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CIVIL ENGINEERING SERVICES 

1.0 INTRODUCTION 

1.1 Definition: Civil Engineering Services are professional duties or works carried out 

by civil engineers which include: design, construction, and maintenance of the physically 

and naturally built environment, including works like roads, bridges, canals, dams, and 

buildings, etc. A civil engineer is a person who practices civil engineering, i.e. the 

application of planning, designing, constructing, maintaining, and operating 

infrastructures while protecting public and environmental health, as well as improving 

existing infrastructures that have been neglected. 

Civil engineering services take place in the public sector from municipal through 

to national governments, and in the private sector from individual homeowners through 

to international companies. Because civil engineering is a vast profession, which includes 

several specialized sub-disciplines, its history is linked to the knowledge of structures, 

materials science, geography, geology, soils, hydrology, environment, mechanics, and 

other fields. 

1.2 Services Offered By Professional Civil Engineers: The question asked at the 

assembly of the European Council of Civil Engineers (ECCE) was “What services may 

be offered by civil engineers in your country?” The question aimed at ascertaining the 

degree of diversity in the civil engineering role, and also to discover if there are any 

exceptions for which special approvals or education is required in the nations that make 

up the organization. Examples of various types of civil engineering services are listed 

under the following countries: 

 

1.2.1 Croatia:  

The following services are provided by civil engineers: 

* design services for infrastructure projects (roads, railways, water supply, sewerage 

schemes, water treatment plants, hydroelectric power plants, dams, etc.) 

https://en.wikipedia.org/wiki/Civil_engineering
https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Hydrology
https://en.wikipedia.org/wiki/Environmental_science
https://en.wikipedia.org/wiki/Mechanics
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* design services (only for the civil engineering portion of design work for 

buildings, such as structural design, organization of work, material and work 

specifications, conceptual and detailed structural drawings, etc.) 

* supervision (inspection) services during realization of works 

* project control to check the fulfillment of essential project requirements in 

accordance with the Construction Product Directive (Directive 89/106/EEC) 

* construction services in building and engineering works 

* use and production of raw materials, and material testing services 

* maintenance of completed projects 

* scientific research in the field of civil engineering.  

 

They may be self-employed, employed in design offices, or employed in other 

types of companies. Civil engineers are not allowed to offer architectural design services. 

 

1.2.2 Cyprus: 

 Civil engineers can offer various services for civil engineering works including, 

feasibility studies, civil engineering designs, structural designs, preparation of 

tender/contract documents, procurement, supervision of construction works, etc. Civil 

engineers who have registered before 1993 can also carry out architectural designs and 

submit them for building permits. Civil engineers who registered after 1993 are not 

permitted to submit architectural designs. There is however a dispute as to what 

‘architectural design work’ is. 

 

1.2.3 Czech Republic: 

 Civil engineers can undertake the design, development, supervision, and execution 

of all forms of construction. Selected activities in construction, which are of decisive 

significance for the protection of public interest, in the preparation, design, or execution 

of construction work may be performed only by persons who have a proven professional 

qualification obtained by examination and have obtained a professional certificate. 
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1.2.4 Estonia: 

 A wide range of services may be offered by civil engineers after graduation in the 

fields of construction, design, and maintenance of buildings and structures. 

 

1.2.5 France: 

Civil Engineers are involved in all steps of the construction process, so they offer 

their services in the following phases:  

* preliminary plans of works 

* materials production 

* design of works 

* construction processes on job sites 

* quality control of works carried out 

* operation of works after construction. 

They also operate at any functional or operational levels in the industry, and in 

positions of authority in the public sector. 

 

1.2.6 Germany: 

 There is a wide range of possibilities of services in Germany; for example, 

services related to civil engineering works and transportation facilities, traffic planning 

services, services relating to buildings, open-air facilities, project control, experts reports 

and valuations, town planning services, services relating to planning load-bearing 

structures, services relating to thermal building physics, services relating to sound 

insulation and acoustics, services relating to soil mechanics, earthworks and foundation 

engineering. 

 

1.2.7 Ireland:  

 In Ireland, civil engineers may offer all services. Civil Engineers are allowed to 

submit “architectural” designs for building permits. 
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1.2.8 Portugal: 

 The services offered by Civil Engineers are defined by law but only relating to 

design. A civil engineer may offer any service in the construction sector. For example, 

design of structures, urban planning, hydraulics, geotechnics, construction management, 

etc. Civil engineers are still allowed to submit "architectural" designs for building 

permits, but only for small buildings. There is a plan to change this in the near future. 

 

1.2.9 Slovakia Republic: 

 Civil engineers perform complex activities in design, territorial development 

planning and design, project management, research and development, as a site manager, 

as well as service activities. They are also involved in public and state administration, 

education, rural development in all kinds of services, surveying, and many other areas. 

For selected activities, they must have authorization: proof of qualification from the 

Slovak Chamber of Civil Engineers by an examining board including a certificate. 

 

1.2.10 United Kingdom 

 Civil engineers can undertake the development, design, supervision, and execution 

of all forms of construction both in public and private work. For some types of work, e.g. 

the construction of dams or to work as an independent building inspector, special 

authorization is needed.   
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2.0 WATER SUPPLY INSTALLATION 

Generally, pipes must be installed to meet requirements for durability, safety, and 

thermal comfort/stability. Before installation of water supply facilities, design 

considerations will be carried out; also, choice of materials will be made. The following 

factors should be accounted for in the design: 

(a) the water supplier’s requirements, including those of notification. 

(b) the estimated daily consumption and the maximum and average flow rates required, 

together with the estimated time of peak flow. 

(c) the location of the available supply. 

(d) the quality, quantity, and pressure required, and the available pressures at various 

times during a typical day. 

(e) the cold water storage capacity required. 

(f) the likelihood of ground subsidence due to mining activities or any other reason. 

(g) the likelihood of contamination of the site. 

(h) transient (short-lived) or surge pressures that might arise during the operation of the 

system. 

The installation shall be designed to avoid waste, undue consumption, misuse, 

contamination, and erroneous measurement. The installation shall be designed to avoid 

the trapping of air during filling and the formation of air locks during operation. 

2.1 Handling of Materials 

2.1.1 General 

All materials and components used for the construction of a water system shall be 

handled with sufficient care and attention to prevent deterioration or ingress by 

contaminants. Deterioration, which is due to improper laying of pipes, use of poor-quality 

material, improper tightening of capillary/mechanical joints, and improper compaction of 

underground/underlying soil, etc., can impair the serviceability, or affect the performance 

of pipework systems. Some pipes are manufactured from asbestos cement. When 
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working on these pipes and all other types of asbestos-containing materials, keep 

exposure to asbestos dust as low as is reasonably practicable. Great care should be 

exercised in cutting and grinding operations to keep dust generated to the minimum and 

prevent people from inhaling dust. This may be achieved by the use of hand rather than 

power tools. 

2.1.2 Bending of Pipes 

Damaged pipes shall be rejected. Care should be taken to avoid crimping and 

restricting the diameter of pipes when forming bends. Purpose-designed equipment 

should be used where appropriate. 

2.2 Joining of Pipes 

2.2.1 General 

Care shall be taken to establish satisfactory jointing techniques for all water 

service pipework. When making joints by welding, brazing, or soldering, precautions 

shall be taken to avoid the risk of fire, and care is taken to avoid inhalation of fumes from 

the jointing process. Ends shall be cut square, all burrs (rough projection left on a 

workpiece after cutting) shall be removed from the ends of pipes and any jointing 

materials used shall be prevented from entering the system. All piping and fittings shall 

be cleaned internally and shall be free from debris. No metal pipe shall be connected to 

any other pipe or water fitting using an adhesive in any case where the metal pipe is: 

(a) installed in the ground or passes through or under any wall footing or foundation; 

(b) embedded in a wall or solid floor; 

(c) enclosed in a chase or duct (enclosed passage for fluid); 

(d) in a position where access is difficult. 
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Cutting tools that are in good condition should be used to limit tube distortion and 

the tube should be cut square (directly perpendicular) with the axis. Any tube ends that 

are distorted should be re-rounded using a suitable tool before the joint assembly.  

2.2.2 Copper Pipes 

When making capillary solder joints (or solder fittings - tubes having small 

internal diameters), the mating faces of the tube and fitting shall be abrasively cleaned 

with nylon cleaning pads or emery strip (not steel wool) and flux applied sparingly to the 

spigot (the regulator for controlling the flow of a liquid from a reservoir). 

Capillary fittings (pipe fittings that have socket-type ends so that when the fitting 

is soldered to a pipe end, the solder flows along the ring-like space between the pipe 

exterior and the socket): the joint should be heated until the solder (lead-free) is 

constrained within the fitting or is fed in with a solder stick or wire, flows by capillary 

attraction (surface tension and resulting in the elevation or depression of liquids in 

capillaries) to fill the joint space. The joint should remain untouched until the solder has 

cooled and solidified but then any surplus flux (solder discharge) on the assembly should 

be carefully removed. The use of excessive amounts of flux should be avoided. 

            

Figure 1: Capillary Solder Joint   Figure 2: Capillary Soldering of a Joint     Figure 3: Capillary Fittings 
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    Figure 4: Solder Stick or Wire        Figure 5: Spigot 

2.2.3 Steel Pipes 

Welded joints shall not be used where a protective lining would be damaged by 

heat. Screwed joints in steel piping shall be made with screwed socket joints using 

wrought-iron, steel, or malleable cast-iron fittings. Exposed threads left after jointing 

shall be painted; if installed underground, they should be thickly coated with bituminous 

or other suitable corrosion preventative measures, in accordance with BS 5493:1977. 

2.2.4 Stainless Steel Pipes 

Compression fittings (have ferrules used in plumbing and electrical conduit 

systems to join two tubes or thin-walled pipes together): Compression joints on plain-

ended stainless steel tube shall be made with copper alloy or stainless steel compression 

fittings. 

Capillary fittings: Capillary joints on splain-ended stainless steel tube shall be 

made with copper, copper alloy, or stainless steel fittings using silver solder or brazing, 

but not soft solder. Particular care should be given providing sufficient pipe clipping 

when using push fittings to prevent movement before system pressurization.  
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Figure 6: Compression Fittings 

                    

               Figure 7: Ferrule                Figure 8: Ferrule as Compression Fitting 

2.2.5 Unplasticized PVC pipes 

Mechanical joints: Mechanical joints in unplasticized (absence of substance 

added to plastics or other materials to make them more pliable or plastic) PVC piping of 

nominal diameter DN 2 and upwards shall be made in accordance with BS EN 1452-3, by 

the use of push-fit integral elastomeric sealing rings which are compressed when the 

plain ended pipes are inserted into the adjoining sockets. The plain pipe ends shall be 

chamfered (made in such a way that two surfaces meet at an angle different from 90 

degrees) and the surfaces cleaned and lubricated. The chamfered pipe end shall be 

inserted fully into the adjoining socket (except where provision is to be made for 

expansion) or as far as any locating mark put on the spigot end by the manufacturer.  
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 Figure 9: Mechanical Joints       Figure 10: Mechanical Joint            Figure 11: Chamfered Pipes 

 

2.2.6 Polyethylene pipes 

Mechanical joints (used extensively in underground pipe service) shall be made 

using either plastics or metal proprietary compression fittings, e.g. brass or gunmetal. 

These shall include liners to support the bore (diameter) of the pipe except where the 

manufacturer of the fitting instructs otherwise. 

To ensure satisfactory jointing of the materials from which the pipe and fittings 

are made, compatibility shall be established. The manufacturer’s instructions shall be 

carefully followed. No attempt shall be made to joint polyethylene piping by solvent 

(liquid substance capable of dissolving other substances) cement welding. 

