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Unit 3 

Layout and hydraulics of different distribution systems, pipe fittings, valves and appurtenances, 

Analysis of distribution system. Hardy cross method, leak detection, maintenance of distribution 

Systems, service reservoir capacity and height of reservoir. 

 

Note on RESERVOIRS AND DISTRIBUTION SYSTEM (SYSTEMS OF SUPPLY - LAYOUT OF DISTRIBUTION 

SYSTEM) 

Things to remember 

3.1 Systems of Supply: 

3.1.1 Continuous System: 

The system of supply in which water is transmitted to the consumers 24 hours a day is called continuous 

system. 

Advantages: 

 No use of reservoir or other public tanks 

 Favorable for firefighting purposes 

 Less pipe diameter is used 

 Clear and fresh water 

 No suspended materials are present 

 Less wastage of water 

Disadvantages: 

 Leakage increases 

 Difficult to repair 

 Large size of source is necessary 

3.1.2 Intermittent System: 

In this system, water is supplied only during fixed hours of the day is called intermittent supply. 

Advantages: 

 Repair and maintenance are easy in this system 

 Wastage of water due to leakage is less 

 During emergency and system breakdown, the water stored for the domestic purpose can be 

utilized. 

Disadvantages: 

 Storage tank needs to be built 

 Not favorable for firefighting purposes 

 Pipe diameter needs to be increased 

 No of valves increases 

 Clear and fresh water is not available 
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3.2 Reservoirs: 

Reservoirs are the tanks which are used to store water for various purposes. Larger the reservoir size 

more would be the reliability and high would be the cost. On the basis of use (purposes) it is classified 

as: 

 Clean Water Reservoir 

 Service Reservoir 

3.3 Clean Water Reservoir: 

Clean water reservoir are those reservoirs that stores water that has been treated and clear. The clean 

water should have the capacity of 14 to 16 hours of daily water demand. The larger the size of the clean 

water reservoir, higher would be the reliability but higher would be the cost. 

7.4 Service Reservoir: 

Service Reservoir is constructed after clear water reservoir where clear water is not kept. They are used 

to provide storage to meet fluctuation in demand of water. It has three main functions as: 

 Balancing or equalizing flow 

 Break down reserve 

 Firefighting reserve 

3.4.1 Types of service reservoir: 

 Surface Reservoir 

 Elevated Reservoir 

3.4.2 Construction of Service Reservoir: 

Surface Reservoir: 

 

Surface Reservoir 

They are also called as ground or non-elevated reservoir. They are rectangular or circular in shape. The 

supply may be by gravity flow or by pumping. Pumping is avoided as far as possible to minimize the cost. 

They are constructed with two compartments so that one can be used when other is being repaired. The 

two compartments are connected by control valves. It consists of an inlet pipe. The reservoir contains 

ventilation for aeration. Overflow pipes are provided at full supply level to maintain a constant level in 

the reservoir. The deposited sludge can be removed through washout pipes during occasional cleaning. 

The outlet pipes are placed at the higher level than the washout pipes. 

Elevated Reservoir: 
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Elevated Reservoir 

they are also known as overhead tanks.  

They are rectangular, elliptical or circular in shape.  

It consists of the inlet for entry, the outlet for the exit, ventilation for aeration, and overflow pipe at full 

supply level to maintain a constant level.  

It consists of the ladder to reach the top of the reservoir and manhole for regular inspection. 

3.5 Water Consumption Pattern: 

It refers to the variation in the amount of water consumed with respect to time. The water consumption 

pattern depends upon the several factors listed as: 

 Location 

 Climatic Condition 

 Type of society 

 System of supply 

 Cost and metering 

 Quality of water 

 Distance from the source 

3.6 Determination of balancing reservoir capacity: 

Tank capacity = Maximum cumulative surplus + Maximum cumulative deficit – total inflow + total 

demand. 

Inflow > Outflow, reduce the tank by the difference of surplus or overflow occurs. 

Inflow <= outflow, no consideration. 

3.7 Layout of the distribution system: 

It is a network of pipeline that conveys water to the consumers in the community. 

3.7.1 Dead end/ Tree system/ Branched System: 
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Dead End System 

It is a layout which consists of one supply main from which sub mains are taken and branches are taken 

from the sub main which ends at service consumers. 

Advantages: 

 It is a simple layout which is easy to be performed. 

 Analysis and calculations are easy. 

 Construction cost is less. 

 Pipe with less diameter can be used. 

 A number of valves required are less. 

 It is easy to operate and maintain. 

Disadvantages: 

 Stagnation of water at the dead end. 

 Pressure remain unbalanced. 

 The problem occurs during firefighting as the discharge is low. 

 Suspended particle settles in the pipe. 

