformasia.com
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Water absorption: s slall Gabaia)

- For Fly Ash- Cement: Up to 15%. %15 i cuiand) 5 el S sL -
- For Stabilized Earth Block: Up to 12%. %12 i Adial) 4y ) S sk -
Block finish: NCRRE
e 0 ech e Wll Wi O WMOUT gty il ki iy 2 iy 3 i
EeaZivén a groove pointingp/ varni’sh / sili-coat or Ot a5t ol S sl ¢ Sasal) dal ol R aﬂ%:,;:;

tereline cfoat to protect agams.,t weatherlr\g effect. FoAal sl e b S 1 s gliad ¥ iyl
Conducting can be done using Conduit blocks.

Alternatively conventional chase cutting also /
possible

~ 04/07/200

http://www.hydraformasia.com/gallery/
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Advantages of Hydraform blocks:

- Interlocking Blocks save on Mortar & Plaster
cost.

- High quality, finish design & aesthetics

- Faster construction.

- Simplicity of construction by unskilled labor .

- Cost efficient ; with option to Use waste
materials: Fly ash, marble slurry powder, rice husk
ash, Concrete mix with chips up to 4 mm.

- Fly ash blocks can be lighter than conventional
masonry.

- Suitable for earthquake resistant construction.

Disadvantages :

- Blocks takes 7 days for curing using plastic
cover.

- Blocks are heavy (dense) since no cavities, which
also decreases thermal insulation.

- The space of conduit block is so tight for RC.
- No blocks for beam shaping or lintels.
- No half blocks.

http://www.hydraformasia.com
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4.9 Interlocking Concrete block
veneer: Life style 2000, USA

The "Lifestyle 2000" is a demonstration house in
Maryland USA, initiated by National Concrete
Masonry Association (NCMA). They studied
concerns and needs of consumers, owners and
home builders to identify general housing needs,
shortcomings and possible solutions. It aimed at
increasing productivity, by lowering labor skills,
through interlocking self aligning geometries and
achieving cost competitiveness with traditional
housing wood structures in USA. The house is
featuring 28 different small innovative concrete
products and a variety of energy saving solutions,
divided into 5 major subsystems; walls, floors
and foundations (Pardo 1991).

The project was conceived as a preview of how
homes would be built in the next century, and a
showcase of the state-of-the-art of building
technology. The Siding Block was developed to
maintain an economical, energy efficient dry
interior environment, by creating a double cavity
assembly in one single step.

LYol ¢ clgal sl dbdas dplw A @lssli 9.4
4y paY) Baaiall
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Gl g (O gl Cilalalia) g (planional) Claliia) g S ghlly oLl
Anddl) Cgal) Gudlint 4RI (83 aa Lalidy) By ) Al JSLial)
"Lifestyle 2000" ¥ Swall b Jglal) cauagy  Agadinl)
dnlal) 4y 94l il g B pal) Al Ad) il gSall (e 28 anay (o3
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"Lifestyle 2000" «ilsl) s gul

Pardo, Jorge (1991), “The lifestyle 2000”, NCMA, Virginia, USA.
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It is a fair-face interlocking load-bearing
component, measuring 20x20x(10-20 thick) cm,
designed to accommodated internal styrene
sheet insulation. Horizontal dry stack which
reduces 50% of the joints* mortar, using latex
adhesives instead of cement mortar. The RC
unit weighs only 10 pounds. The wall could be
reinforced with steel bars for load resistance.

Production :

Used materials are aggregate less than 1 cm,
Portland cement 10-15% according to the
component and oxide pigments.

The inventor; Pardo has designed a hard steel
mold that fits into a conventional block
machine, so existing manufacturers can
produce it easily. The mold provides a machined
surface and 0.8 % tolerances, so the block can
be accurately laid with no mortar on the bed
joints. Proper materials, well grading and mix, in
addition to accurate hard steel mold are the key
issues of the manufacturing process.

L) el (3:8a3 Siding Block il bilall &gl gk
Aol e Gssh Gua Al pbg pe SaiBYlg eld) Aggu
doldl Gulle Alala hilga el 3 alal dlu Al ol
pay o daslad (S A 14 4 e 20x20x10-20
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aana Adgall (p Yo S (e B pdg e JAldid) el
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.Siding Block dJb e <l ¢« 40,085 ¢Slually
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Siding Block,
(Pardo 1991)

Pardo, Jorge (1991),”The lifestyle 2000”, NCMA, Virginia, USA.
Pardo, Jorge (1992),”The improvement of the Lifestyle 20007,

National Concrete Masonry Association, Virginia, USA.



Advantages:

- Fair face, doesn't require paint or plaster.

- Increases productivity by lowering labor skills.
- Economical, costs about 80% of the cost of
brick veneer.

- Energy efficient, integrating thermal insulation.

Disadvantages:

- Rigid structure due to wall bearing.

-The total cost of wall weren't assed by
independent party.

- Requires hydraulic block making machine &
special molds.

Pardo, Jorge (1991),"The lifestyle 2000”, NCMA, Virginia, USA.

Pardo, Jorge (1992),”The improvement of the Lifestyle 2000”,
National Concrete Masonry Association, Virginia, USA.

: Siding Block <l sl < jaa

_;.692.'\3\ ?r-l.'d\ LQAE.«J cu'al*\.“‘g «ﬁﬂgﬁy -
(e gy 4l Basa -

i gl -

Ll eU) B gl Zliad ¥ i o Ul) A g -
(35U A1) %20 gy AdlSil (aldds) -

_u.‘i\d Craomiaad 93 392 91 <3l jall Al e -

e

. daluia 585 28 g dlala Jai) gad) dua celgily) day La Jualll) &g griaa -

_qugjgh\Jéﬁjimaﬁwa\ubﬁﬁgé-
Bagall Gladl cMB@\ﬁJéﬁdeﬂb oS @l -

. =
‘u.);':'

2P

A | 8
s

e
< A
@'&

Siding Block (Popular Science, March 1992)
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4.10 Speedwall Building System: UK,
International

It is an international housing construction
technology supplier, focused in providing
affordable mass housing projects since 1991.
Speedwall Building System is a patented mobile
panel making machine, which produces load
bearing structural panels onsite suitable for use as
both load bearing walls, ceilings and multi-floors.
Panel Characteristics:

- A standard panel size is 2440 mm x 1220 mm with
a finished wall thickness of 100mm or 156mm.

- The length and thickness can be adjusted, and
requires only resetting of the Speedwall
equipment.

- A standard panel allows for an unsupported span
of approximately 4m.

- The resultant monolithic structure is adaptable to
virtually any structural requirement or climatic,
environmental or seismic condition as wind-load.

- Structures are rust proof due to wire zinc coating.
- Panels have thermal and acoustic rating and a 2-
hour fire rating. Higher ratings can be achieved.
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Production:

The patented Speedwall panels consist of ladder
trusses that are formed using a 3mm diameter zinc
electroplated galvanized wire. Trusses are strapped
together on each face and spot welded with further
steel wire creating the structural framework of the
panel. The central insulating core is fire retardant
polystyrene core.

Speedwall panels are instaled on site,using cement
render to both sides. Concrete is applied to the
interior and exterior with a compressor to the
specified thickness. The un-sprayed panels are
lightweight and easily handled, and can be shaped,
jointed and fixed with the minimum of skills and
equipment.

Complex shapes can be formed including circular
openings, arches and curved walls. Window and
door openings can be cut for any type of framing
material. Electrical conduits, boxes and plumbing
can be easily inserted between the wire mesh and
the insulating core. Any finish can be applied to the
wall.

file:///D:/kh%20books/low%20c0st%20BLD%20tech/world%20
low%20c0st%20housin%20tech/Speedwall's%20Panel.html
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The company claims the following benefits: (Aadial) Ayl W) &) jaaall
- Speedwall Structures are light-weight and b JI Laa ¢y o) Addy dpial) cilitial) jpai -
accordingly do not require deep foundations. L) Ul o glhaal) b gl) jde llgind 1A A i -
- Structural assembly is up to 10 times quicker O o] (8 Lgale ) (S g B ale Allend dalal) e -
than conventional construction approaches. JISEY) alina Jos dra (S Laa cadall) g S50 A g -
- Low skilled labor is required in the construction, gy clira qallaly ¥ 5 A4S -
local labor can be trained in 2 weeks. (SR AR gy a8 gally TY) -
- All materials and labor are sourced locally to Yo 30 AUl Dlgin) (alds ;3 ) all dljle -
reduce importation and transport costs. Ay Alpa (5 gou cpllaii Y-
- No heavy lifting equipment is required in * gl
construction process. Ll Al e Aals bl gall cplgaN) g b Joadll Lgra -
- Speedwall structures are energy efficient and Aalial)
reduce energy bills by more than 30%. Aslaally o paay daiil) gkl 4djlea ASISH (il oy ol -

- Speedwall structures require little ongoing
maintenance.

- With reduced project completion timetables
financing costs are greater reduced.

yomakL

Disadvantages: Ifgaq A
- RC wall bearing doesn't provide flexible spaces. B S

T
- It hasn't proven to be cost —saving compared to B
traditional RC skeleton structures in SA or Egypt. Speedwall structures
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4.11 ReBuild System: Italy, Jordan

G (L) + JATa) aly sl o35 11.4

Cameron Sinclair and Pouya Khazaeli, working in Ll ey cAlgn sl A8y pb IS AT A i (g el L8
collaboration with Pilosio Building Peace, has alal o aaied Ayl &) oSl g g oad) dagill cpa JU Gl
developed this re-deployable building system for o O Aaalia) 8 jpal) | udill £ Ul iy ¢ 533 g0 Aiina iladi
displaced populations after wars and disasters. . Bala (sl WSka ¢Sy ~Asianall sl gall (1a (Sag A 2al) — Jail gl
It is basically a simple scaffold-based construction SR g A8 A ggaad Abiles A ga adRTu W g (g Al g AlS IS B B gia

wall system called ReBuild. It is modular, self-built,
environmentally friendly, durable and community-
oriented structures that can be employed to build
any type of structure. One of the key advantages of
this system is that it uses materials available
material such as sand, gravel, and earth, while also
enabling the wusers to construct the buildings
themselves due to ease of construction.
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Construction process:

- Raft RC foundation is laid first.

- Scaffolding tubes, are joined together to create a
simple skeleton for the required structure.

- Fencing with wire mish is added on both sides of
the wall.

- Sanitary & electric conduits are placed within the
walls.

- Gravel and sand is poured inside the walls.

- Walls are covered with local fabric or reeds.

- Scaffolding platforms are used as the roof of a
structure and then earth is piled on them to insulate
the building, or turned it into a green roof.

- Floors are covered with plywood panels, which
could be dismantled.
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The ReBuild project team claims a group of 10 v e ce .
i 1) il (] g Al Ay

workers should be able to construct a 16 x 16 m

. ) ) . i - 44ty
building in two weeks with no prior construction M 8L s .. , .. ..
experience, if supervised by a technician. B et f’“ GF Qe N
Two schools have been built using the ReBuild 2015 ale a0 1a242 Aalual ¥ 9223000
system in Jordan in 2015, at the Za’atari refugee sl

camp. Each of the schools cost about $32,000 for (e OIS Oy cmlaid Jaad 00 J*’"L“’fu‘ h“ﬂi S
LA g 4SS bale) g ASSE
Jadd aal g 99 quuildy -

242sqg.m, which includes the materials, transport,
construction, labor, design and planning costs.
Disadvantages:

- RC wall bearing doesn't allow alteration, even
though could be dis assembled & recycled.
- Suitable for one story only.
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4.12 Zipblock Building Block: England

It is made out of polyurethane foam that measures
8feetx4xinchesx4-inches. It is fully interlocking
modular building systems that could be combined
as walls. The block could be sawed into smaller
cubes. It is divided by side lines into 4-inch-cubes,
to serve two main purposes; allowing flexibility to
determine the length of a block, and they indicate
where it could be safe to cut into smaller lengths, to
create any wall lengths.

The system is hybrid primarily because, it contains
blocks and Zipblock panels, used during building
the wall in the course of building a wall as needed.
Depending on the type of Zipblock products used,
the polyurethane foam panels and blocks supports
between 50 to 100 Ibs/quare inch. To support a roof
on top of foam walls, a layer of steel mesh must be
laid over the top to disperse the roof loads.

The company offers also Modular Building Panel
and Insulated Concrete Form; ICF reinforced by
steel bars. Blocks and panels could be connected
using either “lugs” or panel connectors.

http://zipblocks.com/polyurethane-foam-building-block-2/

|l (o aalss (o k5 S sl 12.4

lallay call g8 Jaka Gsisall GUjsalsall (o gl 3l clS sl aduad
gl A B0 dldas Sl (Joh aw 20 Gl 20 Jsk 240
o) Usgn QS i Say Ll ) LSS Lgasand (Say ua
(st 90 9al) el Agali i) Ja glad 3 g2 5l cann 20 JS Cilasa
Cn add e (S AT g Jailall Jgha of Jue il Adg yall oda g
Ll AL Lgila (e AN Joad) a5 g b gilall g el gl 31 s gLy
9oy ety Sl Jlaaialy cazanal o) Jard ra pand Al
N
-~
Indentation

Rebar

Rebar Suppor

Zipblock Building elements

(Zipblocks.com)
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Construction process:

It is simple, similarly as playing with the “lego”:

- Traditional concrete strip footing is laid under walls.
- Blocks are interlocked together using a “block
connectors” of the same material. Blocks can easily
be used to build single story structures. Three-pound
foam is rated at around 50-Ibs/square-inch. Five-
pound foam is rated at around 100-lbs/square-inch.
Higher quality blocks of a foam density about 5
pounds/cubic-foot is used for higher walls.

- Once a desired wall height is reached, a steel plate
is placed along the length of the topmost blocks.

- The lugs get cutoff before placing the steel plate.

- The plate is compressed downward with threaded
rod that gets anchored into the foundation.

- Roof trusses could be laid on top of the steel plate.

Advantages of Ziblock:

Lightweight, easy & fast assembly, lower cost in oil &
petrochemical producing countries.

Disadvantages: Low loading stresses, except when
ICF is used. Low fire resistance, thus it needs to be
plastered with a special material.

https://www.youtube.com/embed/clZhkN6gWyc/
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4.13 “ByBlocks” Waste Plastic: aaiall el ol sl clldi «dl sluliy 13.4
ByFusion, USA Gap b gl B e Oh 300 Nsn gl oa p Ml
Although 300 million ton of plastic of 7 types are La sa g Jakh 98 JS&i g1 gl 3 (s 9m aladind day ¥ 451 ) cg) il
produced yearly, only 3 types are recycled, g5 JS Jagatl Abpag ASLY - (52 ) gad (udigan gl s Lo
presenting about 8% only (Lewis, Peter 2016). Gladaally ddUall clglall (o Lubd daasall  coliadUl) bl
Such abundance of plastic waste, has driven a New sl s gl cdtal)
Zealand engineer Peter Lewis, to come up with a Cing e L gl okl el 1S paby oy guiils A8 L g s
solution to turn waste plastic into building 40 «dsloby Cuew Apuld Abdas clSsl gl Al gU)
mate_rlals; called “ByBlocks”. The material uses b S L) aladiud oSay gl y 51 all Ve S aw 20X20
plastic sourced from the oceans and machine- (i) Giglil) (add 8 Liayl ably Laa (il (addial) elid)
compressed into the dimensions of a typical oy b ol candinly Law o Ga Sy iy 1k
concrete unit. (2016 Sy comsl) )k dAal 53 gaad s

It is an interlocking block of 40x20x20 cm. Blocks
can be used to build walls, and any low rise
building, while avoiding pollution of dumping waste
into the environment. In a project run from USA,
Lewis has established “ByFusion” company to
promote “ByBlocks”, which would be used in low-
income housing in Hawaii.

It is non-toxic manufacturing process, and can help
improve the eco-friendly status of buildings.

WWW.beUSion.Com/ "ﬁ s all QlSJ.Lm ‘:\Mj-\-lwﬂ‘ “ﬂJ"E'
http://www.ecobuildingpulse.com/products/building-blocks-made-from-

waste-plastics/

www.byfusion.com/
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Production:

The system depends on a portable production line of
shredding and compression molding machine,
shipped in a container. There is also no need to sort
or wash the plastic before use.

Construction process:

- Traditional concrete grade slab or strip footing is
laid under walls.

- Steel bars are anchored and fixed into grade
slab/beam, each block to stand lateral forces.

- Blocks are inserted and interlocked together with
the steel bars, in a module of 40 cm.

- A steel section is anchored to steel bars over the
walls, or a perimeter beam to connect all steel bars.

- Roof trusses are laid on top of the beam.

