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UNIT-2 

Advance Construction Materials 

Advance Construction Materials : Use of fly ash in mortars, concrete, Fly ash bricks, stabilized mud blocks, 

non-erodible mud plinth, D.P.C. materials, Building materials made by Industrial & agricultural waste, clay 

products P.V.C. materials, advance materials for flooring, doors & windows, facia material, interiors materials 

for plumbing, sanitation & electrification. 

 

Use of fly ash in mortars  

 

Puzzling  

Puzzling may be defined as a siliceous material which whilst itself possessing no cementations properties, 

either processed or unprocessed and in finely divided form, reacts in the presence of water with lime at 

normal temperatures to form compounds of low solubility having cementations properties. 

 

CLASSIFICATION 

Pozzolanas are classified as:  

Natural  

Artificial 

Natural Pozzolanas All Pozzolanas are rich in silica and alumina and contain only a small quantity of alkalis. 

Following are some of the naturally occurring Pozzolanas: 

  

1. Cla s a d shale s hi h ust e lai ed to e o e a ti e.  
2. Diato a eous ea th a d opali e he ts a d shale s hi h a  o  a  ot eed al i atio .  
3. Volcanic tuffs and pumicites. Fine grained ashes form better Pozzolanas. However, tuffs— solidified 

volcanic ash—may be ground to desired fineness for use.  

4. Rhenish and Bavarian trass.  

Artificial Pozzolanas Some of the examples of artificial Pozzolanas are: 

  

1. Fly ash  

2. Ground blast-furnace slag  
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3. Silica fume  

4. Surkhi  

5. Rice husk ash  

 

EFFECTS OF NATURAL PUZZOLANAS 

On Heat of Hydration: The heat of hydration of a Pozzolanas is same as that of low heat cement. 

  

On Strength of Concrete: When Pozzolanas are used the addition of an air entraining agent may enable a 

reduction in the amount of water than if the air entraining agent was added to concrete containing cement 

only. This may lead to an increase in strength and consequently less cement may be permitted for the same 

strength. At early ages the replacement of cement by a Pozzolanas usually results in a decrease in the 

compressive strength, but the difference becomes less and may disappear at ages of 3 months or more. 

  

On Shrinkage and Moisture Movement: It is similar to Portland cement. 

 

FLY ASH 

 

Fly ash or pulverized fuel ash (PFA) is the residue from the combustion of pulverized coal collected by 

mechanical or electrostatic separators from the flue gases or power plants. It constitutes about 75 per cent 

of the total ash produced. The properties and composition of fly ash vary widely, not only between different 

plants but from hour to hour in the same plant. Its composition depends on type of fuel burnt and on the 

variation of load on the boiler. Fly ash obtained from cyclone separators is comparatively coarse and contains 

a large proportion of unburnt fuel, whereas that obtained from electrostatic precipitators is relatively fine 

having a specific surface of about 3500 cm2/g and may be as high as 5000 cm2/g. Normally it is rather finer 

than Portland cement. Fly ash consists generally of spherical particles, some of which may be like glass and 

hollow and of irregularly shaped particles of unburnt fuel or carbon. It may vary in color from light grey to 

dark grey or even brown. 

 

Fly ash consists of spherical glassy particles ranging from 1 to 150 mm, most of which passes through a 45 mm 

sieve. More than 40 per cent of the particles, which are under 10 microns contribute to early age strength (7 

and 28 day). Particles of sizes 10 to 45 microns reacts slowly and are responsible for gain in strength from 28 

days to one year. Physical and chemical requirements of fly ash are given in Tables 9.1 and 9.2. 

 

Effects of Fly Ash on Cement Concrete 

On Amount of Mixing Water: The use of fly ash in limited amounts as a replacement for cement or as an 

addition to cement requires a little more water for the same slump because of fineness of the fly ash. It is 

generally agreed that the use of fly ash, particularly as an admixture rather than as a replacement of cement, 

reduces, segregation and bleeding. If the sand is coarse the addition of fly ash produces beneficial results; for 

fine sands, its addition may increase the water requirement for a given workability. 

 

On Strength in Compression: Since the Pozzolanas action is very slow, an addition of fly ash up to 30 per cent 

may result in lower strength at 7 and 28 days, but may be about equal at 3 months and may further increase 

at ages greater than 3 months provided curing is continued. On Modulus of Elasticity: It is lower at early ages 

and higher at later ages. 
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On Curing Conditions: It is similar to Portland cement concrete. 

On Shrinkage of Concrete: Coarser fly ashes and those having a high carbon content are more liable to increase 

drying shrinkage than the finer fly ashes and those having a low carbon content. 

 

 

On Permeability: The permeability of concrete reduces on addition of fly ash to cement. 28 days pulverised 

fly-ash-concrete may be three times as permeable as ordinary concrete but after 6 months it may be less than 

one quarter permeable. 

 

On Resistance to Chemical Attack: Fly ash slightly improves the resistance of concrete to sulphate attack. 

 

On Heat of Hydration: Fly ash reduces the heat of hydration in concrete. A substitution of 30 per cent fly ash 

may result in a reduction of 50-60% heat of hydration. 

 

On Air Entrainment: The presence of fly ash reduces the amount of air entraining agent. Setting Time: A 30 

per cent substitution of fly ash may result in an increase of initial setting time up to 2 hours. 

 

 

CALCINED CLAY PUZZOLANA (SURKHI) 

It is one of the artificial Pozzolanas obtained by burning clay soils at specified predetermined temperatures. 

In doing so the water molecules are driven off and a quasi-amorphous material, reactive with lime, is 

obtained. However, in practice, calcined clay Pozzolanas is manufactured 

by grinding the brick bats in the grinding mills until an impalpable powder is obtained. This puzzolana is called 

surkhi in India, semen merah in Indonesia and homra in Egypt. 

