
Unit-4 (Electrical Wiring & Installation) 

 

Electrical Wiring system:  A network of wires connecting various accessories for distribution of electrical energy from 

the supplier meter board to the numerous electrical energy consuming devices such as lamps, fans and other domesti c 

appliances through contriolling and safety devices is known as a wiring system. A typical house wiring circuit is shown in 

the fig.-1. 

 
                                                                                  Fig.-1 

Systems of distribution of electrical energy:  Since as per recommendation of Indian Standards the maximum number 

of points of lights, fans and 5A socket outlet that can be connected in one circuit is 10 and the maximum load that can be 

connected in such a circuit is 800 W, in case more load or points are required to be connected to the supply, then it is to 

be done by having more than one circuit.  

Distribution Board System: In distribution board system, which is most commonly adopted for distribution of electrical  

in a building, the fuses of various circuits are grouped together on a distribution board, sometimes simply known as fuse 

board. Connections necessary for connecting two or more than two circuits, each consisting of 10 or less number of lamps 

is shown in fig.-2. 

The two copper strips known as bus bars fixed in a distribution board of hardwood or metal case are connected to the 

supply mains through a double pole iron clad (DPIC) switch so that the installation can be switched off.    A fuse is 

inserted  in the positive or phase pole of each circuit so that each circuit is connected up through its own particular fuse.  

The number of circuits and sub-circuits is decided as per number of points to be wired and load to be connected to 

thesupply system. 

 
                                                                                    Fig.-2 

 



Tree system:  Another system of distribution of electrical energy in a building is a tree system. In this system smaller 

branches are taken from the main branch as shown in fig.-3 and the wiring system resembles a tree. As each branch is 

taken off,  a fuse is inserted. This system used to be employed in early days. Now a days it is no more adopted due to the 

following drawbacks. 

(i) The voltage across all the lamps does not remain the same. 

(ii) A number of joints are involved in every circuit. 

(iii) Fuses are scattered. 

(iv) In case of occurrence of faults all the joints have to be located.  

 
                                                                                       Fig.-3 

Methods of Wiring:  There are two methods of wiring known as joint box system (or Tee system) and loop in system. 

(i) Joint Box or Tee System:  In joint box system the connections to the lamps are made through joints made in 

joint box by means of suitable connectors or joint cutouts. In this method though there is a saving in the quantity 

of wire or cable required but the  same is offset by the extra cost of joint boxes.  The other disadvantage I sthe 

number of ‘T’ connection made in wiring system results in weakness if not properly made. Now a days the use of 

this system is limited to temporary installations only as its cost is low. 

 
Fig.-4 

(ii) Loop-in System:   this system is universally used for connections of various lamps or other appliances in 

parallel. In this system when a connection is required at a light or switch, the feed conductor is looped in by bringing it 

direct to the terminal and then carrying it forward again to the next point to be fed as shown in fig.-4. The switch and light 

feeds are carried round the circuit in a series of loops from one point to another until the last point on the circuit is 

reached.  



 
                                                                                                 Fig.-5 

 The phase or line conductors are looped either in switch board or box and neutrals are looped either in switch board or 

from light or fan.  Line or phase should never be looped from light or fan. 

Selection or choice of wiring system: 

(i) Safety 

(ii) Durability 

(iii) Appearance 

(iv) Mechanical protection 

(v) Accessibility 

(vi) Low initial cost 

(vii) Low maintenance cost 

 

Types of Electrical wiring systems: 

(1) Cleat wiring system 

(2) TRS wiring system 

(3) Lead sheathed wiring system 

(4) Wooden batten wiring system 

(5) Plastic Casing-capping system 

(6) Conduit wiring system 

(i) Conduit surface wiring 

(ii) Concealed conduit wiring 

1. Cleat wiring system:  In this system of internal wiring the cables used are either vulcanized Indian Rubber (VIR) of 

Polyvinyl chloride (PVC) type. The cables are held by porcelain cleats about 6 mm above the walls or ceiling. The 

cleats are made in two halves, one base and the other cap. The base is grooved to accommodate the cables and the cap 

is put over it and the whole of it is then screwed on the wooden plugs (gutties) previously cemented into the wall and 

ceiling. The cleats used are of different sizes and different types in order to accommodate cables of various sizes and 

different number of cables respectively. The cleats are of three types; one groove, two grooves and thre grooves to 

accommodate one, two and three cables respectively.   