- Wire mesh is laid over walls, and plastered.
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http://yvoubentmywookie.com/wtf/byfusion-converts-trash-island-to-usable-construction-materials-23401/
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Advantages of “ByBlocks”:
- Lightweight, easy & fast assembly.
- lower cost as blocks, but steel bars raises cost.

- Better thermal & acoustic performance than CMU.

- Recycle of plastic waste; avoiding pollution.

- No need for glue to use.

Disadvantages:

- Low loading stresses (not known exactly).

- Low fire resistance without rendering.

- Needs wire mesh to be plastered.

- Requires capital investment for production, thus
better be for large projects

Portable production unit “Blocker” shipped into a 40
feet shipping container (Byfusion.com).

http://youbentmywookie.com/wtf/byfusion-converts-trash-island-to-

usable-construction-materials-23401/
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Chapter 5:

Floor Slabs & Roofs Alternatives

“And if it were not that the people would
become one community [of disbelievers],
We would have made for those who
disbelieve in the Most Merciful - for their
houses - ceilings and elevators of silver
upon which to mount”

Holly Quran, Al Zukhruf, 33

Nabil, Khaled (1999), “Building Technology in the
Holy Quran”, Journal of the Egyptian Society of
Engineers, No. 2, VOL. 38, Cairo.
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Floor Slabs & Roofs Alternatives

Introduction

5.1 RC Joist & Block: Composite floors: Austria,
Egypt, India.

5.2 Precast Joist-block System:UK..

5.3 The Jetfloor & Polystyrene Blocks: UK, EU.
5.4 Span Block: NCM, USA.

5.5 Precast RC joist & Sand-Lime Block Slab
System: Editor, Egypt.

5.6 In-situ ordinary concrete vaults and partial
prefabricated joists: Editor, Egypt.

5.7 In-situ lime Pozzolana vaults on brick segment
arches: Editor, Egypt.

5.8 BINISHELL: USA, International.

5.9 Pre-stressed Cored Slab: Central Building
Technology Development, China.

5.10 Indian Slabs & Roof Technology, BMTPC:
- Precast RC plank roofing system.

- Partly precast RCC joist and brick panels.

- Precast brick arch panel roofing system.

- Precast RC channel roofing.

- Precast RCC cored, hollow slab units.

- Brick funicular shell on edge beam.

- Precast RC funicular shell on partial precast joist.

- Ferro cement long funicular shells.
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Introduction:

The roof is the most important and costly structural
element of the building.

It resists different loads, specially tension which is
different than walls. Roof slabs should resist life and
dead load, which may require reinforcement and
shuttering, thus raising cost.

The chapter presents 17 roofing methods, appropriate
to low-rise, economical housing patterns, that could be
used either for load bearing or RC skeleton structures.
All costly methods and non-abundant materials of our
hot climate region, has been excluded, e.g. wood and
bamboo roofing in addition to extensive steel usage.
The chapter stresses on economical roofing methods,
starting with RC Joist & Block composite floors of
different alternatives, and levels of prefabrication. It
presents two proposals and patents of the author
which avoids problems of traditional joist-block
methods and in-situ concrete floor slabs in the Arab
region.

The chapter ends with several floor slab options,
developed in India which has the biggest housing
deficit in the world of 50 million unit. Indians have
succeeded in lowering floor cost between 20-40%,
which would accumulate billions of dollars.

-

- dadia

LEY Al W SiS) g Adlady) el jealic aaf (pe cilud) iy
dagiie Cibull il pULBlL LAl Lgaal cAllida (o g8l (i
bl bubul (2 pii Ll gal) Lady Al Jdo Lladl Jlaal)
hail gad) oLy 2 ga AE LaS Agiladl (o B laryg S Jhiy
1) dald () e o g il Bl iy Al
dgaslad Sl laa Ay da Ylaa) dalgi B She cils
Al ad 5 Ml g daga g B g ellgiad (Badh Jas )

oaddlal) el dsuliall il W7 Gamn Juadll
LA (Say i Al g0 Wgudany Al g (gl Y)
Al By ¢ Adlu Al AdGel) Al gl dleladl Jail gadl aa 18) g
Uidilaie; Ladlga g ¥ Al of cAQlSHl) Alle aBail) JS Magicl
Al Mad) aaad) g ¢ gualad) g daddld) CERLYIS (3 jlad)

JIaS ¢ allal) Jga alieay 5odiiall L) Jo Juadl) S
Cra b gl Bary (LAWY g o) gall AQNALY (S ol g ilashl
JSldia dgal gal 0 gkl a1 iy Yl Gaus Sl G
EIAA) Al Juadll ga g dgall gl Allaall (aliS Baiaa
uall JSWa quiaii ¢ ARl A nsha (palll cCilall
AL dales (o f iy o gally

gl W yy okl a3 BATL gk Bany (Sl il B30 (s sy LaS
%40-20 (o Lo ALK (add g pLANY) A8 ju (B lalad i g
Gsile 50 gl ASad) Jaad) (o8 dadud Sl jaa B la g g

LY



5.1 RC Joist & Block; Composite Floors
:Austria, Egypt, India

It was originally developed in Switzerland in 1945,
to deal with many problems caused by the 2nd
world war destruction. Many construction
companies since then have developed several
alternatives; hollow core slabs, joist beam & filler
block systems, or prefab and cast in situ elements.
Used materials are varied; lightweight concrete,
pre-stressed RC, ceramics, to combinations of
these (Chudley& Greeno 2005). These methods
have focused on different aspects of prefabrication
and their construction process, leading to a broad
range of possible benefits; simplicity, the adequate
loadbearing capacity (typically aiming at 200 to 300
kg/m2, for house building), the thermal insulating
properties, and low weight. Many versions were
developed later allover the world, where each is
using his available building materials while
stressing on his own needs; spans, labor input,
speed, flexibility, structure system, weight and
cost.
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5.1 Katzenberger Floor System

It is an Austrian system, which was imported by the
Arab Contractors in Egypt 1980, due to its
advantages in low rise housing units (AC 1983). It
iIs widely used in other countries, UK, India and
south east Asia. It is a partial precast RC joist
(called also as lattice beam) and hollow core
concrete blocks, consisting of:

a) The katzenberger joist is the main element
which has a concrete base of 45 mm thickness, and
tensile lattice reinforcements for the floor. The
lattice is cold drawn from high tensile steel truss
structure which stiffens the floor beam.

It provides an excellent bond and shear key
between the precast floor beam and the wet-cast
overlay concrete. It has 5 & 7 mm wires and
connecting stirrups; subject to span, which could
reach up to 8 meters. Joist weight is less than 20
kg/m, that allows two persons to lift and place it in
its position without cranes.

Chudley, R. & Greeno, R. (2005) Construction technology, 4th Ed,
Pearson.
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(b) Concrete hollow block to form the depth of the
floor, with a thickness of 15 cm and a weight of 5 kg
each. This block is used as a filler, that could be
replaced with other lightweight materials such as
gas concrete.

(c) In-situ structural concrete toping of a 3-5 cm
thick, reinforced with steel wire mesh of 40x40 mm
distances, to level the floor and achieve monolithic
action with surrounding beams.

This floor slab system has achieved up to 35%
saving in some countries and 20% compared to
other load bearing structures in Egypt (Nabil, Kh.
1995). Some similar systems does not require upper
reinforcement due to high tensile steel, such as the
“Urban Kwik floor in Ghana”, applied with UK specs
(followed figures).

F'A - : S
Placing blocks of “Urban Kwik” floor in Ghana

http://www.urbanconcreteltd.com/products/
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Construction process:

- After installing the walls, or perimeter beams,
joists are 20 cm overlapping on the shorter span,
on a 50cm module of the Katzenberger, or 60 cm
for other systems.

- A spacer block is used next to adjacent wall or
beam to ensures joists’ module.

- The concrete hollow blocks are laid in between
the joists. One person can put 200 block/day.

- Mid span supports are used under the joists
and removed after initial hardening of concrete
(Nabil, Kh. 1995).

- Ordinary concrete toping is casted to the
required thickness, and water cured daily.

it
http://www.urbanconcreteltd.com/products/
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Construction of “Urban Kwik” floor in Ghana
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5.2. Precast Joist-block System: UK, 1S sl g0 Jals Aalua Zuu?s ‘*‘L“f’i 2.5
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This floor system is refereed to as “hourdis in
Egypt”, which is the same as the previous one, with
the difference that joists (beams) are totally precast
and could be pre-stressed also. This is to avoid the
structural topping, build quicker, however the joists
are heavier. (Chudley, R. & Greeno, R. (2005).

Larger spans could use 2 joists as next figure.

O A aa bl i)y g3 g¢d) RS Alda AU
Wil S8 BBy (Jalslly dyguan o bl Ll Al Glas)
b Al cdgglad) ALYy Al Al dABakal) Guiadl calgay)
Ao B lpan Jlsm quas (o JS) aladia) (e )
218 ol il AN Sl Jladiad g s Jlaal) g ead)

okl Gighall (ha aA

Concrete Topping

In-situ structural
concrete topping

Max, span 6.000

A" A

X N~
; »
pani! s
.-J —r— Gy
7 Lo\ g

LTen

FLOOR SIABS & ROOFS

I Precast
2 preslrﬂssed concrete -
beams at 600 ¢/¢

Concrete or clay filler blacks

Chudley, R. & Greeno, R. (2005) Construction technology, 4" Ed,
Pearson http://www.ballutblocks.com/t-beam and_block flooring.html
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Advantages :

- Flexible method, could be adapted to different
buildings including skeleton structures.

- Structural safety due to monolithic unity.

- Process is simple appropriate to unskilled self-
builders and semi skilled labor.

- Speed of construction compared to in-situ RC,
where 2 persons could cover a floor area of 60 sgm
in one working day.

- In-situ concrete topping is very little compared to
traditional concrete floors, 25 to 30 %.

- It saves almost 50% of steel; the maximum use
equals 50 kg/m3 of concrete.

- Overall lower cost in material & labor.
- No formwork, but a mid-span supports.

- Joists are quality controlled in a factory,
according to UK, German specifications.

- It has better sound and heat insulation because of
the hollow blocks.

http://www.ballutblocks.com/t-beam and block flooring.html
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Disadvantage:

- Filler blocks are dead load, not contributing to the
structure system. This is what lead to using other
lightweight blocks, e.g. gas concrete.

- It is better used on bearing walls, as when used
with the skeleton structure, it loses its main
advantage of eliminating the formwork. This is
crucial since the majority of residential buildings in
the Arab World, -specially Egypt- are RC skeleton
structures.

- Needs factory, machinery; capital investment.

-Pre-stressing requires accurate production, which
may not be possible for some countries

Heavy own weight of the concrete filler block has
driven Hanson of UK to use expanded polystyrene
blocks, to provide insulation, as seen in the next
flooring system called Jetfloor.

https://www.specifiedby.com/hanson-building-products/jetfloor
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5.3 The Jetfloor & Polystyrene Blocks:
UK, EU.

It is a composite Joist- lightweight block floor
slab system. Jetfloor was the UK’s first floor
system to use expanded polystyrene blocks
combined with a structural concrete topping to
provide high levels of thermal insulation.

It consists of standard 150mm and 225mm pre-
stressed concrete beams in filled with expanded
polystyrene blocks, which are supplied in
lightweight, easy to handle lengths enabling
rapid coverage of large areas of floor.

It also incorporates Thermalite Psi-Block®, which
reduces thermal linear bridging and improves the
Psi value at floor and wall junctions, helping to
reduce the overall dwelling emission rate (DER).
The floor is completed with at least 80mm of
insulation and a layer of structural concrete
reinforced with polypropylene (Jetfloor UK’ &
Hanson 2003).

http://forterra-jetfloor.co.uk
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1- 150mm or 225mm pre-stressed beam.
2- Thermalite spacer block.

3- Eps infill block.

4- Psi-Block®.

5- Damp-proof course.

6- 140mm Thermalite coursing block for screed
rail.

7- 80mm eps 125 overlay sheet.

8- 70mm concrete topping Reinforced with
polypropylene fibers or steel mesh
reinforcement.

http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg

http://forterra-jetfloor.co.uk/video/Jetfloor-video new.webm

Khaled Nabil, PhD -5

(Alad) Aduadill) [ olh cual) Gl el <a

g2y 3 Bl « 40220 150 sl -1

L Al Joall ball gal) sl s 03 sh AdA il 8 S sl -2
Eps Lsté cual) 714l -3

Aokl gole dgl -4

A skl A jlad) A83kal) -5

) A ga JHET ae 140 £l ) culla i S ol -6

. 2480 o G v Sl g e gl -7

Aol L dabiia aa 70 dlow dadas dfiiand 4 ge A8k -8
caal) ellad) ¢ra ASud 9) by g

Laying Eps infill, Jetfloor blocks

143


http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg
http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg
http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg
http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg
http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg
http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg
http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg
http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg
http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg
http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg
http://forterra-jetfloor.co.uk/wp-content/uploads/jetfloor-main-3d.jpg
http://forterra-jetfloor.co.uk/video/Jetfloor-video_new.webm
http://forterra-jetfloor.co.uk/video/Jetfloor-video_new.webm
http://forterra-jetfloor.co.uk/video/Jetfloor-video_new.webm
http://forterra-jetfloor.co.uk/video/Jetfloor-video_new.webm
http://forterra-jetfloor.co.uk/video/Jetfloor-video_new.webm
http://forterra-jetfloor.co.uk/video/Jetfloor-video_new.webm

Advantages :
- Light weight, allowing high productivity.
- Increased speed; no formwork, No waste.

- Process is simple appropriate to unskilled self-
builders and semi skilled labor.

- Speed of construction compared to insitu RC.

- Joists are quality controlled in a factory,
according to UK specifications.

- It has better sound and heat insulation.

- Flexible ‘U’ value performance.

- A+ Green Guide rating.

- Reduced dwelling emission rates.
Disadvantage:

- Higher cost, according to polystyrene fillers.
- Needs factory, machinery; capital investment.

- Pre-stressing requires accurate production, which
may not be possible for some countries.
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5.4 Span Block:National Concrete
masonry Association, USA

The NCMA in USA wanted to develop traditional
wooden residential roofing towards concrete
technology. They studied some technical
alternatives on a comprehensive survey which have
revealed that joist-block concrete floors have
potentials but also some disadvantages such as
(Pardo 1991):

- The infill blocks are non-structural CU that adds
more dead load.

- A structural topping is required because of the
infill blocks.

- Heavy joists and mid supports are required during
construction.

- Excessive labor content; not economical for the
American market because of the high labor content.

The Span Block was designed to alleviate these
disadvantages. It is a joist block system with a
different structural design and a low labor content.

Pardo, Jorge (1991) The lifestyle 2000, NCMA, Virginia, USA.
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Similar slab systems:

In fact there are similar joist-block slab systems
that depend on the same structural concept, by
turning compression into tension, using curved
blocks and joists as T section. Thus eliminating the
necessity for structural topping, However, joists
are either heavy pre stressed reinforced concrete |
beams, that cross the span, same as first and
second wright detail, or wooden joists and earth
floor slabs (Minke, G 2014).

Earth blocks are placed between joists, which is
covered with thin mortar topping. Tiles or carpeting
finishing could be installed directly.

Minke, Germot (2014), “Building with Earth, Design &
Technology of Sustainable Architecture”, College, BIRKHUSER,
pp 69-70 .
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Concept & Construction:

The used block is a filler unit vaulted from inside,
measuring 20x20x40 cm, that acts structurally as
a compression element of T section, thus
eliminating the necessity for structural topping.
The joist is composed of standard 20x10x10 cm
U shape components, that could form the
required length, with the use of horizontal steel
reinforcement and special vertical clips each 40
cm.

The blocks are stacked and interlocked to the
joists with the use of the clip which couples the
tensile area of the joists to the compression
section of the floor into a composite action, while
it also acts as a shear stirrup (Pardo 1992). The
floor is covered with a 12mm thin, topping of
plastic fiber-reinforced cement. Tiles or carpeting
finishing could be installed directly.

There is no independent study on the real
application, and its widespread.

Pardo, Jorge (1991),"The lifestyle 2000”, NCMA, Virginia, USA.

Pardo, Jorge (1992),”The improvement of the Lifestyle 2000”,
National Concrete Masonry Association, Virginia, USA.
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5.5 Precast RC joist & sand-lime block

slab system: Editor, Egypt

Floor concept :

It is a modified joist-block system, using available
large silica blocks. Partial precast joists are used
to divide the space into modules between 90-
120cm, while lightweight sand lime blocks are
used as infill.