 

The best surkhi is obtained by burning clay in field or in a kiln and is classed as grade I whereas that obtained 

by grinding brick bats is classed as grade II. Soils containing little amount of clay are placed alternately with 

fuel layers in a pit and are fired. The residue obtained from firing is friable and needs no pulverization. In the 

kiln method of surkhi production, 50-l00 mm clay lumps along with coal fuel are placed in shaft kiln (Fig. 9.1). 

Coal is fired and the clay is calcined at 600 to 1000°C depending upon the type of clay. The temperature is 

regulated by the air blower and feed input. 

 

Surkhi is extensively used in making mortar and concrete as an adulterant for economy. But its chief function 

is to impart strength and hydraulic properties to mortar. When mixed with cement to react with lime liberated 

during the setting and hardening of cement it makes dense, compact and impermeable concrete. 

 

GROUND BLAST FURNACE SLAG 

Blast furnace slag is a byproduct obtained while smelting iron ore in blast furnace. By melting the iron ore at 

1400-1600°C pig iron is produced and the floating impurities, containing mainly lime, silica and alumina from 

the blast furnace slag. By slow cooling of the slag crystalline material is produced, which is used as aggregate 

and has no cementing properties. Glassy pallets (> 4 mm) produced on rapid cooling form excellent light 

weight aggregate and granules (> 4 mm) on grinding possess hydraulic properties. This granulated ground 

blast furnace slag (GBFS) is used for the production of blast-furnace cement. The specific surface is 3000 to 

3500 cm2/g. The specifications of GBFS are given in Table 9.4. 
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The ground blast furnace slag exhibits hydraulic action in the presence of calcium hydroxide liberated by 

Portland cement when hydrated. The ground slag is blended with Portland cement to produce Portland blast 

furnace slag cement, the proportion of the former not exceeding 65 per cent. The early strength of the cement 

so produced might be less but the ultimate strength is comparable. Because of low heat of hydration the 

ground blast furnace slag cement finds its application in mass concreting. The other advantages of addition 

of blast furnace slag to cement are improved workability, resistance to chemical attack and the protection 

provided to reinforcement that makes it suitable for reinforced concrete and pre-stressed concrete. 

 

SILICA FUME 

Silica fume also called micro silica, is a light to dark grey cementations material composed of at least 85 per 

cent ultra-fine, amorphous non-crystalline (glassy) spherical silicon dioxide (SiO2) particles. It is produced as 

a by-product during the manufacture of silicon metal or ferrosilicon alloys by reduction of high purity quartz 

in a submerged-arc electric furnace heated to 2000°C with coal coke and wood chips as fuel. The individual 

particles are extremely fine, approximately 1/50th the size of an average Portland cement particle (0.1 to 0.3 

µm). The efficiency of silica fume depends upon its mineralogy and particle size distribution. The extremely 

fine particle size, large surface area and high content of highly reactive amorphous silicon dioxide give silica 

fume the super Pozzolanas properties. 

 

The effect of silica fume can be explained through two mechanisms—the Pozzolanas reaction and the micro 

filler effect. Like other Pozzolanas, silica fume does not have any binding property, but it reacts with Ca(OH2) 

liberated on hydration of cement. When water is added to cement, hydration occurs forming two primary 

products. The first product is calcium-silicate-hydrate (C-S-H) gel, that is cementations and binds the 

aggregate together in concrete and the other product is calcium hydroxide Ca(OH2) which comprises up to 25 

per cent of volume of hydration products. Silica fume reacts with calcium hydroxide to produce more 

aggregate. 

Binding C-S-H gel, simultaneously reducing calcium hydroxide. The net result is an increase in strength and 

durability. The second mechanism is through the micro filler effect. The extreme 

Fineness of silica fume allows it to fill or pack the microscopic voids between cement particles and especially 

in the voids at the surface of the aggregate particles where the cement particles 

 

Cannot fully cover the surface of the aggregate and fill all the available space. This so called interface zone 

influences the properties of the concrete. The effect is credited with greatly reduced permeability and 

improved paste to aggregate bond, and ultimate strength of concrete. 

 

 

RICE HUSK ASH 

The combustion of agricultural residues volatizes the organic matters and a silica-rich ash is produced. Of all 

the agricultural wastes, rice husk yields the largest quantity of ash with about 93 per cent silica which gives it 

Pozzolanas properties. 

 

FLY ASH BRICK 

 

Fly ash brick (FAB) is a building material, specifically masonry units, containing class C or class F fly ash and 

water. Compressed at 28 MPa (272 atm) and cured for 24 hours in a 66 °C steam bath, then toughened with 
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an air entrainment agent, the bricks last for more than 100 freeze-thaw cycles. Owing to the high 

concentration of calcium oxide in class C fly ash, the brick is described as "self-cementing". The 

manufacturing method saves energy, reduces mercury pollution, and costs 20% less than traditional clay 

brick manufacturing. 

Ever since FaL-G (Fly ash-Lime-Gypsum) process is introduced in 1991, fly ash brick activity has been 

revolutionized in India. FaL-G technology (www.fal-g.com) developed and patented by Dr Bhanumathidas 

and Kailas has simplified the process by adding gypsum to fly ash + lime/cement, converting the calcium 

aluminates into calcium alumina-sulphates resulting in to achieve high early strengths. Thus FaL-G brick 

does not need any pressure and gets cured at ambient temperature of 20-40 °C. By avoiding both press and 

heating chamber, FaL-G process has brought down the multi-million plant cost to a few lakhs, within the 

reach of micro units. This has facilitated proliferation of over 18000 units in the country as of 2016. 

 

Stabilized mud Block 

Compressed Stabilised Earth Block 

 

 

 

The first attempts for compressed earth blocks were tried in the early days of the 19th century in Europe. The 

architect François Cointereaux precast small blocks of rammed earth and he used hand rammers to compress 

the humid soil into a small wooden mould held with the feet. 