                      
Advantages: 

(i) It is the cheapest system of internal wiring. 

(ii) Its installation and dismantlement is easy and quick. 

(iii) Material is recoverable after the dismantlement. 

(iv) Inspection, alterations and additions can be easily made. 

(v) Skilled labour required is little. 

Disadvantages: 

(i) It is not good looking. 

(ii) The wires are exposed to mechanical injury.  

(iii) Oil and smoke are injurious to VIR insulation. 

(iv)  

2. Casing-Capping wiring system: This is one of the simplest form of electrical wiring system. This is little bit 

old/conventional wiring system. Now a days, we often use this wiring system. PVC insulated cables are placed in 

plastic casing and covered with cap. The casing is of rectangular cross section. 

The colour of casing channel and cap are normally white or grey. The casing channel and cap are normally made of 

plastic. The casing channels and caps are available in market in standard sizes. 

Advantages: 

(i) It is the cheapest wiring system as compared to concealed wiring system. 

(ii) It is strong and long lasting wiring system. 

(iii) Replacement and alteration of defective wire is easy. 

(iv) It provides protection against mechanical damage. 

(v) It is safe from oil, steam, smoke and rain. 

(vi) No risk of electric shock due to covered wires and cables in casing and capping. 

Disadvantages: 

(i) Since it requires better workmanship, the labour cost is high. 

(ii) This type of wiring can be used only on surface and cannot be concealed in plaster. 

(iii) Internal condensation of moisture may cause damage to the insulation. 

 

3   Conduit wiring system:  In this system of wiring steel tubes or PVC pipes known as conduits are installed on the 

surface of wall by means of saddles or buried  under plaster and VIR or PVC cables are drawn afterwards by means of GI 

wire.  

Advantages: 

(i) It provides protection against mechanical damage. 

(ii) It provides complete protection fire due to short circuit. 

(iii) The whole system is waterproof. 

(iv) Replacement and alteration of defective wiring is easy. 

(v) Its life is long. 

(vi) It is shocked proof also if earthing is properly done. 

Disadvantages: 

(i) It is very costly system of wiring. 



(ii) Its eraction is not easy and required time. 

(iii) Experienced and highly skilled labour is required for carrying out the job.  

 

Conductor materials used in cables:  The function of conductor usually known as core in cable is to carry electrical 

current. Copper and aluminium are the materials used as conductors in power and lighting cables. 

 

Copper: Though silver is the best conductor of heat and electricity but due to its high cost it is rarely used. The next bets 

conductor is copper. It is cheaper as compared to silver. The electrical conductivity of copper is comparatively high. The 

resistivity of pure copper is 1.786 × 10−8 Ω − 𝑚.  It is mechanically strong, hard, extremely tough, durable and ductile. 

It is highly resistive to corrosion, oxidation etc. it can be easily soldered and welded. The specific weight of copper is 

8900 kg/𝑚3 at    20𝑜𝐶 or 9.9 𝑔 𝑐𝑚3⁄ . Its melting point is 1083 oC. 

 

Aluminium: Aluminium is frequently used in place of copper for electric cables used for long distance power 

distribution. The electrical conductivity of aluminium is about 60% of copper (resistivity being 2.87× 10−8 Ω − 𝑚 at 20 
oC) so for same resistance for a given length, the aluminium required will be 1.61 times that of copper in volume and 1,26 

times that of copper in diameter.  The only application of aluminium cables for wiring in the buildings is for the 

‘continous busbar’ system of distribution. 

Classification of cables:  The cables employed for internal wiring of building my be divided into different groups. 

According to: 

(i) Conductor used  

(ii) Number of cores 

(iii) Voltage grading 

(iv) Types of insulation used. 

