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Abstract

Our communities demand from us today a new humanity and architecture. Arabian
cities of the 21st century are seeking comfort and sophistication of economy and
culture in a sustainable manner representing a great challenge.

In today’s competitive business environment building technology systems became
an absolute necessity, therefore building managers should pay enough attention to
advantages and specifications concerning new building materials in order to maintain
building investments and reduce its costs. That needs powerful building technology
systems to achieve people requirements, and preserve their culture and personality in
neighborhoods, towns, and cities.

Technology today offers a big variety of materials and finishing which differ and change
without any scientific approach to evaluate its quality, or measure its impact over the
presumed age of the building. This research paper attempts to formulate solutions to
specific problems of habitation taking on special significance: thermal comfort, energy
consumption, construction technology, urban form and regional development.

The research aims to reach an integrated environmental design benefiting from new
building techniques and systems to afford more attractive homes and easier to lease
making buildings more energy-efficient and less in maintenance and operating costs.
Those balanced forms will be able to reflect the Arabian personality through its different
spaces and vision elements and also will reduce the total costs with no negative impact
on quality and efficiency. In addition, applying new materials in building technology
systems will help self-erection systems to take place in a successive order.
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1. Introduction

The building industry represents one of the largest, and most important,
enterprises in world. For fast-growing economies in the world, there is a growing
demand for practical, sustainable building designs that will provide a higher
standard of living with minimal resource demand. Many of these problems
are being met by innovations in building technology. These innovations, for
example, apply recent advances in the fields of materials, manufacturing
and thermo sciences to the construction of new buildings, to the retrofit or
rehabilitation of existing buildings and to the efficient operation of buildings.

Since the large demand has been placed on building material industry
especially in the last decade owing to the increasing population, which causes
a chronic shortage of building materials the architects and civil engineers
have been challenged to discover useful building and construction materials.
The increase in the popularity of using environmental friendly, low cost and
lightweight construction materials in building industry has brought about the
need to investigate how this can be achieved by benefiting to the environment
as well as maintaining the material requirements affirmed in the standards.

Therefore, it is logical to think that, in the immediate future, urban growth
and its infrastructures will continue to produce maximum impact on the natural
environment through the use of materials and the consumption of raw materials
and energy. The number of construction works shall progressively increase
however; these shall be undertaken by attempting to achieve the paradigm of
sustainability, demanding an increasing durability of what is being built in order
to minimize environmental impact.

2. Objectives and methodology

The specific objective of this paper is the development of a framework for
selectingand evaluating sustainable building materials to assistboth the designers
and builders in the construction field. The paper offers to study the available
literature and tools for determining the sustainability of construction materials
for the purpose of identifying the most recent and important innovations in
sustainable material technologies and identifying key areas for further research.

The paper outlines the problems of construction materials being used in
architecturethroughabriefhistory of developmentsinbuildingmaterialsreaching
the end of the 20th century and also of the construction materials of the future
describing how new materials create the possibilities of a further development.
The paper addresses certain issues pertaining to the energy, environment,
alternative building technologies and sustainable building construction.
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Energy consumption in manufacture and transportation of some common and
alternative building materials and the implications on environment are presented.

3. Historical view

Engineering has been at man’s service since the beginning of civilization
evolution. Human activity in the field of construction engineering goes far
back into the past, when man observing nature around him began to imitate
and improve it in order to create safer and better living conditions. Moreover,
relatively early he noticed that his engineering “works” apart from reliability,
durability and functionality had to have elements of harmony and beauty.

3.1 Ancient communities

First of all, ancient communities had at their disposal natural materials such as
stone and timber. In the course of time, they learned how to use clay to form bricks,
which were first dried only in the sun and then baked. In the main civilization
centers (the Middle East, the Near East, and the Mediterranean region) the hot
climate and inconsiderate economy led, in a short time, to the elimination of
timber as a building material. Stone and brick — brittle materials — dominated
architectureintheregion of European civilization for several centuries: from stone
pyramids in Egypt 3000 years B.C until the so-called First Industrial Revolution
in England (the turn of the 18th and 19th centuries). They were suitable building
materials for erecting walls and columns but at the same time, due to their low
tensile bending strength, they caused a lot of problems in horizontal elements.
Therefore a vaulted arch that was popular in ancient Rome, semicircular in its
primary form, was the pattern that was to be employed for elements or structures
of larger span. The arch in the course of time became lighter and less massive.