 

The fi st steel a ual p ess hi h has ee  p odu ed i  the o ld i  the s as the Ci a a . It as the 
result of a research programme for a social housing in Colombia to improve the hand moulded & sun dried 

brick (adobe). This press could get regular blocks in shape and size, denser, stronger and more water resistant 

than the common adobe. Since then many more types of machines were designed and many laboratories got 

specialised and skilled to identify the soils for buildings. Many countries in Africa as well as South America, 

India and South Asia have been using a lot this technique. 

 

The soil, raw or stabilized, for a compressed earth block is slightly moistened, poured into a steel press (with 

or without stabiliser) and then compressed either with a manual or motorized press. CEB can be compressed 

in many different shapes and sizes. For example, the Auram press 3000 proposes 18 types of moulds for 

producing about 70 different blocks. 

 

Compressed earth blocks can be stabilised or not. But most of the times, they are stabilised with cement or 

lime. Therefore, we prefer today to call them Compressed Stabilised Earth Blocks (CSEB). 

 

The input of soil stabilization allowed people to build higher with thinner walls, which have a much better 

compressive strength and water resistance. With cement stabilization, the blocks must be cured for four 

weeks after manufacturing. After this, they can dry freely and be used like common bricks with a soil cement 

stabilized mortar. 

 

 

First attempts for compressed earth blocks in 1803 
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Cinvaram, the first press for compressed earth blocks 

 

Compressed stabilised earth blocks by the Auram press 3000 

 

 

SUSTAINABILITY AND ENVIRONMENTAL FRIENDLINESS OF CSEB 

 

Earth is a local material and the soil should preferably extracted from the site itself or not transported too far 

away 

Earth construction is a labour-intensive technology and it is an easily adaptable and transferable technology. 

It is a cost and energy effective material. 

It is much less energy consuming than country fired bricks (about 4 times less). 

It is much less polluting than country fired bricks (about 4 times less). 

 INITIAL EMBODIED ENERGY PER M3 OF WALL  POLLUTION EMISSION (Kg of CO2) PER M3 OF WALL 

  CSEB wall = 631 MJ / m3 

  Kiln Fired Brick (KFB) = 2,356 MJ / m3 

  Country Fired Brick (CFB) = 6,358 MJ / m3 

  CSEB wall = 56.79 Kg / m3 

  Kiln Fired Brick (KFB) = 230.06 Kg / m3 

  Country Fired Brick (CFB) = 547.30 Kg / m3 

    Note: Kiln fired bricks are often called wire cut bricks. 

 

 

SOIL SUITABILITY AND STABILIZATION FOR CSEB 

 

Not every soil is suitable for earth construction and CSEB in particular. But with some knowledge and 

experience many soils can be used for producing CSEB. Topsoil and organic soils must not be used. Identifying 

the properties of a soil is essential to perform, at the end, good quality products. Some simple sensitive 

analysis can be performed after a short training. Cement stabilisation will be better for sandy soils. Lime 

stabilisation will be better suited for clayey soils. 

 

 

GOOD SOIL FOR COMPRESSED STABILISED EARTH BLOCKS 

 

The selection of a stabilizer will depend upon the soil quality and the project requirements. Cement will be 

preferable for sandy soils and to achieve quickly a higher strength. Lime will be rather used for very clayey 

soil, but will take a longer time to harden and to give strong blocks. 

 

 Soil for cement stabilisation: it is more sandy than clayey  Gravel = 15%  Sand = 50%  Silt = 15%  Clay = 

20% 

 Soil for lime stabilisation: it is more clayey than sandy  Gravel = 15%  Sand = 30%  Silt = 20%  Clay = 

35% 

The average stabilizer proportion is rather low: 
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   Minimum  Average  Maximum 

 Cement stabilisation  3 %  5 %  No technical maximum 

 Lime stabilisation  2 %  6 %  10% 

These low percentages are part of the cost effectiveness of CSEB. 

 

 

ENERGY EFFECTIVENESS 

 

 Initial embodied energy (MJ/m3 of materials)  

 Carbon emission (Kg of CO2 /m3 of materials) 

 CSEB are consuming 11 times less energy than country fired bricks: 

CSEB produced on site with 5 % cement = 548.32 MJ/m3  

Country fired bricks = 6,122.54 MJ/m3  

 CSEB are polluting 13 times less than country fired bricks: 

CSEB produced on site with 5 % cement = 49.37 Kg of CO2 /m3 

Country fired bricks = 642.87 Kg of CO2 /m3 

 

 

COST EFFECTIVENESS 

 

CSEB are most the time cheaper than fired bricks and concrete blocks. In Auroville, a finished m3 of CSEB 

masonry is always cheaper than fired bricks: between 15 to 20% less than country fired bricks (April 2009). 

See Comparison of building materials in Auroville. The cost breakup of a 5 % CSEB produced in Auroville with 

an AURAM press 3000 is as follow (July 2012): 

 

Labour (soil sieving and block making): ~45 % 

Raw materials (soil, sand, water): ~ 27 % 

Cement: ~25 % 

Equipment: ~3 % 

 

Of course this breakup will vary a lot according to the local context, but in general the labour cost (which 

includes the soil digging, its preparation and the block making) and the cement cost are the highest. Therefore 

if the productivity decreases, the cost of the block will increase proportionally a lot. In general, to reduce the 

cost of the block one should optimise the productivity of workers and reduce the amount of cement if 5% 

cement is not required. Further, the cost of the equipment is not so high and therefore, one should not try to 

cut down the cost of the lock by buying cheap quality machines, which would not last long and would not give 

strong blocks. 

 

– These values are the result conducted in laboratories by recognized authorities. They give an idea of what 

can be reasonably expected of a product made in accordance with the rules of the art. 