 The problem arises when repair need to be done as large part (area) gets affected. 

Looped System: 

3.7.2 Grid Iron System 
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Grid Iron System 

It is also known as reticulation system. This system is an improvement over dead end system. In this type 

of system main, sub mains and branch are interconnected. Along the main roads, the main supply line is 

laid. Submains are then taken in both the directions as shown in the figure. Branches are taken from 

mains and sub-mains and are interconnected. 

Advantages: 

 No stagnation of water takes place as there is no dead ends present. 

 Water is available in adequate amount for firefighting. 

 The suspended particle does not settle in the pipe. 

 Only a small part (area) gets affected during repair. 

Disadvantages: 

 Analysis and calculations are difficult. 

 A number of valves required are more. 

 The cost is more for laying pipes than in dead end layout. 

 

Ring and Radial System 

3.7.3 Ring System/Circular System: 

An area to be served is fixed and then the main is laid around that area. The submains are taken from 

the mains and are run on inside the area to be served. This system is used for cities with planned roads. 

It has similar advantages and disadvantages as grid iron system. 

 

3.7.4 Radial System: 

In this system the area to be served is divide into smaller zones and each zone is supplied with the 

distribution reservoir and the water is supplied radially towards the distribution zone. It supplies water 

with high pressure and low head loss. It is just the reverse of the ring or circular system.During actual 

practice, only a single way of the layout is not possible so a combination of layouts is used. 
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PIPING AND PLUMBING FITTING 

 

Copper fittings for soldered joints 

 

Pipe fittings: 1) Copper (solder); 2) Iron or brass (threaded); 3) Brass (compression); 4) Brass 

(compression to solder); 5) Brass adapters 

 

PVC fittings 

A fitting is used in pipe systems to connect straight pipe or tubing sections, adapt to different sizes or 

shapes and for other purposes, such as regulating (or measuring) fluid flow. "Plumbing" is generally used 

to describe the conveyance of water, gas, or liquid waste in domestic or commercial environments; 

"piping" is often used to describe the high-performance (high-pressure, high-flow, high-temperature or 

hazardous-material) conveyance of fluids in specialized applications. "Tubing" is sometimes used for 

lighter-weight piping, especially that flexible enough to be supplied in coiled form. 

Fittings (especially uncommon types) require money, time, materials and tools to install, and are an 

important part of piping and plumbing systems.[1] Valves are technically fittings, but are usually discussed 

separately. 
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8.5 Brazing 

8.6 Welding 

8.7 Compression fittings 

8.8 Push-to-pull compression fittings 

8.9 Flare fittings 

8.10 Flange fittings 

8.11 Mechanical fittings 

8.12 Crimped or pressed fittings 

8.13 Leaded hub fittings 

8.14 Rubber sleeve fittings 

1. Standards 

Standard codes are followed when designing (or manufacturing) a piping system. Organizations which 

promulgate piping standards include: 

ASME: American Society of Mechanical Engineers 

A112.19.1 Enameled cast-iron and steel plumbing fixtures standards 

A112.19.2 Ceramic plumbing fixtures standard 

ASTM International: American Society for Testing and Materials 

API: American Petroleum Institute 

AWS: American Welding Society 

AWWA: American Water Works Association 

MSS: Manufacturers Standardization Society 

ANSI: American National Standards Institute 

NFPA: National Fire Protection Association 

EJMA: Expansion Joint Manufacturers Association 

CGA: Compressed Gas Association 

Pipes must conform to the dimensional requirements of: 

ASME B36.10M: Welded and seamless wrought-steel pipe 

ASME B36.19M: Stainless-steel pipe 

ASME B31.3 2008: Process piping 

ASME B31.4 XXXX: Power piping 

The B31.3 and B31.4 codes have requirements for piping found in petroleum refineries; chemical, 

pharmaceutical, textile, paper, semiconductor, and cryogenic plants, and related processing plants and 

terminals. These codes specify requirements for materials and components, design, fabrication, assembly, 

erection, examination, inspection and testing of piping. The codes are applicable to piping for all fluids, 

including raw, intermediate and finished chemicals; petroleum products; gas, steam, air and water; 

fluidized solids; refrigerants, and cryogenic fluids. 