3.2 Middle Ages

The ratio of span-to-width of piers carrying vertical and horizontal loads
becameincreasingly greater. Duringthe early Middle Agesnoimprovements were
implemented. In the Baroque, Rococo and Neo-classicism the basic construction
forms were not changed and only various ornaments and adornments were added.
It was a complete change in the way of the perception of the world that has its
roots in the Renaissance and then the Enlightenment that made architecture
free from the enchanted circle of vertical pier and arch or double-curved roof.

Wood has always been one of the basic building materials. However,
considering its limited life (15-25 years) and lack of moisture resistance and
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fire resistance, wooden buildings have always been only temporary.

3.3 The 19th and 20th centuries

Steel and cement are two relatively new building materials that were
introduced at the turn of the 18th and 19th centuries. First cast iron then puddle
and cast steel and finally refined and high strength steel proved to be very good
construction materials. They are so-called ductile materials that have high
tensile and compressive strength. This strength enables the construction of
steel bent elements with spans that some years ago were beyond consideration.
The subsequent improvements of the production technology made it possible to
obtain steel with increasingly better properties.

The other “invention” of the First Industrial Revolution that caused progress
in architecture was cement. So-called “portland cement” that was patented in
1824 by J. Aspdin proved to be an excellent hydraulic binder that was used for the
production ofanew material —concrete. Thismaterial isrelatively cheap and easy
to produce. Based on aggregates and water present in nature and using the cement
mentionedabove,itwaspossibleto‘‘cast” variousshapesofelementsandstructures.
Soon concrete became the most popular building material of the 20th century.

In the 20th century, despite such competitive materials as steel and concrete,
wood retained its significant role in building in many developed countries. It
was possible due to the progress in woodworking and processing technology in
the last 40 years which resulted in the durability of modern wooden structures.

4. Innovative Building Technologies and Practices

Innovative Building Technologies and Practices save Energy and Money.
Investing in energy-efficient technologies and practices allows building owners,
developers, and operators to realize cost savings in homes and buildings that
are more comfortable, productive and marketable. These technologies and the
whole building approach will produce buildings that use less energy and can be
more cost-effective.

Some of the guiding principles in developing the sustainable alternative
building technologies can be: Energy conservation; Minimize the use of high
energy materials; Concern for environment, environment-friendly technologies;
Minimize transportation and maximize the use of local materials and resources;
Decentralized production and maximum use of local skills; Utilization of
industrial and mine wastes for the production of building materials; Recycling
of building wastes, and Use of renewable energy sources.
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Building technologies manufactured by meeting these principles could
become sustainable and facilitate sharing the resources especially energy
resources more efficiently, causing minimum damage to the environment. 2

4.1 Carbon fiber reinforced polymer

This material was first applied in the strengthening of the Ibach Bridge near
Lucerne in Switzerland in 1991. Today this technique of the strengthening of
building structures is increasingly more often used.?

In 1996 in Winterthur, Switzerland, the Storchenbriicke, a cable-stayed
single pylon bridge of 124 m length, was built with one pair of CFRP cables
and 11 pairs of steel cables for support. Here the CFRP stay cables were applied
experimentally for the first time. *

Steel support tower

2 CFPR cables

Figure (1) - Cable-stayed bridge in Winterthur, Switzerland
From the above it follows that with very high resistance to axial tension
exceeding even twice that of high tensile strength steel, the elastic modulus of
CFRP stay cables is not much lower than that of the steel cables, whereas the
mass density is about five times lower. Therefore CFRP is the material of the
future especially as it is durable, fatigue resistant, and non-corrosive. >

4.2 High-performance concrete

The transition from high strength plain concrete (class up to C50) to HSC
and HPC was possible due to some additives such as silica fume and super
plasticizers’ to plain concrete. Further, the additionally formed calcium silicate
hydrates in the matrix cause the mortar to be more compact and stronger. As a
result, the concrete structure becomes very homogenous. °

HSC and HPC have the following characteristic features: (i) high compression
strength; (i1) greaterbrittleness(andlowertensilestrengthinrelationtocompression
strength); (i11) very low porosity and absorbability (about 3% by weight); (iv)
high durability and freeze resistance due to high tightness; (v) adhesion to the
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reinforcement increased by 40%; (vi) shrinkage and creep reduced by 50%;
being completed to 70% as soon as the 7th day of curing; (vii) increased heat
of cement hydration and (viii) reduced fire resistance because of high tightness,
which makes it impossible for the water contained in the hardened concrete to
get out and causes its transformation into high-pressure steam during a fire.”’