2.2.7 ABS Pipes 

 ABS (Acrylonitrile Butadiene Styrene) pipes are easier to install compared to PVC 

(Polyvinyl Chloride) pipes, but ABS pipes are more likely to deform when exposed to the 

sun. 

2.3 Connections Between Different Materials 

2.3.1 Above Ground Pipework 
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When different materials are used within a single installation the method of 

jointing shall be designed for both materials for the safety and integrity of the system. 

Adaptor couplings (provide a solution to connecting pipes of different outside diameters) 

are available for this purpose covering a range of different jointing methods and 

including both direct and union type couplings; these should be used whenever possible. 

Where suitable adaptors are not available for the particular joint required both materials 

should be adapted to BSP (British Standard Pipe) threaded ends which should be screwed 

together, if male and female, or should be connected by a nipple, socket or union. 

  

Figure 12: Adaptor Couplings 

2.3.2 Below Ground Pipework 

Joints in buried pipework shall be kept to the absolute minimum and joints 

between pipes of different materials shall be restricted to connections between large 

supply pipes similar to suppliers’ mains and pipes serving individual buildings. For 

making service connections to unplasticized PVC pipes, a saddle (a metallic circular 

structure that has an integral base used to support a pipe) shall be fixed around the larger 

pipe and a ferrule (an object used for fastening, joining, or sealing) screwed into the 

saddle. 
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Figure 13: Saddles 

2.4 Joining Pipes to Cisterns and Tanks 

2.4.1 General 

Cisterns (artificial reservoir for storing liquids, especially an underground tank for 

storing rainwater) and tanks shall be properly supported to avoid undue stress on the pipe 

connections and deformation of the cistern or tank when filled. Holes shall be correctly 

aligned for the connection of pipes to cisterns and tanks. All debris shall be removed 

from the inside of the cistern or tank before filling. 

2.4.2 Steel Pipes to Steel or Glass Reinforced Cisterns and Tanks 

The threaded end of the pipe shall be secured in the hole in the cistern or tank 

either by backnuts and washers both inside and outside (soft washers being used 

additionally with glass-reinforced plastics cisterns and tanks or where there are irregular 

surfaces) or by using bolted or welded flanged connections. 

 

           Figure 14: Backnuts 
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2.4.3 Copper or Plastic Pipes to Steel, or Glass Reinforced Plastic Cisterns and 

Tanks 

A copper-alloy connector having a shoulder to bear on the outside of the cistern or 

tank, and secured by a backnut to the inside, shall be used. Corrosion-resistant support 

washers shall be used both on the inside and the outside of the cistern or tank; additional 

soft washers shall be used. 

2.4.4 Concrete Cisterns and Tanks 

Connections to concrete cisterns and tanks shall be properly aligned both in the 

horizontal and vertical planes when being cast into the concrete, which shall be 

compacted around the puddle flange to ensure a watertight joint. 

2.4.5 Thermoplastic Cisterns 

Holes cut for pipes shall be circular, have clean edges and be free from notches (v-

shaped indentions). There shall not be any residual scribe lines after the hole is cut. 

Where a jointing sealant is required it shall conform to BS 6956-5. Corrosion-resistant 

support washers shall be used both on the inside and the outside of the cistern with 

additional soft washers. 

2.5 Underground Pipe Laying 

2.5.1 General 

Pipes shall be laid to ensure even support throughout their length and shall not rest 

on their sockets or bricks, tiles, or other makeshift supports. Plastics pipes shall be laid in 

accordance with CP 312 (all parts) on a bed free from sharp stones. Pipes should be laid 

true to line to the general contours of the ground and at a sufficient depth for the pipe 

diameter to allow for the minimum cover below finished ground level. Supply pipework 

shall be installed, ideally below ground, but in all cases shall be provided with protection 

from damage by frost, excessive heat, traffic loads, vibration and contamination, or from 

any other cause. 
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2.5.2 Trench Excavations 

The bottom of trench excavations shall be carefully prepared to a firm even 

surface so that the pipes when laid are well bedded for their whole length. Mud, rock 

projections, boulders, hard spots, and local soft spots shall be removed and replaced with 

selected fill material consolidated to the required level. Where rock is encountered, the 

trench shall be cut at least 150 mm deeper than other ground and made up with well-

rammed material. 

2.5.3 Trench Backfilling 

When backfilling trenches the pipes shall be surrounded with suitable material 

consolidated to resist subsequent movement of the pipes. No large stones or sharp objects 

shall be in contact with the pipes. 

2.5.4 Ingress of Dirt 

Pipes shall be kept clean and, immediately before laying each pipe and fitting, 

shall be thoroughly cleansed internally and the open end temporarily capped until jointing 

takes place. Care shall be taken to keep the joint surfaces clean. Precautions should be 

taken to prevent flotation of the capped pipes, in case the trench becomes flooded. 

2.5.5 Hydrocarbon Permeation Risk 

Water fittings laid in the ground subject to spillage of hydrocarbons such as oil, 

petrol, or creosote shall be resistant to and/or protected from deterioration by exposure to 

such contaminants. Guidance on the selection of pipe materials to be laid in contaminated 

ground is given in IGN 9-04-03. The selection of materials for water supply pipes to be 

laid in contaminated land. 

2.5.6 Protective Coatings 

Coatings, sheathings, or wrappings shall be examined for damage, repaired where 

necessary, and made continuous before trench excavations are backfilled. 
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2.5.7 Restraint of Pipes 

Except where the method of joining and normal trench backfill are adequate to 

prevent longitudinal movement, pipe restraints designed to resist the thrusts produced by 

the test pressure to be applied shall be installed at all changes of direction and blank ends. 

2.6 Pipework in Buildings 

2.6.1 Allowance for Thermal Movement 

In installations that do not have limited straight runs and many bends and offsets, 

allowance for expansion and contraction of the pipes shall be made by forming expansion 

loops, by introducing changes of direction to avoid long straight runs, or by fitting 

proprietary expansion joints. This is particularly important where temperature changes 

are considerable (e.g. hot water distribution pipework) and where the pipe material has a 

relatively large coefficient of thermal expansion (e.g. plastics). In installations with 

limited straight runs and many bends and offsets, thermal movement is accommodated. 

2.6.2 Spacings for Pipe Fixings 

The spacings for fixings for internally located piping shall be in accordance with 

information contained in Table 12, BS 6700. 

2.6.3 Fixings for Copper and Stainless Steel Pipe 

Copper and stainless steel piping shall be secured by copper, copper alloy, or 

plastics clips or brackets. 

2.6.4 Fixings for Steel Pipe 

Steel piping shall be secured by steel, copper alloy, suitable plastic clips, or 

brackets. Copper clips or brackets shall not be used for fixing steel piping. 

2.6.5 Fixings for Iron Pipe 



Page 18 of 67 
 

Iron pipe shall be secured by heavy weight holderbats (devices used to hold a pipe 

to a wall using an enclosed ring) of iron or low carbon steel either built in or bolted to the 

structure. 

2.6.6 Fixings for Plastics Pipes 

Plastics piping shall be secured by suitable metallic or plastics clips or brackets. 

Allowance shall be made for free lateral movement within the clips and brackets. 

2.6.7 Fixings for Insulated Piping 

Piping that is to be insulated shall be secured on clips or brackets that allow 

sufficient space behind the pipe and the surface to which the pipe is fixed for the 

insulation to be properly installed. 

2.6.8 Concealed Piping 

Piping shall be housed in ducts or wall chases and have access for maintenance 

and inspection. Ducts and chases should be constructed as the building structure is 

erected and should be finished to receive pipe fixings. 

2.6.9 Piping Passing Through Structural Timbers 

Structural timbers shall not be notched or bored in such a way that the integrity of 

the structure is compromised. 

2.7 Electrical Bonding 

No water pipe shall be used as an electrode for earthing purposes, but all metal 

pipes shall have equipotent (having equal strength) bonding applied which connects to 

the installation main earth terminal as near as possible to the point of entry into the 

building. The connection shall be mechanically and electrically sound and not subject to 

corrosion. Main equipotent bonding shall be in a position where it is accessible, can be 

visually observed, and fitted with a warning label stating: “safety electrical connection: 

do not remove”. 
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2.8 Taps 

Taps not fixed directly to an appliance shall be screwed into a suitable pipe fitting 

and the fitting, or the pipe immediately adjacent to the tap, shall be firmly secured to a 

suitable robust support to prevent strain on the pipe and its joints when the tap is 

operated. 

2.9 Flushing and Disinfection 

Every new water service, cistern, distributing pipe, hot water cylinder or other 

appliance, and any extension or modification to such service shall be thoroughly flushed 

with drinking water before being taken into use. Where a system is not brought into use 

immediately after commissioning and it has not been flushed at regular intervals (up to 30 

days depending on the characteristics of the water), it shall be disinfected before bringing 

into use. Chlorine can be used for disinfection. 

2.10 Identifying and Recording Piping Locations 

2.10.1 Location of Underground Pipes and Valves 

The location and position of underground pipes and valves shall be recorded. 

Surface boxes shall be marked to indicate what service is below them. Durable markers 

with stamped or set-in indexes shall be set up to indicate the pipe service, the size, the 

position, and depth below the surface. 

2.10.2 Identification of Above Ground Piping 

In any building other than a single dwelling: 

(a) water piping shall be color-banded in accordance with BS 1710; 

(b) every supply pipe and every pipe for supplying water solely for fire-fighting purposes 

shall be clearly and indelibly marked to distinguish them from each other and every other 

pipe in the building. 
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Any water fitting conveying: 

(c) rainwater, recycled water or any fluid other than water supplied by a water 

undertaker; or 

(d) any fluid that is not drinking water shall be clearly identified in order to be easily 

distinguished from any supply pipe or distributing pipe. 

2.10.3 Record Drawings 

Except for single dwellings, during the installation of a water supply system, 

records of all pipe runs, cisterns, valves, and outlets, shall be kept. On completion of the 

works, record drawings of the completed installation shall be prepared. These shall be 

handed to the owner of the building. 

2.11 Inspection Testing and Commissioning of Installations 

Generally, inspections and tests shall be undertaken as installation proceeds, and 

on completion. Prior notice shall be given to the water supplier before any statutory 

inspections or tests are undertaken. Records of all tests undertaken shall be kept by the 

installer and handed over to the client on completion. 

2.11.1 Inspection 

The water supplier shall be allowed to carry out visual inspections. All internal 

pipework shall be inspected to ensure that it has been securely fixed. All cisterns, tanks, 

hot water cylinders, and water heaters shall be inspected to ensure that they are properly 

supported and secured, that they are clean and free from debris, and that cisterns are 

provided with correctly fitting covers before testing takes place. Unvented hot water 

storage installations shall be notified to the local authority to verify that they conform to 

building regulations. 

In the case of visual inspection of underground pipework, particular attention 

should be paid to the pipe bed, the line and level of the pipe, irregularities at joints, the 
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correct fitting of valves together with any other mains equipment specified, including the 

correct installation of thrust blocks where required, to ensure that protective coatings are 

undamaged. 

Trenches should be inspected to ensure that excavation is to the correct depth to 

guard against frost and mechanical damage due to traffic, plowing, or agricultural 

activities. No part of the pipe trench should be back-filled until these conditions have 

been satisfied and the installation seen to conform to the drawings and specifications. 

2.11.2 Hydraulic Testing 

Defects revealed by any of the following tests shall be remedied and the tests 

repeated until a satisfactory result is obtained. If the water is obtained from the water 

supplier’s mains it shall be taken in accordance with the supplier’s requirements. 