2. Materials 
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Display of threaded cast-iron fittings 

The material with which a pipe is manufactured is often the basis for choosing a pipe. Materials used for 

manufacturing pipes include: 

Carbon (CS) and galvanized steel 

Impact-tested carbon steel (ITCS) 

Low-temperature carbon steel (LTCS) 

Stainless steel (SS) 

Malleable iron 

Non-ferrous metals (includes copper, Inconel, incoloy and cupronickel) 

Non-metallic (includes acrylonitrile butadiene styrene (ABS), fiber-reinforced plastic (FRP), polyvinyl 

chloride (PVC), high-density polyethylene (HDPE) and toughened glass) 

Chrome-molybdenum (alloy) steel — generally used for high-temperature service 

The bodies of fittings for pipe and tubing are most often the same base material as the pipe or tubing 

connected: copper, steel, PVC, chlorinated polyvinyl chloride (CPVC) or ABS. Any material permitted by 

the plumbing, health, or building code (as applicable) may be used, but it must be compatible with the 

other materials in the system, the fluids being transported and the temperature and pressure inside (and 

outside) the system. Brass or bronze fittings are common in copper piping and plumbing systems. Fire 

hazards, earthquake resistance and other factors also influence the choice of fitting materials. 

3. Gaskets 

Gaskets are mechanical seals, usually ring-shaped, which seal flange joints.[2] Gaskets vary by 

construction, materials and features. Commonly used gaskets are non-metallic (ASME B 16.21), 

spiral-wound (ASME B 16.20) and ring-joint (ASME B 16.20). Non-metallic gaskets are used with flat- or 

raised-face flanges. Spiral-wound gaskets are used with raised-face flanges, and ring-joint gaskets are 

used with ring-type joint (RTJ) flanges. Stress develops between an RTJ gasket and the flange groove 

when the gasket is bolted to a flange, leading to plastic deformation of the gasket.[3] 

4. Gender 

Downloaded from  be.rgpvnotes.in

Page no: 9 Follow us on facebook to get real-time updates from RGPV

https://en.wikipedia.org/wiki/File:BritanniaIronWorksTubeFittings.JPG
https://en.wikipedia.org/wiki/Carbon_steel
https://en.wikipedia.org/wiki/Galvanization
https://en.wikipedia.org/wiki/Stainless_steel
https://en.wikipedia.org/wiki/Malleable_iron
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Inconel
https://en.wikipedia.org/wiki/Incoloy
https://en.wikipedia.org/wiki/Cupronickel
https://en.wikipedia.org/wiki/Acrylonitrile_butadiene_styrene
https://en.wikipedia.org/wiki/Fibre-reinforced_plastic
https://en.wikipedia.org/wiki/Polyvinyl_chloride
https://en.wikipedia.org/wiki/Polyvinyl_chloride
https://en.wikipedia.org/wiki/High-density_polyethylene
https://en.wikipedia.org/wiki/Toughened_glass
https://en.wikipedia.org/wiki/Steel
https://en.wikipedia.org/wiki/Chlorinated_polyvinyl_chloride
https://en.wikipedia.org/wiki/Building_code
https://en.wikipedia.org/wiki/Brass
https://en.wikipedia.org/wiki/Bronze
https://en.wikipedia.org/wiki/Fire_protection
https://en.wikipedia.org/wiki/Fire_protection
https://en.wikipedia.org/wiki/Earthquake
https://en.wikipedia.org/wiki/Gasket
https://en.wikipedia.org/wiki/O-ring
https://en.wikipedia.org/wiki/Piping_and_plumbing_fitting#cite_note-2
https://en.wikipedia.org/wiki/Piping_and_plumbing_fitting#cite_note-3
https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Page 10 of 42 
 
 

See also: Gender of connectors and fasteners 

Piping or tubing is usually inserted into fittings to make connections. Connectors are assigned a gender, 

abbreviated M or F. An example of this is a "3/4-inch female adapter NPT", which would have a 

corresponding male connection of the same size and thread standard (in this case, NPT). 

5. Common piping and plumbing fittings 

This section discusses fittings primarily used in pressurized piping systems, though there is some overlap 

with fittings for low-pressure or non-pressurized systems. Specialized fittings for the latter setups are 

discussed in the next major subsection. 

5.1 Elbow 

See also: Street elbow 

 

Short-radius (or regular) 45° elbow (copper sweat) 

 

Long-radius (or sweep) 90° elbow (copper sweat) 

An elbow is installed between two lengths of pipe (or tubing) to allow a change of direction, usually a 90° 

or 45° angle; 22.5° elbows are also available. The ends may be machined for butt 

welding, threaded (usually female), or socketed. When the ends differ in size, it is known as a reducing 

(or reducer) elbow. 

A 90º elbow, also known as a "90 bend", "90 ell" or "quarter bend", attaches readily to plastic, copper, 

cast iron, steel, and lead, and is attached to rubber with stainless-steel clamps. Other available materials 

include silicone, rubber compounds, galvanized steel, and nylon. It is primarily used to connect hoses to 

valves, water pumps and deck drains. A 45º elbow, also known as a "45 bend" or "45 ell", is commonly 

used in water-supply facilities, food, chemical and electronic industrial pipeline networks, 

air-conditioning pipelines, agriculture and garden production, and solar-energy facility piping. 