From the above specification it is seen clearly that towards the end of the 20th
century there appeared a new generation of high quality concrete which will
gradually replace plain concrete in architecture practice. The new type of concrete
hasalreadymadeitpossibletobuildsuchstructuresasthe KualaLumpurCity Centre
inMalaysia(1996,height452 m),oneofthehighestbuildingsintheworldatpresent.

4.3 Glass (GF), carbon (CF) and aramid (AF) fibres

The introduction of glass (GF), carbon (CF) and aramid (AF) fibres as tendons
to prestressed structures are usually used as either wires or wire strands with
about 60—65% epoxy resin matrix fibres, modified appropriately. Their main
advantage is lightness (density about five times lower than that of steel), and
similar strength, lower modulus of elasticity and lower failure elongation than
those of steel. Materials such as glass or plastic must not be neglected in this
account. So far both have been used to produce finishing details of buildings.

Many of these types of glass have high mechanical strength, three to six
times greater than that of plain glass, high thermal resistance and resistance
to temperature changes (up to 150 K) and do not cause injury when broken.
They can carry heavy loads in building facades, glazed roofs and skylights,
screens and windows in sports objects, hospitals and schools, and noise shields
in streets and highways.

4.4 Fibre concrete

The common use of fibre concrete most often reinforced with steel fibres
for shotcretes used in tunnel shell, repair and reconstruction work of bridges
or cooling towers, wear resistant heavy loaded floors of storehouses. The main
advantage of concrete reinforced with steel fibres is not only two times higher
than its tensile strength, but also several times higher its ductility.

4.5 The renaissance of wood

In modern structures wood is used in the form of: (i) traditional solutions (i1)
solutions based on the technology of laminated timber, which makes it possible to
produce large size structural elements or whole spans. In both cases progress has
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been made due to: (1) new industrial technologies of production, preservation and
chemical modification of wooden structures; (i1) the application of high strength
timber and (iii) new construction solutions adapted to modern technologies. In
the 21st century this material, easily available in nature, workable and light in
weight, will undoubtedly serve as a supplement for concrete and steel structures.

4.6 Plastics

As far as plastics are concerned it has to be said that progress in the field of
chemistry of plastics goes forward much quicker than in the domain of other
construction materials. Therefore it should be assumed that in the coming years
new construction materials based on high-molecular weight polymers will
compete successfully with traditional materials. ®

Plastics are very suitable for use in building structures, especially because of
their lightness (mass density p=1000—1400 kg/m?), high chemical resistance,
high light transmittance, ease of forming. The most important disadvantages
of plastics are: low coefficient of elasticity, high rheological deformability, low
thermal resistance and ageing caused by UV radiation. The tensile strength of
plastics without reinforcement is 10—-80 MPa, but an efficient reinforcement with
glass fibres enables an increase of this value to 130—600 MPa (in the direction
parallel to the fibres).” The modulus of elasticity of plastics is relatively low
(2 GPa), but plastics reinforced with glass fibres can achieve values comparable
with that for steel (55 GPa). '°

Modern chemistry tries to neutralize the disadvantages of plastics by adding
compounds that are able to absorb UV energy and re-emit it as waves of greater
length, which have no destructive influence. The flammability of plastics is
being limited by the application of additives, which stop fire after the removal
of a flame. The introduction of the reinforcement causes not only significant
increase of the tensile strength and the modulus of elasticity, butalso considerably
prevents plastics from creeping. The previous limitations have resulted in plastics
being applicable only as secondary construction materials in architecture: (1) in
laminar elements (“sandwich” type); (i1) in translucent elements and structures
such as skylights, roofs and walls and (iii) in 3D structures. !

Amongst the 3D structures in which plastics are used are: folded plate
structures, membrane structures made of reinforced resins, rigid cellular plastics,
film and fabric, spherical domes and pneumatic structures. In the most cases the
above-mentioned structures act together with steel tendons. From the foregoing
it is clear that the area of applications of plastics in architecture is very wide. It
serves not only as a complement, but often is responsible for the proper work of
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the traditional construction materials: steel, concrete, ceramics and wood. '?