In Egypt blocks are produced with different
lengths of 40-50-60 cm, which allows bigger span
between the joists. The innovation lies in using 2
inclined blocks, as a pyramid between the joists,
to act as compression member rather than
traditional horizontal block infill, subject to
tension which require concrete structural
topping. Such pyramid would increase space
between joists, which also could be pre-casted as
2 adjacent L section, to reduce its weight for
larger spans (Nabil, Kh. 2010)

Nabil, khaled (2010), “Low Cost Roofs for self Build” Proceedings of
The 8t International Architectural Conference of Assuit University,
Egypt, March, 2010. In Arabic.
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To achieve the blocks inclination, a simple method A8IST ¢ 93 Adagny A8, pla ST a3 288 ¢ S gLl G gllaal) Juall Jaadg
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Laying blocks & concrete toping

Stulz & Mukerji (1993), “Appropriate Building Materials” Glacy) ghilall Jo cls gldl aua g rcibd) Aduads
SKAT, switzerland, p10.
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Construction process:

- Walls are built traditionally, to less than the
required height of 25cm, with leaving a space of
10cm for joists each 90-110cm.

- Joists are laid on module, according to space
dimension, while resting over walls with 10cm.

- Supports are placed in mid-span.
- Inclining wooden purlins are set over props.

- Blocks are tilted on its side -10 cm height-, where
lower side is the joist and higher is over the wooden
purlin.

- Concrete cast over the roof, filling the valleys over
the joists, to provide horizontal surface.
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- Supports and wooden purlins are removed after
concrete setting.

- Intermediate slab is finished with self leveling
epoxy paint, while final roof is typically finished.

- Lower surface (ceiling) is prayed with lime or
plastic painted.
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Advantages :

- Lower cost, almost half of traditional in-situ RC
during study.

- Easy installation, no need for skilled labor.

- Speed -almost half of traditional in-situ RC- , if
joists are precast already.

- Does not need shuttering, but supports.
- No need for machinery, but simple tools.

- Blocks are lightweight, while joists are
designed to be around 100Kg for 3.4m. Span.

- Availability of building materials; sand, lime,
cement ratio in roof 1/60 & steel is 121Kg in the
whole roof.

- Sound & thermal insulation is 22 W/m.

- Block are fire resistance according to Egyptian
& German standards.

Disadvantages :

- Joists are preferred to be pre-stressed.
- Placing tilted blocks needs accuracy.

- Not commercially tested.
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5.6 In-situ ordinary concrete vaults and
partial prefab joists: Editor, Egypt

Floor concept :

It depends on applying appropriate building
technologies’ criteria ( chapter 2), specially
minimizing steel percentage to the minimum. Partial
prefab joists are used similar to jack-arch concept.
However vaulted arches are made of in-situ
ordinary concrete without steel but light chicken
wire mesh. Concrete casting of such vaults depends
on modular innovated adjustable form instead of
costly timber/steel shuttering. The form could be
enlarged within 30cm according to room dimension.
It consist of 2 interlocked fortified arched parts, to
withstand concrete weight and to be opened and
dropped after casting, for easier multi-use; next
figures.

Nabil, khaled (2010), “Low Cost Roofs for self Build”, Proceedings of
The 8th International Architectural Conference of Assuit University,
Egypt. In Arabic.

Nabil, khaled (2015),“Appropriate Building Technology & Sustainability”,
The Saudi International Conference for Building and Construction
Technologies, KACST, Riyadh, SA.
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The arched ordinary concrete vault resting on Reusable arched adjustable form, designed
joist & load bearing wall. The concept is by Hussien Abo-Elfadl, Zagazig University,
registered US Patent US08984841 Egypt (2010).

http://www.uspto.gov/web/patents/patog/week12/0G/html/1412-4/US08984841-20150324.html
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Construction process:

- Walls are built traditionally, to less than the
required height of 25cm, with leaving a space of
10cm for joists each 90-110cm.

- Joists are laid on module, according to space
dimension, while resting over walls with 10cm.

- Telescopic metal prop are placed in mid-span.
- 3wooden purlins are set over the probes.

- Adjustable arched metal forms are placed over
wooden purlins, and secured in position.

- The form is painted with oil for easy release.

- light chicken wire mesh is added to provide
monolithic action & prevent concrete cracks.

- Concrete is casted filling the valleys between
joists, to provide horizontal surface.

- After setting, the form is removed for re-use.

- Intermediate slab is finished with self leveling
paint, while final roof is typically finished.

- Lower surface (ceiling) is prayed with lime or
plastic painted directly.

Ahmed, Khaled I. Nabil (2015) US08984841 B1 s US patent, “Low cost
roofing techniques”.
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Advantages :
- Lower cost, 40% of traditional insitu RC (2010).
- Easy reparative installation.

- Speed -almost half of traditional insitu RC, if
joists are precast already.

- Structural safety; monolithic unity.
- No need for machinery, but simple tools.

- Joists are lightweight, designed to be around
100Kg for 3.4m.

- Availability of building materials; since majority
of floor is ordinary concrete.

- Concrete floor slab is Fire resistance.
- Ceiling does not need plaster, but paint.

Disadvantages :

- Joists are preferred to be pre-stressed.
- Needs special vaulted form for casting.
- Lower vaults is seen inside space.

- Not commercially tested.

Nabil, Khaled (2010 )“Low Cost Roofs for self Build”
Proceedings of The 8% International Architectural
Conference of Assuit University, Egypt.
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5.7 In-situ lime Pozzolana vaults on
brick segment arches: Editor

The Romans imported the idea of masonry arches
from Far East and Egypt, where the technique was
used since 3000 BC, and completed it by stabilizing
their arches with the concrete like mortar that was
made with pozzolana was a mixture of lime and a
volcanic sand. This is a developed economical
proposal that applies the same previous concept of
modular vaulted slab, however it eliminates the use
of RC joist. It uses brick segment arches instead of
previous RC joists. The arches are built across the
room in the same module such as next plan. Any
available Pozzolana mixture could used instead of
OC in between arches. Lime and red earth or crushed
leftover of red bricks could be mixed and casted over
the vaulted adjustable form.

http://www.sustainableheritage.eu/vaults-and-arches-of-stone-and-
brick/

Nabil, Khaled (2010) “Low Cost Roofs for self Build” Proceedings of The
8th International Architectural Conference of Assuit University, Egypt.
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This proposals saves about 20% more, however it
Is slower and increases the used brick mass.

This is a developed economical proposal that
applies the same previous concept of modular
vaulted slab, however it eliminates the use of RC
joist. It uses brick segment arches instead of
previous RC joists. The arches are built across the
room in the same module such as next plan. Any
available Pozzolana mixture could used instead of
OC in between arches. Lime and red earth or
crushed leftover of red bricks could be mixed and
casted over the vaulted adjustable form. This
proposals saves about 20% more, however it is
slower and increases the used brick mass.
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5.8 BINISHELL: USA, International

It is an invented technique in 1960s by architect
Dante Bini called “Binishell”, for cheaper and
more eco-friendly construction. Binishell use low
air pressure to create monolithic inflatable
membrane and reinforced concrete domes
(shells). This innovative system was the first to
utilize air pressure to lift and shape reinforced
concrete shell structures poured at ground level.
Domes of up to 40m (120ft.) have been raised in
less than one hour.

Applications have ranged from a wide variety of
purposes; 1,600 Binishell buildings in 23 country
were built between 1964 and 1980. Only two
dames had to be demolished for structural
reasons of week soils . Dante's son Nicolo, also
an architect, is reviving the Binishell method for
providing low-cost housing solutions around the
world.

Even though, shells does not provide horizontal
slabs, but it was used as economical cover over
multi-floor structures.

http://newatlas.com/eco-friendly-binishell-dome-revival/33215/
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In general, improvements have made Binishells
compatible with building standards and more
resistance to nature forces.

Construction process:

- A foundation slab is laid in between strep
perimeter RC foundation.

- PVC bladder fabric is laid over.

- The bladder is anchored to the slab, stretching
right to the perimeter.

- Reinforcing is laid according to span.

- Concrete with additives for workability is then

poured on ground & covered with outer
membrane.

- The bladder is inflated with low air pressure of 1
PSI creating a dome structure.

- Air pressure is maintained from 1 to 3 days
according to span.

- Insulated foam is sprayed , plaster & paint are
applied over the dome.

http://www.binishells.com/
https://www.youtube.com/watch?v=mkvcOstlq90o
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Advantages:

- The company claims that Binishell use half the
resources of comparable traditional buildings, thus
costs half as much, (no independent study on the
real cost).

- It can be constructed three times faster.
- Low but specialized labor input.

- It resists earthquakes, high winds.
Disadvantages:

- Domes are made as curved roofing, not suitable for
multi floor buildings. However it could cover other
multi-floor structure.

- High quality control is needed for the inflation and
concrete pouring.

Recently, the company has developed new 100 sgm
houses for middle income housing.

http://newatlas.com/eco-friendly-binishell-dome-revival/33215/
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The company has developed new aerodynamic
domes, with lower center of gravity, monolithic
and continuous point of connection to the
foundations. They have devised three new
systems of the Binishell: one designed for middle
income housing, educational facilities, another
for low-cost and disaster relief housing (35sqm)
and also a more flexible option, designed for
customized private homes and resorts.

tem 5 .

it and disast(

:

Jed Al clidat (e
http://www.binishells.com/systems/systems.html
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5.9 Pre-stressed Cored Slab:
CBTDC, China

It is a hollow pre-stressed concrete linear slab unit,
that could be lifted by four men, using bamboo
sticks and ropes. Slab length is 3.37 cm and 50cm
wide with a depth of 12-15cm, reinforced with 3-5
mm steel wires.

The significant character of this slab unit is the use
of cold-drawn steel wires, which have strong break
resistance, rigidity and durability, that save 30-40%
of steel and 20% of concrete, compared to
traditional reinforcing steel wire (CBTDC 1989). Slab
units are molded in long production beds, and sun-
dried outdoors to save energy. They are laid side by
side as a one-way structural slab over load bearing
wall, without structural topping up to 4 floors (IHS
1991). jiesens

L SR
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Elanly Aalua 2 3,27 Jshll g am 15-12 O L gl ) cam 50
el Alle daglia 93 L o Gsaaall yaall (e ae5-3
o A5 %40-30 O Lo oyl B hgly AR claa gl
AR ¢ oadElll LAl il 4jie %20 Adlu Al
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(IHS 1991) 48Ual) b il (uaddly ciail

(CBTDC 1989)
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5.10 Indian Slabs & Roof Technology:
BMTPC, India

India is the largest population country with acute
housing shortage, thus it needs to build 50 million
low cost housing units. From 1990, Building Material
& Technology promotion Council (BMTPC) has been
working towards integrated approach for promotion
of cost-effective, environment-friendly & energy-
efficient  innovative  building materials and
construction technologies. Thus, Central Building
Research Institute (CBRI) & SERC, have improved,
applied and issued standards of many affordable
slab &roofing techniques, depending on partial
prefabrication -to suit local conditions- such as:

- Precast RC plank roofing system.

- Partly precast RCC joist and brick panels.
- Precast brick arch panel roofing system.
- Precast RC channel roofing.

- Precast RCC cored, hollow slab units.

- Brick funicular shell on edge beam.

- Ferrocement long funicular shells.
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Gupta , T.& Rai, Mohan(2010).”Building Materials In India :
50 Years, associate editors, Mohan Rai ... [et al.].BMTPC.

Central Building Research Institute (CBRI),
Structural Engineering Research Centre (SERC),



5.10.1 Precast RC plank roofing system:

It consists of precast RC planks supported over
partially precast joist. RC planks are made with
thickness between 3 cm and 6 cm, 30 cm wide, 150
cm length & weight of 50 kg. There are haunches in
the plank which are tapered. When the plank is put
in between the joists, the space above 3 cm
thickness is filled with in-situ concrete topping to
get Tee-beam effect of the joists with 6 cm thick
flange. A 3 cm wide tapered concrete filling is also
provided for strengthening the haunch portion
during handling and erection.

The planks have 3 bars 6 mm dia. MS main
reinforcement and 6 mm dia cross bars each 20
cm. Precast joist is rectangular in shape, 15 cm
wide and the precast portion is 15 cm deep. The
above portion is casted while laying in-situ
concrete over planks. Stirrups remain projected out
of the precast joist. Thus, the total depth of the joist
becomes 21 cm.

RINKU TAUR & VIDYA DEVI T (2009) “Low Cost housing ”, ACSGE, BITS
Pilani, India..
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Low cost housing- an analogical study of the current practices &
technologies, Vastu Shilpa foundation.
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This section of the joist can be adopted up to a span
of 400 cm. For longer spans, the depth of the joist
should be more and lifting would require simple
chain pulley block. balcony projections can be
provided along the partially precast joists, designed
with an overhang carrying super imposed loads for
balcony. Savings achieved in practical
iImplementations compared with conventional RCC
slab is about 25%.(Adlakha &Puri, 2003).
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P.K.Adlakha and H.C.Puri, (2003), “Prefabrication Building Methodologies for

Low Cost Housing”, IE Journal, Vol 8, India.
http://www.bmtpc.org/topics.aspx?mid=55&Mid1=89
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5.10.2 Partly precast RC joist and
prefabricated brick panels

The system consists of:
(a) Prefabricated brick panel

Brick panel is made of first class bricks reinforced
with two MS bars of 6 mm dia and joints filled with
either 1:3 cement sand mortar or M-15 concrete.
Panels can be made in any size but generally width
is 53 cm and the length between 90 cm t0o120 cm,
depending upon the requirement. The gap between
the two panels is about 2 cm and can be increased
to 5 cm depending upon the need.

(b) Partly precast joist. It is a rectangular shaped
joist 13 cm wide and 10 cm to 12.5 cm deep with
stirrups projecting out so that the overall depth of
joist with in-situ concrete becomes 21 cm to 23.5
cm. It is designed as composite Tee-beam with 3.5
cm thick flange (Adlakha &Puri, 2003).

P.K.Adlakha and H.C.Puri, (2003), “Prefabrication Building
Methodologies for Low Cost Housing”, IE Journal, Vol 8, India.
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The Prefabricated brick panel has achieved overall T T CONCRETE
economy of 25% in actual practice compared to —FLOOR FINISH
cast-in-situ RCC slab (Adlakha &Puri, 2003). = o paneL £
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P.K.Adlakha and H.C.Puri, (2003), “Prefabrication Building Methodologies for [FEREN

Low Cost Housing”, IE Journal, Vol 8, India.
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P.K.Adlakha and H.C.Puri, (2003), “Prefabrication Building Methodologies for

Low Cost Housing”, IE Journal, Vol 8, India. Construction manual for artisans & Mason 2011
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5.10.4 Precast RC channel roofing

Precast channels are trough shaped with the outer
sides corrugated and grooved at the ends to
provide shear key action and to transfer moments
between adjacent units. Nominal width of units is
300-600 mm with overall depths of 130 mm to 200
mm.

Units’ length are adjusted to suit the span. Flange
thickness is 30 mm to 35 mm. Where balcony is
provided, the units are projected out as cantilever
by providing necessary reinforcement. A saving of
14% has been achieved in actual implementation in
various projects. (Adlakha &Puri, 2003).

RINKU TAUR & VIDYA DEVI T (2009) “Low Cost housing ”, ACSGE, BITS
Pilani, India..
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5.10.5 Precast RC cored hollow slabs

The width of a panel is 300 to 600 mm and
thickness of 130 to 150 mm having two circular
hollows 90 mm diameter, throughout the length of
the unit (similarly to the Chinese cored slab units).
The minimum flange/web thickness of the unit
shall be 20 mm.

Length of wunits varies according to room
dimensions, but the maximum length is 4.2 m for
stiffness considerations. The outer sides are
corrugated to provide transfer of shear between
adjacent units. Extra reinforcement is provided at
top also to take care of handling stresses during
lifting and placement.

These hollow slabs are lighter than solid slabs
and thus save the cost of concrete, steel and the
cost of walling and foundations too due to less
weight. There is saving of about 30% in cost of
concrete and an overall saving of about
23%.(Adlakha &Puri, 2003).

P.K.Adlakha and H.C.Puri, (2003), “Prefabrication Building
Methodologies for Low Cost Housing”, IE Journal, Vol 8, India.
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5.10.6 Brick funicular shell on edge beam

A Funicular Shell is a 3 dimensional catenary on a
square base. The roofing system consists of
doubly curved shells made with materials of good
compressive strength such as waste stone pieces
and brick tiles supported on in-situ reinforced
concrete edge beams. Shells are supported on a
grid of concrete beams, identical to a coffer slab.
Cement slurry in the ratio 1:2 is poured over the
assembly and is allowed to settle. A second layer
comprising broken stone/bricks is placed on edge
so that it acts as a series of wedges resulting in
an arch action. Paneled beams along with shells
are not cost saving.

Brick 3" thick

1.5" Thick cement
concrete 1:2:4

Pointing done in lime
surkhi mortar (1:3:8)

-

Steel beam
9"x9"

Level to which
beams are partially cast

Doshi, Balakrishna V., (1983) “Low cost housing: An analytical study
of the current practices and techniques “, Ahmedabad .
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5.10.7 Precast RC funicular shell on partial
precast joist.