1. Testing of Underground Pipelines 

The installation to be tested shall be inspected for compliance with the drawings 

and specifications. Significant variations shall be investigated and corrected, if required, 

before proceeding with the test. After laying, jointing and anchoring, the underground 

pipeline shall be slowly and carefully filled with water so that all air is expelled and then 

tested under pressure depending on the material from which the pipeline is constructed. 

The system shall be tested to 1.5 times the maximum working pressure that the 

pipeline would be subjected to under normal operations. To avoid the risk of 

contamination, water used for testing shall be obtained from a drinking supply. Long 

pipelines should be tested in sections as the work proceeds. Final tests should be carried 

out only when all relevant work is complete. Completion for buried pipelines includes 

backfilling, compaction, and surface finish. 

2. Testing of Installations Within Buildings 

The installation shall be filled slowly with drinking water to allow air to be 

expelled from the system. The complete installation shall be inspected for leaks. The 
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installation shall be tested hydraulically by subjecting the pipes, pipe fittings, and 

connected appliances to a test pressure of not less than 1.5 times the maximum working 

pressure, depending on the materials from which the pipeline is constructed. There shall 

be no visible leakage of water and the pressure shall be maintained for one hour. 

NB: There are test procedures for (i) rigid pipes and; (ii) plastic pipes. 

2.11.3 Connection to Water Supply System 

When all inspections and tests have been successfully completed and the system 

accepted from the installer, the water supplier shall be informed that the system is 

available for permanent connection to the supply. Each draw-off tap, shower fitting, and 

float-operated valve should be checked for the rate of flow against the specified 

requirements. Performance tests should also be carried out on any connected specialist 

items to show that they meet the requirements detailed in the specification. 
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3.0 HOT WATER SYSTEMS (Civil Engineering-related Service) 

Hot water system service is designed to provide hot water at the point of use, in 

the quantities, and at the temperatures required by the user. However, these water 

temperatures and delivery times might not be achievable where hot water is provided by 

instantaneous water heaters or combination boilers. 

3.1 Choice of System 

Where the user’s requirements are not specified, and in particular where the user is 

not known, e.g. in speculative housing developments, an assessment of user needs shall 

be made based on the size and type of building, experience, and convention. Where a 

dwelling has only one bathroom it shall be assumed that immediately after filling a bath, 

some hot water will be required for kitchen use, but a second bath will not be required 

within 20 min to 30 min. Where a dwelling has two or more bathrooms, it shall be 

assumed that all the installed baths will be filled in succession and that hot water will 

immediately be required for kitchen use. 

3.2 Gas-Fired Water Heaters in Rooms Containing a Bath or Shower 

Gas-fired water heaters installed in a room used or intended to be used as a 

bathroom or shower room shall be of the room-sealed type. The appliance shall be 

installed in accordance with BS 5546. 

3.3 Water-jacketed Tube Heaters 

Water-jacketed tube heater installations supplied directly from a supply pipe shall 

accommodate expansion of water so that there is no discharge from the system except in 

emergency situations. The cold water feed might be from a supply pipe or a storage 

cistern. The water drawn for use passes through a heat exchanger in a reservoir of 

primary water heated by an integral or separate boiler. The size of this reservoir, which in 

some designs can include the space-heating circuit, the rate of heat input to it and the heat 

exchanger characteristics determine the amount and rate of flow of hot water that can be 
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provided without an unacceptable temperature drop. The primary circuit can be vented or 

sealed. The performance characteristics of individual appliances should be ascertained 

from the manufacturers. 

3.4 MAIN TYPES OF HOT WATER SYSTEMS:  

Although there are lots of ways to heat water in a house, there are three main types 

of hot water systems in use in use: open-vented, unvented and instantaneous. All three 

can be classified as - Storage-type Hot Water Systems. 

3.4.1 Open Vented Hot Water Systems 

This system uses many different parts to heat the water. It consists of a hot water 

cylinder, a cold water storage cistern (tank), special pipework (known as an open vent 

pipe), and a heat source to heat the water. There are two ways to make open vented hot 

water: by direct heating, and indirect heating. 

Direct Heating: the water is heated directly from the heat source either by an immersion 

heater or by the boiler. 

Indirect Heating: the central heating and the hot water are separate. The water is heated 

via a coil (heat exchanger) from a boiler. This is done because there is a set of radiators 

connected to the boiler; in this case water in the central heating system slowly becomes 

contaminated by iron residues from the radiators which would make the hot water 

unusable for washing. 

The components of an open vented hot water system are: 

1.  The Cylinder: This is the main part of the open vented hot water system where 

the hot water is heated. The heat can come from an immersion heater, directly from a 

boiler inside the cylinder, or indirectly from a boiler using a coil fitted in another 

compartment outside the cylinder. Often the indirectly heated cylinders come with an 

immersion heater backup in case of a boiler breakdown. 
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2. The Cylinder Coil (Heat Exchanger): is the tube that is often fitted to a cylinder 

to heat water using the water from the cistern to the central heating system. The pipe 

itself is coiled up inside the cylinder to give as much chance as possible for the pipe to 

‘touch’ the water in the cylinder and heat it. 

3. The Storage Cistern: is the reservoir of cold water used to supply the cylinder. 

This is always positioned above the cylinder to give a head of pressure (to make the water 

flow out of the cylinder). 

4. The Open Vent Pipe: is the main safety setup for an open vented hot water 

system. It helps the system cope with the expansion of water in the system. The open vent 

pipe should end in the storage cistern allowing for the control of expansion of the hot 

water in the system. 

3.4.2 Unvented Hot Water Systems: These systems are far more complicated and have 

many more parts in them but they do allow near mains pressure hot water supply. They 

are designed to do away with the storage cistern and operate at a much higher pressure 

than the open vented system. 

The components of an unvented hot water system are: 

1. Pressure Reducing Valve: This is placed on the incoming cold water main pipe 

to the hot water system to reduce the water pressure slightly and keep it at a constant 

level of pressure. 

2. Line Strainer: This is placed on the incoming cold water main pipe to filter out 

any particles that might come from the cold water system, because of the sensitive nature 

of some of the components (a small piece of grit could cause them to malfunction), the 

strainer keeps them clear. 

3. Expansion Vessel: This is used to deal with the expansion of the water in the 

system as it is heated. When water gets warmer, it gets bigger by up to 4% in volume. 
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The water has to go somewhere, the expansion vessel is designed to store this extra water 

and prevent part of the system from bursting. 

4. Temperature and Expansion Relief Valve: This valve is also part of the ‘sealed’ 

heating system. It is designed to remove pressure from the system. 

5. The Tundish: This is connected to the pipe coming from the relief valve. This 

device is placed in the pipeline to alert you to a fault in the system, as you will be able to 

see the water flowing out of the safety valve(s). 

3.4.3 Instantaneous Hot Water Heating Systems: This method involves using gas or 

electricity to heat the water to a useable temperature without the need to store the water. 

The electric versions use a coiled heating element to heat the water rapidly in a similar 

way to a kettle or immersion heater. 

The most common method to heat water is the use of a combination boiler, this 

type of boiler works by using the circuit that powers the central heating and diverting it to 

another ‘water to water’ heat exchanger (heat swapping). This part swaps out the heat 

from the heating water to the hot water parts of your home. 

3.5 Common Materials and Components: 

The following are materials and components are common to all hot water systems: 

1. Copper and Plastic Pipes: Pipes for hot systems can be either copper or plastic, 

and come in many sizes from 8mm to 35mm in diameter. 

2. Programmer/Timer: This decides to turn the heating boiler on or off, and 

controls the flow of heated water to the hot water cylinder or radiators. 

3. Cylinder Thermostat: This little box sits on the hot water cylinder about 1/3 

from the top. It measures when the water in the cylinder is warm enough (depending on 

what you set it to). As the cylinder cools down it will tell the programmer to turn it back 

on again. 
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4.  Immersion Heater: An immersion heater uses electricity to heat the water; it is 

the same as an electric kettle, but heats water on a much larger scale. Where as a kettle is 

300 – 500 watts, an immersion heater is 3000 – 5000 watts. 

SUMMARY 

There are two ways of providing hot water to the home: (a) by using a hot water 

cylinder to give a store of hot water. (b) by using a combination boiler or multipoint 

water heater to give instant hot water. Before deciding which system is right, a plumber 

needs to know how much water will be used at any one time and for how long.  

Hot water systems provide hot water around the home and are relatively 

straightforward, with the majority of new homes having an unvented hot water system or 

direct hot water system fed from a combination boiler. 

Stored hot water  Instantaneous hot water 

Advantages Advantages 

Can deal with high demand more easily  

Can be cheaper to run as water is 

heated only 

when used 

Water can be heated by green sources of 

energy like solar or biomass  

Hot water is produced very fast 

from cold 

Allows the connection of different types of 

water heating methods  

Can be cheaper to install than a 

storage system 

Emergency backup heat source can be fitted to 

allow hot water if a boiler fails  

No chance of water growing 

harmful bacteria 

Disadvantages Disadvantages 

Can be more expensive to run as water is 

heated even when not used  

Cannot deal easily with high 

demand 

Can take much longer to get hot water from cold 
Can be very hard to connect 

alternate sources of hot water 
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 heating methods 

Can be more expensive to install  

Water can only be heated by non-

green 

sources: gas, oil, or electricity 

Greater chance of the water growing harmful 

bacteria 

If the boiler fails there is no 

emergency backup 

heat source 
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4.0 SANITARY APPLIANCES 

 Sanitary appliances are devices fitted to drainage systems for the collection and 

discharge of soil or waste matter. Sanitary appliances may be grouped into (i) Soil 

Appliances, and (ii) Waste Appliances. Soil Appliances are sanitary appliances used for 

the collection and discharge of excretory matter, while Waste Appliances are sanitary 

appliances used for the collection and discharge of water after use for ablutionary (body 

washing), culinary (cooking), and other domestic purposes. Water closets are water 

flushed plumbing fixtures designed to receive human excrement directly from the user of 

the fixture. The term “water closet” is used sometimes to designate the room or 

compartment in which the fixture is placed. 

4.1 Preliminary Data for Selection of Appliances 

1. The position of the sanitary compartment, annexes, etc, shall be determined by 

consultation between the architect and the sanitary engineer while planning in the early 

stages.  

2. To ensure proper selection of sanitary appliances in number and kind, the sanitary 

engineer shall be provided with information as to the number and types of occupants who 

use the building. 

3. Water pressure shall be taken into account when selecting valves and fittings. 

4.2 Time Schedule 

1. Fixing positions of appliances shall be established before the commencement of 

building construction. As much work as possible needed in the assembly of appliances 

shall be prepared and fitted during the progress of the erection of the building before 

surface finishes are carried out. 

2. Soil, waste, and ventilating branch connection with supporting brackets shall be 

fitted before the erection of the appliances is begun. Appliances, except those 
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permanently built-in, shall not be fixed until floor and wall surfaces are finished and 

ready for decoration. 

4.3 Materials 

All sanitary appliances and their components shall be durable, impervious, 

corrosion-resistant, and have a smooth surface that can be easily cleaned. They shall 

conform to relevant standards where they exist, and they shall be of the best quality and 

workmanship which shall be approved by a competent authority. 

4.4 Design Considerations 

1. Kitchen 

The kitchen has many uses. It is used for preparing meals, food preservation, 

storage of food and utensils, and also in many cases for eating and laundering. Since 

more time and efforts are frequently spent in the kitchen than in any other area of the 

house, careful planning is especially important. This requires a proper selection of 

appliances and storage units and convenient arrangement of the area. 