– The soil quality, the nature of stabiliser, the percentage of stabiliser and the compression pressure influence 

a lot these values. 

– These value can be obtained with 5 to 10 % cement stabilisation and a compression pressure of 2 – 4 MPa. 
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ADVANTAGES OF CSEB 

 

 •    A lo al ate ial 
Ideally, the production is made on the site itself or in the nearby area. Thus, it will save the transportation, 

fuel, time and money. 

 

•    A io-degradable material 

Well-designed CSEB houses can withstand, with a minimum of maintenance, heavy rains, snowfall or frost 

without being damaged. The strength and durability has been proven since half a century. 

 

But let s i agi e a building fallen down and that a jungle grows on it: the bio-chemicals contained in the 

hu us of the topsoil ill dest o  the soil e e t i  i   o   ea s… A d C“EB ill o e a k to ou  
Mother Earth! 

 

•    Li iti g defo estatio  

Firewood is not needed to produce CSEB. It will save the forests, which are being depleted quickly in the 

world, due to short view developments and the mismanagement of resources. 

 

•    Ma age e t of esou es 

Each quarry should be planned for various utilisations: water harvesting pond, wastewater treatment, 

reservoirs, landscaping, etc. It is crucial to be aware of this point: very profitable if well managed, but 

disastrous if unplanned! 

 

•    E e g  effi ie  a d e o f ie dli ess 

Requiring only a little stabilizer the energy consumption in a m3 can be from 5 to 15 times less than a m3 of 

fired bricks. The pollution emission will also be 2.4 to 7.8 times less than fired bricks. 

 

•    Cost effi ie  

Produced locally, with a natural resource and semi skilled labour, almost without transport, it will be 

definitely cost effective! More or less according to each context and to ones knowledge! 

 

•    A  adapted ate ial 
Being produced locally it is easily adapted to the various needs: technical, social, cultural habits. 

 

•    A t a sfe a le te h olog  

It is a simple technology requiring semi skills, easy to get.  Simple villagers will be able to learn how to do it 

in few weeks. Efficient training centre will transfer the technology in a week time. 

 

•    A jo  eatio  oppo tu it  

CSEB allow unskilled and unemployed people to learn a skill, get a job and rise in the social values 

  •    Ma ket oppo tu it  

According to the local context (materials, labour, equipment, etc.) the final price will vary, but in most of the 

cases it will be cheaper than fired bricks. 

 

•    ‘edu i g i po ts 
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Produced locally by semi skilled people, no need import from far away expensive materials or transport over 

long distances heavy and costly building materials. 

 

•    Flexible production scale 

Equipment for CSEB is available from manual to motorized tools ranging from village to semi industry scale. 

The selection of the equipment is crucial, but once done properly, it will be easy to use the most adapted 

equipment for each case. 

 

•    “o ial a epta e 

Demonstrated, since long, CSEB can adapt itself to various needs: from poor income to well off people or 

governments.  Its quality, regularity and style allow a wide range of final house products. To facilitate this 

acceptatio , a ish f o  ou  la guage sta ilized ud lo ks , fo  speaki g of C“EB as the latte  epo ts ‘ 
& D done for half a century when mud blocks referred, in the mind of most people, as poor building material 

  

SOME LIMITATIONS OF CSEB 

•    P ope  soil identification is required or unavailability of soil. 

•    U a a e ess of the eed to a age esou es. 
•    Ig o a e of the asi s fo  p odu tio  & use. 
•    Wide spa s, high & lo g uildi g a e diffi ult to do. •    Lo  te h i al pe fo a es o pa ed to 

concrete. 

•    U t ai ed tea s p odu i g ad ualit  p odu ts. 
•    O e -stabilization through fear or ignorance, implying outrageous  

 

•    U de -stabilization resulting in low quality products. 

•    Bad ualit  o  u -adapted production equipment. 

•    Low social acceptance due to counter examples (By unskilled people, or bad soil & equipment). 

 

DIVERSITY AND SELECTION OF THE PRODUCTS 

 

The development of CSEB proposes nowadays a wide range of products, from different size and shapes. 

To select the most adapted p odu t to o e s eed, o e should pa  spe iall  atte tio  to these fa to s: 
 

 Module of the block  

•    It is the lo k size plus the o ta  thi k ess. 
•    Choose p efe a l  a  eas  odule, i  the de i al s ste , to a oid asti g ti e fo  the design calculations. 

•    “ele t also the odule ith the thi est o ta  joi t possi le. 
 Possibilities of different wall thickness  

•    A o di g to the odule of a lo k, hi h thi k ess of all a  e a hie ed ith eas  o ds? 

•    A o di g to the thi kness, one can know if a block can be load bearing or not. 

 Area of the block  

•    The igge  it is, the eake  the lo k ill e. 
•    A la ge a ea ill e ui e g eat o pa tio  e e g : 
A manual press with 15 Tons capacity will not be able to compress properly more than 600 cm². 

 Plain, hollow or  

 I te lo ki g lo ks…? 
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•    Ea h of the  has diffe e t possi ilities: 
-    Plain ones will be laid with a thick mortar (1 to 1.5 cm) 

-    Hollow ones will be laid with a thin mortar (0.5 to 1 cm) 

-    Interlocking blocks will require a thin mortar (0.5 cm), very special details and are meant for earthquake 

resitance. 

 Mould possibilities  

•    Whethe  a ould a  do full size, /  of half lo k. 
•    To do p ope  o ds, o e eeds to use these  sizes in order to achieve a good quality, without breakage. 

 

 

TYPICAL BLOCKYARD ORGANISATION 

 

Six production stages 

There are 6 stages for the production of CSEB. 

The following details are given for an Auram Press 3000 which can produces 1000 blocks 240 per day: 

 Preparation (Digging + Sieving) 

 Measuring 

 Mixing (dry + wet) 

 Pressing 

 Initial curing and first stacking 

 Final curing and stacking 

Total No. 