The system consists of :

a) Partly precast joist with a rectangular section of
12-20 cm wide and 6-15 cm deep. Stirrups are
projecting out so that the overall depth of joist with
In-situ concrete becomes 21 cm to 25 cm, designed
as composite Tee-beam.

b) Precast funicular shell roof units ranging between
70-100 cm, of 2.5 cm thickness and edge beam of 6-
7X4-6¢cm.

) In-situ concrete to level the slab surface.
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Doshi, Balakrishna V., (1983), “Low cost housing: An analytical study of
the current practices and techniques “, Ahmedabad, India.
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The system could be installed as one way slab or
two way slab, using a grid of grid of in-situ RC
beams (concrete ribs).

Construction process:

- Shells are casted on ground, using perimeter
metal frame, with required dimensions.

- Shuttering of metal props is installed.

- Reinforcement bars are laid, while stirrups are
projecting out .

- Concrete ribs cast to depth on both direction in
the grid pattern

- Shells are laid over joists, forming valleys in
between.

- In-situ concrete to level the slab surface.

Doshi, Balakrishna V.,(1983) “Low cost housing: An analytical study
of the current practices and techniques “, Ahmedabad.
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FLOOR SIABS & ROOFS

5.10.8 Precast Ferro cement long shell roof

Ferro cement is a type of reinforced concrete
typically 1 to 1.5 insh thick and can be cast into
various profiles, using rich cement mortar and
chicken mesh reinforcement. Channels can be
made by casting over vaulted mold to achieve arch
action. Channel are supported at its two ends over
masonry or beams. The roof is constructed by
placing the channels side by side. After the
channels have been placed, the valleys in between
are filled with partially concrete and partially
brickbat concrete or lime concrete. Shells are 30 to
40% cost reduction on floor/roof unit over RCC
slabs without compromising the strength.

Al TeJ10TS@ ~ 105¢/c = Tie@10TS @ ~ 105 ¢'c

Al i (N
Chaseel v v = v Channel . Ko
risg beam E?-NMum” - Al :
\fuﬂw j . C ofle Vertical .
bc—: o tie
Floce - Reor
ring beam o Siral fing besri ™

— FLOOR LEVEL

Al guaall chanl) e Ak 408 claag 8.10.5
JEVENA|

Ak ciawg illy guaal Glaad) e dyle Agh claag A
ladl) 4Ll Ay ellu dlady glad Al Al Al ddgall (e 4B
rlesall gl Quy haivda ) L) Giiud) clalga) Jsad cgataal)
JS Oa o gl oy gl Sao 8 Lady o 4-3 lawy éllu eludy
B A A Qi e pal) o claagl cua gl Lqila
s 3asi Sa pa Lgudany loa gl oy o slhall bl
Caiandl) g el Adlu A v 1A 3L Sl a5 ¢ Ay g8l 4 gally
e Al Gl 4l 4SSN e %40-30 (e il gl Al g
) QA g cilad) el ) Ly oSl c@}dh i gmaall | A8Y)
ABL A8y 4y o Adlupds LY e

~~E - NE -
= M ——

E 1§ i J TR R ¢ nm
L TRE L SR SR

Bhatt, Vikram, (1993), “Low cost technologies: Ferrocement
and pour flush sanitation system”, Ahmedabad Vastu-Shilpa,
India.
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Chapter 6:

Integrated Building Systems

Construction methods are the procedures
and techniques used during the building
process, which vary according to structure
system and building material. A building
system refers to a certain building
technique, which could be assembled from
manufactured components.
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Chapter 6:

Integrated Building Systems

Introduction
6.1 Insulated Concrete Forms: ICF Australia, SA.

6.2 Glass Fiber Reinforced Gypsum Panels: Hamann
System, Australia, India, Saudi Arabia.

6.3 Inovatec™ : USA, InnoVida Egypt , SA.
6.4 NCT. Germany, Malaysia & SA.

6.5 Habitech International Building System: LOK
BILD, Thailand, Asia.

6.6 ISB of Light Concrete: Hungary.

6.7 Galvanized Steel Frame: Marsoos, SA.
6.8 Shipping Containers: Texas, USA.

6.9 Shipping Containers: Denmark.

6.10 3D Printed Buildings: Win Sun, China.
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INTEGRATED BUIDING SYSTEMS

Introduction:

Integrated Building Systems includes all the building
elements: walls, slabs, roofs and stairs. The idea is to
provide a complete system, where elements are fit
together in a modular “closed” coordinated system.

The following integrated systems were developed by
research centers, inventors and construction
companies, seeking lower building cost, by usage of
developed building materials, speed, easy assembly
and sustainability. While most of theses system are
wall bearing structures -not flexible architecturally-,
some used light skeleton steel structure and others
applied recycled containers.

Actually, there many other systems around the world,
which have similarities such as the Jordanian Building
System #5, the Indian ZipBlock and the Malyaisan Myib,
which all resembles Habitec of Thailand.

The chapter presents 10 building methods, appropriate
to low-rise housing; using Insulated Concrete Forms,
Glass Fiber reinforced composite panels, gas concrete,
interlocking blocks, silicate lightweight components,
galvanized cold drawn steel and finally 3D printing. 3D
printing with special mortar, based on site soil, could
build up to 5 floor apartment building with a reasonable
cost in very short time.
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6.1 Insulated Concrete Forms: ICF
Australia, SA

ICF is a system of formwork for RC usually made
with a rigid thermal insulation expanded
polystyrene insulation (EPS) that stays in place
as a permanent interior and exterior substrate for
walls, floors, and roofs. The forms are dry-
stacked and filled with concrete. Units lock
together like Lego bricks and create a form for
the structural walls or floors of a building.

The system was originally invented in Germany,
then applied in Australia by ZEGO and spread to
the rest of the world -20 companies in USA- with
varied cost according to region & finishes.

.,

http://zego.com.au/
https://en.wikipedia.org/wiki/Insulating concrete form

* ICF 4 g mall datocall Sl Al N1 68 1.6
403 grad) Ay yad) ASLaal) (L) jiad

Aol A jle 5 4883 Sala (pe datecall dilag Al Gual daila 305 A
Glan gy dail gas Janil £ 8 Lagds (il (e 168 gand ¢ i
i) gag Al Al Gua alid (Lgdils maludl) aas gl gy el 44 gh
ARG G () Jraal allad) J g3 (e 23y Bab Al g Jae dadaie Aldla
il g Al g S Aald Adhaite QAL 4y sraal) (sl sl 7)ol A
5l g Bl Ayl ey Lpmand o

el LaS oAy grally a3 L) ialy (Gada g clailal) (B alladl) S o
U (I8 addld) Uil &5 e ol Sl (1S ey 48 55 20 N sa
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Anatomy of an ICF Wall

Reinforced
concrete

Reinforcing
steel Exterior acrylic
stucco finish
1/2-inch
1}
Hrywe Acrylic stucco
base coat

Stucco
mesh

A Web and
S furring strip

Acrylic stucco

g0 J £~
..... ? base coat

23/4in. of

ene (EPS)
foam

www.icfs-ksa.wix.com/icfs
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http://www.aleqt.com/2008/04/29/article_138971.html

System elements (ICF-KSA) : 1(ICF-KSA) aUadl) <l 9S4

-CF wall boards, assembled in different shapes. in gaant oy ani 6.5 (28 (il 5 ¢ ICF (o ilal) 72151 -
-Plastic webs. Bogall crua ds giia JISAL asaall)
-Reinforcement. Zededil) s Lgle alagng o) i) oy 5 (AaSiudly eliliia -
-Floor blocks. ACF a8 J313 4 gaa Adla Al) cua a5 aludl) das -

- dalia Glas ) Lin Ad gh Jaghd A Lpaua 5 ally (i) cils gl
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https://en.wikipedia.org/wiki/Insulating concrete form www.icfs-ksa.wix.com/icfs
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http://www.aleqt.com/2008/04/29/article_138971.html
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ICF specifications; ZEGO HomeFORM, Al At s » icfs-ksa aUail 468l cliia) gall

Australia AiSud)
Internal non- 100 Series 1147 100mm

loadbearing

walls

Two storey 150 Series 143 1195 300 33x2= 80mm 0.0662 15.1 upto 1.2
External & 66mm

Internal walls
with timber first

floor.

Three Story 200 Series 190 1195 300 45x 2 = 100mm 0.0833 12.0 upto 21
above ground 90mm

suspended

concrete slabs
or timber floor.

Basement, 250 Series 238 1195 300 45x 2 = 150mm 0.1245 8.0 above 2.1
Retaining 90mm

walls, Water

tanks, pools.

http://zego.com.au/domestic/
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ICF details of green architecture (QUAD-LOCK) (QUAD-LOCK) s a2l 5 jlaall ICF Jletios) Jualds

WAL * Em Green Building Made Eaiy“

With Quad-Lock & Quad-Deck Insulated Concr

Lomar Agpatts for Enargy - Tigh R-vahues |

1. Quad-Lock 6" Tie Blue
2. Quad-Lock Wire Top Tie
3. Blocking

4. Quad-Lock Metal J-Track

\ 6. Flashing (Fastento J-Track)
L] 6. Gravel or Paver D
@ 7. Concrete, Wood or Steel Curb

8. Vegetation )

9. Growing Medium (Sopraflor Type X or L)
10. Microfab
11. Sopradrain 10-G

e 12. Microfab Double Layer

13. Cap SheetMembrane

14. Base SheetMembrane

15. Quad-Deck Panel

16. Welded Wire Mesh

17. Quad-Deck Beam Reinforcement
18. Rebar Chair

19. Quad-Deck Z-Strips for Ceiling Finish Attachment
20. Void Holes for Utilities

21. Drain

22. Interior Wall Finish

23. Quad-Lock 8" Tie Yellow

24. Exterior Wall Finish

265. Quad-Lock Panels

26. Reinforced Concrete Core

27. Primer

http://www.quadlock.com/images/insulated_concrete_forms/insulated-concrete-building-envelope.jpg
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The building process:

It is similar to installing reinforced interlock
concrete retaining walls, with the difference that
ICF is lightweight. After laying first two or three
courses, reinforcement is inserted within the
blocks as design. Pouring concrete is done in
phases according to wall height. Roof installation
Is similar to in-situ joist-block. The process could
be seen in the opposite link.

ICF construction concept is great in seismic and
hurricane-prone areas. It provides strength,
durability, excellent sound insulation and
airtightness. ICF construction is ideal in mixed
climates with significant daily temperature
variations, but falls short in cold climates.

reUal) dules

Cra il E‘M&L‘AU‘J ;‘",J&Qubﬁd&g
Cilan g (e ciBud) | aad) Fluly Aatoal) 4aila Al s gl
MMMJ&%#&J\ (el dil! dtilas ICF
poa ) B Lgiaalia (Say

https://prezi.com/uys5tkz6hqql/icfs/?utm campaign=sh

http://icfs-ksa.blogspot.com/2015/12/insulated-concrete-forms-icfs.html
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System Advantages (ICF, SA 2015): : (ICF, SA 2015) aUaill & j2aa

- Strength, ICF create a monolithic structure, 898 Jalay Lay dal g Alu A LdidaS sl Jany dua duiliiy) 554 -
typically four times stronger than blocks or brick. D93 10 (A s Uil ey Laa &l 4 4 o ghal) Ll gl
- Speed; build up to 5m2 of wall area per man hour AL 3 jakad) Adla A Glacl) aladi aa ¢ 25 de yu -
- Easy installation, no shuttering and semi-skilled Ll g i) ¢ pURiwY) Al S ) Jg -
concrete labor. L) Al Al Cua e 85 ale Alead dplal) axe -
- High thermal resistance (R-value) typically above Al g Sl Jlas ) (a £ i 9 Sy gelasll) £ i) 9 pdail) A g -
3 K-m2/W. el bl g g
- Less than 3 m3/h.m2 air changes per hour usually 0.22 A 0.32 (e W gl oadl Joad) Jalaa Juas L g 1 ad) J ) -
achieved. Aslaally 0.53 Lils slid) cilda) k) s o gllaall Laiy,
- Acoustical insulation (50dB normal). St 51 Ll gall 5 gual) J3al) -
- Fire rating of up to 3 hours. Y650 (o 5as 4 il Al et ABUN DY) (audas -
- Certified as a green building system, 44 points. Alulaia Ban) g ALS piiny Asal) S ozl g JHY U aglha -

LEED 44 &) padl) o) dakii) (e Lialle Ciiiaa aladl) -
Disadvantages:

- RC wall bearing doesn't provide flexible spaces. el qige
- It is proven to be of the same cost of traditional Llara D ja e e b il dlalald) dyilag Ad) Jai) gal) -
RC skeleton structures. However it has saved 50% hiai b g AiSl g oaEl) ASgl) e UL 45 e 4RI (il ol -
of construction time. (Opdiial) pe dpadid AL8a) apdil) g

"Types of ICF". The Expanded PolyStyrene — Industry Alliance.
Retrieved 2014-07-12
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6.2 Glass Fiber Reinforced Gypsum
Panels: Hamann System: Australia,

India, Saudi Arabia

This system was developed in Australia in the
early 1990s and subsequently adopted by India
and other countries. Hamann wall is a
prefabricated load bearing building system
suitable for 8 floors structures. Walls are
prefabricated from large glass fiber reinforced
gypsum panels with hollow cores (GFRG). GFRG
panels are used as walls and slabs. It is based on
124 mm thick wall panels, created by two 13 mm
thick sheets, spaced apart by web members,
manufactured 12 x 3 meters. The hollow sections
can accommodate building services, thermal
insulation or filled with concrete. Floors are
permanent panels covered with RC toping.

http://rapidwallksa.com/

Lala 31 CLIYL pelsal) Gusad) il 5 2.6
43 gl 4 ad) ASlaal) - aigh) - L) i 1 clala aldad

LaY 59 Bny andi) af i) dglag W) a3 aladl) g
Aslaally plan (ild o jraa Band 488 g o JLA) dny caighS Ly
AL« gorlaail) Al LIV (g hall (uaal) (e il il (8 Bl A
O gaileal Jgad o ¢ e 3 0225 12 Jshg ae 124 day 71 s1)
Ol zlall clelaly Gl sad) (g (3l 2 )l g2 o 5 (il

: (rapidwallksa) aUil! dalal) 5aal)

s )93 8 ha g sl Say cAdala Jaif gas Lulas) alad) Jany
clyaail) B andiod A0 cls) il Aails Bads Alu A0 LS
addid Al CEBLY)  Jadl gad) Jay L g3 gl Ay s ad) JJadl g
Al Ly graludil) pas Lglia auda g cdlaila B Lgdy oot day il gill)
e g 1) B LaS (5561 A8 jdall s gL
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Specifications :

Specifications
Weight (124mm
Hamannwall

Unfilled
44 kg/m?

L8l cliial gall

Filled with concrete

250 kg/m?

Thermal insulation

Single panel R: 0.36

2 panels filled : R (m2 K/W) : 0.6

Sound rating (Rw)

A8 dB

54 dB

Fire Rating

1 hour

4 hours*

Ultimate Design Bending
Capacity

@ x 2.5 kNm/metre
width

@ x 22.7 kNm/metre width

Load Bearing Capacity

100kN/m - 2 Stories
residential

870kN/M filled with 20Mpa concrete - 8
stories (Typically)

Void volume / M2 86 liters / m? N.A.
T.B.A.

Horizontal shear strength |50kN/m

Axial Load capacity / 160kN/m TBA

compressive strength

Water Absorption

Less than 5% after 24
hours immersion

N.A.

http://rapidwallksa.com/
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The building process:

- Panels are prefabricated & cut in the factory to
specifications (maximum tolerance of 5 mm).

- After raft Foundations, ¢ channels are laid to guide
the panels. Bars are inserted to connect the walls.

- Wall Panels are lowered into position using a small
crane and supported by props until completed.

- Cavities are used for services; plumbing and
electrical conduits.

- The formed cells can be filled with insulation for
increased thermal performance or with concrete.

- Roof panels are fixed by using a simple tie down
system, reinforcing & concrete toping are laid.

- Smooth panels allow paints and traditional
finishing. ,

http://rapidwallksa.com/
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System advantages :

- Savings in embodied energy - 66% for domestic
buildings 40% for commercial (not verified).

- Lightweight at only 42kg per m2.
- Rapid construction.

- Resistant to earthquakes, cyclones, fire and
better sound insulation than traditional blocks.

- Have the ability to be recycled.
- Clean and dry system; no need for plastering.
- No floor shuttering, just temporary probes

Disadvantages :

- Prefabrication requirements ; technology,
factory, transportation, cranes, skilled labor.

- Floors require reinforcement similar to hollow-
block; RC toping.