General Guidelines 

 Arrangement: It will be important to consider the possibility of more than one 

person working there. The arrangement shall vary according to the size and shape 

of the space available, but the relationship among the functions in the different 

work areas shall not be ignored. 

 Storage: The design of the kitchen shall be functional in the sense of minimizing 

reaching and stooping. The storage facilities shall not be higher than a user can 

reach with both feet flat on the floor. Adequate space to store items, so that they 

may be easily seen, reached, grasped and taken down and put back without strain. 

Storage space shall be sufficiently flexible to permit its adjustment to varying 

amounts, sizes, and kinds of food and utensils. It shall be preferred to provide 

adjustable shelvings. 
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 Cooking Work Tops: The height of work tops shall permit comfortable working 

postures. The cooking top, where gas stoves are employed, the height of finished 

level shall not be more than an acceptable level, say 750 mm from finished floor 

level, and in case of other stoves like kerosene pressure stove, it shall not be less 

than 700 mm. Due consideration shall be given for storage of bottled gas 

(cylinder). If need be, the floor level under the cooking top shall be lowered to 

accommodate the height of the cylinder gas. 

 Work Tops: Work top height shall not exceed more than 800mm from the 

finished floor level. The breadth shall not be more than 600 mm. The width of the 

cooking, as well as the work top, may vary according to the shape and size of the 

kitchen but in any case, shall not be less than 900 mm for each activity. It is 

recommended to avoid placing a storage facility above the cooking top. The high-

level storage facility open or lockable may be provided under the work top. 

 Materials: Materials and finishes that minimize maintenance and cleaning shall 

be used. 

 Lighting: Comfortable level of light with minimum shadow shall be planned 

throughout the kitchen. Adequate day light or artificial lighting shall make the 

room more agreeable. One side of the kitchen shall have exposure to the external 

open space. 

 Ventilation: The kitchen shall have adequate natural ventilation as stated in any 

standard national building code. If need be, it shall be ventilated with mechanical 

means to remove objectionable kitchen odors. 

 Safety: Bums, scalds, falls and explosions shall be designed out of the kitchen. 

Sharp corners, exposed handles, and control knobs on the kitchen equipment shall 

be avoided. There shall be safety catches on doors and drawers to limit the 

exploratory activity of young children. 

2. Bathrooms: A bathroom is a space where washing of face, hands, and hairs, 

bathing, grooming (getting dressed), and also such activities as hand laundering 

and infant care are carried out. Design of bath room shall include planning for 
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optimum convenience and privacy, and also for all members of the household. It 

needs adequate provision for storage and equipment and ease of cleaning. 

General Guidelines 

 Arrangement: Facilities shall be conveniently arranged with special attention to 

clearance. The room arrangement shall permit more than one function. 

 Lighting (Illuminations): Lighting shall be adequate for all the activities 

performed. Direct sources of light shall be provided with high strip windows, clear 

storey windows, and sky lights. Luminous ceilings and artificial lighting are 

recommended. 

 Ventilation: Good ventilation shall be essential to reduce humidity and dispel 

odors. The bathroom shall have adequate natural ventilation as provided in any 

standard national building code. Care shall be exercised in its selection and 

placement of windows as ventilation. 

 Materials: It shall be essential that the surface materials used in the bath room 

shall have moisture-resistant finishes and non-slippery floors. 

 Safety: A grab bar shall be used vertically for the bathtub and shower and shall be 

located for convenient use. They shall be of adequate size and security fastened to 

sturdy backing or studs. The floor finish shall be nonskid (designed to reduce or 

prevent sliding without control). The door lock that opens automatically from 

inside and outside shall be installed in case of an emergency. Light switches shall 

be located out of reach of the bath and shower. 

 Miscellaneous Activities: The bath room shall also be planned for hygienic 

purposes in addition to other activities such as infant bathing, laundry, washing of 

clothes and storage of water, etc. The minimum space needed to bathe and dress 

an infant shall be 480 mm in breadth and 1500 mm in width; for an adult, a 

minimum bathing space of 1200 mm by 1200 mm (or 1200 mm diameter) is 

needed. Floor space shall be left in every bathroom or W.C. (water closet) for 

portable accessories desired by the owner or needed on any occasion for ease of 

infants or individuals. 
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 Doors and Windows: The bathroom door can be smaller but not less than 700 

mm wide to permit the passage of equipment as required. Door swings should be 

so arranged such that: 

(a) it shall not strike any person using any fixture. 

(b) it shall be away from the shower. 

(c) it may not shield or conceal the W.C. 

(d) the door may swing outside for small bathrooms. 

The size and position of a bath window should meet the requirements of 

light and ventilation and privacy. 

3. Shower: Shower tray for a standing bath or sunken floor for a squatting bath shall 

be provided. Sunken (descend to a lower level) bath floor level shall not be more 

than 60/70 mm. Showerhead height shall be governed by users' height, maybe 

overhead for men only 1,750 mm; however, 150 mm clearance shall be provided 

for above overhead. Minimum 1,900 mm is recommended for men; 1,830 mm for 

women and 1,675 mm for children; projection of shower shall vary according to 

design and shape. In case of a shower which is projected from a wall, it shall not 

be more than 450 mm, and height not exceed 2,200 mm from floor level. The 

shower valves or mixing valves shall be placed near the entrance to the shower. 

4. Toilet: Toilet may consist of a minimum of three fixtures such as shower 

stall/bathtub, washbasin, and water closets. It is common practice to provide four 

fixtures, like tub and shower stall, washbasin/dressing counter, and water closets. 

Luxurious type toilet consists of five fixtures: bathtub, shower stall, water closet, 

bidet, and counter fitted with washbasins, with the full length of a mirror. The 

arrangement of these fixtures is made with due consideration to clearances and 

piping systems. 

5. Water Closets: Generally, squatting type W.C. seats/pans are very common in 

rural and urban areas. However, the provision of western type i.e. down-flush type 

of W.C. seats in toilets is popular in metropolitan towns among the users suffering 

from arthritis, or piles, etc. Water closet space should accommodate not only the 
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pan but also a provision for water tap, tumbler, wall pegs, toilet paper holder, 

flushing valves, high or low cistern and storage for cleansing agents, etc. The 

design of W.C. shall include planning for optimum convenience and privacy for 

all the members of the family. 

 Arrangement: The location of water tap arrangement shall permit more than one 

function. In the case of the western type, the position of the W.C. and the toilet 

paper holder shall be placed within the convenient reach of users.  

 Lighting and Ventilation: Good lighting and ventilation shall be essential to 

illuminate the space and to reduce/dispel odors. Care should be exercised in its 

selection and placement of windows regard to the cistern. The design, shape, and 

size as well as color of the W.C. shall vary according to the taste of the user, 

however, the minimum dimensions as indicated in any building code shall be 

followed. 

6. Hand Wash Basin: The provision of handwash basins in housing or public toilets 

has become a necessity for personal care. It is generally used in a standing posture 

for washing hands, face, hairs, shaving, and also for makeup. The design, shape, 

size, and color of washbasins are available in varying degrees. The installation of 

washbasin may be mounted on a pedestal or fixed on a wall with/without brackets 

in cases where a corner-location special type shall be used. Since washbasin forms 

the part of wet areas in the building, careful planning of space, as well as proper 

selection of appliance and convenient arrangement, is needed. 
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5.0 METHODS OF SOLID WASTE (REFUSE) DISPOSAL 

 Solid waste can be defined as material that is considered to be of no further use to 

the owner(s). That which is of no further use to one person may be of use to another 

person. Solid waste may also be defined as any garbage, refuse, sludge from a wastewater 

treatment plant, water supply treatment plant, or air pollution control facility and other 

discarded materials including solid, liquid, semisolid, or gaseous materials resulting from 

industrial, commercial, mining and agricultural operations and community activities. 

The definition of solid waste is not limited to physically solid wastes. Many solid 

wastes are liquid, while others are semisolid or gaseous. The term solid waste, as defined 

by the statute, is very broad, including not only the traditional nonhazardous solid wastes, 

such as municipal garbage and industrial wastes, but also hazardous waste which is a 

subset of solid waste. For purposes of regulating hazardous wastes, EPA established by 

regulation a separate definition of solid waste. 

Definitions of Solid Waste: 

 Garbage (e.g., milk cartons and coffee grounds) 

 Refuse (e.g., metal scrap, wall board, and empty containers) 

 Sludges from waste treatment plants, water supply treatment plants, or pollution 

control facilities (e.g. scrubber slags). 

 Industrial wastes (e.g., manufacturing process wastewaters and non –wastewater 

sludges and solids). 

 Other discarded materials, including solid, semisolid, liquid, or contained gaseous 

materials resulting from industrial, commercial, mining, agricultural, and 

community activities (e.g. boiler slags). 

5.1 Non-hazardous Waste 

Non-hazardous waste is a subset of solid waste which may be defined as waste 

that is not capable of causing ill health and any condition that is fatal/can lead to loss of 
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life, like durable goods (e.g., appliances, tires, and certain types of batteries), nondurable 

goods (e.g., newspapers, books, magazines), containers and packaging, food wastes, yard 

trimmings, and miscellaneous organic wastes from residential, commercial, and industrial 

non-process sources. Non-hazardous waste includes non-recyclable and recyclable 

materials (for example, paper, plastics, aluminum, polystyrene, and organic waste such as 

kitchen waste and yard waste) generated by households and businesses, and organizations 

in the industrial, commercial, and institutional sector (such as manufacturers, restaurants, 

hotels, hospitals, offices, retail outlets, and construction and demolition projects). 

Characteristics of Non-Hazardous Waste: 

 Non-flammable, i.e. not ignitable. 

 Not corrosive (capable of causing damage to non-living substances it gets in 

contact with). 

  Not toxic (capable of causing damage to a living entity, or even a single cell). 

Ways to Dispose Non-Hazardous Waste:  

 By depositing it in a landfill (a dug area where waste is buried between layers of 

earth. 

 By incineration (thermal treatment). 

 By the use of a bioreactor landfill which transforms and degrades organic wastes 

more rapidly. An increase in waste degradation and stabilization is accomplished 

through the addition of liquid and air to enhance microbial processes. Degradation 

occurs in a shorter time than it actually occurs in a traditional “dry tomb” landfill 

(Municipal Solid Waste Landfill, MSWLF). This provides a potential decrease in 

long-term environmental risks. 

 By dewatering. Liquid wastes can be dewatered, while the resulting solids can be 

disposed of by conventional means. 
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5.2 Mixed Waste (Radioactive/Hazardous) 

 Mixed waste contains both hazardous and radioactive wastes. Mixed waste is 

much more expensive to manage and dispose of than solely radioactive waste. The EPA 

defines hazardous waste as a subset of solid wastes that is hazardous and poses 

substantial or potential threats to public health or the environment. Radioactive wastes 

are wastes that contain radioactive material. Radioactive wastes are usually by-products 

of nuclear power generation and other applications of nuclear fission. Radioactive waste 

is hazardous to most forms of life and the environment and is regulated by government 

agencies to protect human health and the environment. 

Characteristics of Mixed Waste: 

 Flammability and Ignitability: The waste burns or explodes with the application of 

fire, friction, electricity spark, or any source of heat; wastes with high ignitable 

potential and/or which burn vigorously and persistently. 

 Corrosivity: The ability of the wastes to cause skin and mucosal membrane 

damages, burns, and erosions, and dissolves or corrodes metallic surfaces. Such 

wastes have pH values lying between 2.5 and 12.5 at normal room temperatures 

(25
o
C). 

 Toxicity: A waste that can likely cause acute and chronic poisoning; long-term 

health effects (mutagenicity, teratogenicity, carcinogenicity). 