 2 to 4 people 

 1 people 

 2 people 

 3 people 

 1 people 

 2 people 

 11 to 13 peopleNotes for the production stages: 

The number of persons for digging & sieving will vary with the type of soil. 

The number of persons for the final curing & stacking will depend of the transportation distance. 

 

Key words for the organisation of the blockyard 

•    Reduce the distance of transportation. 

•    Opti ise the atio output / u e  of o ke s, to get the est effi ie . 
•    O ga ize the lo k-yard as close as possible from the site. 

•    O ga ise the sto e oo  as lose as possi le f o  the lo k a d. 
•    Organise the final stacking area as close as possible from the blockyard. 

•    It is p efe a le to ha e a li ea  o ga izatio  ut a i ula  o e a  also e suita le. 
 

 

Typical linear organization 

Typical blockyard layout for an Auram Press 3000 
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OPTIMIZATION OF INVESTMENT / OUTPUT / QUALITY RATIO 

 

•    Light a ual e uip e t p ese ts the ad a tage of ei g heap, ut the disad a tage of a lo  du a ilit , 
a low output and not very well compressed blocks. 

•    Hea  a ual e uip e t p ese ts a o e i te esting ratio, with more output, more durability and more 

strength for a subsequent increase of costs. 

•    Moto ized e uip e t steps i to a othe  atego  of ost: it ill p odu e ette  ualit  lo ks ith o e 
output, but more expensive. 

 

Therefore, heavy manual presses are most of the time the best choice in terms of optimisation for the 

investment/output/quality ratio. Mobile-units are always coming far behind. Industrialization is not adapted 

to the production of CSEB.  Semi industrialization is the best: it offers the advantage to be more flexible and 

easily adapted to a local context. It increases the quality without increasing tremendously the cost of a block. 

Semi industrialization should be understood here as a centralized production, but rather with manual presses 

than motorized ones. 

 

 

DIVERSITY AND SELECTION OF THE EQUIPMENT 

 

Many attempts were tried to use concrete equipment to produce CSEB. All failed, as the requirements of the 

materials and the working conditions are different. Today, available on the market are a wide range of 

specialized equipment adapted to each need and scale of production. Today one can find manual presses, 

light or heavy, motorised ones where the compression energy is given by an engine. One can also find mobile 

units, which also integrates a crusher and a mixer in the same machine. 

 

A cheap manual press, thus light and attractive in price, will not be so long lasting. A motorized press will 

present the advantage of a high productivity, with a better and more regular quality. But it will require energy 

and a more complicated maintenance, and its cost will have no comparison with a manual press. Besides a 

press, one should not forget all the other equipment required: sieve, maybe a crusher, wheelbarrows, maybe 

a mixer, quality control devices, all small tools, PVC sheets, etc. 

 

Therefore, in a developing country where a lot of labour is available, manual and heavy presses are better 

adapted than motorised ones, as they would employ more people and would produce quality materials at 

cheaper rates. In India today despite 1.2 Billion people, there are nowadays difficulties to get labour for 

o st u tio  sites. This t e d see s a o ld ide patte  as people do t like a o e to do the ha d o k 
of a construction site and they are reluctant to work with their hands. Thus it becomes necessary to mechanize 

the process and use motorised presses. 

 

NON ERODABLE MUD PLASTER 

 

To make existing mud walls water proof, the following procedure is recommended :  

 

Addition of Chopped Straw  
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Chopped straw of 20 mm length and 2 mm wide should be prepared in large quantities. For every cubic metre 

of dry mud mortar, prepared as described in the earlier para, 64 kg of chopped straw is added and thoroughly 

mixed. The mix is shaped into a circular arc and water is filled in the centre space so as to keep it constantly 

wet for 10 to 15 days. The mortar is kneaded every day manually (by feet) and turned over by shovel, two or 

three times a day for a period of 10 to 15 days. The chopped straw will become soft by the above treatment 

and it will improve the cracking resistance of clay.  

 

Preparation of Bitumen Cut-back  

 

Bitumen of 80/100 grade penetration and kerosene oil are mixed in the ratio of 5 : 1  for preparing  the cut-

back, i.e. 53.25 kg of bitumen and 10.5 litres of kerosene oil for every cubic metre of soil. Bitumen IS slowly 

added to the kerosene oil which is kept in a separate container, keeping the whole mixture stirred until the 

whole of bitumen is added. 15 gm Beeswax is heated in a separate container and added to the bitumen mix 

and stirred thoroughly. The addition of wax increases the shelf life of the emulsion.  

 

Preparation of Non-erodible and Water-proof Mud Plaster  

 

The bitumen cut-back so prepared is added to the mud mortar prepared earlier. The required quantity of cut-

back is taken from the container and it is spread over the heap of mud mortar uniformly, and worked up with 

a spade several times to ensure its throughout mixing. When the plaster is ready for use it will show good 

work ability, gloss and plasticity.  

 

Application of Mud Plaster  

 

The wall must be scrapped free of dirt by trowel to give it a uniform surface. Existing cracks must be filled 

with ordinary mud slurry and allowed to dry. Water should be sprinkled on the wall before the application of 

mortar. The plastering is commenced from the upper portion and the work should proceed towards the 

bottom. Apply the plaster in 12 mm to 15 mm thickness with a wooden trowel and finish smoothly. When the 

plaster is drying, sprinkle water occasionally.  

 

Application of Cow dung Slurry  

 

One part of cow dung and one part of soil are mixed and water is added to form a thick paste. To this paste, 

bitumen cut-back is added in the ratio of 1 : 24 by weight, and mixed thoroughly. Cow dung slurry is applied 

and finished with a wooden float. This coat is effective in filling the hair cracks and voids in the plaster and 

stops further development of cracks.  