Elbows are also categorized by length. The radius of curvature of a long-radius (LR) elbow is 1.5 times the 
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pipe diameter, but a short-radius (SR) elbow has a radius equal to the pipe diameter. Short elbows, 

widely available, are typically used in pressurized systems, and in physically tight locations. 

Long elbows are used in low-pressure gravity-fed systems and other applications where low turbulence 

and minimum deposition of entrained solids are of concern. They are available in acrylonitrile butadiene 

styrene (ABS plastic), polyvinyl chloride (PVC), chlorinated polyvinyl chloride (CPVC), and copper, and are 

used in DWV systems, sewage, and central vacuum systems. 

5.2 Coupling 

 

Pipe coupling (copper sweat) 

A coupling connects two pipes. If their sizes differ, the fitting is known as a reducing coupling, reducer, or 

an adapter. There are two types of couplings: "regular" and "slip". A regular coupling has a small ridge or 

stop internally, to prevent over-insertion of a pipe, and thus under-insertion of the other pipe segment 

(which would result in an unreliable connection). A slip coupling (sometimes also called a repair coupling) 

is deliberately made without this internal stop, to allow it to be slipped into place in tight locations, such 

as the repair of a pipe that has a small leak due to corrosion or freeze bursting, or which had to be cut 

temporarily for some reason.. Since the alignment stop is missing, it is up to the installer to carefully 

measure the final location of the slip coupling to ensure that it is located correctly. 

5.3 Union 

 

Combination union and reducer (brass threaded) 

A union, similar to a coupling, allows the convenient future disconnection of pipes for maintenance or 

fixture replacement. In contrast to a coupling requiring solvent welding, soldering, or rotation (for 

threaded couplings), a union allows easy connection and disconnection, multiple times if needed. It 

consists of three parts: a nut, a female end and a male end. When the female and male ends are joined, 

the nut seals the joint by pressing the two ends tightly together. Unions are a type of very compact flange 

connector. 

Dielectric unions, with dielectric insulation, separate dissimilar metals (such as copper and galvanized 
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steel) to prevent galvanic corrosion. When two dissimilar metals are in contact with an electrically 

conductive solution (ordinary tap water is conductive), they form an electrochemical couple which 

generates a voltage by electrolysis. When the metals are in direct contact with each other, the electric 

current from one to the other also moves metallic ions from one to the other; this dissolves one metal, 

depositing it on the other. A dielectric union breaks the electrical path with a plastic liner between its 

halves, limiting galvanic corrosion. 

Rotary unions allow mechanical rotation of one of the joined parts, while resisting leakage. 

5.4 Nipple 

Main article: Nipple (plumbing) 

 

Nipple 

A nipple is a short stub of pipe, usually male-threaded steel, brass, chlorinated polyvinyl chloride (CPVC), 

or copper (occasionally unthreaded copper), which connects two other fittings. A nipple with continuous 

uninterrupted threading is known as a close nipple. Nipples are commonly used with plumbing and 

hoses. 

 

5.5 Reducer 

 

Bronze threaded (at left) and copper sweat (at right) reducers 

Main article: Reducer 

A reducer allows for a change in pipe size to meet hydraulic flow requirements of the system or adapt to 

existing piping of a different size. Although reducers are usually concentric, eccentric reducers are used 

as needed to maintain the top- or bottom-of-pipe level. 

5.6 Double-tapped bushing 

A double-tapped bushing is a fitting which serves as a reducer. It is a sleeve similar to a close nipple, but 

is threaded on both its inner and outer circumferences. Like a reducer, a double-tapped bushing has two 

threads of different sizes. 

A double-tapped bushing is more compact than a reducer, but not as flexible. While a double-tapped 

bushing has a smaller female thread concentric to a larger male thread (and thus couples a smaller male 
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end to a larger female), a reducer may have large and small ends of either gender. If both ends are the 

same gender, it is a gender-changing reducer. 

There are similar fittings for both sweat and solvent joinery. Since they are not "tapped" (threaded), they 

are simply called reducing bushings. 

5.7 Tee 

 

Copper sweat tee 

A tee, the most common pipe fitting, is used to combine (or divide) fluid flow. It is available with female 

thread sockets, solvent-weld sockets or opposed solvent-weld sockets and a female-threaded side outlet. 

Tees can connect pipes of different diameters or change the direction of a pipe run, or both. Available in 

a variety of materials, sizes and finishes, they may also be used to transport two-fluid mixtures. Tees may 

be equal or unequal in size of their three connections, with equal tees the most common. 