 Reactivity: A waste that reacts violently with water with the formation of toxic 

fumes, gases, or aerosols (Strong acids and HCN when mixed with water); and 

explodes when mixed with water. Such incidents can also occur when the waste is 

mixed with other chemicals producing the same effect. Wastes containing unstable 

chemicals are also in this category. 

 Infectivity: A waste with a potential to cause infectious diseases, such as hepatitis 

B. Example: medical wastes containing microbial cultures, pathological wastes, 

contaminated human blood and its products, sharps, skin-piercing objects, 

contaminated animal wastes, contaminated exudates, and secretions. 
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 Radioactivity: Wastes containing radioactive elements. Such wastes are mainly 

from biomedical training and research institutes. Wastes may include radioactive 

elements of uranium, molybdenum, cobalt, iodine. 

Ways to Dispose Mixed Waste: 

Disposal as a final step in the management of mixed waste like radioactive waste 

involves confinement or isolation of these wastes from the biosphere in the repositories 

(underground burial chamber). Based on the longevity and concentration of the 

radionuclide present in the waste, the repository could be either near-surface or in the 

deep geological formation. The following are methods that can be used to dispose mixed 

waste: 

 Near-Surface Disposal: Near-surface disposal refers to the emplacement of solid, 

or solidified, radioactive waste containing predominantly short-lived radionuclides in a 

disposal facility located at or near the land surface. The depth chosen for disposal, and 

the type of facility that is developed, will depend on some factors including, but not 

limited to, the nature of the waste and the local environmental conditions at the proposed 

site. An important feature of near-surface disposal is the possible need to maintain 

institutional control over the site for a period following any closure owing to the need to 

prevent disturbance of the facility and its contents by human activities. As a national 

policy in India, each nuclear facility has its own Near Surface Disposal Facility (NSDF). 

These NSDFs in India have to address widely varied geological and climatological 

conditions. The performance of these NSDFs is continuously evaluated to enhance the 

understanding of migration, if any, and to adopt measures for upgrading the predictability 

over a long period of time. Performance assessment of Reinforced Concrete Trench 

(RCT) is systematically undertaken through field investigations and predictive modeling. 

Investigations on operating RCTs and laboratory studies on NSDF materials have 

demonstrated that RCTs are in sound condition even after an operational period of three 

to four decades. 
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 Deep Geological Repository: Geologically, suitable rocks should be available to 

serve as host rocks for geological repository (underground chamber): granites, 

basalts, shales, etc. After characterizing the host rock for its geochemical, 

hydraulic, and rock mechanical properties, many zones (say 20) with a large area 

(say 100 km
2
) should be demarcated for use while other potential regions will be 

further investigated.  

 Backfills and Buffers for Geological Disposal: Backfills and buffers constitute the 

most important components of the multibarrier scheme adopted in a geological 

disposal system in hard rocks. These layers are placed between the waste overpack 

and the host rock mainly to restrict the groundwater flow towards the waste form 

and to retard the migration of radionuclides in the event of their release from the 

overpack. 

 Incineration: Hazardous waste can be destroyed by incinerating it at a high 

temperature. Also, the method of “Starved Air Incineration” can be employed; 

however, controlling the amount of oxygen allowed proves to be significant in 

reducing the amount of harmful by-products produced. SAI is an improvement of 

traditional incinerators in terms of air pollution. 

 Pyrolysis: thermochemical (heat generated from chemical reactions or physical 

transformations) decomposition of organic matter at elevated temperatures in the 

absence of oxygen (or any halogen: non-metallic elements like Fluorine, Chlorine, 

Bromine, Iodine, and Astatine). Halogens form acids when bonded with 

Hydrogen. 
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6.0 EQUIPMENT FOR AIR CONDITIONING & VENTILATION (Civil 

Engineering Service) 

 Air conditioning (often referred to as AC, A.C., or A/C) is the process of removing 

heat from a confined space, thus cooling the air, and removing humidity. Air conditioning 

can be used in both domestic and commercial environments. This process is used to 

achieve a more comfortable interior environment, typically for humans or animals; 

however, air conditioning is also used to cool/dehumidify rooms filled with heat-

producing electronic devices, such as computer servers, power amplifiers, and even to 

display and store artwork. 

Air conditioners often use a fan to distribute the conditioned air to an occupied 

space such as a building or a car to improve thermal comfort and indoor air quality. 

Electric refrigerant-based AC units range from small units that can cool a small bedroom, 

which can be carried by a single adult, to massive units installed on the roof of office 

towers that can cool an entire building. The cooling is typically achieved through a 

refrigeration cycle, but sometimes evaporation or free cooling is used. Air conditioning 

systems can also be made based on desiccants (chemicals that remove moisture from the 

air like Calcium Oxide) and subterraneous pipes that can distribute the heated refrigerant 

to the ground for cooling.  

In the most general sense, air conditioning can refer to any form of technology that 

modifies the condition of air (heating, cooling, (de-)humidification, cleaning, ventilation, 

or air movement). In common usage, though, "air conditioning" refers to systems that 

cool air. In construction, a complete system of heating, ventilation, and air conditioning is 

referred to as heating, ventilation, and air conditioning (HVAC; as opposed to AC).  

6.1 Air Conditioning 

During summer (the warmest season of the year), air conditioners and heat pumps 

work the same way to provide cooling and dehumidification. They extract heat from 
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inside the home and transfer it outside. Both systems typically use a vapor compression 

cycle. This cycle circulates a refrigerant, a material that increases in temperature 

significantly when compressed and cools rapidly when expanded. The exterior portion of 

a typical air conditioner is called the condensing unit and houses the compressor, the 

noisy part that uses most of the energy, and the condensing coil. 

An air-cooled condensing unit should be kept free from plants and debris that 

might block the flow of air through the coil or damage the thin fins of the coil. Ideally, 

the condensing unit should be located in the shade. However, do not block air flow to this 

unit with dense vegetation, fencing, or overhead decking. The inside mechanical 

equipment called “air-handling unit”, houses the evaporator coil, the indoor blower, and 

the expansion, or throttling valve. The controls and ductwork for circulating cooled air to 

the house complete the system. 

The following three approaches (equipment) can be used to provide cooling: 

(a) Chillers: These are machines that remove heat from a liquid via a vapor-

compression or absorption-refrigeration cycle. Its condenser can be air-cooled, water-

cooled, or evaporative. In air conditioning systems, chilled water is typically distributed 

to heat exchangers, or coils, in air handling units or other types of terminal devices which 

cool the air in their respective space(s). The water is then re-circulated back to the chiller 

to be cooled again. These cooling coils transfer sensible heat and latent heat from the air 

to the chilled water, thus cooling and usually dehumidifying the air stream. A typical 

chiller for air conditioning applications is rated between 15 and 2000 tons, and at least 

one manufacturer can produce chillers capable of up to 5,200 tons of cooling. Chilled 

water temperatures can range from 2°C to 7°C, depending upon application requirements. 

Water chillers can be water-cooled, air-cooled, or evaporatively cooled. Water-

cooled systems can provide efficiency and environmental impact advantages over air-

cooled systems. Chillers chill (cool) water pumped to cooling coils drawing the heat out 

of the air as it is blown over them in the air ducts. A separate condenser or cooling tower 
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removes the accumulated heat from the water as part of the refrigeration cycle in the 

chiller. 

       

       Figure 15: Diagram showing the components of a water-cooled chiller 

 

(b) Air conditioners that cool refrigerant running through evaporator coils drawing 

heat out of the air as it is blown over the coils. Most refrigerants used for air conditioning 

contribute to global warming, and many also deplete the ozone layer. The condenser is a 

heat exchanger which allows heat to migrate from the refrigerant gas to either water or 

air. A separate condenser releases the heat that builds up in the refrigerant. A compressor 

pumps the heat between the evaporator and the condenser. There may be one larger 

system or there may be several smaller, independent systems operating throughout the 

building. Air or water from cooling towers can also be used to draw the heat out of the 

refrigerant more effectively. 
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             Figure 16: Diagram Showing Compression Refrigeration System 

 

(c) Evaporative coolers that cool external air through evaporation. An evaporative 

cooler is a device that draws outside air through a wet pad, such as a large sponge soaked 

with water. Based on the simple principles of evaporation, hot and dry outside air is 

pumped through water-soaked pads called Chillcel pads. As the air blows through the 

Chillcel pads, the water is evaporated and the heat in the air is absorbed, which lowers the 

air temperature. A fan then pushes the cool air through the ducting system. Cooling units 

feature a patented centrifugal fan, which can be used in fan-only mode (no water) to blow 

fresh air through your home. 

It is important to remember that cooled air inside the building is not recirculated, so 

a door or window must be left open for this air to escape, providing the whole 

building with a complete change in the air for at least every two minutes. Evaporative 

coolers tend to feel as if they are not working during times of high humidity, when there 

https://en.wikipedia.org/wiki/Sponge_%28tool%29
http://www.breezair.com.au/features-of-breezair/#feature-1
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is not much dry air with which the coolers can work to make the air as cool as possible 

for dwelling occupants.  

   

                       Figure 17: Diagram Showing Evaporative Cooling System 

 

6.2 Ventilation 

 Ventilation is the intentional introduction of outside air into space. Ventilation is 

mainly used to control indoor air quality by diluting and displacing indoor pollutants; it 

can also be used for purposes of thermal comfort or dehumidification when the 

introduction of outside air will help to achieve desired indoor conditions. The intentional 

introduction of outside air can be categorized as either mechanical ventilation, or natural 

ventilation.  

Categories / Types of Ventilation 

(a) Mechanical (artificial) ventilation system uses powered fans or blowers to provide 

fresh air to rooms when the natural forces of air pressure and gravity are not enough to 

circulate air through a building. This may be accomplished by pressurization (in the case 

of positively pressurized buildings), or by depressurization (in the case of exhaust 

https://en.wikipedia.org/wiki/Indoor_air_quality
https://en.wikipedia.org/wiki/Thermal_comfort
https://en.wikipedia.org/wiki/Natural_ventilation
https://en.wikipedia.org/wiki/Natural_ventilation
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ventilation systems). Many mechanically ventilated buildings use a combination of both, 

with the ventilation being integrated into the HVAC system. 

(b) Natural ventilation is the intentional passive flow of outside air into a building 

through planned openings (such as louvers, doors, and windows). Natural ventilation 

does not require mechanical systems to move outside air, it relies entirely on passive 

physical phenomena, such as diffusion, wind pressure, or the stack effect. 

(c) Mixed mode (hybrid) ventilation systems use both mechanical and natural 

processes. The mechanical and natural components may be used in conjunction with each 

other or separately at different times of day or season of the year. Since the natural 

component can be affected by unpredictable environmental conditions it may not always 

provide an appropriate amount of ventilation. In this case, mechanical systems may be 

used to supplement or regulate the naturally driven flow. 

(d) Infiltration is the uncontrolled flow of air from outdoors to indoors through leaks 

(unplanned openings) in a building, typically through cracks in the building envelope, 

and through doors. When a building design relies on environmentally driven 

circumstantial infiltration to maintain indoor air quality, this flow has been referred to as 

adventitious (associated by chance and not an integral part) ventilation.  

Air leaks are unpredictable, and leakage rates for all houses vary. For example, air 

leakage is greater during cold, windy periods and can be quite low during hot weather. 

Thus, pollutants may accumulate during periods of calm weather even in drafty houses. 

These homes will also have many days when excessive infiltration provides too much 

ventilation, causing discomfort, high energy bills, and possible deterioration of the 

building envelope. 