 

Cost  

 

Due to the increasing cost of bitumen and kerosene the cost of this treatment may be as high as Rs. 10 per 

m2, A rural house may have normally 40 m2 of outside wall surface and the cost per household adds upto Rs. 

400/-; however, the durability of the house will increase several fold.  

 

 

Damp-proof course 

Downloaded from  be.rgpvnotes.in

Page no: 12 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Page 43 of 82 

 

Damp proofing is defined by the American Society for Testing and Materials (ASTM) as a material that resists 

the passage of water with no hydro-static pressure and waterproof as a treatment that resists the passage of 

water under pressure.[1] Generally damp proofing keeps moisture out of a building where vapor barriers 

keep interior moisture from getting into walls. Moisture resistance is not necessarily absolute: it is usually 

defined by a specific test method, limits, and engineering tolerances. 

 

Damp proofing is accomplished several ways including: 

 

 A damp-proof course (DPC) is a barrier through the structure by capillary action such as through a 

phenomenon known as rising damp. Rising damp is the effect of water rising from the ground into 

your property. The damp proof course may be horizontal or vertical. A DPC layer is usually laid below 

all masonry walls, regardless if the wall is a load bearing wall or a partition wall. 

 

 A damp-proof membrane (DPM) is a membrane material applied to prevent moisture transmission. A 

common example is polyethylene sheeting laid under a concrete slab to prevent the concrete from 

gaining moisture through capillary action. A DPM may be used for the DPC. 

 

 Integral damp proofing in concrete involves adding materials to the concrete mix to make the concrete 

itself impermeable. 

 

 Surface coating with thin water proof materials for resistance to non-pressurized moisture such as rain 

water or a coating of cement sprayed on such as shot Crete which can resist water under pressure. 

 

 Cavity wall construction, such as rain screen construction, is where the interior walls are separated 

from the exterior walls by a cavity. 

 

 Pressure grouting cracks and joints in masonry materials. 

 Materials widely used for damp proofing include. Flexible materials like butyl rubber, hot bitumen, 

plastic sheets, bituminous felts, sheets of lead, copper, etc. Semi-rigid materials like mastic asphalt 

rigid materials like impervious bricks, stones, slates, cement mortar or cement concrete painted with 

bitumen, etc. Stones Mortar with waterproofing compounds Coarse sand layers under floors 

Continuous plastic sheets under floors 

 

Concrete walls and floors 

Concrete normally allows moisture to pass through so a vertical damp proof barrier. Barriers may be a coating 

or membrane applied to the exterior of the concrete. The coating may be asphalt, asphalt emulsion, a thinned 

asphalt called cutback asphalt, or a rubber polymer.[7] Membranes are rubberized asphalt or epdm rubber. 

Rubberized products perform better because concrete sometimes develops cracks and the barrier does not 

crack with the concrete. 

 

Remedial damp proofing 

Until the 20th century masonry buildings in Europe and North America were generally constructed from highly 

permeable materials such as stone and lime-based mortars and renders covered with soft water-based paints 

which all allowed any damp to diffuse into the air without damage. The later application of impermeable 

materials which prevent the natural dispersion of damp, such as tiles, linoleum, cement and gypsum-based 

Downloaded from  be.rgpvnotes.in

Page no: 13 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Page 44 of 82 

 

materials and synthetic paints is thought by some to be the most significant cause of damp problems in older 

buildings.[8] 

 

There are many solutions for dealing with dampness in existing buildings, the choice of which will largely be 

determined by the types of dampness that are affecting the building (e.g. rising damp, hygroscopic damp, 

condensation, penetrating damp etc...). These are described in more detail under Damp (Structural). 

 

Health and safety 

Some DPC materials may contain asbestos fibers. This was more commonly found in the older, grey sealants 

as well as flexible tar boards. 

 

Other possibly hazardous materials include the use of lead sheets as a DPC material. 

 

9 building materials made entirely from waste products 

By CityMetric staff 

 
No doubt an architectural treasure trove. Image: Cezary p at Wikimedia Commons. 

Building with Waste, a new book about, well, you can guess, may not sound like it should top your holiday 

reading list – but, construction geeks as we are, we found its premise fascinating. Every year, human 

settlements produce 1.3bn tonnes worth of solid waste products. The book argues that we could and should 

be putting this to good use as cheap, durable and green building materials.  

Compilers Dirk E. Hebel, Marta H. Wisniewska and Felix Heise looked into the worlds of architecture, 

construction, and the delightfully named field of "garbology" to find new and exciting materials made out of 

stuff you'd normally find at a landfill site. Their book argues that, in future, we could end up re-using pretty 

much everything, as we did back when all waste was organic. 

This could come in handy if, as is predicted, our municipal waste output doubles by 2025. As Mitchell 

Joachim, one of the book's contributors, puts it: 

The future city makes no distinction between waste and supply.  
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So, from animal blood bricks to nappy roofing, here are our favourite waste-based materials featured in the 

book.  

1. Newspaper Wood 

 
Image: ViJ5. 

This design comes froom Norway, where over 1m tonnes of paper and cardboard are recycled every year. 

The wood is created by rolling up paper and solvent-free glue to create something not dissimilar to a log, 

then chopping it into usable planks. The wood can then be sealed so it's waterproof and flame-retardant, 

and used to build anything you would normally build with wood.  

2. Nappy roofing 

 
Image: Lightweight tiles ltd. 

Good news: something can be salvaged from all those nappies and sanitary products we throw away, even 

though they're, well, really gross. Special recycling plants separate out the polymers from the, er, organic 

waste, and these polymers can then be used to ceate fibre-based construction materials like the tiles in the 

image above.  

 

3. Recy blocks 
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Image: Gert de Mulder. 

These colourful bricks are made from old plastic bags, which are notoriously difficult to recycle in any other 

way. Recycled bags or plastic packaging are placed in a heat mold, and forced together to form the blocks. 