5.8 Diverter tee 

This specialized type of tee fitting is used primarily in pressurized hydronic heating systems, to divert a 

portion of the flow from the main line into a side branch connected to a radiator or heat exchanger. The 

diverter tee is designed to allow flow to continue in the main line, even when the side branch is shut 

down and not calling for heat. Diverter tees have directional markings which must be heeded; a tee 

installed backwards will function very poorly. 

5.9 Cross 

Crosses, also known as four-way fittings or cross branch lines, have one inlet and three outlets (or vice 

versa), and often have solvent-welded socket or female-threaded ends. Cross fittings may stress pipes as 

temperatures change, because they are at the center of four connection points. A tee is steadier than a 

cross; it behaves like a three-legged stool, and a cross behaves like a four-legged stool. Geometrically, any 

three non-collinear points can self-consistently define a plane; three legs are inherently stable, whereas 

four points over determine a plane, and can be inconsistent, resulting in physical stress on a fitting. 

Crosses are common in fire sprinkler systems (where stress caused by thermal expansion is not generally 

an issue). But are not common in plumbing. One cross fitting is more expensive than two tees. 
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5.10 Cap 

 

Copper sweat cap 

Caps, usually liquid- or gas-tight, cover the otherwise open end of a pipe. A cap attaches to the exterior 

of a pipe, and may have a solvent-weld socket end or a female-threaded interior. The exterior of an 

industrial cap may be round, square, rectangular, U- or I-shaped, or may have a handgrip. If a 

solvent-weld cap is used to provide for a future connection point, several inches of pipe must be left 

before the cap; when the cap is cut off for the future connection, enough pipe must remain to allow a 

new fitting to be glued onto it. 

5.11 Plug 

A plug fits inside the pipe segment or fitting to which it is mated. In a threaded plumbing system, plugs 

have male threads. There are a number of plug types: mechanical, pneumatic-disk, single-size pneumatic 

rubber, multi-size pneumatic and flow-through, and high-pressure.[further explanation needed] Special temporary 

plugs, usually made of flexible rubber, may be installed into a plumbing system to allow pressure 

testing for leakage. 

 

5.12 Barb 

 

Brass hose barbs 

A barb (or hose barb), which connects flexible hose or tubing to pipes, typically has a male-threaded end 

which mates with female threads. The other end of the fitting has a single- or multi-barbed tube—a long 

tapered cone with ridges, which is inserted into a flexible hose. An adjustable worm drive screw clamp 

(or other type of clamp) is often added, to keep the hose from slipping off the barbed tube. Barb fittings 

can be made of brass for hot-water applications, and plastic may be used for cold water; brass is 
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considered more durable for heavy-duty use. The barb fitting may be elbow-shaped or straight. 

5.13 Valve 

Main article: Valve 

 

Compression connections on water shutoff valves under a kitchen sink show evidence of slow seepage 

(greenish deposits). 

Valves stop (or regulate) the flow of liquids or gases. They are categorized by application, such as 

isolation, throttling, and non-return. 

Isolation valves are used to temporarily disconnect part of a piping system, to allow maintenance or 

repair, for example. Isolation valves are typically left in either a fully open or fully closed position. A given 

isolation valve may be in place for many years without being operated, but must be designed to be 

readily operable whenever needed, including emergency use. 

Throttling valves are used to control the amount or pressure of a fluid allowed to pass through, and are 

designed to withstand the stress and wear caused by this type of operation. Because they may wear out 

in this usage, they are often installed alongside isolation valves which can temporarily disconnect a 

failing throttling valve from the rest of the system, so it can be refurbished or replaced. 

Non-return or check valves allow free flow of a fluid in one direction, but prevent its flow in a reverse 

direction. They are often seen in drainage or sewage systems, but may also be used in pressurized 

systems. 

Valves are available in a number of types, based on design and purpose: 

Gate, plug, or ball valves – Isolation 

Globe valve – Throttling 

Needle valve – Throttling, usually with high precision but low flow 

Butterfly or diaphragm valves – Isolation and throttling 

Check valve – Preventing reverse flow (non-return) 

 

6. Drain-waste-vent (DWV) and related fittings[edit] 
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Flexible rubber sleeves are used to connect this cast-iron and copper DWV installation. 

Because they operate at low pressure and rely on gravity to move fluids (and entrained 

solids), drain-waste-vent systems use fittings whose interior surfaces are as smooth as possible. The 

fittings may be "belled" (expanded slightly in diameter) or otherwise shaped to accommodate the 

insertion of pipe or tubing without forming a sharp interior ridge that might catch debris or accumulate 

material, and cause a clog or blockage.[4] Freshly cut ends of pipe segments are carefully deburred to 

remove projecting slivers of material which may snag debris (such as hair or fibers) which can build up to 

cause blockages. This internal smoothness also makes it easier to "snake out" or "rod out" a clogged pipe 

with a plumber's snake. 