 

Amount of Ventilation Required in a Building 

 All houses need ventilation to remove stale interior air and excessive moisture and 

to provide oxygen for the inhabitants. There has been considerable concern recently 

about how much ventilation is required to maintain the quality of air in homes. While it is 

difficult to gauge the severity of indoor air quality problems, building science experts and 

https://en.wikipedia.org/wiki/HVAC
https://en.wikipedia.org/wiki/Natural_ventilation
https://en.wikipedia.org/wiki/Diffusion
https://en.wikipedia.org/wiki/Wind_pressure
https://en.wikipedia.org/wiki/Stack_effect
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most indoor air quality specialists agree that the solution is not to build an inefficient, 

“leaky” home. While opening and closing of windows provide a means of controlling 

outside air for ventilation, this strategy is rarely useful on a regular, year-round basis. 

Most building researchers believe that no house is so leaky that the occupants can be 

relieved of concerns about indoor air quality. The researchers recommend mechanical 

ventilation systems for all houses. 

The amount of ventilation required depends on the number of occupants and their 

lifestyle, as well as the design of the home. The ASHRAE (American Society of Heating, 

Refrigerating and Air-Conditioning Engineers) standard for “Ventilation and Acceptable 

Indoor Air Quality in Low-Rise Residential Buildings” recommends that houses have 7.5 

natural cubic feet per minute (cfm) of fresh air per bedroom + 1, plus additional air flow 

equal to (in cubic feet per minute) 1% of the house conditioned area, measured in square 

feet.  

 For example, consider a 2000 square foot home, with 3 bedrooms, and assume an 

occupancy of 4 people. The amount of ventilation recommended by ASHRAE would be 

50 cfm, thus: 

           7.5 cfm x (3 + 1) + 1% x 2000 = 30 cfm + 20 cfm = 50 cfm 

Increasing the number of occupants or increasing the square footage of the home would 

increase the necessary ventilation requirements. 

Equipment for Natural Ventilation  

 Window types, operation, location, and shapes 

 Man-made openings like doors and chimneys 

 External elements like walls and screens 

Equipment for Mechanical Ventilation 

 Ceiling fans, wall-mounted fans, and table fans 

 Machines that draw air via ducts passed through the floors and walls of buildings, 

into the building.  
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 Roof ventilators with louvers that help fresh/cool air enter a building in one 

direction, and expel hotter air. The roof ventilators can also be solar-assisted to 

enhance the “stack effect” by increasing the air temperature at the top of the 

house. In natural ventilation, the stack effect is based on temperature difference 

within the space and the outside air – the hotter it is at the top of the building the 

quicker the latent warm air is allowed to escape. 

  

http://www.thegreenage.co.uk/natural-ventilation-what-you-need-to-know/
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6.0 INSTALLATIONS FOR INDUSTRIAL BUILDINGS (Civil Engineering 

Service) 

Certain recommendable standards have been drafted by the Institution of Gas 

Engineers and Managers (IGEM), and these standards cover the design, installation, 

operation, and maintenance of gas pipework which includes compressors, boosters, and 

pre-mix machines, but with an upper limit on a discharge pressure of 0.5 bar, on 

industrial and commercial premises. Part of these standards applies to new installations as 

well as to the replacement of, or extension of, existing pipework. 

It is not retrospective but it is recommended that existing installations be modified 

to meet these standards, when appropriate. Under normal circumstances, correctly jointed 

pipework should not leak throughout its lifetime. However, the local environment, 

mechanical damage, and interference could cause leakage to occur. Therefore, it is 

necessary to ensure that if leakage does occur, a dangerous condition will not result.  

For new installations, a full risk assessment of the design and work activities is 

usually carried out to minimize the risk of danger to the installer, the client, third parties, 

and property. Existing installations are subjected to completion of a risk assessment with 

improvements made as are reasonably practicable without excessive cost. For such 

installations, it is important that they be maintained and inspected as determined by the 

risk assessment.  

All persons engaged in the design, construction, commissioning, operation, 

maintenance, and alteration of pipework must be competent to carry out such work. 

Competency is achieved by an “appropriate” combination of education, training, and 

practical experience. 

7.1 Gases (NG) and Liquids (LNG) 

Natural gas is a naturally occurring hydrocarbon gas mixture consisting primarily 

of methane, and commonly including varying amounts of other higher alkanes, and 

sometimes small percentages of carbon dioxide, nitrogen, hydrogen sulfide, or helium. It 

is formed when layers of decomposing plant and animal matter are exposed to intense 

heat and pressure under the surface of the Earth over millions of years. The energy that 

https://en.wikipedia.org/wiki/Hydrocarbon
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Methane
https://en.wikipedia.org/wiki/Alkanes
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Hydrogen_sulfide
https://en.wikipedia.org/wiki/Helium
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the plants originally obtained from the sun is stored in the form of chemical bonds in the 

gas. 

Liquefied natural gas (LNG) is natural gas (predominantly methane, CH4, with 

some mixture of ethane C2H6) that has been converted to liquid form for ease of storage 

or transportation. It is odorless, colorless, toxic, and non-corrosive. Hazards include 

flammability after vaporization into a gaseous state, freezing, and asphyxia. The 

liquefaction process involves the removal of certain components, such as dust, acid gases, 

helium, water, and heavy hydrocarbons, which could cause difficulty downstream. The 

natural gas is then condensed into a liquid at close to atmospheric pressure by cooling it 

to approximately −162 °C (−260 °F); maximum transport pressure is set at around 25 kPa 

(4 psi). 

7.1.1 Planning 

(a) Consideration shall be given to the position of pipework in relation to other services 

and, in relation to different parts of building structures. Any requirements for other 

services and their relevant Codes of Practice shall be taken into account.  

(b) As necessary, it should be ensured that the designer obtains the following information 

concerning the meter installation and the pressures that it will be provided under various 

operating conditions: 

 the meter installation outlet design minimum pressure (= DmPmi) 

 the meter installation outlet lowest operating pressure (= LOPmi) 

 the meter installation outlet peak level operating pressure (can be considered as 

maximum outlet pressure) (= PLOPmi) 

 the meter installation outlet temporary operating pressure (= TOPmi) (if applicable) 

 the meter installation maximum incidental pressure (= MIPmi) 

 the meter installation outlet design pressure (= DPmi) 

 the meter installation outlet strength test pressure (= STPmi) 

 the capacity of the meter installation 

https://en.wikipedia.org/wiki/Natural_gas
https://en.wikipedia.org/wiki/Methane
https://en.wikipedia.org/wiki/Ethane
https://en.wikipedia.org/wiki/Odorless
https://en.wikipedia.org/wiki/Transparency_and_translucency
https://en.wikipedia.org/wiki/Toxicity
https://en.wikipedia.org/wiki/Corrosive_substance
https://en.wikipedia.org/wiki/Asphyxia
https://en.wikipedia.org/wiki/Liquefaction_of_gases
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Note 1: In many cases, some or all of the above information will be displayed on or near 

the meter installation. 

(c) The location and ventilation of the pipework and appliances shall take account of the 

results from risk assessments in order to ensure safety and adequate access for 

maintenance. 

(d) If it is planned to place pipework on existing supports, stanchions, or a steel 

framework, these shall be capable of supporting the existing load and added weight of the 

new pipework. 

(e) The position of any existing underground services shall be identified before installing 

any pipework that needs to be buried. 

(f) A full risk assessment of the design and work activities must be carried out to 

minimize the risk of danger to the installer, the client, third parties, and property. Where 

applicable, this should be incorporated into the full project planning exercise. 

Any risk of danger (due to the position and environment in which the pipework is 

installed) must be considered and steps taken as necessary to minimize the risk of the 

pipework being affected in the future. Pipework must not be installed in any area that 

poses an unacceptable risk; for example, in an inadequately ventilated void. Where 

identified by risk assessment, or required contractually, a suitable permit to work 

(including hot work) procedure shall be prepared and implemented.  

 

7.1.2 Design 

(a) The design should be carried out considering full load and if possible making 

allowance for future load. 

(b) Pipework design should make allowance to cover unforeseen practical installation 

problems that may require additional pipework and fittings. Consideration should also be 

given to the addition of future components or equipment; for instance, individual 

metering devices. 

(c) The design shall be sufficient to permit safe and straightforward commissioning, 

operation, and maintenance of the pipework system. This should include sufficient 
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isolation valves to permit maintenance and extension whilst minimizing disruption to the 

supply. 

(d) The design calculations should take account of the manufacturer’s data for pressure 

drop through their pipe, fittings, or equipment. The design should then include the 

specification of the type of pipe, fittings, and equipment to be installed to avoid 

exceeding the pressure drop requirements for the installation. 

(e) Gas quality: 

During the design stage consideration shall be taken of the different constituents of the 

gas and its dew point, that is condensates and acidic/sulfur content, and the possible 

consequential effect on materials and operations. 

(f) Gas flow rate: 

Account shall be taken of the required maximum gas flow rate and an allowance should 

be made for any possible future increase in the load. 

(g) Gas pressure: 

The pressure drop through a pipework system should not exceed the values given in 

certified codes. However, in any event, the maximum pressure drop chosen/used must 

ensure that there is effective operation of any connected appliance under all normal 

operating conditions, and safe operation of any connected appliance under all foreseeable 

conditions. 

(h) Where a section of installation pipework is to be supplied from a system having a 

higher pressure regime, appropriate overpressure protection devices shall be provided in 

addition to the pressure regulator if the downstream pipework, appliance(s), or appliance 

controls would not withstand the higher pressure under fault conditions. 

(i) The effect of altitude is relevant particularly in a high-rise building where, for LPG, 

the pressure reduction should be taken into account when sizing pipework and 

determining the test pressure. For NG, the effect of altitude is an increase in pressure. 

(j) Due allowance should be made for pressure loss within any fitting (elbow, tee, valve). 

(k) Gas velocity: 
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The velocity of gas through pipework, at maximum flow, should be as specified in 

certified codes. This velocity may be exceeded through valves and controls but should 

not exceed the manufacturer’s limits. 

(l) The pressure drop should be such that the limiting gas velocity is not exceeded. 

(m) Installation pipework subject to temperature variations above 60K that could lead to 

excessive stresses in that system shall incorporate components such as expansion joints to 

eliminate them. 

(n) Gas filters: 

Precautions shall be taken to prevent the ingress of debris; for example, the ingress of 

swarf (scrap from metal work) and welding scale into pipework during fabrication. 

Pipework that has been installed newly, or disturbed, shall be cleared of debris before the 

commencement of strength and tightness testing and purging. 

Dust, scale, and debris that travel at high velocity within pipework may severely 

damage valves, filters, etc. It is good engineering practice to minimize the risk of such 

damage or interference with the functioning of any valve, meter, etc. 

Filters should be installed such that contaminated filter elements can be replaced 

and the filter housing is positioned such that no debris can fall back into the pipework 

during element replacement. 

 

7.1.3 Principles for Installing Pipework 

(a) General: 

(i) Under normal circumstances, correctly jointed pipework should not leak throughout its 

lifetime. However, the local environment, mechanical damage, and interference could 

cause leakage to occur from pipework joints. Therefore, it shall be ensured that if leakage 

does occur, a dangerous condition will not result. 

(ii) Pipework joints shall be located in positions where air movement can dilute any 

leakage and prevent explosive concentrations from occurring. Therefore, it is important 

to locate pipework joints in ‘open positions’ where air movement is not restricted to 

avoid hazardous area implications. Dead areas where air movement is restricted by 
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appliances, equipment or structures, should be avoided unless local ventilation can be 

added to promote dilution. 

(b) Location of Pipework: 

(i) Pipework must be installed only in a position in which it can be used safely, having 

regard to the position of any other nearby service and to such parts of the structure of any 

building in which it is laid that might affect its safe use; for example, electrical intake 

chambers, transformer rooms and lift shafts. 