4.7 Smart materials

Smart materials are materials that have one or more properties that can be
significantly altered in a controlled fashion by external stimuli, such as stress,
temperature, moisture, pH, electric or magnetic fields. There are a number
of types of smart material, some of which are already common."> Among the
various existing smart materials there are piezoelectric ceramics, electroactive
polymers, and shape memory alloys and carbon nanotubes (CNTs) which exhibit
extraordinary mechanical properties. Those materials differ in the structural
and electrical characteristics making them promising for developing unique
and revolutionary smart composite materials. '

5. Need for sustainable and durable building technology alternatives

The world population is expected to increase by almost 2 thousand million
peoplebetween the years 2000 and 2030, and almost all these inhabitants shall live
in African, Asian and Latin American cities. The number of inhabitants presently
living in large urban areas already reaches the figure of 3000 million; between
2000and 2015 this figure shall be increased by 972 million; every 5 years the urban
population in Africa, Latin America and Asia doubles in number. However, it is
estimated that more than 60% of this population shall live under indescribable
living conditions. An increase in population is coupled to a raise in atmospheric
emissions and these adversely affect the durability of building materials. '

Although the expression “sustainable construction” is being used more and
more, it is necessary to distinguish between the sustainability of the construction
activity and the sustainability of works constructed. '°

The concept of sustainability has an economical interpretation. Sustainability
applied to construction, can be interpreted in different ways.'” The concept
“sustainable construction” has been used to characterize construction that
includes environmental criteria in the project concept, in the way of building,
maintaining and, when the time comes, of demolishing the works. '* | "
Sustainable construction may allow the construction industry to become a
sustainable development. 2

Extensive use of energy-intensive materials ( Steel, cement, glass, aluminum,
plastics, bricks, etc.) can drain the energy resources and adversely affect the
environment. On the other hand, it is difficult to meet the ever-growing demand
for buildings by adopting only energy efficient traditional materials (like mud,
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thatch, timber, etc.) and construction methods. Hence, there is aneed for optimum
utilization of available energy resources and raw materials to produce simple,
energy efficient, environment friendly and sustainable building alternatives and
techniques to satisfy the increasing demand for buildings. *!

6. Suggested framework for sustainable building materials

The goal of Building Technology was always to produce buildings that are
more energy efficient, comfortable, and affordable. The emphasis is to develop
simple generic solutions that are appropriate to the local area, are very cost
effective, and will be accepted by the local people. Therefore the suggested
methodology aims to design and construct buildings that are energy efficient,
as well as attractive, as they should establish a level of energy efficiency, while
keeping upgrade costs within reason. In order to reach this goal, teams consisting
of architects, engineers, builders, equipment manufacturers, material suppliers,
community planners, mortgage lenders, and contractor trades all work together
to produce buildings that incorporate energy- and material saving strategies
from design through construction.

* Reduces construction costs
Advantages to the « Improves productivity & building performance
Builder * Red uces callback and warranty problems
* innovative financing due to lower utility bills
* Gives builder a competitive advantage
* Increases quality without increasing cost
Advantages to the * Increases comfort and performance
Consumer - Does not detract from the home's aesthetic
* Reduces utility bills
= Allows greater financing options
Systems * Advanced framing systems
engineering cost- « Tightly sealed house envelopes
saving * Shorter, less costly ductwork
trade-offs include *Disentangling the infrastructure
* Smaller, less expensive mechanical systems

Figure (2) - Suggested framework objectives

The framework represents a new way of doing business that will result in
improved building quality, performance, asset value, affordability, and energy
efficiency. The framework is an analytical, presentational and management tool
which involves problem analysis, stakeholder analysis, developing a hierarchy
of objectives and selecting a preferred implementation strategy. It begins with
Executive Forums in which construction industry leaders develop a vision of
their industry. Participants represent all phases of the building process and may
include manufacturers, developers, contractors, owners, architects, engineers,
financial backers, utilities, and researchers. The final products of the Executive
Forums include:

* A draft vision statement that articulates where the industry area sees itself in 20 years
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* A set of performance targets for the technology area

These documents will be available for review and become the basis for the
next phase, Setting Work team formation & assignments.

Once the vision is complete, a larger group of industry stakeholders gathers
for a second series of workshops. In these workshops, participants develop short,
mid, and long-term strategies for achieving the goals established in the vision.

This approach ensures the most strategic allocation of public and private-
sector resources for technology development and accelerates the RD&D process.