They're too lightweight to act as load-bearing walls, but can be used to divide up rooms or outdoor areas.  

4. Blood Brick 

 
Image: Jack Munro. 

This idea rests on the assumption that animal blood counts as a waste product. This, we realise, is a 

potentially offensive idea – but while carnivores are still munching away, they're still wasting loads of 

animal blood, especially in societies without industrialised food production systems. And, as it turns out, 

blood is one of the strongest bio-adhesives out there, as it contains high levels of protein.  

British architecture student Jack Munro proposes using freeze-dried blood (which comes as a a powder), 

mixed with sand to form a paste; this can then be cast as bricks. This could be especially useful in remote 

communities, where blood from animal slaughter is plentiful, but strong construction materials are thin on 

the ground. 

5. Bottle bricks  

 
Image: Aaron "tango" Tang via Flickr. 
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This proposal is a little different, as it relies on producing a consumer good specifically so it can later be used 

as a building material. Lots of companies now make bottles in cuboid or other tesselative shapes, to make 

them easier to transport. 

But the practice of doing so to create construction materials actually started with beer company Heineken 

in the 1960s – Alfred Henry Heineken, owner of the brewery, visited a Carribean island and was dismayed at 

both lack of shelter, and the number of discarded Heineken bottles scattered everywhere. So the company 

landed on a new, brick-shaped design for the bottle, shown in the images above. The bottleneck slots into 

the base of the next bottle, forming an interlocking line.  

6. Smog insulators 

 
Image: New Terrirories/City of Bangkok. 

One of our biggest waste receptacles is the air, which isn't great for our lungs, or for the human race's 

chances of survival on a planet that's rapidly getting hotter. "Dustyrelief", a system created by the City of 

Bangkok and design firm New-Territories, involves placing an electrically charged metal mesh over a 

building, which attracts large smog particles and sticks them together. Eventually, this creates a kind of 

silvery fur over the building's surface. Not particularly attractive, perhaps, but much better than a similar 

shag forming on the insides of your lungs. 

7. Mushroom walls 

 
Image: Evocative designs. 

Here, designers figured out a way to grow wall insulator and packing materials using mycelium, a bacteria 

found in rotting organisms like tree trunks and agricultural byproducts. If placed in a mold, these organic 

matters grow to the desired shape within a couple of days, and can then be stopped using a hot oven. This 

is particularly useful because traditional insulating and packing materials tend to be non-biodegradable, or, 

in the case of asbestos, poisonous. 
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8. Plasphalt  

 
The bit on the left is plasphalt, the bit on the right is asphalt. Image: TEWA. 

OK, yes, we mostly like this one for its fun name. Plasphalt is made up of grains of plastic produced from 

unsorted plastic waste, which replaces the sand and gravel traditionally used in asphalt production. In 

testing, it was found that plasphalt roads were far less vulnerable to wear and tear than traditional asphalt, 

because the asphalt emulsion bonded better with the plastic than with gravel or sand. 

9. Wine cork panels 

 
Image: Yemm & Hart materials. 

These wall or floor tiles are made by combining recycled granulated cork with whole wine corks, which you 

can see as those oblong shapes in the tiles above. This is a pretty useful idea, considering the world 

apparently consumes around 31.7bn bottles of wine a year. For shame. 

 

PVC 

PVC is replacing traditional building materials such as wood, metal, concrete and clay in many applications.  

Versatility, cost effectiveness and an excellent record of use mean it is the most important polymer for the 

construction sector, which accounted for 60 per cent of European PVC production in 2006. 

 

Polyvinyl chloride, PVC, is one of the most popular plastics used in building and construction. It is used in 

drinking water and waste water pipes, window frames, flooring and roofing foils, wall coverings, cables and 

many other applications as it provides a modern alternative to traditional materials such as wood, metal, 

rubber and glass. These products are often lighter , less expensive and offer many performance advantages. 

 

 Strong and lightweight 

PVC's abrasion resistance, light weight, good mechanical strength and toughness are key technical advantages 

for its use in building and construction applications. 
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 Easy to install 

PVC can be cut, shaped, welded and joined easily in a variety of styles. Its light weight reduces manual 

handling difficulties.  

 

 Durable  

PVC is resistant to weathering, chemical rotting, corrosion, shock and abrasion. It is therefore the preferred 

choice for many different long-life and outdoor products. In fact, medium and long-term applications account 

for some 85 per cent of PVC production in the building and construction sector.  

 

 Cost-effective  

PVC has been a popular material for construction applications for decades due to its physical and technical 

properties which provide excellent cost-performance advantages. As a material it is very competitive in terms 

of price, this value is also enhanced by the properties such as its durability, lifespan and low maintenance. 

 

 Fire resistant  

Like all other organic materials used in buildings, including other plastics, wood, textiles etc., PVC products 

will burn when exposed to a fire. PVC products however are self-extinguishing, i.e. if the ignition source is 

withdrawn they will stop burning. Because of its high chlorine content PVC products have fire safety 

characteristics, which are quite favorable as. They are difficult to ignite, heat production is comparatively low 

and they tend to char rather than generate flaming droplets. 

 

 Good insulator 

PVC does not conduct electricity and is therefore an excellent material to use for electrical applications such 

as insulation sheathing for cables. 

 

 Versatile  

The physical properties of PVC allow designers a high degree of freedom when designing new products and 

developing solutions where PVC acts as a replacement or refurbishment material.  

 

PVC has been the preferred material for scaffolding billboards, interior design articles, window frames, fresh 

and waste water systems, cable insulation and many more applications. 

 

 

 

Plumbing 

 

Plumbing is any system that conveys fluids for a wide range of applications. Heating and cooling, waste 

removal, and potable water delivery are among the most common uses for plumbing however plumbing's not 

limited to these applications. Plumbing utilizes pipes, valves, plumbing fixtures, tanks, and other apparatuses 

to convey fluids. Trades that work with plumbing such as boilermakers. 