Although the system haven't reduced cost in
Saudi Arabia, compared to traditional RC
skeleton structure, but it has saved about 30% of
construction time, including finishes.
Comparison Between Rapidwall & Conventional
Construction in India in opposite link:

Khaled Nabil, PhD -6
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6.3 Inovatec™: USA, InnoVida Egypt, SA

InnoVida K.S. is originally called Inovatec™, is a
partnership between Egyptian & Saudi building
company. It is an advanced Fiber Composite
Panel (InovatecPanel™), which is a modular, pre-
engineered composite structural panel system.

It uses several panels designed according to its
function along with warrantable building shells,
infill walls, floors, beams, columns and roofs.

The strength of the InovatecPanel™ system goes
to the combination of epoxy resin and a blend of
multi-axis fiber fabric, which connect each side of
the panel. Properties are in the following link. The
construction is an assembly process generating
a minimum of waste.

http://www.innovida.com/default.asp

Basiall cily ol) + &l Jad o) 3.6

L gl - paa 128 i)

A8 pdy Cwndli  callal) Jga ey AT A el A Slilad i)
el oisll & InnoVida K.S A4Sk Cuawy dga gou 49 paa
e ol (o BB g AR Balay A8 jall LI (e el Agilis)
ool Bae aial oy | (SL G gibu) A guaall aolal gAIS ¢ jlad)
L8 i il pallly baasy) 5 CiBull g Jail galdl B andiod Adlid
and Loy 3 jglaall daeiall GLIY) sy oS gud) (Gaall
: (innovida.com) Ul Ja 1) & (el sad) AuiLisy)

p alail) jalic

http://www.adslgate.com/dsl/showthread.php?t=164450

http://www.innovida.com/system_fcse properties.asp

Khaled Nabil, PhD -6 192


https://www.youtube.com/watch?v=zYU7XB44yz4
https://www.youtube.com/watch?v=zYU7XB44yz4
https://www.youtube.com/watch?v=zYU7XB44yz4
http://www.innovida.com/system_fcse_properties.asp
http://www.innovida.com/default.asp

The building process: (Sl] Cpaddl Ga geal) qui ) U dles
-The prefabricated building elements are delivered U Aadual) ) Splal) Al A Ga AdAS Sl Jas 0 -
to site numbered as a kit of a part. ) (318) Bl gad) (e Glaa dpan (gl S -
Aoyl s jlaall b Lt 2% Alala Jail gaS 71 5191 pddios -

-Foundations are executed as a raft foundation. )
A Gua Glasly alall (il (e 3 Al &) jaS e B e i) -

.The”process starts v;/lt: tge_llrégtallaalon c;]f 2 walls, 2.2 gt £ SIS il \gh b gt g o5 (s 40 0 J5 Y)
usually on a corner of the building, then the A 45 guin Say 7 5 el el -
process develops following a spiral clockwise A g ol g £l IS Jas g 21 o) b (S -
sequence.

-The bonding is done over the entire length of two
adjacent elements; bonding principle of composite
laminates can be compared to welded metal sheets.

-After assembling the structure, the building is
equipped with installations and finished like
conventional buildings

g /-] 3

http://www.innovida.com/system construction process.asp
https://www.youtube.com/watch?v=zYU7XB44yz4
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InnoVida K.S. advantages : :(InnoVida K.S) pUaill &l jras

- Speed of construction, assemble quickly and easily. Lags 15 sl 3k | sie 400 Aabes cplidl dag i -
- Does not require heavy equipment, minimal labor. B8 8 jale Ales g AL e Zliad Y -
- Wind, Fire, Earthquake , acoustical & thermal efficient ) Gl aiy 531 5l s ¢ sl Al -
- Lower in cost between 30-40%, according to company. st 28 ia & guall A jls -
- No need for traditional finishing materials, e.g. plaster. T N

Disadvantages : (V139 4 £y (o 588 Ad grnad) AS ) (g8 WKL (Sas -
- Limited height of 2 floors. .o+l as 300 uiizual-f—\ib G all daglia -
- Cost saving isn't accredited by dependent study. Clac) Matin) aa Y% 40 =30 O Lo Ay s L) (ST (84T &
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http://www.adslgate.com/dsl/showthread.php?t=164450 allatl) el oS
http://www.innovida.com/technology inovatec panels.asp
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6.4 NCT. Germany, Malaysia & SA.

It has been used in the building industry in 40
different countries. NCT AL NASHI ALEX SDN BHD
iIs mortar + foam like ordinary concrete. The only
difference is that it does not use coarse aggregate,
but instead, uses pre-formed foam.

The company produces foaming agent, provides
machines, training and technology. NCT is energy
efficient lightweight concrete casting in place, or
precast in factory, with a reusable modular
formwork for building up to 12m.

Its application in Malaysia shows about 40% cost
reduction compared to traditional method . It has
been used in Emirates, Saudi Arabia & Egypt.

A grad) — L alla - Lilall 1 NCT Ui 4.6
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https://almelany.wordpress.com

http://www.al-nct.com/generator.php

- -

http://www.alnct.com/?q=node/35
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NCT innovative lightweight concrete can be
casted to any require size & densities ranging
form 600 kg/m3 to 1600 kg/m3. LEGO type block
panel in which a steel bar (BRC) as well as wiring
conduit or water pipe can be inserted and fill
again with lightweight concrete to make a very
strong load bearing wall or retaining wall.
Lightweight panels as thin as 25 mm thickness
and mix with pigments can make decorative
colored products.

BRC; welded wire mesh made from cold drawn
wire provides proper distribution of steel
reinforcing throughout the concrete slab. This
type of reinforcement distributes load stresses
widely and equally throughout the concrete slab.

http://www.brc.com.sa/steel/Wire Mesh.html

O La Adlide ClBUSy alaaly callgd 4l @ Dla Al ol qua (S
1533 a2 g guilaily cslhall s §/a2S1600 () #/a2S600
L cilalgals 3 sl cUadll) malud g (Aldaa CilS gl Jus (S —alS )
(gpall Ujle Lhld 4,68 5 ginshals . 1 MPa to 30 Mpa O W
Oisli (Sar LaS ol gguuy slaally sl gl Cilyaad Jao g guad (Sayg

oS gal mhal) qubhdl § iy 4 gall

https://almelany.wordpress.com
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INTEGRATED BUIDING SYSTEMS

The building process (NCT):
- Clearing, leveling and compacting of foundation.

- Assembly of nominal two way reinforcement (
BRC) with a few dowels projecting along the walls.
- Foundation pouring of lightweight concrete in
1800 kg/cu.m to wall base area and 1600 kg/cu.m
to internal and external foundation.

- Assembly of floor’s height wall forms.

- Fixing door/window frames in position, relevant
embedded service lines for electricity, water.

- Pouring in-situ Lightweight Concrete in density
range of 1,400-1,600 kg/cu.m.

- De-molding of shuttering after hardening of
concrete the following day and restart the same
procedure for next cast.

- Traditional finishes (no plaster needed).
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http://www.al-nct.com/about.php
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Advantages of NCT (alnct.com):

- Thermal insulation of up to 5 times of PC.
- Lightweight, reduces the dead weight.

- Speed, with multiple cast.

- Can be manufactured to precise specifications
of strength and densities, taking any form.

- Excellent workability.
- Sound insulation.

- Could be finished like all traditional surface
finishes; paint, tiles, carpets etc. ;

- Fire resistant.

- Compressive strength of 20 MPa has been
achieved adding fibers, with a 1600 kg /m3
density.

Disadvantages:

- Cost saving isn't accredited by dependent study.
- NCT manufacturing requires skilled labor.

http://www.alnct.com/?g=node/50
http://www.al-nct.com/about.php
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INTEGRATED BUIDING SYSTEMS

6.5 Habitech International Building
System: LOK BILD, Thailand, Asia

The Habitec international building system is a
development of the LOK BILD system, designed
in early 1980 by Prof. Bruce Etherington, as a
housing solution to the squatters of Manila .

The system was developed in the School of Civil
Engineering, Asian Institute of Technology at
Bangkok. It depends on using sub-soil and
manual press to produce interlocking blocks.

Its success has led Bernard Lefebvre -an earlier
colleague of Bruce- who turned it into an
International business with the name of Habitec. It
was applied for low cost housing projects,
resorts, schools & offices in 22 countries.The
system is partially prefabricated modular
components, concrete based elements that can
easily be Dbuilt without heavy equipment.
Components are: soil-cement interlocking blocks,
concrete joists for floors and flat roofs structure,
concrete window and door frames, roofing tiles,
staircases elements. It was used in a self-build
project of 202 row house in Bangkok 1982 (Nabil,
Kh 1995).
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central cavity, which when assembled form
continuous, vertically aligned holes over the full
height of the wall. When cement grout is poured
into them, the blocks become permanently
locked together. The large hollow cores can be
filled with reinforcement and concrete, providing
earthquake resistance (Etherington, Bruce 1983).
The system also includes precast concrete joists,
which interlock with the concrete block walls to
support in situ floors and roofs, and channel
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Stulz & Mukerji (1993) "Appropriate Building Materials", SKAT, Switzerland.
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Production Process:
As the system was originally developed for self-
builders, a simple manual block making machine
was used to produce soil cement blocks. Local
site material was used after testing, sieving,
mixing, & pressing. Nowadays, the company is
providing different Building System Business
Packages according to project scale:

- Micro prod unit of bricks & roofing tiles

- Small-scale production unit

- Medium-scale production unit

- Large-scale production unit

Basic materials are sand, gravel, cement and
steel. The mix contains Portland cement of 10-
15% by volume, according to structural usage.
Wet compressive strength achieved in
projects varies between 40 to 100 kg/cm2.

Block production
using subsoil of
site and manual
pressing machine
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Wall construction process:

- The interlocking blocks are used to construct a load
bearing wall, eliminating horizontal mortar.

- The first course of blocks is laid on the grade beam
using a mortar bed.

- Succeeding courses may be stacked easily in a
running bond.

- Vertical grout holes are filled with liquid mortar (1:8
cement, sand) every four courses, to achieve
permanent bond (Etherington 1983).

Wall construction process
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Etherington, Bruce (1983) Interlocking cement and concrete components for low cost house construction,
Proceedings of the conference of Appropriate Building materials for low cost housing, Spon, London, p 236-243.

https://www.youtube.com/watch?v=PD7XSft2cQw
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Floor construction process:

Floor is partially prefabricated of concrete Joists,
produced on ground, carried & placed on a
module of 80cm, spanning adjacent walls (see
next fig). The precast concrete joist, is casted in a
multiple steel mold, producing six joists at each
time, to achieve speed and economy . The sheer
reinforcing steel is allowed to protrude 4 cm
above the surface of the joist, to carry the joist
and to provide connection with the concrete
topping poured later. Concrete small shells are
placed in-between the joists to form a work floor.
A grid of steel bars are added which connects the

beams with floor.
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INTERLOCKING BRICKS LOAD BEARING WALL

| | | |
| | |

(1) the formwork concrete stay in place after the floor is casted and form part of ceiling
b ) i)
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The roof is done traditionally with wooden

Planks, resting on the precast joists, however It is
covered with small concrete tile.

Floor tiles are produced with small pressing

28 sally Lgiaat Aty Ailacd dal iy cdiidad oy pAY) (i)
A e S5 e Al A ol e e (e i AlIKH) addl
LaS o o) Ciaall Lgtlanting) (ubead) Asibes A Glias Y (il

AEad) ) pual
machine to reduce cost of flooring (Etherington . syl
g gton,
Bruce 1988).
C sections
(o connect by means of
bots and nuts or
welding 013
- o
< A %49
— 5! =8 al MCR tile
] ‘
.- batn
e T f— i
ann s 4 | ‘ TS
ol Bl fof 0] ~~ ’.\ | Csection
\ ‘ MCR tile ~ ~Ay_ O ?nEc(wwndismncc-lOOm
MCR ridge tile | ~ e =10 28
2 overlapping layers l;g;lln:," Vi I\ - — \ N 04y
d B \ [ o2
joist f--',‘g'-‘f""" | | “‘t‘ bendetrl of — o . >
in between distance: 1.00m t S R ol 5 ‘,\
C section I - - 7 ‘.\,\
4 Joist \ double C section 472" - %
| welded together 4 B0y
. cnannel brick LY t/ 9 '{
hook: Omm steel bar welded o the C sect
ball of paper

RGS
|

=0

Etherington, Bruce (1988), “The Saraburi rural housing demonstration project”, Asian Institute of technology, Bangkok, Thailand.
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The stair of the system consist of precast treads Bk datawal) Dl Al (e qual) A8l cilaa g (e (35S alud)

and stringer beams which all are casted up-side Laglan Jgous (pddd g (daild My ma 5 dlaw dailill- daili o
down in special molds on ground (Etherington, Zo Lagale S0 AT (b gy
Bruce 1988). HARBEAL

]
4 Precast Concrete Handrail
D-"— 112" Gal. Iron Pipe Baluster
. .

L 6ym rebar

o -

Precast Coneete Handrail -z
5 .

See Stringer Pocket Details
for Baluster Insertation
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Since it was found that doors and windows frames s IS Galal) o) i ¢ cladill) A8 jualic Jalad sy

cost about 40% of the opening, it was substituted - cilial) auda i Aaball Al AlL Ledladin o3 N %40
with RC frames. Doors & windows leaves are  daady Gl lgdoa cuad ( Hava lld Jas dliudtlly L
covered with plastic sheets and used to cast the Laa cclatiill ciiaS ardient oail gad) ol oL A 3 4l 4dlia
frames all around in a steel mold. After drying, the i) a g

frames are laid in its position, with no need to
temporary support since it derive bracing from

themselves.

http://www.habitech-international.com/
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INTEGRATED BUIDING SYSTEMS

Design criteria & advantages led to construction costs
of 30-50% less than conventional systems, according
to self-build share and different regions (habitec.com).

DESIGN DECISIONS

Modular

Prefabrication

Light industrialization

Production on or near site

Use of local materials

Cement based

Optimize strenght

Interlocking (no mortar)

Lightweight components

Alternative to wood

Load bearing walls

Energy

Environment

EFFECTS

No material wasted

No cutting or adjusting
Fits in place

Quickly erected
Controlled production
Precise dimensions
Rapid and exact products
Controlled production
Controlled quality
Configured to demand
Production unit mobility

Easily available

Strong & durable materials

Optimal use of materials
Reduce materials quantity

Self aligning
Reduce reinforcement
Simplify construction

Easy to put in place
Minimize wood used in the
construction process and
building itself

Eliminates beams & columns
Eliminates form work
Reduce reinforcement

No need for electricity

No pollution

SIDEEFFECTS

Labour saving

Less supervision necessary
M aterial saving

Shortens construction time

Labour saving

Creates local jobs
Generates income

Eliminates transport costs

Cost reduction
Reduces transportation costs
Eliminates imports

Fire, wind, flood, earthquake
resistant

Cost reduction

M inimum training

Max.use of unskilled labour
Less supervision necessary
Reduces wages costs
Permits self-help/mutual aid
No equipment needed

Cost reduction

Optimal use of materials
Shortens construction time
Cost reduction

Labour intensive
No effect

GLOBAL EFFECTS

Cost saving

Cost saving

Stimulate local economy

Cost saving

Cost saving

High value houses

Cost saving

Cost saving

Less capital investment

Cost saving
Reduced deforestation

Cost saving

Cost saving

Environment friendly

Khaled Nabil, PhD -6
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INTEGRATED BUIDING SYSTEMS

The Habitec system is proven to be earthquakes i gl (o it (Jlad LALAS (33 Aa glia 8 AT SR o

resistance_, as monoli_thic structure. 0 LS dalall die IS pLAT) pa by aUSS grad Sy g cAlalal)
It could mix load bearing with skeleton structure A el B guad

when needed, such as in educational building.

The Habitech, lok Bild system was cost effective
for the Bangkok self build project of 48%, and
26% if built by a contractor and in the San
Antonio Project, Manila (350 units) costing 65%
approx., compared to conventional construction
(Etherington 1983).

B
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6.6 ISB of Light Concrete: Hungary

The ISB® Building System was accomplished
through patented architectural process from the
early 1970s in Hungary. It was the result of the
further development of the world-patented
“Soform” technology, which applied latter in
many countries, where Egypt, UAE & Yemen are
among them.

The general principles of ISB® system
(isb-system.com):

- It is a load-bearing structure of a fabric
reinforced grid.

- Thermal insulation and airtight shell of the
building.

- It combines the advantages of traditional

silicate based lightweight construction system,
and multi-purpose structural system.