Underground piping systems for landscaping drainage or the disposal of stormwater or groundwater also 

use low-pressure gravity flow, so fittings for these systems resemble larger-scale DWV fittings. With high 

peak-flow volumes, the design and construction of these systems may resemble those of storm sewers. 

Fittings for central vacuum systems are similar to DWV fittings, but are usually of thinner and lighter 

construction because the weight of the materials conveyed is less. Vacuum-system designs share with 

DWV designs the need to eliminate internal ridges, burrs, sharp turns, or other obstructions which might 

create clogs. 

6.1 Slip-joint fitting 

Slip-joint fittings are frequently used in kitchen, bathroom and tub drainage systems.[5] They include a 

detached (movable) slip nut and slip-joint washer; the washer is made of rubber or nylon.[6]An advantage 

of this of fitting is that the pipe it is connecting to does not need to be cut to a precise length; the slip 

joint can attach within a range of the end of the inserting pipe. Many slip fittings may be tightened or 

loosened by hand, for easier access to residential drainpipe systems (for example, to clean out a trap or 

access a drain line past a trap). 

6.2 Sweep elbow 

DWV elbows are usually long-radius ("sweep") types. To reduce flow resistance and solid deposits when 

the direction of flow is changed, they use a shallow curve with a large radius of curvature.[7] In addition, a 

well-designed system will often use two 45° elbows instead of one 90° elbow (even a sweep 90° elbow) 

to reduce flow disruption as much as possible. 

Central vacuum system inlet fittings are intentionally designed with a tighter radius of curvature than 

those of other bends in the system. If vacuumed debris becomes stuck it will jam at the inlet, where it is 

easy to find and remove. 

6.3 Closet flange 
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A closet flange (the drainpipe flange to which a flush toilet is attached) is a specialized flange designed to 

be flush with the floor, allowing a toilet to be installed above it. The flange must be mechanically strong 

to accommodate slight misalignments or movements, and resist corrosion. 

6.4 Clean-out 

Clean-outs are fittings with removable elements, allowing access to drains without the removal of 

plumbing fixtures. They are used to allow an auger (or plumber's snake) to clean out a plugged drain. 

Since clean-out augers are limited in length, clean-outs should be placed in accessible locations at regular 

intervals throughout a drainage system (including outside the building). Minimum requirements are 

typically at the end of each branch in piping, just ahead of each water closet, at the base of each vertical 

stack and inside and outside the building in the main drain or sewer. Clean-outs usually have screw-on 

caps or screw-in plugs. They are also known as "rodding eyes", because of the eye-shaped cover plates 

often used on external versions. 

6.5 Trap primer 

A trap primer automatically injects water into a trap, maintaining a water seal to keep sewer gas out of 

buildings. It must be installed in an easily accessible place for adjustment, replacement, and repair. A 

trap primer, a specialized valve, is usually connected to a clean-water supply in addition to a DWV 

system.[8] Because of the dual connection, it must be designed to resist the accidental backflow of 

contaminated water. 

6.6 Combo tee 

A combination tee (combo tee, combo wye, tee wye, long-sweep wye, or combi) is a tee with a gradually 

curving central connecting joint: a wye plus an additional 1/8 bend (45°), combined in one 90° unit. It is 

used in drains for a smooth, gradually curving path to reduce the likelihood of clogs, to ease the pushing 

of a plumber's snake through a drain system and to encourage water flow in the direction of the drain. 

6.7 Sanitary tee 

A sanitary tee has a curved center section. In drainage systems, it is primarily used to connect horizontal 

drains (including fixture trap arms) to vertical drains. The center connection is generally to the pipe 

leading to a trap (the trap arm). It must not connect a vertical drain to a horizontal drain, because of the 

likelihood that solids will accumulate at the bottom of the junction and cause a blockage. 

6.8 Baffle tee 

Also called a tee with diverter baffle, a waste tee or an end-outlet tee, it typically connects waste lines 

before they enter the trap and has a baffle to keep water from one waste pipe from entering the other at 

the connection.[9] 

6.9 Double sanitary tee (sanitary cross)  

This fitting differs from a standard cross in that two of the ports have curved inlets. Although it has been 

used in the past for connecting the drains of back-to-back fixtures (such as back-to-back sinks), some 

current codes—including the 2006 Uniform Plumbing Code in the United States—prohibit the use of this 

fitting for that purpose and require a double-fixture fitting (double combination wye) to minimize 

wastewater from one side flowing into the other. 
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6.10 Wye (Y) fitting 

A fitting with three openings, a wye joins (or creates) branch lines. It is a waste-fitting tee in which the 

side inlet pipe enters at a 45-degree angle, or an angle other than 90 degrees. A standard wye is a 

Y-shaped fitting which allows one pipe to be joined to another at a 45 degree angle. 