(i) According to conductor: 

(a) Copper conductor cable 

(b) Aluminium conductor cable 

(ii) According to number of cores: 

(a) Single core cable 

(b) Two core cable 

(c) Three core cable 

(iii) According to voltage Grading: 

(a) 250/440 V cable 

(b) 650/100 v cable 

(iv) According to type of insulation: 

(a) Vulcanized Indian rubber (VIR) cable 

(b) Polyvinyl chloride (PVC) cable 

(c) Lead sheathed cable 

(d) Weather proof cable 

(e) Flexible cable 

(f) Cross linked polyethylene (XLPE) cable 

(g) Tough rubber sheathed (TRS) cable 

 

Insulating Materials: the conductor is covered with insulating material so that it may prevent leakage of current from the 

conductor i.e. the insulating material should be extremely high resistive to the flow of electric current through it. The 

insulating materials used in electric cables should possess the following properties: 

(i)   High insulation resistance to avoid the leakage current. 

(ii) High dielectric strength to avoid electrical breakdown of the cable. 

(iii) High mechanical strength to withstand the mechanical handling of cables. 

(iv) Non-hygroscopic 



(v) Non-inflammable 

(vi) Low cost 

(vii) Unaffected by acids and alkalies to avoid any chemical action. 

 

Types of insulating Materials:  

Rubber: Rubber may be obtained from milky sap of tropical trees or it may be produced from oil products. It has 

relative permittivity varying between 2 and 3, dielectric strength is about 30 kV/mm and resistivity of insulation 

is 1017 Ω − 𝑐𝑚. Although pure rubber has reasonably high insulating properties, it suffers from some major 

drawbacks viz., readily absorbs moisture, maximum safe temperature is low (about 38ºC), soft and liable to 

damage due to rough handling and ages when exposed to light. Therefore, pure rubber cannot be used as an 

insulating material. 
 

Vulcanised India Rubber (V.I.R.). It is prepared by mixing pure rubber with mineral matter such as zine oxide, 

red lead etc., and 3 to 5% of sulphur. The compound so formed is rolled into thin sheets and cut into strips. The 

rubber compound is then applied to the conductor and is heated to a temperature of about 150ºC. The whole 

process is called vulcanisation and the product obtained is known as vulcanised India rubber. 

Vulcanised India rubber has greater mechanical strength, durability and wear resistant property than pure rubber. 

Its main drawback is that sulphur reacts very quickly with copper and for this reason, cables using VIR insulation 

have tinned copper conductor. The VIR insulation is generally used for low and moderate voltage cables. 

 

Impregnated paper. It consists of chemically pulped paper made from wood chippings and impregnated with 

some compound such as paraffinic or napthenic material. This type of insulation has almost superseded the 

rubber insulation. It is because it has the advantages of low cost, low capacitance, high dielectric strength and 

high insulation resistance. The only disadvantage is that paper is hygroscopic and even if it is impregnated with 

suitable compound, it absorbs moisture and thus lowers the insulation resistance of the cable. For this reason, 

paper insulated cables are always provided with some protective covering and are never left unsealed. If it is 

required to be left unused on the site during laying, its ends are temporarily covered with wax or tar. 

Since the paper insulated cables have the tendency to absorb moisture, they are used where the cable route has a 

*few joints. For instance, they can be profitably used for distribution at low voltages in congested areas where the 

joints are generally provided only at the terminal apparatus. However, for smaller installations, where the lenghts 

are small and joints are required at a number of places, VIR cables will be cheaper and durable than paper 

insulated cables. 

 

Varnished cambric. It is a cotton cloth impregnated and coated with varnish. This type of insulation is also 

known as empire tape. The cambric is lapped on to the conductor in the form of a tape and its surfaces are coated 

with petroleum jelly compound to allow for the sliding of one turn over another as the cable is bent. As the 

varnished cambric is hygroscopic, therefore, such cables are always provided with metallic sheath. Its dielectric 

strength is about 4 kV/mm and permittivity is 2.5 to 3.8. 

 

Polyvinyl chloride (PVC). This insulating material is a synthetic compound. It is obtained from the 

polymerisation of acetylene and is in the form of white powder. For obtaining this material as a cable insulation, 

it is compounded with certain materials known as plasticizers which are liquids with high boiling point. The 

plasticizer forms a gell and renders the material plastic over the desired range of temperature. 

Polyvinyl chloride has high insulation resistance, good dielectric strength and mechanical toughness over a wide 

range of temperatures. It is inert to oxygen and almost inert to many alkalies and acids. Therefore, this type of 

insulation is preferred over VIR in extreme enviormental conditions such as in cement factory or chemical 

factory. As the mechanical properties (i.e., elasticity etc.) of PVC are not so good as those of rubber, therefore, 

PVC insulated cables are generally used for low and medium domestic lights and power installations. 