- It serves as a permanent formwork module at
concreting, as complex load-bearing and
structural shell.

http://www.isb-system.com/en/products/isb-poro

el Addal) Dlu Al o () ) U35 6.6

Alu Al sl JLEGH) aa — cilingad) 43y dia aUAEN 38 Sy
0 gk o3 o5 g ) i ¢ paally m S ) ABAD L)
pdiad Ay | (o ) ) ) Cad g SR Qled g ¢ e b e
sl g A ad) i JlaY) 5 e Lgdas (a9 callad) J g2 (e dpand) 8 AU
P R PR

:(isb-system.com) aUaill dalal) (5aluall

ol gadly JAaial) pabedil) (pe ASud g Alalad) Jai) gad) (e S -

9 s Al Jralls Addal) ) Allw A Ol jrae O Le pady -
Lol S axmiall ALADY) AUl

A o Al Al Dl Al (pe CiBll daily 3058 S ll) Jandi -
Ldal) B s ey iy glas

Roof slab is in-situ joist-block
permanent formwork
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ISB® building system elements: D ol ol Al il g<a

The third structural element is the monolithic (2
reinforced concrete grid, to ensure rigidity. A

- Basic Wall thickness: 20, 25, 30 cm. e 30- 25 -20 Adlida ey b & gl -
- Premium Wall thickness: 35 - 40 cm. . pei 40-35 o aaa Sl -
- - 40x40 cm Corner block. Y g ) Cra g -
E - gypsum fiber boards. s 40x40 S &5l -
e vone oo ss
- I ' S - - -
: Primary component is cellular concrete, which works e a 5MMC"“““ o
L4 as a mold of the reinforced concrete. The second is =~ o) sl Al Al 3l s sh b pulu) ALY G gSa
- the exterior gypsum fiber boards cladding which I3 Apna) ) g0 LAl Aadosal) Adbus AL Al ) 558 Jaxs
=1 creates aready surface for the finishing works. ot Leliladau 853 ) Gl Gl o2 AN gk
— The mineral fiber is responsible for the thermal, — %ssaal - 4aluall Al A UL Gal 3ag Ggall 55l
acoustic insulation and fire resistance of the wall. GS) uilatia Laia pllae Ll ) g LES) allall) JIA%, ) -pd gally
-
-
(—
L |

http://www.isb-system.com/en/products/isb-poro
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Production of the ISB®:

The building blocks are made of 300-350 kg/m3
density porous concrete. Production, through
semi-automatic, to automated production line, with
available sand & lime.

Building process:

- RC strip or raft foundations are installed.

- Building blocks are laid according to design.

- Steel reinforcement are inserted into the
horizontal sewers & vertical cavities.

- Concrete of 1500 kg/m3 density, or gypsum
micro-concrete is poured inside the cavities.

- Shuttering is installed for roof slab.

- blocks are laid, same as infill beam system.

- Reinforcement is added in between.

- Insitu concrete is casted over the blocks .

- Finishing operations.

;s lid) g gl Ll
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g4y Jalslly AuSila g gl ) dinaal Ja ghady Y ¢S4y . 30/p28350-
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Benefits of the ISB® Building System:
- Wide range of size; 20- 40 cm load-bearing.

- Speed; building time of one 100 m2 single-story,
complete residential building in 10 days.

- Multi-story of up to five levels can be built.
- The system is earthquake resistant.

- Flat roof with a wide range of structural layers can
be created, adaptable to local climatic conditions.

- Availability of raw materials; sand, lime.

- Manufacture and building technology are familiar
around of the world.

Technical specifications:

- Thermal insulation capacity U value between
0,387-0,134 W/m2K

- Sound insulation Rw value between 55,0-60,0 dB
- Fire resistance TH value between 120-240
minutes

- Flammability classification A1-A2

- Water vapor permeability g value between 3-9

- Earthquake resistance up to 8.0 on the Richter
scale.

22400 - 200 (e Adalad) Jai gad) o &g 34 -

dalua A\J@thlgi&aui,u:éﬂ\gé;hﬁ‘g\kﬂ.
Jes ol 10 @i 2 2 100

5 fa Jual Gilshll Basie 405 4w Al gly (Say -
Gl sh

Ao sSial) (3hlial) jles) BaleY ghiay «J WU o gla allai -

Amal) Al G gl i dua A jle g 88 ity -
Sy Cltnall g allad) plad aan (& dalia 45 gllaal) aldd) 31 gall -

.IW
(B 4 .

Khaled Nabil, PhD -6 213



Disadvantages:

- Not cost effective compared to traditional
methods, due to reinforcement of walls. There is
no comparative cost study.

- Shuttering is needed for roof slab, which takes
time and excessive labor.

- Reinforced loadbearing walls are not flexible
architecturally.

http://www.isb-system.com
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6.7 Galvanized Steel Frame: Marsoos, SA

Galvanized steel is a widely used building material.
Steel plates are coated with a zinc oxide finish to
resist corrosion. It is a popular material for
commercial uses -roofing & framing- and is
becoming more popular as a framing material for
residential use as well. It is called “cold steel” in SA,
since it is formatted without heat into different
sections that assembled without welding.

Villas and high rise buildings are built as frame kit
structure and finished traditionally or with
lightweight cladding in fast dry operation.

A villa in Makkah, built bt Marsos, SA

http://www.marsoos.com/
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Advantages (Marsoos, SA):

- Long life span as it resists corrosion, better than
aluminum if it comes in contact with concrete.

- Easy to build as an assembly Kit; could be “DIY”.

- Speed; about 70% compared to traditional RC.

- Reusability; It could be dismantled and Recycled If
a building is destroyed in natural disasters.

- Flexible plan, as steel frame span of up to 12m.

- Better than wood Framing; no shrinking, warping,
twisting or deforming like wood framing, thus
finishing work is easier (doityourself.com).

- The steel framed homes can stand up to fires,
hurricanes, earthquakes, winds and snow loads.

Disadvantages:

-Initial cost for framing in residential homes is
higher than wood buildings, costing between 250-
400 $/sq.m. in 2017 (titanhouser.com). However,
wood is imported in the Arab region, thus Marsoos
claims it saves 20%. A similar villa had cost 2000
SR/sg.m (Altamimi 2017).

- Embodied energy is high.
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http://www.doityourself.com/stry/building-with-galvanized-steel--pros-and-cons -

https://www.youtube.com/watch?v=-HYGVATQ Y
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6.8 Shipping Containers: Texas, USA

The availability of shipping containers has driven
many to recycle as 3D box units. IT Development
Strategies and Alamo Architects, of Austin have
completed an apartment building in Texas, which
consists of seven apartments made out of
shipping containers. Containers are used as
space blocks that form a wall bearing structure.
Steel stairs and outside service corridors are
added to the containers. The area of the units
ranges from 480 sq ft (44.5 sq m) and 960 sq ft
(89 sgq m), and they will be available as either one
bedroom/one bathroom, or two bedroom/two
bathroom apartments. The exterior of the
containers;s structureis very vibrant facade.
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http://www.jetsongreen.com/2016/04/shipping-container-apartment-complex-goes-up-in-texas.html
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Containers are insulated using high-density
closed cell spray foam. They feature double-
glazed windows and insulated doors. Heating,
ventilation, and air conditioning needs an energy-
efficient HVAC system . The building is covered
with a secondary roof that will provide additional
shade, thereby reducing the need to use the AC
(jetsongreen.com).

Disadvantages:

- Limited dimensions, e.g. height is 2.5 m. only.

- Costly in some other countries.
- Needs heavy cranes and transportation.

http://www.jetsongreen.com/2016/04/shipping-container-

apartment-complex-goes-up-in-texas.htmi
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INTEGRATED BUIDING SYSTEMS

6.9 Shipping Containers: Denmark

Due to many advantages of building with recycled
shipping containers, e.g. speed, ease and formation,
many have employed it. The Danish firm Bjarke Ingels
Group has recently completed a sustainable floating
housing prototype for students living in Copenhagen.
It was designed to replicate the design anywhere
else. The exterior fagcade was left in the original state,
while the interior walls are clad in wood and drywall.
Down below, A cantilevered pavilion constructed by
the People’s Architecture Office in China, using
recycled shipping containers, primarily so that the
structure would be easy to move if needed
(jetsongreen.com).

http://www.jetsongreen.com/design/container-design
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6.10 3D Printed Buildings, Win Sun, China Ol G (g 1 lall 450N ALl 10.6

3D printing has been around since the 1980s. Jlad LS (papdad) (Al Uil (pa dlagdy) AN delall ¢ b g
Technologists developed the process, known as an ia Q;fdﬁ‘x;; W c;ﬂ‘ Gl ‘;;U;J\ GmY\.UAJSJM

alternative to other industrial manufacturing
techniques, like extrusion and casting, and it has
proven to be an effective, efficient for complex
shapes.

) el 5yl il ahia Cpe L shSE Gl ot Ly
Rshl Gm (g Abnall AS,AN il 11 (ullay Gd) gL
24 b -0is- 8 pua (Slas 10 sLs e LghiSa Laa (A5 Aol
WinSun a China-based company has developed 3D pe Le:ﬁ o Sas s 5 "Mﬁ‘\sﬂ‘ cult g As
printing house technology. In March 2016, WinSun (B0 BT) s G"’A uﬁw ‘”’“ﬁf”%"ﬁ 2016
have printed 10 cabin houses in 24 hours, using a & 539 20000 <ulk & 4 paal dagsall o) 4,4 oy
proprietary 3D printer. Later they built a 5 floor 100 ulb & Sngcd) dagsal) ol 5 () (A 35 o) 2015
apartment building and a 1,100 sg.m. villa, display (Win Sun) 2017 (2 4530 4oLkl (e Baag
at Suzhou Industrial Park near Hong Kong. ,

(G () oS isp o delicall o) g Algany )93l 5 s
http://www.tradearabia.com/news/CONS 275295.html
http://www.3ders.org/articles/201501 18-winsun-builds-world-first-3d-printed-villa-and-tallest-3d-printed-building-in-china.html
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These houses were made using an exclusive
printing ‘ink® made of recycled construction
waste, glass fiber, steel, cement and special
additives. The company could fabricate large or
complex pieces and then assembled on-site,
complete with steel reinforcements and

insulation in order to comply with official building
standards. Larger buildings could be printed as
following figure (Win Sun).

https://www.youtube.com/watch?v=7Z00orne8-Ff0

ML A - i) ASAY dolial) (Apdi ¢Slaall Y delal)
Al A ddas B pa ué é}d\ daglall Jac gt Eua mpulidal)
Db (o 98E o al) LaS) il dgal Jual giall qually o gl
GllaYly ciauly daladll Gy e daal)l  apl)
i) gall Jual gial) cuall g Jurdiil) 43 ggad dualdl)

thaa Bajile WLl (b ald daal JREY) A B W
m UéJ _UJMS\ f-ug\ JJS [SRFSTEN cé}d‘ Ué M ‘ﬂgl ‘kﬂ‘
Loy -@aMll aepllse dB1jia (EUG) e cdma oy aall ada S
.(Win Sun) « sty z st dagla 4y

Eloa) Jsd o clih b 48 g CiluY) g Jail gall ok
(Win Sun s ¢ 43S sl dagllal) JNA (1
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The building process (Win Sun) : : (Win Sun) sl s
- Traditional RC grade slab is laid as foundation. 2 gall 5 ) J88 G dadie Llu A 3 jmas b cua -

- The 3D printer array, 6.6 m. high, 10 m. wide |3 10 o 6.6 £ 1) diles 21 Aiae auia g -
and 40 m. long, stands suitably in site. Jea €13 dskas 10 G5 6.6 gUL)) A A Adiaa g2 58

- A CAD design is used as a template, and the e .. . . ?&u{(ﬁ{w
computer uses this to control the extruder arm to iy Aol sl ) S clage (‘*ff‘hf‘),“““.“‘ s -
lay down the material. . ULM uu'j‘h"ﬁh‘ﬂ‘ o
-The walls are printed hollow, with a zig-zag EI) Jsd A Ad g i) g Jail gad) gk -
pattern inside to provide reinforcement. I dlle g OSay Las (S Al mludl) Maa g -
-This also leaves space for insulation. Latss el Ay il g 5 _pudilaa A (S -

-Some traditional finishing are then made.

% 1

3DFTEN100K A T2

AEEY deludall ALi) Lualds
3D$TEN100K B L2454 (Win Sun o~ C).-.U)

http://www.tradearabia.com/news/CONS 275295.html

http://www.3ders.org/articles/201501 18-winsun-builds-world-first-3d-printed-villa-and-tallest-3d-printed-building-in-
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Benefits:

- WinSun estimates that 3D printing technology can
save between 30-60% of building materials.

- It shortens production times by 50-70%.

- Decreasing labor costs by 50-80%.

- The dry construction method is clean & compact.

- Using recycled materials decrease the need for
guarried stone and other materials.

Disadvantages:

- No independent study has proven the previous
benefits, since it is a newly developed technology.

- Dependence on the Chinese firm provider.
However, The firm claims that benefits has driven
the Egyptian government in 2015 to order 20,000
units (Ma Yi He 2015). WinSun has committed to
completing 100 packages of 3D printing equipment
for delivery to Saudi Arabia in 2017.

None of the above projects has constructed yet.

http://news.xinhuanet.com/english/sci/2014-04/25/c 133290171.htm

http://www.3dprinttherapy.com/blog/chinese-3d-printing-

construction-company-winsun-saudi-arabias-al-mobty-contracting-

co-agree-10-billion-rmb-deal/
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Appendix

Appendix 1: Precast Stairs for self Help Housing

Appendix: 2 Step-block precast stair, US Patent
9347224, by editor.

Appendix 3: Finishing Techniques for Minimum
Cost Housing: Editor.

Appendix 4: Reuse of Demolished Building's Debris
in Post war Construction: Editor.

Appendix 5: Role of Building System and Materials
towards Achieving the Economical and
Environmental Considerations for Sustainability in
terms of the Affordable House (An Analytical
Comparative Study on Systems and Materials
regarding the Building of the project of Family
Houses in October 6th city), Confeerence
Proceedings of Technology & Sustainability in
Omran, King Saud University, SA, (2010) by Dr.
Ahmed Fathi Ibrahim.

Khaled Nabil, PhD -7

il A1 3 gl GlSuy qual) Ablu ANl 11 Gala
Gl iiSa () fA) el cquall il alu g pa-d sl 12 (Gala
Sl 19347224 S Y gl RAY)

Ol 1 Jadall Aol (593 LS uladdl) il 13 ala

tad) day Le pranill dasgall Slial) s aladia) 3ile) 14 Gala

)

LalaiBY) ) i Y) a8 e L) 3 ga g Aalai] 49315 (3ale
sl Seall A dalaiadd dyigd) g

el Codl Sl £ g e sl 31 ga g aliil 45 e Ayl 4l 40)
o Aaldiay) g AR palige <8 o o gST G (ualiad) Adyaay
A ) Astaal) 3 grw dllal) daala (2010) 1431 L2kl O sead)
e IBY) jpEN daaj Lo, g

227



International Journal for Housing Science, Vol. 20 No.4, PP 255-262, USA.

Precast Stairs for Self Help Housing
A0 3 ggad) S cual) djla Al

sl padlall

S Gl ) Al (3l LSS oLl g g A1 2sgally sUd) Lo glgiSs gl
m chM.A 3J1.&'3 34\.\;3 43131.4 IXWA A ‘\A.Sh:\..g Lal c\.\,ﬁ’ﬁ ua',m-“ Jﬁéu; Jﬁ\ celua.“ QL&J! ZM\A' cu.uﬁ.m
Ly Fal) (4 %8 (Mgl Jual

oalall e Alend) uully Loy ¢ iba A1) A00) alal) pLii) 4815 (adldty Japet ) ingd) cingy 13¢]
(haBat (g0 ey g Al ggans AnS 5 9 gl ATUigSa Jaa o adgall dud b ddaaesy Gl 9B A s il
sl granall ) ALY A 3 ggally £Ul) Lin sl 535 el Rl pa e Liasa il aaing 138 i
oilaa Lle (gadaial) Al dad g AdIA ana83 ¢ Cppaaaall g S AN @ IS g ciladial Field survey
alad) JSliia ad ¢Insitu concrete (sadEil) Ll Al alidl Qg aaaty meall amy | oudill L)
ALANY) 5 Akl gl ASPUS ) o gkt slae dn w38 ol 3a (ha My AalaRiad a o3 Adladily
LY el Ga My Guall 5 aa (1 B pdua BIAL CligSe (e allad Jola dwad (2 e iy Aalleally
Bas gl A8 §3 Al Ad) alid) AT aglB] o) g ¢ paan i) € ) gall dadiaa) aa ¢ silad) g Basiall
ps gl Lgogdy allaadl alina o) Gad Jaladllyy AsiSad) ol jleall (ol g3y dplital) (Slusall
cuall o dail ABLGYL )6l J8 g cuS AN B lgal dalad) 5 ddg all

Khaled Nabil, PhD -7

Appendix 1. Ahmed, Khaled (1996), “Pre-cast Stairs for Self Help Housing” The 1 Gala

228



Precast Stairs for Self Help Housing
A0 3 ggad) S cual) djla Al

r e Al paddal) 4

A0 3 gl (S o) Baa ol Eua cone component stair 33y O5Sa (e alu ) EBY ool ga g
2l i) GsSa b aud0%20%20 ull) ailall sl e g aa atb | Alalat) il gal) oy Bals
AT Epa Adal Apili) A8 jhy laa Laa 3l g aa) g lld 8 Lagaa ¢Sy ¢ bl a1 300 g3 ¢ BLe
S gy J055 5 Anaall 5 aSl) Apdiy Lagh Jailad) ) Jand) JUESRY ABLEYL ¢ el Lgiany o il )
A 53 Jan) g S i) A gy pracss Loy (i 99 aleall 7 jial) a gl panl |, Sialh By 8 Jaila)
adl g CJﬁ\wﬁumuﬁMJﬂhuA\duwj A8 70 Al gl 09 AMu Cua ¢ Guadld
L1 AR Bel g Ao Jaall 4 aatl) oS ¢ aldl puaa Jiage Jas g CligSall (e 38 cua oS

alad) Cpa 4RI JB] 5 o] ¢ B psraall 8 Jalad) cili gall (pa cuall Allu alDlad) o ) duad) (ali g
Lol 59 LI ¢ sall ¢ 7 sBal) alually diad (iSas La g8 g ¢ guall) (lany Lgn gy (819 (o lBil) Sl A

Khaled Nabil, PhD -7 229




Appendix 1: Ahmed, Khaled (1996), “Pre-cast Stairs for Self Help Housing”,
The International Journal for Housing Science, Vol. 20 No.4, PP 255-262, USA.