 

Materials 

Water systems of ancient times relied on gravity for the supply of water, using pipes or channels usually made 

of clay, lead, bamboo, wood, or stone. Hollowed wooden logs wrapped in steel banding were used for 
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plumbing pipes, particularly water mains. Logs were used for water distribution in England close to 500 years 

ago. US cities began using hollowed logs in the late 1700s through the 1800s. Today, most plumbing supply 

pipe is made out of steel, copper, and plastic; most waste out of steel, copper, plastic, and cast iron. 

 

Steel 

Galvanized steel potable water supply and distribution pipes are commonly found with nominal pipe sizes 

f o  ⁄  i h .   to  i hes  . It is a el  used toda  fo  e  o st u tio  eside tial plu i g. 
Steel pipe has National Pipe Thread (NPT) standard tapered male threads, which connect with female tapered 

threads on elbows, tees, couplers, valves, and other fittings. Galvanized steel (often known simply as "galv" 

or "iron" in the plumbing trade) is relatively expensive, and difficult to work with due to weight and 

requirement of a pipe threaded. It remains in common use for repair of existing "galv" systems and to satisfy 

building code non-combustibility requirements typically found in hotels, apartment buildings and other 

commercial applications. It is also extremely durable and resistant to mechanical abuse. Black lacquered steel 

pipe is the most widely used pipe material for fire sprinklers and natural gas. 

 

Most typical single family home systems won't require suppl  pipi g la ge  tha  ⁄  i h   due to 
expense as well as steel piping's tendency to become obstructed from internal rusting and mineral deposits 

forming on the inside of the pipe over time once the internal galvanizing zinc coating has degraded. In potable 

water distribution service, galvanized steel pipe has a service life of about 30 to 50 years, although it is not 

uncommon for it to be less in geographic areas with corrosive water contaminants. 

 

Copper 

Copper pipe and tubing was widely used for domestic water systems in the latter half of the twentieth 

century. In the early twenty-first century, the rising price of copper drove a shift to plastic pipes for new 

construction. 

 

Plastic 

Plastic hot and cold supply piping for a sink Plastic pipe is in wide use for domestic water supply and drain-

waste-vent (DWV) pipe. Principal types include: Polyvinyl chloride (PVC) was produced experimentally in the 

19th century but did not become practical to manufacture until 1926, when Waldo Simon of BF Goodrich Co. 

developed a method to plasticize PVC, making it easier to process. PVC pipe began to be manufactured in the 

1940s and was in wide use for Drain-Waste-Vent piping during the reconstruction of Germany and Japan 

following WWII. In the 1950s, plastics manufacturers in Western Europe and Japan began producing 

acrylonitrile butadiene styrene (ABS) pipe. The method for producing cross-linked polyethylene (PEX) was 

also developed in the 1950s. Plastic supply pipes have become increasingly common, with a variety of 

materials and fittings employed. 

 

Poly-tanks – plastic polyethylene cisterns, underground water tanks, above ground water tanks, are usually 

made of linear polyethylene suitable as a potable water storage tank, provided in white, black or green. Aqua 

– known as PEX-Al-PEX, for its PEX/aluminum sandwich, consisting of aluminum pipe sandwiched between 

layers of PEX, and connected with modified brass compression fittings. In 2005, a large number of these 

fittings were recalled. Present-day water-supply systems use a network of high-pressure pumps, and pipes in 

buildings are now made of copper, brass, plastic (particularly cross-linked polyethylene called PEX, which is 

estimated to be used in 60% of single-family homes, or other nontoxic material. Due to its toxicity, lead has 

not been used in modern water-supply piping since the 1930s in the United States, although lead was used in 
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plumbing solder for drinking water until it was banned in 1986. Drain and vent lines are made of plastic, steel, 

cast-iron, or lead. 

 

SANITATION IN BUILDING 

Sanitation 

From Wikipedia, the free encyclopedia 

Not to be confused with Sanitization. 

Example of sanitation infrastructure: Shower, double-vault urine-diverting dry toilet (UDDT) and 

waterless urinal in Lima, Peru 

Sanitation is the means of promoting hygienethrough the prevention of human contact 

with hazards of wastes especially faeces, by proper treatment and disposal of the waste, often mixed 

into wastewater. These hazards may be physical, microbiological, biological or chemical agents of disease. 

Wastes that can cause health problems include human and animal excreta, solid wastes, domestic 

wastewater (sewage or greywater), industrial wastes, and agricultural wastes. Hygienic means of 

prevention may involve engineering solutions (e.g., sanitary sewers, sewage treatment, surface 

runoff management, solid waste management, excreta management), simple technologies (e.g., pit 

latrines, dry toilets, urine-diverting dry toilets, septic tanks), or even simply by behavior changes in 

personal hygiene practices, such as hand washing with soap. 

Providing sanitation to people requires a systems approach, rather than only focusing on 

the toiletor wastewater treatment plant itself.[1] The experience of the user, excreta and wastewater 

collection methods, transportation or conveyance of waste, treatment, and reuse or disposal is called the 

Sanitation chain and all need to be thoroughly considered.[1] 

The main objective of a sanitation system is to protect and promote human health by providing a clean 

environment and breaking the cycle of disease.[2] Lack of improved sanitation access have serious health 

impact on human kind. In fact, by improving access to safe sanitation and 

changing hygiene behaviours, diarrhea health impacts - the first death cause of child death under 5 - can be 

reduced significantly. 

Nowadays, one of the main challenge of sanitation is sustainability, especially in developing countries. 

Sanitation aspects are technological, institutional and social, good governance is required to manage it 

properly. In order to serve the growing world population - urban settlements are becoming bigger and 

bigger - sanitation has to be adapted to several specific contexts including consumers' expectations and 

local resources available. 
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