 

(1) PVC cables:  These cables are available in 250/440 v and 650/1100 V and are used in casing-capping, wooden batten 

and conduit wiring system. In this type of cable conductor is insulated with PVC insulation. Since PVC is harder than 

rubber, PVC cables does not required cotton tapping and bedding over it for mechanical and moisture protection. 

 

(2) Weather Proof Cable:  These cables are used for outdoor wiring and for power supply or industrial supply. Theses 

cables are either PVC insulated or VIR insulated conductors. Being suitably tapped (only in case of VIR cable) 



braided and then compounded with weather resisting material. These cable are available in 240/415 V and 650/1100 

V. theses cables are not affected by heat or sun or rain. 

 

 

(3) Flexible cords and cables: the flexible cords consist wires silk/cotton/plastic covered. Plastic cover is popular as it is 

available in different colours. Flexible cords have tinned copper conductors. Flexibility and strength is obtained by 

using conductors having number of strands. These wires or cables are used as connecting wires for such purposes as 

from ceiling rose to lamp holder, socket outlet to portable apparatus such as radios, fans, lamps heaters etc. These 

must not be used in fixed wiring. 

 

Fuse: Fuse is a current interrupting device which breaks or opens the circuit (in which it is inserted) by fusing the 

element when the current in the circuit exceeds a certain value. 

Fuse Element or Fuse wire: It is that part of the fuse which actually melts when an excessive current flows in the circuit 

and thus isolates the faulty device from the supply circuit. 

 

Principle of Operation: The action of a fuse is based upon the heating effect of the electric current. In normal operating 

conditions, when the current flowing through the circuit is within safe limits, the heat developed in the fuse element 

carrying this current is readily dissipated into the surrounding air, therefore, fuse element remains at a temperature below 

its melting point. However, when some fault such as short circuit occurs or when the load connected in a circuit exceeds 

its capacity, the current exceeds the limiting value, the heat generated due to this excessive current cannot be dissipated 

fast enough and the fusible element gets heated, melts and breaks the circuit.  

 

Current Rating: This rating  is specified by manufacturer. It is defined as the rms value of the current which the fuse 

wire can carry continuously without deterioration, and with temperature rise within specified limit.  

Fusing Current:  It is defined as the minimum value of current at which the fuse element or fuse wire melts.  

For a round wire the approximate value of fusing current is given by 

𝐼 = 𝑘 𝑑
3

2⁄  

𝑤ℎ𝑒𝑟𝑒 𝑘 𝑖𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑐𝑎𝑙𝑙𝑒𝑑 𝑡ℎ𝑒 𝑓𝑢𝑠𝑒 constant, depending upon the metal of the fuse element. Sir W.H. Preece has 

given the value of the constant k as indicated in the table. 

 

S.No. Metal Melting point in oC Specific resistance in 𝜇Ω − 𝑚𝑚 Value of fuse constant k 

for d in m 

1 Silver 980 16 - 

2 Tin 240 112 12.8 

3 Zinc 419 60 - 

4 Lead 328 210 10.8 

5 Copper 1090 17 80 

6 Aluminium 665 28 59 

 

     Fuse Element Materials:  The materials used fuse element must be of low melting point, low ohmic losss, high 

conductivity (or low resistivity), low cost and free from deterioration. Experience has shown that the most  generally 

suitable material for the fuse element is a low melting point material such as tin, lead or zinc. 

The materials commonly used for fuse elements are tin, lead, silver, copper, zinc, aluminium and alloy of lead and tin. An 

alloy of led and tin (lead 37% and tin 63%) is used for small current rating fuses( say not beyond 15A). for current 

exceeding 15 A this alloy is not used as the diameter of the wire will be larger and after fusing the metal released will be 

excessive. 

Advantages of Fuse: 

(a) It is the cheapest form of protection available. 

(b) It needs no maintenance. 

(c) Its operation iss completely automatic. 

(d) It interrupts an enormous short circuit current without noise, flame, gas or smoke. 

 

Disadvantages: 

Considerable time is lost in rewiring or replacing a fuse element after operation. 