PRECAST STAIRS FOR SELF HELP HOUSING

KHALED NABIL
lLecturer 'at the Architectural Engineering Dep.
Faculty of Engineering, University of Zagazig
Zagazig, Egypt

ABSTRACT Precast stair.of small components are more appropriate to
self help housing, rather than insitu concrete stairs.
A review of precast stairs reveal some shortcomings, thus
an innovative stair is proposed. The proposed stair is
more flexible and could be assembied with minimum skills
while keeping high structural performance.

Iy

Introduction

The appilication of appropriate self build technologies has become
a necessity due to the increasing high cost of conventional
buiiding. Traditienal insitu concrete stair construction is one of
the most difficult building operations, where it requires skilled
labor and costs abcocut 8 % approx. of the dwelling construction cost
in Egypt (1). Therefore, stair construction have to be facilitated
for self builders and small loccal contractors. It could be procduced
from available materials with l1imited resources, Tightweight to be
Randled manually and simple encugh to be assembled with unskilled
labor.

The wideiy used insitu concrete stairs in most countries is made of
either reinforced concrete slabs or cantilever steps supported by
a2 stair beam. The building process depends on the use of temporary
inclined shuttering and "tailored” steel bars. which is a time and
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material consuming operabtion. However , there is a simpler
vernacular process, which has been appliied for centuries, using
reacy made steps of stone, marble and lately precast Terrazzo.

This paper discusses the potentiazls of wvernacular prefab stairs,
its means of development, and reviews existing self build stairs.
It conciudes with a preposed innovative stair. that could make use
of its advantages, while alleviating its shortcomings.

Potentials and development of vernacular prefab stair

Ready made vernacular stairs have many potentials of being iow

cost, speedy construction where no time needed for feormwork and

hardening of concrete, thus requiring less installation skills.

Moreover. it is deeply rooted in the architectural heritage of many

countries, therefore -it won’'t meet technolegical rejection.

Nevertheless, although these potentials that suit owner/builders

and small centractors. this building process is not widely used

nowadays, because of some technical reasons, which might be :

- low quality. n

- 1imitations of the surface finishing to a "low—-value status”™,

- heavy weight of the treads.

These shortcomings calls for development depending on @

- inereasing the structural performance of components and Jeints.

- widening the range of possible finishing surfaces, or produce a
“hody” that accepts different sheets of materials.

-~ reducing the weight of the components, to be handled manually.

- faciliitating the assembly process.

— the raticnal the use of material, specially steel, and the use of
local materials such as reeds or bamboo.




Design of small components stairs - )
Frefabricated stairs c¢ould be made of e1ther t imber, steeld,
concrete or a blend of these materiais. The bcarc1ty and h}gh oo;t
of timber. and steel, makes 1t more economical in most developing
countries to use rezrfbrced concraete components.
The selection of the structural system of the stair depends on the
staircase plan, which determine shape and size of each component.
Moreover, flcor height dictates whether to be bridged by a single
run of stairs, by a flight of stairs arranged to fellow a straight
or a broken Tine of an intermediate landing (2).
For low cost housing, the staircase area should be minimized by
using a single run of stairs for family houses (Fig 1), while 1in
block apartment buildings, it consist of two parallel flights.
Furthermore, the joints between stairs and floors require special
details to fit each stair shape. It 1is preferred teo arrange the
stair paraliel to the beams, where stairs are often supported by
the walls and a spandrel beams. If the stair reached the flcor
level without direct joint to the wall or spandrel beam, & beam of
adequate cross section should be constructed for this purpose {37,
A ?

]

FIG.1 The use of single flight stairs.



Prefab types of small components’ stairs:

1) Vernacular ready made stairs

This stair 1is usually made of stcne, marbie or reinforced terrazzo
separate steps supported by the side wall (Fig 2). The intermediate
landing is either a cross beam or a rectangular compecnent supported
by the same way. The advantages and disadvantages of this stair
have bheen mentioned earlier.
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FI1G.2 Details of a vernacular staircase (Warland, E. 1828)(4).

2) Prefab stair platforms (Chinese)
This 1is a modern version of the vernacular stair. which depend on
the use of prefab RC "r’ shape treads, that cculd be supported



gither on one or two sides of the walls (Fig 3)(5). The "r" shape
achieves the required supporting area, while reducing used material
and weight of each step. The weight of each step is 55=-60 Kg, thus,
it could be easily lifted and placed in position by two laborers.
A survey in rural China has revealed its acceptance because (5):
- The lack of timber and viability of cement and steel.

- It s cost saving of about 30%. comparing toc timber stairs.

-~ It is fire and “1insect” proof.

-~ It has a higher sound insulation. ) .

- It is more durable and free-maintenance. _

- It is easily produced without considerable training.

However. the installation of steps inside the wall requires skills
to achieve safety, special architectural details for the wall and
other smaller blocks to fi11 the wall space under the steps.
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FIG.3 The Chinese platform stair (CBTDC 1889)(5).



3) Prefab treads supported on two walls (Jordanian)

The stair of the Jordanian Building System # 5 consistis of two
elements: the saddle which is placed between the block coarse of
two parallel bearing walls, and the tread which is supported and
bolted to the right and left saddles (Fig 4)(8).

The tread is provided with a steel]l angle on its edge to resist
friction. The landing c¢onsists of similar modular element to the
tread. The weight of the saddle and the tread is 17 Kg & 44 Kg (6).

There are other stairs similar to the Jordanian stair which apptly
the same concept of using sheet plates. The obviocus advantage of
this type +is 1its 1lightweight, easy-build and high structural
safety. However, it requires two parallel walls, which Timit the
architectural design and cost more because of the second wall.

W\

FIG.4 The Jordanian stair of Building System # 5 (RSC 1988)(6).



4) Prefab stringer beams and treads (Thailand)

This stair was developed for self build in South East Asia, as a
low cost alternative to local wooden stairs. The stair consists of
two stringer beams, precast treads and metal balusters (Fig 5)(7).
Production and construction are facilitated, using simple wooden
molds and easy manual handling. Bamboo reinforcement could be used
to reduce cost by substituting the wire mesh in the treads (Fig 6).
Although this stair is more versatile, it requires more production
skills and accurate installation to assure its structural safety.

FIG.5 Prefab stinger beams and treads (Etherington 1984)(7).
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FIG.6 Bamboo reinforcing and construction of treads (7).
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5) Modular lTinear stair units (British)

This stair consists of precast modular longtudenal reinforced
concrete sections of 15 cm wide. It 1is manufactured of variable
lengths up to 9 risers, to form a height of a half-story (Fig 7).
Installing one flight stair is also possible by using an "L" shape
intermediate beam supported from both sides. The components could
be placed in its position manually by two unskilled laborers (8).
This linear stair component concept is more flexible than the steps
concept, where any width could be achieved as multiples of 15 cm.
However, the one flight stair requires a structural support to
carry the intermediate landing beam which restricts the design.
Moreover, the stair can’t be installed unless the floors and
landings are installed already, which might need scaffolding.



FIG.7 Application of the British modular stair component {(8).

Proposed easy-build precast stair:

The reviewed stairs consist of several components, requiring
different molds, more assembly time and relatively more skills.
This has called the author to propose a “"one component stair” that
could be used with Tow cost housing projects. Because self build
housing is usualily of bearing walls, the stair would be integrated
in the wall as one unit. The component 1is a reinforced precast
step, projected out of the wall block (Fig 8). It applies the same
structural theory of vernacular stairs, carrying the 1loads to
previous steps, while firmly connected tc the adjacent wall.

The wall itself 1is composed of a "T" shape standard 20x20x40 cm
concrete blocks. The “T" blocks 1is designed to achieve a stair
decline of 33, with a Flemish bond pattern, without vertical
mortar, while keepving high structural performance (Fig Q).

The weight of egch step/block component is 70-80 kg approx, which
could be easily installed by two unskilled laborers.
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FIG.9 Stair section and wall pattern.



Production and building of the stair component:

The step/block component would be casted upside down in a flexible
mould, by sliding the end of the mould closer or farther apart from
the block (fig 10). Steel reinforcing would be placed in the mould,
connecting the block to the step. The step/block would be stacked
as a traditional bearing wall by two unskilled laborers.

The over lapping of each step on the previous one, would easily be
achieved since the wall pattern guides block stacking (Fig 11).

(Fig 11) Photo of .the step/block self build stair.
* Model was constructed by the author when he was a visiting
scientist at Ohio state University in 1982



Advantages of the step/block stair:

- Producing one component is easier than producing many components
- Installing one component minimizes unskilled laborers’ mistakes

- The structural performance of the step/block is higher than other
self build stairs, even though it requires lTess reinforcement.

-~ The step/block stair does not require two parallel bearing walls,
thus reducing the cost and architectural Timitations.

- The component could be produced as a finished product using
different sheets of materials, since it is casted upside down.

- Environmental materials could be used with steel for reinforcing.

The only restriction of the step/block is requiring a certain block
and pattern of the wall. However it could be applicable enly to the
bearing wall eof stair, not the whole building. The riser and tread
dimensions could be varied if certain specifications are to be met.

Conclusion:

Although precast stair of small components have many advantages
over conventional insitu concrete stairs —-e.g. easier and speeder
to build, less costly— they stil11l have some shertcomings. They
usually consist of several components, requiring different molds.
more assembly time and some skills. Moreover, these stairs are
either constrained in width, or in length. Therefore, one component
stair was proposed. connecting the adjacent stair wall with prefab
steps that could be casted in a fiexible and simple mould cn site.
The wall +ditseif depends on a standard T shape block. which



doesn’t require vertical mortar. The proposed stair could be built
of different widths and lengths., with minimum skills while keeping
high structural performance. as was seen from the ecarly testis.
This precast stair 1is registered in USA and Egypt.

Patent is followed in next Appendix 2 :

Step-block precast stair, US Patent 9347224

Date of Patent: May 24, 2016

Assignee: Umm Al-Qura University (Makkah)

Inventor: Khaled I. Nabil Ahmed (Makkah)
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Appendix: 2 Step-block Precast Stair, US Patent 9347224 2 Gala
Assigned by: Umm Al-Qura University, SA, Invention by editor.

Abstract:

A precast step-wall block including a step portion projecting perpendicularly out of a wall system
and a wall block portion, is disclosed. Wall blocks used in constructing the wall system are T-
shaped in plan view with exemplary dimensions of 400%x200 x200 mm.

These wall blocks are arranged in Flemish bond courses to facilitate the projection of the precast

steps from the wall system. A mold designed for preparation of the precast steps of different
lengths is also described.

Drawing 1 of Invention, inventor & editor Model of invention, editor

https://www.google.si/patents/US9347224
https://patents.justia.com/patent/9347224
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Conventional staircases are constructed on-site through a reinforced concrete structure or a steel
structure. Installation of on-site cast concrete staircases is a very difficult and time-consuming
operation in traditional concrete skeleton structures. The process requires scaffolding, steel cutting,
reinforcement and concrete molding and de-molding, which can cost as much as 8-10% of the
building with its finishes.

Thus, many construction companies and builders have tried to improve the stair building process by
using precast concrete staircases, to be quick and clean with the added benefit that the units can be
used as soon as they are installed. However, a full flight of precast concrete stairs is heavy, requiring
large cranes for transportation. Furthermore, the full flight of precast stairs may not be suitable for
small projects and owner-builders.

The invention claimed is: e e i

1. A construction unit comprising: "y /) N —
a wall system having a plurality of T-shaped wall ‘ M,{
blocks arranged in a plurality of horizontal courses e B I N B
in Flemish bond, each of the T-shaped wall blocks a4 A || T A A

having a main body portion, a side body portion and

first and second intersecting corners, the main body ;
portion having a rectangular cross section, a central o e SR
portion, a first arm and a second arm extending | I ‘
horizontally from the central portion in opposing . | .
directions. T I

https://www.google.si/patents/US9347224
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wherein:
the side body portion has a square cross section emanating vertically from the central portion;
the first and second intersecting corners are disposed between the main body portion and the side
body portion on both sides of the side body portion;
each of the T-shaped wall blocks, through the first and second arms, connects securely with the
intersecting corners of two adjacent T-shaped wall blocks that are in the opposite orientation in the
horizontal courses so that alternate T-shaped blocks in the horizontal courses have rectangular side
surfaces and square side surfaces facing outward and square side surfaces in a first horizontal
course are disposed in the middle of rectangular side surfaces of a second horizontal course below
the first horizontal course; and a stair system having a plurality of precast concrete steps,
10

N 14 B\ B~
/| /|
0 f* Q /30 /T30
> > ) 28] 28"
{ { {

16 18 20
https://www.google.si/patents/US9347224
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each of the precast concrete steps including a generally horizontal tread portion, a riser portion
connected integrally to the tread portion and a T-shaped connecting portion connected integrally to
the tread portion and the riser portion, the T-shaped connecting portion having dimensions equal to
the T-shaped wall blocks, each of the precast steps being installed by substituting a T-shaped wall
block having the rectangular side surface outward with the T-shaped connecting portion so that the
tread portion and the riser portion project perpendicularly out of the wall.

2. The construction unit of claim 1, wherein each of the T-shaped wall blocks has dimensions of
400%200%x200 mm (lengthxwidthxheight).

3. The construction unit of claim 1, wherein the riser portion is generally vertically arranged and
connected integrally at 90° and depends from the tread portion, and wherein the T-shaped

connecting portion is connected integrally at 90° and depends from the tread portion and the riser.
80

|) fso
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A
e
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https://www.google.si/pateﬁtsibS9347224
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4. The construction unit of claim 1, wherein the tread portion further includes a nosing portion.

5. The construction unit of claim 1, wherein the tread portion is 350-400 mm in width, 50 mm in height
and 600-1200 mm in length.

6. The construction unit of claim 5, wherein the width is adjusted during casting with a casting
apparatus.

7. The construction unit of claim 5, wherein the length is adjusted during casting with a casting
apparatus.

8. The construction unit of claim 1, wherein the riser portion is 50 mm in width, 200 mm in height and
600-1200 mm in length. \ 14

9. The construction unit of claim 8, wherein the width is > y
adjusted during casting with a casting apparatus. (
10. The construction unit of claim 8, wherein the length
Is adjusted during casting with a casting apparatus.
11. The construction unit of claim 1, wherein the T- f

shaped wall blocks further include 12

a T-shaped top surface and a T-shaped bottom surface !
which is opposite from the top surface at a distance

equal to the height of the T-shaped wall blocks, a

rectangular top central portion on the top surface, and a

top circular groove disposed within the top central “

portion.

https://www.google.si/patents/US9347224
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12. The construction unit of claim 1, wherein the T-shaped wall blocks further include

a T-shaped top surface and a T-shaped bottom surface which is opposite from the top surface at a
distance equal to the height of the T-shaped wall blocks, a rectangular bottom central portion on the
bottom surface, and bottom circular grooves disposed on the bottom surface and located on both
arms of the main body portion.

13. The construction unit of claim 12, wherein the rectangular bottom central portion includes a
rectangular middle portion separating two rectangular grooves.

14. A precast concrete step comprising: a horizontal tread portion; a vertically arranged riser portion
connected integrally to the tread portion at 90° and depending from the tread portion; and a T-
shaped connecting portion including a main body portion having a rectangular side surface, wherein
the rectangular side surface is connected integrally to the tread portion at 90° and depending from
the tread portion and the riser portion, and wherein the T-shaped connecting portion has a T-shaped
cross-section in a plane parallel to the horizontal tread.