(ii) Pipework joints (other than welded, brazed, or soldered) unless buried shall be 

located in ventilated positions.   

(iii) Pipework must not be installed in an unventilated duct or void 

(iv) Pipework must not be installed in a cavity wall, neither shall it pass through a cavity 

wall except by the shortest possible route. 

(v) Pipework must not pass through or along a protected shaft containing a stair or lift 

(vi) Pipework in an exposed, high location, for example on the roof of a building, shall be 

protected by suitably positioned lightning conductors. 

(vii) Where hygiene is of importance such as in catering installations, the pipework shall 

be installed with at least 25 mm clearance between the pipework and an adjacent surface 

(such as a wall) to enable the pipework and the surface behind it to be cleaned. 

 

(c) Hazardous Area Considerations: 

(i) Hazardous area classification must be established for all 

pipework. The severity and thus the effects of the classification can be severely reduced 

by good design. 

(ii) During the design it is important to minimize the number of joints, ensure adequate 

ventilation, and provide access for inspection and maintenance. If this cannot be 

achieved, it may be necessary to apply a hazardous area classification to that part of the 

installation. 

(iii) Gas pipework (with any potential leak sources) shall be located in ventilated 

locations. 
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8.0 REFRIGERATION 

Refrigeration is a process of removing heat in a low-temperature reservoir and 

transferring it into a high-temperature reservoir. Heat transfer is typically driven by 

mechanical means; it can also be driven by heat, magnetism, electricity, laser, or other 

means. Refrigeration has many applications, including, but not limited to household 

refrigerators, industrial freezers, cryogenics (phenomena at very low temperatures), and 

air conditioning. Mechanical refrigeration technology has rapidly evolved in the last 

century, from ice harvesting to temperature-controlled rail cars. In most developed 

countries, cities are heavily dependent on refrigeration in supermarkets, to obtain their 

food for daily consumption. The system most suited to air conditioning is the vapor 

compression cycle. It is a sealed pipe system containing refrigerant, compressor, 

condenser coil, expansion valve, and evaporator coil, i.e. all the basic components of a 

domestic fridge. Refrigerants are very volatile and boil at extremely low temperatures of 

– 30ºC to – 40ºC. They are also capable of contributing to the depletion of the ozone 

layer when released into the atmosphere. Dichlorodifluoromethane (R12), known as 

CFC, is used in many existing systems, but banned for new products. 

Monochlorodifluoromethane (R22), known as HCFC, is less ozone-depleting. It is still 

used, whilst manufacturers research for more environmentally friendly alternatives.  

8.1 Vapor-Compression Refrigeration, or Vapor-Compression Refrigeration 

System (VCRS):  

In this system, the refrigerant undergoes phase changes; it is one of  many refrigeration 

cycles and the most widely used method for air-conditioning of buildings and 

automobiles. Also, it is used in domestic and commercial refrigerators, large-scale 

warehouses for chilled or frozen storage of foods and meats, refrigerated trucks and 

railroad cars, and a host of other commercial and industrial services. Oil refineries, 

petrochemical and chemical processing plants, and natural gas processing plants are 

among the many types of industrial plants that often utilize large vapor-compression 

refrigeration systems. 

https://en.wikipedia.org/wiki/Refrigerant
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Refrigeration may be defined as lowering the temperature of an enclosed space by 

removing heat from the space, and transferring it elsewhere. A device that performs this 

function may also be called an air conditioner, refrigerator, air-source heat pump, 

geothermal heat pump, or chiller (heat pump). 

8.1.1 Description of the Vapor-Compression Refrigeration System 

Vapor-compression uses a circulating liquid refrigerant as the medium which absorbs and 

removes heat from the space to be cooled and subsequently rejects that heat elsewhere. 

All VC systems have four components: a compressor, a condenser, a thermal expansion 

valve (also called a throttle valve or metering device), and an evaporator. A circulating 

refrigerant enters the compressor as a saturated vapor and is compressed to a higher 

pressure, resulting in a higher temperature as well. The hot, compressed vapor is at a 

temperature and pressure in which it can be condensed with either cooling water or 

cooling air that flows across the coil or tubes. This is where the circulating refrigerant 

rejects heat from the system and the rejected heat is carried away, by either the water or 

the air (whichever may be the case). 

The condensed liquid refrigerant, now existing as a saturated liquid, is next routed 

through an expansion valve where it undergoes an abrupt reduction in pressure. This 

pressure lowers the temperature of the liquid and vapor refrigerant mixture to where it is 

colder than the temperature of the enclosed space to be refrigerated. The cold mixture is 

then routed through the coil or tubes in the evaporator. A fan circulates the warm air in 

the enclosed space across the coil or tubes carrying the cold refrigerant liquid and vapor 

mixture. That warm air evaporates the liquid part of the cold refrigerant mixture. At the 

same time, the circulating air is cooled and lowers the temperature of the enclosed space. 

The evaporator is where the circulating refrigerant absorbs and removes heat which is 

subsequently rejected in the condenser and transferred elsewhere by the water or air used 

in the condenser. To complete the refrigeration cycle, the refrigerant vapor from the 

evaporator is again a saturated vapor and is routed back into the compressor.  
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9.0 VACUUM CLEANING 

Vacuum cleaning is a procedure whereby a vacuum cleaner (a.k.a. sweeper, or 

hoover), which uses an air pump and a centrifugal fan, creates a partial vacuum to clean 

up an environment by sucking dust and dirt, usually from floors and other surfaces such 

as upholstery (furniture) and draperies (clothing/cover on windows, etc.). The dirt is 

collected by either a dustbag or a cyclone (a centrifugal device for separating solid 

material from gases or liquids) for later disposal. Vacuum cleaners, which are used in 

homes as well as in industry, exist in a variety of sizes and models: small battery-

powered hand-held devices, wheeled canister models for home use, domestic central 

vacuum cleaners, huge stationary industrial appliances that can handle several hundred 

liters of dust before being emptied, and self-propelled vacuum trucks for recovery of 

large spills or removal of contaminated soil. 

 

Although “vacuum cleaners”, or the short form, i.e. vacuum, are neutral names, in some 

countries (UK, Ireland), hoover is used instead as a trademark, and as a verb. The name 

(hoover) comes from the Hoover Company, one of the first and more influential 

companies in the development of the vacuum device. The device is also sometimes called 

a sweeper although the same term also refers to a carpet sweeper, a similar invention. 

9.1 Major types of vacuum cleaners: 

1. Manual vacuums which use a rotating brush and bellows (mechanical devices that 

blow strong currents of air) for generating suction. 

2. Modern configurations (powered, domestic, and commercial vacuum cleaning 

types): 

i. Upright vacuum cleaners are popular in the United States, Britain, and numerous 

Commonwealth countries, but unusual in several other European countries. 

Typically, it uses a rotating brush roll or beater bar to remove dirt through a 

combination of sweeping and vibration. There are two types of upright vacuums: 

dirty-air/direct fan (found mostly on commercial vacuums), and clean-air/fan-

bypass (found on most of today's domestic vacuums). 
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ii. Canister models (in the UK: often called cylinder models) dominate the European 

market. They have a motor and dust collector (using a bag or bagless) in a separate 

unit, usually mounted on wheels, which is connected to the vacuum head by a 

flexible hose. Their main advantage is flexibility, as the user can attach different 

heads for different tasks, and maneuverability (the head can reach under furniture 

and makes it very easy to vacuum stairs and vertical surfaces). 

iii. Drum or shop-vac models are essentially heavy-duty industrial versions of 

cylinder vacuum cleaners, where the canister consists of a large vertically 

positioned drum that can be stationary or on wheels. 

iv. Wet or wet/dry vacuum cleaners are specialized types of cylinder/drum models 

that can be used to clean up wet or liquid spills. They are generally designed to be 

used both indoors and outdoors and to accommodate both wet and dry debris; 

some are also equipped with an exhaust port or detachable blower for reversing the 

airflow, a useful function for everything from clearing a clogged hose to blowing 

dust into a corner for easy collection. 

v. Pneumatic or pneumatic wet/dry vacuum cleaners are a specialized form of 

wet/dry models that hook up to compressed air. They commonly can accommodate 

both wet and dry soil, a useful feature in industrial plants and manufacturing 

facilities.  

vi. Backpack vacuum cleaners are commonly used for commercial cleaning: they 

allow the user to move rapidly about a large area. They are essentially small 

canister vacuums strapped onto the user's back. 

vii. Hand-held (lightweight) vacuum cleaners, either powered from rechargeable 

batteries or mains power, are also popular for cleaning up smaller spills. Some 

battery-powered handheld vacuums are wet/dry rated; the appliance must be 

partially disassembled and cleaned after picking up wet materials, to avoid 

developing unpleasant odors. 

viii.  Robotic vacuum cleaners are forms of carpet sweepers usually equipped with 

limited suction power. These machines move autonomously while collecting 
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surface dust and debris into a dustbin. They can usually navigate around furniture 

and come back to a docking station to charge their batteries, and a few are capable 

of emptying their dust containers into the dock as well. Most models are equipped 

with motorized brushes and a vacuum motor to collect dust and debris. While most 

robotic vacuum cleaners are designed for home use, some models are appropriate 

for operation in offices, hotels, hospitals, etc. 

ix. Cyclonic vacuum cleaners do not use filtration bags, instead, the dust is separated 

in a detachable cylindrical collection vessel or bin. Air and dust are sucked at high 

speed into the collection vessel at a direction tangential to the vessel wall, creating 

a fast-spinning vortex. The dust particles and other debris move to the outside of 

the vessel by centrifugal force, where they fall due to gravity. 

x. Central vacuum cleaners, also known as built-in or ducted, are a type of 

canister/cylinder model which has the motor and dirt filtration unit located in a 

central location in a building and connected by pipes to fixed vacuum inlets 

installed throughout the building. Only the hose and cleaning head need to be 

carried from room to room, and the hose is commonly 8 m (25 ft) long, allowing a 

large range of movement without changing vacuum inlets. Plastic or metal piping 

connects the inlets to the central unit. The vacuum head may be unpowered or 

have beaters operated by an electric motor or by an air-driven turbine. 

The dirt bag or collection bin in a central vacuum system is usually so large that 

emptying or changing needs to be done less often, perhaps a few times per year for 

an ordinary household. The central unit usually stays in stand-by and is turned on 

by a switch on the handle of the hose.  

xi. A vacuum truck or vacuum tanker is a type of tank truck that has a pump and a 

tank, designed to pneumatically suck liquids, sludges, slurries, or mixtures of sand 

and water without the contact of any mechanical equipment. Vacuum trucks are 

used to transport the collected material to a treatment or disposal site; for example, 

a sewage treatment plant. They are used to transport fecal sludge (human excreta 

mixed with water, e.g. from septic tanks). They also transport some industrial 
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liquids or slurries or animal waste from livestock facilities with pens. Vacuum 

trucks can be equipped with a high-pressure pump if they are used to clean out 

sand from sewers. 

xii. Others: Some other vacuum cleaners include an electric mop in the same machine: 

for a dry, and also for a wet clean. The electric mop can scrub the floor and 

vacuum (empty) dirty water into a collection tank. 

  

https://en.wikipedia.org/wiki/Manure
https://en.wikipedia.org/wiki/Mop


Page 60 of 67 
 

10.0 FIRE-FIGHTING SYSTEMS (Civil Engineering Service) 

Fire is a phenomenon that everyone is familiar with. We use it daily to heat our 

homes and cook our meals. When harnessed, the power and energy from fire serve us 

well; however, when it is uncontrolled, a fire can quickly consume and destroy whatever 

lies in its path. While we are all familiar with fire, few of us are aware of its nature and 

complex processes. 