Wyes are similar to tees, except for the angling of the branch line to reduce friction and turbulence. They 

are commonly used to attach a vertical drainpipe to a horizontal one. The connection is typically at a 

45-degree, rather than 90 degrees; if a branch turns out further at the end to 90 degrees (perpendicular), 

the fitting becomes a combo tee.[10] Wyes and combo wyes follow a long-sweep pattern[11] relative to 

sanitary tees and other short-sweep bends, which have a smaller radius and require less space. A wye 

may also be used to split a branch line equally in two directions, such as the splitting of a main line into 

two smaller branches. 

Wyes also have industrial applications. Although low-priced wyes are often spot-welded, 

industrial-strength wyes are flash-welded at each seam. In long-distance pipeline applications, a wye is 

used for pigging to maintain flow. 

6.11 Side inlet TY (tee-wye)  

This fitting (also known as a "bungalow fitting" or a "cottage fitting") is a sanitary T that allows two trap 

arms to be connected at the same level. A toilet is the main connection, with the option of a right or 

left-hand outlet to the 3" inlet with a choice of 1-1/2" or 2" in size. It is for keeping stack-vented fixtures 

high to the joist space and thus conserving head room in a basement. As the water closet must be the 

lowest fixture, the smaller side outlet (usually used to connect the bathtub trap arm) enters slightly 

above the larger connection.[citation needed] 

7. Hydraulic fittings 

Main article: Hydraulic machinery 

Hydraulic systems use high fluid pressure, such as the hydraulic actuators for bulldozers and backhoes. 

Their hydraulic fittings are designed and rated for much greater pressure than that experienced in 

general piping systems, and they are generally not compatible with those used in plumbing. Hydraulic 

fittings are designed and constructed to resist high-pressure leakage and sudden failure. 

8. Connection methods 

Much of the work of installing a piping or plumbing system involves making leakproof, reliable 

connections, and most piping requires mechanical support against gravity and other forces (such as wind 

loads and earthquakes) which might disrupt an installation.[12] Depending on the connection technology 

and application, basic skills may be sufficient, or specialized skills and professional licensure may be 

legally required. 

8.1 Fasteners 

Fasteners join, or affix, two or more objects. Although they are usually used to attach pipe and fittings to 

mechanical supports in buildings, they do not connect the pipes to each other. Fasteners commonly used 

with piping are a stud bolt with nuts (usually fully threaded, with two heavy, hexagonal nuts); a machine 

bolt and nut; or a powder-actuated tool (PAT) fastener (usually a nail or threaded stud, driven into 
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concrete or masonry). 

8.2 Threaded pipe 

See also: National pipe thread and British Standard Pipe 

 

Male threaded pipe and female threaded elbow 

A threaded pipe has a screw thread at one or both ends for assembly. Steel pipe is often joined with 

threaded connections; tapered threads are cut into the end of the pipe, sealant is applied in the form 

of thread-sealing compound or thread seal tape (also known as PTFE or Teflon tape) and the pipe is 

threaded into a threaded fitting with a pipe wrench. 

Threaded steel pipe is widely used in buildings to convey natural gas or propane fuel, and is a popular 

choice in fire sprinkler systems due to its resistance to mechanical damage and high heat. Threaded steel 

pipe may still be used in high-security locations, because it is more resistant to vandalism, more difficult 

to remove, and its scrap value is lower than copper or brass. 

in older installations, threaded brass pipe was similarly used, and was considered superior to steel for 

drinking water, because it was more resistant to corrosion. 

Assembling threaded steel pipe takes skill and planning to allow lengths of pipe to be screwed together 

in sequence. Most threaded-pipe systems require the use of strategically located pipe-union fittings in 

final assembly. Threaded steel pipe is heavy, and requires adequate attachment to support surfaces. 

Despite its thick walls steel pipe is no longer preferred for conveying drinking water, because corrosion 

can cause leakage especially at threaded joints, and deposits on internal surfaces will eventually restrict 

flow. 

8.3 Solvent welding 

Main article: Solvent welding 

 

Polypropylene fittings for solvent welding 
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A solvent is applied to PVC, CPVC, ABS or other plastic piping to partially dissolve and fuse the adjacent 

surfaces of piping and fitting. Solvent welding is usually used with a sleeve-type joint to connect pipe and 

fittings made of the same (or compatible) material. 

Unlike metal welding, solvent welding is relatively easy to perform (although care is needed to make 

reliable joints). Solvents typically used for plastics are usually toxic[citation needed] and may 

be carcinogenic[citation needed] and flammable, requiring adequate ventilation. 