Main Objective Aims & Goals
g
g incorporate energy- *Improve
k-3 and material valupe N
= sustainabiityand *Optimize the buildingandits system performance
o saving strategies *High ficiendies, | st
from designthrough g el:epergge iciencies, lowerenergy costs -
construction *Maintaining high user comfort and work productivity
AN T ————————- ———————————————————————— -
work team work team job plan / assignments
£ formation
H - Identify and develop new or improved building materials
g * Search out andresolve recent technical issues facing the building
£ lcniy
& + Develop and ds for ck
] new and existing materials
8 E—— * Make recommendations on the effective use of building materials|
E [—_cauipment ] + Develop the scientific and engineering tools for d =
k4 materialsuppiers d ion, and production of more energy-efficient and @
£ ([__material suppliers_| sustainable building envelope system technologies g
i || Cormmpemes] -sa andinvestmentin energy-efficient 3
H —_ envelope technologies 4
= [_mortgagetenders - Engage with industry to attain energy efficiency goals £
»
contractortrades H
\V4 H
- e e —— E |-
z
. S
s g £
Q Phase 1 = 0\@;\“‘“‘ / lany, p
® & \ s
= < \ 3
= £
H Z. 3
£ teams evaluste design, business, and 5, Technology 2 i
£ Phase 2 construction practioss within individusl § S g Z
3 ‘builder parterships to identify cost saving| 2E SOluthﬂ =
g y
= Costsavings can then barsinvastadto (o b @.@\
Phase 3 improva ensrey parformanca and product \ %'/]_ &
\/ , quality V  lssing S
s bt Sustain solutions
structural stability
2 —— gy-efficient .
§|| [L_behaviourinfre ] -Efficient utilization of natural Is the solution
c —_— f— 3 ive?
2 [weather tightness andwated] resowrces’rawmaterials effective?
* +Optimal designs and planning
E] durability i —
s .
T VIRV 5 i ildi v Is the solution
E Recylng ofbuldng wase e
+Adopting energy-efficient process| efficient?
[ condensation | +Use ofrenewable energy sources
N4 thermal behaviour andtechnologies

Figure (3) - The suggested framework for strategic partnerships creation
elping to accelerate the adoption of new sustainable technologies

7. Results

* Various technology programs are concerned with the use of modern and

innovative materials, besides developing reliable and rugged, low cost, with
preparing for future technologies. New innovative technologies were launched
in the few past decades aiming to create cost effective and at the same time
high-performance construction materials.

* Modern-day construction poses demands on engineers and architects which
can lead to the future deterioration of built structures. This can compromise the
cultural, scientific and technological image of a generation.
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* Not all building automation applications are promising. For some
applications, there are already results forming real-world implementations and/
or simulations studies. For other applications, the investigation still has to be
done to identify the most promising applications and determine their potential.

« It is difficult to sustain the building activity in the long-term to meet the
future demand for buildings by using the currently available energy-intensive
materials and building techniques/technologies. Therefore alternative building
technologies developed are energy efficient making it so important to switch
over to the use of energy efficient building materials and technologies and
devise methods and mechanisms for the sustainable construction practices.

» The development of construction engineering in the course of centuries
meant a constant struggle with available materials, spans, or height, active loads
and the forces of nature — water, fire, wind and earthquakes. Some of those
elements have primary and the other secondary significance. Amongst those
mentioned first, an essential role has always been attributed to the influence of
the material on construction development.

* Durability of the materials, directly derived from natural materials like soil,
thatch/leaves, timber, etc. 1s questionable.

* Quest for durable building materials is an ongoing phenomenon ever
since man started construction activity. In the coming years new construction
materials will compete successfully with traditional materials.

* Need for building materials will grow at an alarming rate in future, in order
to meet the demand for new buildings.

* Both the materials and technologies used since ancient times have allowed
many past works to have lasted thousands of years. Some were made out
of permanent materials such as stone while others were made out of more
ephemeral materials such as adobe bricks or cob walls. The overall durability
of built structures depends on the durability of their materials.

 Sustainable construction can refer either to the building process or,
alternatively, to the built-object. In fact, construction involves the consumption

of raw materials and energy and the use of land upon which the structure is
established.

8. Recommendations
» New, innovative approaches must be followed in the area of material
development in order to create customary components and technologies for the future.
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* Errors from pasturban developmentand the needs of developing communities
should be kept in mind for developing new building technologies in developing
countries. Such technologies should rely on: a) traditional materials, better
exploited to minimize hazard with respect to natural disasters; b) new, advanced
materials, when available at affordable prices; and c¢) local resources and natural
remediation systems readily available on site.

*[ssuesrelated to energy expenditure, recycling, biodegradable, environmental
and sustainability with respect to future demand need to be addressed during
the manufacture and use of any new building material.

* Regarding the use of modern building materials the following points require
attention: Energy consumed in the manufacturing processes — energy intensity;
Problems of long distance transportation; Natural resources and raw materials
consumed; Recycling and safe disposal; Impact on environment, and Long-
term sustainability.
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