Millions of unexpected fires occur every year and cause damage amounting to 

several billions of dollars. Fortunately, most fires are small and easily suppressed. Water 

is the most popularly used (universal) agent to control and suppress unwanted fires, be it 

a small incident, or a large industrial conflagration. Water suppresses fires by oxygen 

deprivation through smothering and by heat absorption. Three and eight-tenths (3.8) liters 

(one gallon) of water will absorb about 1,512 kCal when vaporized to steam in a fire. It is 

the most efficient, cheapest, and most readily available medium for extinguishing fires of 

a general nature.  

In the investigation of fire incidents, the performance of the facility firewater 

pumps is usually one of the first issues raised. Additionally, insurance underwriters are 

also keenly interested in the installation and annual performance testing of fire pumps 

during their surveys of the facility and initial assessment of its protection measures. It has 

been stated on one occasion that the failure of the firewater system in twelve of the 

hundred worst industrial fire incidents has been a major contributing factor in the 

resulting large-scale damage that ensued. Roughly stated, approximately ten percent of 

all industrial fire incidents involve failure of the firewater system to meet its objective 

requirements. Thus, it is imperative that these systems be designed, installed, and 

operated to provide reliable and high integrity service. It is most probable that the twelve 

incidences of failed firewater systems mentioned above were all in compliance with local 

and national codes for the firewater system yet they still failed to give adequate service to 

the incident. 



Page 61 of 67 
 

Not every pump that is manufactured is "permitted" to be used in a firewater 

pumping system. The major difference between the wide range of commercially available 

pumps and qualified fire pumps are the requirements (i.e., standards and specifications) 

for their manufacture and installation established by Underwriters Laboratories (UL), 

Factory Mutual (FM), and NFPA (National Fire Protection Association) or other national 

and international regulatory approval agencies. Yet many industrial locations use 

firewater pumps that have not been listed or approved. Some pumping systems are 

available that may meet the letter or intent of these requirements but have not been 

officially submitted for approval or listing marks, although they may be perfectly 

satisfactory for firewater service. These features and options must be evaluated by the 

authority having jurisdiction, to achieve an acceptable, practical, and economical 

firewater pump installation. 

Fire-fighting systems and equipment vary depending on the age, size, use, and 

type of building construction. A building should contain some or all of the following 

popular features:  

 fire extinguishers 

 fire hose reels 

 fire hydrant systems 

 automatic sprinkler systems. 

10.1 Fire extinguishers 

A fire extinguisher is a fire protection device used to extinguish or control small fires, 

often during emergencies. Typically, it consists of a hand-held cylindrical pressure vessel 

containing an agent which can be discharged to extinguish fire. Fire extinguishers 

manufactured with non-cylindrical pressure vessels also exist, but are less common. Fire 

extinguishers are generally required to be serviced at least annually. There are two main 

types of extinguishers: store-pressure (where the expelling gas is stored in the same 

chamber as the fire-fighting agent), and cartridge-operated (where the expelling gas is in 
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a separate cartridge that is punctured before discharge). Fire extinguishers are provided 

for a 'first attack' fire-fighting measure, generally undertaken by the occupants of the 

building before the fire service arrives. It is important for occupants to be familiar with 

any   type of extinguisher they intend to use in extinguishing a fire. Most fires start as a 

small fire and may be extinguished if the correct type and amount of extinguishing agent 

is applied whilst the fire is small and controllable. The principal fire extinguisher types 

currently available include: 

Extinguishing Agent     Principle Use 

Water wood and paper fires - not electrical 

Foam flammable liquid fires - not electrical 

Carbon dioxide electrical fires 

Dry Chemical flammable liquids and electrical fires 

Wet chemical fat fires - not electrical 

Special Purpose various (e.g. metal fires) 

Fire extinguisher locations must be clearly identified. Extinguishers are color-

coded according to the extinguishing agent. Generally, fire extinguishers are placed at the 

exits of buildings, so that occupants first go to the exit and then return to fight the fire, 

knowing that a safe exit lies behind them, away from the fire. In some instances, this will 

be at odds with the prescriptive requirements of Australian Standard AS2444 Portable 

fire extinguishers and fire blankets selection and location, which simply specifies a 

distance of travel to a fire extinguisher rather than their location in relation to escape 

paths. Blind compliance with the standard has the potential to place the fire between the 

occupant and the safe escape path. 

10.2 Fire hose/Fire hose reels 

A fire hose is a high-pressure hose that controls water or other fire retardants (such as 

foam) to a fire in order to extinguish it. The usual working pressure of a fire hose can 
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vary between 8 and 20 bar (i.e. 800 and 2000 kPa). After use, a fire hose is usually hung 

to dry because standing water that remains in a hose for a long time can deteriorate the 

material and render it unreliable or unusable. Fire hose reels are provided for use by 

occupants as a “first attack” fire-fighting measure but may, in some instances, also be 

used by fire-fighters. When stowing a fire hose reel, it is important to first attach the 

nozzle end to the hose reel valve, then close the hose reel valve, then open the nozzle to 

relieve any pressure in the wound hose, then close the nozzle. This achieves two principal 

objectives: 

 A depressurized hose and hose reel seal will last longer than if permanently 

pressurized. 

 When the hose reel is next used, the operator will be forced to turn on the isolating 

valve, thus charging the hose reel with a pressurized water supply before being 

able to drag the hose to the fire. A potential danger exists if the operator reaches 

the fire and finds no water is available because the hose reel valve is still closed. 

Because hose reels are generally located next to an exit, in an emergency it is 

possible to reach a safe place simply by following the hose. In South Australia, a unique 

floor mounted swivel hose guide is often employed which lays the hose at floor level, 

before being dragged by the operator. In practice for a single person, this makes 

withdrawal of the hose much easier than does the traditionally high-level swinging arm 

hose guide. 

10.3 Fire hydrant (diesel/electric-driven) systems 

A fire hydrant, also called a fireplug, fire pump, johnny pump, or simply pump, is 

a connection point by which firefighters can tap into a water supply; they are high-

pressure water pumps designed to increase the fire-fighting capacity of a building by 

boosting the pressure in the hydrant service when mains is not enough. A user attaches a 

hose to the fire hydrant, then opens a valve on the hydrant to provide a powerful flow of 

water, on the order of 350 kPa (50 pounds per square inch gauge: this pressure varies 
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according to each region, and depends on various factors including the size and location 

of the attached water main). Users can attach this hose to a fire engine, which can use a 

powerful pump to boost the water pressure and possibly split it into multiple streams. 

Fire hydrant systems are installed in buildings to help fire-fighters quickly attack 

the fire. Essentially, a hydrant system is a water reticulation system used to transport 

water to limit the amount of hose that fire-fighters have to lay, thus speeding up the fire 

fighting process. Fire hydrants are for the sole use of trained fire-fighters (which includes 

factory fire-fighting teams). Because of the high pressures available, serious injury can 

occur if untrained persons attempt to operate the equipment connected to such 

installations. 

Fire hydrant systems sometimes include ancillary (subordinate/subsidiary) parts 

essential to their effective operation such as pumps, tanks, and fire service booster 

connections. These systems must be maintained and regularly tested if they are to be 

effective when needed. The placement of such equipment needs to comply with fire 

service operational procedures. 

                                    

   Fig. 18: Diagram of Fire Hydrant 
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10.4 Automatic Sprinkler Systems 

A fire sprinkler system is an active fire protection method that consists of a water 

supply system, providing adequate pressure and flow rate to a water distribution piping 

system connected to fire sprinklers. A fire sprinkler or sprinkler head is the component of 

a fire sprinkler system that discharges water when the effects of a fire have been detected, 

such as when a predetermined temperature has been exceeded. Fire sprinklers are 

extensively used worldwide, with over 40 million sprinkler heads fitted each year. In 

buildings protected by properly designed and maintained fire sprinklers, over 99% of 

fires were controlled by fire sprinklers alone. Although historically, they were only used 

in factories and large commercial buildings, systems for homes and small buildings are 

now available at a cost-effective price. Fire sprinkler systems are extensively used 

worldwide, with over 40 million sprinkler heads fitted each year. In buildings completely 

protected by fire sprinkler systems, over 96% of fires were controlled by fire sprinklers 

alone. According to NFPA (National Fire Protection Association), fires in hotels with 

sprinklers averaged 78% less damage than fires in hotels without them (1983–1987). The 

NFPA says the average loss per fire in buildings with sprinklers was $2,300, compared to 

an average loss of $10,300 in unsprinklered buildings. The NFPA adds that there is no 

record of a fatality in a fully sprinklered building outside the point of fire origin. 

However, in a purely economic comparison, this is not a complete picture; the total costs 

of fitting and the costs arising from non-fire triggered release must be factored. 

Time is essential in the control of fire. Automatic sprinkler systems are one of the 

most reliable methods available for controlling fires. Today's automatic fire sprinkler 

systems offer state-of-the-art protection of life and property from the effects of fire. 

Sprinkler heads are now available which are twenty times more sensitive to fire than they 

were ten years ago. A sprinkler head is really an automatic (open once only) tap. The 

sprinkler head is connected to a pressurized water system. When the fire heats the 

sprinkler head, it opens at a pre-set temperature, thus allowing pressurized water to be 

sprayed both down onto the fire and also up to cool the hot smoky layer and the building 
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structure above the fire. This spray also wets combustible material in the vicinity of the 

fire, making it difficult to ignite, thereby slowing down or preventing fire spread and 

growth. 

When a sprinkler head operates, the water pressure in the system drops, activating 

an alarm that often automatically calls the fire service via a telephone connection. Some 

people say sprinklers cause a lot of water damage. As has been explained, sprinkler heads 

operate when they are heated by incidents of fire; all sprinklers in a building do not 

operate at once. Usually, non-fire water damage only occurs if the occupants carelessly 

damage the system. Fire-fighters use much more water than sprinkler systems. The 

combined damage from a fire and the water used by fire-fighters dramatically exceeds 

that likely from a properly installed sprinkler system. Because, historically, complete 

extinguishment of fires has not been achieved, it is traditional to consider that sprinklers 

only control fire growth until there is intervention by the fire service. Today, some 

sprinkler systems are designed for early suppression and are considered to have failed if 

they do not extinguish the fire. Sprinkler systems are usually installed in high or large 

buildings and high fire hazard occupancies. Statistics show that in a majority of cases 

where sprinklers are installed the fire has been controlled by one sprinkler head alone. 

          

Fig. 19: A fire sprinkler mounted on a ceiling 
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 Another type of sprinkler (the closed-head sprinkler) has a heat-sensitive glass 

bulb (see below) which breaks as a result of the thermal expansion of the liquid inside the 

bulb. The time it takes before a bulb breaks is dependent on the temperature. Below the 

design temperature, it does not break, and above the design temperature, it breaks, taking 

less time to break as temperature increases above the design threshold. The response time 

is expressed as a response time index (RTI), which typically has values between 35 and 

250 m
½
s

½
, where a low value indicates a fast response. Under standard testing procedures 

(135 °C air at a velocity of 2.5 m/s), a 68 °C sprinkler bulb will break within 7 to 33 

seconds, depending on the RTI. The RTI can also be specified in imperial units, where 

1 ft
½
s

½
 is equivalent to 0.55 m

½
s

½
. The sensitivity of a sprinkler can be negatively 

affected if the thermal element has been painted. 

                                                     

Fig. 20: Standard spray sprinkler head with blue bulb indicating a high release temperature 
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