15. The precast step of claim 14, wherein the tread portion further includes a nosing portion.

16. The precast step of claim 14, wherein the tread portion is 350-400 mm in width, 50 mm in height
and 600-1200 mm in length.

17. The precast step of claim 16, wherein the width is adjusted during casting with a casting

apparatus. B~
82~ 92
8 84 90
9 \_'\ L-\‘ \

o 8 A} —l__
0t | .
1024
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18. The precast step of claim 16, wherein the length is adjusted during casting with a casting

apparatus.

19. The precast step of claim 14, wherein the riser portion is 50 mm in width, 200 mm in height and

600-1200 m in length.

20. The precast step of claim 19, wherein the width is adjusted during casting with a casting

apparatus.

21. The precast step of claim 19, wherein the length is adjusted during casting with a casting

apparatus.

22. The precast step of claim 14, wherein the T-
shaped connecting portion further includes:

a central portion, a first arm and a second arm
extending horizontally from the central portion in
opposing directions; a side body portion having
a square cross section emanating vertically from
the central portion; and first and second
intersecting corners disposed between the main
body portion and the side body portion on both
sides of the side body portion.

23. The precast step of claim 22, wherein the T-
shaped connecting portion has dimensions of
400%200%x200 mm (lengthxwidthxheight).

https://www.google.si/patents/US9347224
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Appendix 3: Nabil, Khaled (2000), “Finishing Techniques for Minimum Cost 3 gk
Housing” Scientific Engineering Journal of Helwan University, Egypt.
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Appendix 4. Ahmed, K. & Wasfy, H. (2007), "Reuse of Demolished Building's 4 sl
Debris in Post war Construction”, The 1st Euro-Mediterranean Regional
Conference, Barcelona, pp 514-518. (July 2007).

Reuse of Demolished Building's Debris in Post war Construction
An approach to conservation of traditional architecture

Khaled I. Nabil Ahmed & Hanan S. Wasfy
1. Introduction:
"if God had not enabled people to defend themselves against one another, corruption would surely overwhelm
the earth". 2.251.
"if God had not enabled people to defend themselves against one another, all monasteries, churches, and
mosques, would surely have been destroyed". 22.40 Translation of the Holly Quran

Mediterranean is the interchange pot of civilizations, which have moved along its shores, rarely by trade, while
mostly by conflicts and wars that brings destruction also. Recently, wars have been spreading in the
Mediterranean from Bosnia, Albania, Cyprus, Lebanon, Israel and the ongoing destruction of Palestine,
threatening the people, the built environment and the local architectural heritage.

Developed countries with limited resources can not afford total re-building of demolished cities, as what
happened in the southern district of Beirut at July 2006, where thousands or even millions of tons, of rubble have
to be disposed, while roads have to be cleaned for post war construction. Thus, re-use of building debris is very
important for sustainable development, having many benefits as followed:

*  Minimizing cleaning cost and time for reconstruction.

* Reduction of transportation cost for disposal of debris and new materials.

* Saving in material cost by utilizing recycled materials.
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* Eliminate disposal of waste to landfill sites, which become full and costly.

* Conserving the environment.

* Selling recycled building materials or purchasing at lower costs, which is usual for the poor, who got used to
buy second-hand building materials.

Moreover, recycling into the same architecture has a cultural crucial role probably more beneficiary than
economics and environment. Bevan thinks that "the destruction of symbolic buildings and the physical fabric of
cities is not merely collateral damage, but a deliberate intention by the attacker, to dominate and eliminate the
memory, history and identity of the opposing side...The war in Bosnia saw an almost complete destruction of a
unique and beautiful Islamic heritage, whose existence was simply denied by local Serbian" (Bevan 2006).
Although, he argues, that "rebuilding in post-war cities or restoration of damaged buildings can never re-create
their originality, the author thinks that rehabilitation by reusing some original material with new similar ones,
could keep the image and the psychological feeling of traditional architecture.

Recycling of war demolition waste was first carried out after the Second World War in Germany to tackle the
problem of disposing large amounts of demolition waste caused by the war and simultaneously generate raw
material for reconstruction. Dresden was destroyed by the firebombing during World War Il, where the largest
rebuilding efforts ever in Europe, took place to restore many historical buildings (Wkipedia, Dresden Cathedral)
There is considerable research in advanced countries for recycling building waste, which has demonstrated
possibility of using construction waste to substitute new materials.

They are enforcing recycling in solid waste management rules, requiring that demolition debris, which composes
about 50%, should be separated from the waste stream and segregated into recyclable and non-recyclable
materials (Sherman 1996).
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Hopefully, most civilian buildings are demolished partially after wars, thus rehabilitation accounts for most of the
building construction. However, war demolishing is different having many levels, analyzed latter by this study, after
defining the related technical terms.

2. Definitions

Reuse: the subsequent use of a material, product, or component upon recovery.

Recycling: remanufacture materials into new products.

Building demolition: knocking down, or explosion of a building.

Debris: pieces of materials & rubble resulting from knocking down, or explosion.

C&D waste: Construction and demolishing remains.

Enriched uranium warhead: radioactive weapon using fuel of nuclear reactors.

Depleted uranium warhead (DU): a weapon treated by the waste product of uranium enrichment process, which is
less radioactive than enriched uranium.

Deconstruction: systematic disassembly of a building in economical and safe way, to re use materials and recover rare
items like old umber or antique fixtures.

Segregation: Keeping materials separated by type until they recycled.

RCA: recycled concrete aggregates.

3. Research problem:

There are many studies and applications of recycling and re-use of planned (civil) demolishing debris, but there is a
scarcity of information about war demolishing except for land mark buildings. Literature review shows that Dresden
cathedral were rebuilt stone by stone using sophisticated computer modeling tool to restore its original shape,
costing €180 million. This goes beyond the capabilities of most governments, nevertheless, ordinary people who
have limited resources and seeks the know-how. Moreover, there is almost no data on the technical aspect of post-
war construction of traditional vernacular architecture.
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4. Aim, objectives and limitations:

The aim of this study is to drive the attention to the value of war demolished buildings' debris, and provide a
technical and economical approach to the conservation of traditional architecture. The paper objective is to set up a
planned process of re-using building rubble in the same architecture. It is expected that people would reconstruct
their buildings, with limited means, through civil societies and building communities to help each other.

The research is concerned with traditional architecture, built with conventional local materials and techniques. It
does not deal with conservation or rebuilding of monumental buildings, requiring sophisticated resources. This study
is limited to the technical aspect of re-building, not design or policies, with special focus on the walls and floors'
rubble which forms most of the debris.

5. Demolishing types:

5.1. Planned demolishing; by a specialized contractor, who can recover usable materials between 25% in old
buildings, and 75% in new buildings. IT has been reported that this process saves up to 30% of the building cost
(TIFAC).

5.2. Natural disasters' demolishing: caused by floods, earthquakes, tornados etc., their effect could be more than war
demolishing. For instance, the 2001 earthquake of Gujarat, India has devastated a large number of villages and
towns. This earthquake had a profound effect on structures of all types; ancient, modern, traditional masonry and
contemporary reinforced concrete (UNESCO).

5.3. Systematic hostile demolishing; using bulldozers and tanks against non-military buildings. For example, crushing
historic buildings in the ancient Casbah in Nablus, Palestine in 2002, was described by the head of the Israel Museum,
as "non-existent damage " (Bevan 2006).

5.4. Demolishing using fire bombs, known as incendiary bombs, designed to start fires using materials such as
napalm, or white phosphorus, causing extreme temperatures that could destroy most buildings made of wood or
other combustible materials.

Khaled Nabil, PhD -7 263



However, buildings constructed of stone tend to resist incendiary destruction unless they are first blown by high
explosives.(Wikipedia.b). Although UN Protocols on Conventional Weapons prohibits the use of incendiary weapons
against civilians, Israel has used phosphorus bombs in Gaza and Lebanon (Fisk 2006).

5.5. Dirty war demolishing; to prevent humanitarian aids and delay reconstruction, e.g. Israeli army flooded southern
Lebanon with cluster bombs before war ends (Worker, J. 2007). In this particular demolishing type, mine clearing
should precede reconstruction.

5.6. Non-usable demolishing debris; using radio-active weapons. American and British forces used depleted uranium
(DU) shells in Bosnia and Iraq, where years later, a plague of cancers emerged across large areas. More over, Israel
has used enriched uranium weapons in Gaza and Lebanon (Fisk 2006). The particles of the explosion are very long-
lived in the environment, and spread over long distances. It is believed that the weapon is highly carcinogenic and
harmful to the environment (Rapoport 2006). Thus, recovered components and debris should not be re-used,
nevertheless living in the hit area.

6. Re used materials from building debris:

Recovered materials are different according to type of demolishing and the building structure, whether wall bearing
or skeleton. It is known that Mediterranean traditional architecture is usually built of stone or brick, and of wooden
floors and roofs in northern and eastern regions. Wood composes about 20 % of the debris, while it is less in south of
Mediterranean, as floors could be arched stone or brick. Because the largest portion of the debris is rubble, it would
be studied in detail, by the end of this section. The following is a short literature review on the feasibility of recycling
various C&D waste:

6.1. Wood is easily burned however, waste can be processed and used for landscaping, compost, or engineered

building products. Wood chips could be compacted and injected with cement grout, to produce wood-concrete,
which could be swan and nailed, to provide low-cost wood alternative (Kassai 1995).
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Construction timber is often treated with chemicals to prevent Termite infestation therefore it needs special care
during disposal. Other problems associated are inclusion of jointing, nails, screws and fixings. Recovered wood
components, in good condition are reused as it was, to preserve the building image.

6.2. Metals such as copper, bras, lead, aluminum and steel with its different types are generated during demolition in
the form of pipes, conduits, sheets, wires and bars. These are the easiest and most cost-effective materials to be
reused directly if in good shape. In fact, steel is Europe's most-recycled material with an average recycling rate of
50%. Reinforcement bars and sheets could be straightened, while scrap could be re-melted in metal yards (Ozkan
2000).

6.3. Glass sheets are reusable if intact, while broken pieces can be recycled into fiberglass or used in place of sand in
paving material. Glass fragments is easily processed into a number of new materials; mineral wool, to substitute
guartz in sanitary ware, and to produce light-weight structural concrete.

6.4. Isolation materials e.g. asphalt layers and bituminous materials are commonly recycled, by hot or cold mixing
technique either at location or at a central asphalt plant.

6.5. Marble floors and cladding sheets could be used even broken, in smaller sizes, by pre casting with same color
terrazzo mortar, to produce larger sheets.

6.6. Sanitary ware can also be re-used if they are not chipped or cracked, but if they are, It would be better to be
crushed and used as construction infill. Crushed and powdered sanitary have a pozzolanic nature same as other clay
products, which could be used to produce low cost cements (Stulz & Mukerji 1993).

6.7. Demolition rubble containing masonry elements and concrete can be processed in crushing plants using wet or
dry system, to produce recycled aggregates suitable for stucco works and concrete blocks of acceptable quality
(Pernia&Ramos&Suarez&Malave 1996). RCA can be used as aggregate for new concrete.

6.7.1. Brick rubble is usually mixed with 20 % cement or lime mortar, could be reused, if they are not contaminated or
mixed with vegetation or organic matters. Broken and discarded brick can be used as construction infill or aggregate
for non-structural concrete. Recovered brick with minimal damage is ideal for building rehabilitation.
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6.7.2. Stone has been used widely in traditional architecture for several structural purposes, according to its
properties (Abd-Elmaksood 2006). As a natural material, having different ages and color, it should be reused, even
broken pieces, mixed with new similar stone, to sustain the building identity and soul. Partially damaged stones
could be recycled as pre cast stone blocks, mixed with same color mortar in molds at the same size of original stones
(Fig. 1). During casting, it must be noticed that stone rubble, should face the ground, to be seen in the fagade latter
(Fig. 2) (Stulz & Mukerji 1993).

(Fig. 1) Filling the mold with rubble stones and compacting. (Fig.2) Stone masonry construction using pre
cast rubble. (Stulz & Muker;ji 1993)

7. Concrete is the most used building material for the last century, even in traditional load bearing architecture, in
foundations, sub layers and instead of wooden floors, especially in the southern of the Mediterranean. Because
rubble reuse could reduce the volume of debris by 80% (US army 2004), it would be studied in depth, through the
required steps and available technology as follows:
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7.1. Steps of recycling rubble:

1. Checking the building site and clearing of left unexploded objects.

2. Choosing or Clearing a suitable area for material segregation. Quick removal of debris is necessary to start
rehabilitation work (Fig.3).

3. In-site segregation for different recovered materials and for impurities.

4. Material classification into state (damaged, partially...) or graded sizes.

5. Clay brick rubble is crushed and used with lime as a binding material.

6. Concrete and masonry waste are crushed to produce a granular product of given particle size (Fig.4). Plants for
processing of demolition rubble —RCA- are three types, differentiated based on mobility, type of crusher and process
of separation.

(Fig. 3) Material segregation. (Fig. 4) Rubble crushing.

7.2. Types of RCA plants (TIFAC):
1. Mobile plant; the material is crushed, screened and ferrous impurities are separated through magnetic separation.
The plant is moved to the site and is suited to process only non-contaminated concrete or masonry waste.
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7. Conclusion:

Developed Countries with limited resources can not afford re-building of demolished cities, where rubble piles have
to be disposed. Thus, re-use of building debris in post war construction is crucial for sustainable development, having
many benefits; economical, environment and more important cultural. Recycling the same material, built by
traditional techniques, could preserve the local architectural heritage, keep the memory and identity of the nation.

Different demolishing types were analyzed, showed that some debris, e.g. radio-active, cannot be recycled. Most
materials could be reused after segregation and classification, e.g.; damaged brick, stone and marble sheets are
recycled into pre-cast blocks and terrazzo tiles blended with new similar material.

As the largest portion of the debris is rubble, and its recycle could reduce the volume of debris by 80%, it was studied
through the required steps and available technology, which turned to be simple and inexpensive. Masonry and
concrete rubble are crushed to produce a granular product of given particle size suitable for stucco works and
concrete blocks. RCA could substitute 30% of natural coarse aggregate of new concrete. Crushing plants for
processing of demolition rubble —RCA- are three types, based on mobility, type of crusher and process of separation.
A mobile unit could be procured at low investment, useful for low quantum of waste and easily moved to the
demolition site avoiding cost of waste transportation. To promote this technology, governments should first apply it
on traditional public buildings, housing, and provide incentives in the initial phase.

The study has managed to set up a planned process of re-using building rubble, providing a technical and economical
approach to conservation of traditional architecture.
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Appendix 5 : Ebrahim, Ah. (2010), “Role of Building Methods & Material in 5 jal
Achieving Economic & Sustainable Criteria of Affordable Housing, 6 October
City, Egypt, King Saud University, Sa.
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Role of Building System and Materials towards Achieving the Economical and Environmental Considerations for
Sustainability in terms of the Affordable House (An Analytical Comparative Study on Systems and Materials
regarding the Building of the project of Family Houses in October 6t city)

Proceedings of Technology & Sustainability, King Saud University, SA, (2010).

By: Assistant Prof. Ahmed Fathi Ahmed Ibrahim
Architecture and urban planning Dept, Sues Canal University
Abstract:

The selection of building system and materials for any building is considered as of the most important designing decisions that
here a direct effect on the building sustainability in terms of occupants health and providing them with thermal comfort, or
environment sustainability such as maintaining the un renewable energy and reducing pollution arising out of its extravagant use, or
that related to economic dimension in terms of reducing both the primacy cost of the building or operation costs such as consumed
energy in the fields of heating , cooling , ventilation and lightening the aforementioned indicates, that such dimensions must be
taken into account by any architect in order to achieve designing principles necessary for sustainability . Such relation is firmly
related to designing affordable houses for youth.

There fore, the research aims at choosing the reasonable building systems materials help achieve principles of environmental
and economical sustainability towards such projects under the available potentialities technologies and local facilities. The research
aims also at suggesting some procedures and simple remedies that help contribute thermal comfort for occupants and leads to
reducing energy consumptions and housing operation costs without bearing any additional dues to the building costs.

The research depends on the field study of these projects which is the family housing project in October 6™ City. The company
that executed the project has tired six construction systems to choose the most ready and less costs system. The research assumes
that there is gab between building systems and materials used in such project and between achieving sustainability principles,
whereas the idea of reducing construction costs still dominates the selection of building systems and materials.

The research expects, following the comparative analysis of the performance of building systems and materials used in the
project that such systems and materials may vary in achieving the economical and environmental principles of sustainability. We
can focus on systems, materials and how to improve performance together with the utilization of other systems characteristics.
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