8.4 Soldering 

 

Brass fitting soft-soldered to copper pipe 

To make a solder connection, a chemical flux is applied to the inner sleeve of a joint and the pipe is 

inserted. The joint is then heated using a propane or MAPP gas torch, solder is applied to the heated joint 

and the molten solder is drawn into the joint by capillary action as the flux vaporizes. "Sweating" is a 

term sometimes used to describe the soldering of pipe joints.[citation needed] 

Where many connections must be made in a short period of time (such as plumbing of a new building), 

soldering is quicker and less expensive joinery than compression or flare fittings. A degree of skill is 

needed to make a number of reliable soldered joints quickly. If flux residue is thoroughly cleaned, 

soldering can produce a long-lasting connection at low cost. However, the use of an open flame for 

heating joints can present fire and health hazards to building occupants, and requires adequate 

ventilation. 

8.5 Brazing 

Brazing is a thermal joining process in which two pieces of base metal are joined by a molten brazing 

filler metal which is drawn between them by capillary action. The process can be used to join most 

metals and alloys commonly used in engineering. A brazing filler metal has a high melting temperature, 

which is nevertheless lower than the melting point of the metals being joined. Brazing can join pipes, 

rods, and metal pieces which fit tightly against each other without large gaps; it can even join tungsten 

carbide, ceramics, and similar non-metallic materials. 

Well-brazed joints are as strong as their parent-metal pieces and can withstand demanding service. With 

smooth, neat fillets, they have good electrical conductivity. 

8.6 Welding 
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Partially welded steel pipe joint 

The welding of metals differs from soldering and brazing in that the joint is made without adding a 

lower-melting-point material (e.g. solder); instead, the pipe or tubing material is partially melted and the 

fitting and piping are directly fused. This generally requires that the piping and fitting are the same (or 

compatible) material. Skill is required to melt the joint sufficiently to ensure good fusion, while not 

deforming or damaging the pieces being joined. 

Properly welded joints are considered reliable and durable. Pipe welding is often performed by specially 

licensed workers whose skills are retested periodically. For critical applications, every joint is tested 

with nondestructive methods. Because of the skills required, welded pipe joints are usually restricted to 

high-performance applications such as shipbuilding, and in chemical and nuclear reactors. 

Adequate ventilation is essential to remove metal fumes from welding operations, and personal 

protective equipment must be worn. Because the high temperatures during welding can often generate 

intense ultraviolet light, dark goggles or full face shields must be used to protect the eyes. Precautions 

must also be taken to avoid starting fires caused by stray sparks and hot welding debris. 

8.7 Compression fittings 

 

Compression connectors on an isolating valve; the reddish part is a copper compression ring 

Compression fittings (sometimes called "lock-bush fittings") consist of a tapered, concave conical seat; a 

hollow, barrel-shaped compression ring (sometimes called a ferrule); and a compression nut which is 

threaded onto the body of the fitting and tightened to make a leakproof connection. They are typically 

made of brass or plastic, but stainless steel or other materials may be used. 
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Although compression connections are less durable than sweated connections, they are easy to install 

with simple tools. However, they take longer to install than sweated joints and sometimes require 

re-tightening to stop slow leaks which may develop over time. Because of this possible leakage, they are 

generally restricted to accessible locations (such as under a kitchen or bathroom sink), and are prohibited 

in concealed locations such as the interiors of walls. 

8.8 Push-to-pull compression fittings 

Main article: Push-to-pull compression fittings 

8.9 Flare fittings 

Main article: Flare fitting 

 

Flare connection: 1) Screw thread; 2) O-ring; 3) Body; 4) Nut; 5) Seal interface; 6) Support ring (sleeve), 

and 

8.10 Flared tubing 

Flared connectors should not be confused with compression connectors, with which they are generally 

not interchangeable. Lacking a compression ring, they use a tapered conical shaped connection instead. 

A specialized flaring tool is used to enlarge tubing into a 45º tapered bell shape matching the projecting 

shape of the flare fitting.[13]:82 The flare nut, which had previously been installed over the tubing, is then 

tightened over the fitting to force the tapered surfaces tightly together. Flare connectors are typically 

made of brass or plastic, but stainless steel or other materials may be used. 

Although flare connections are labor-intensive, they are durable and reliable. Considered more secure 

against leaks and sudden failure, they are used in hydraulic brake systems, and in other high-pressure, 

high-reliability applications. 

8.11 Flange fittings 

 

Flange connection with a gasket 

Flange fittings are generally used for connections to valves, inline instruments or equipment nozzles. Two 

surfaces are joined tightly together with threaded bolts, wedges, clamps, or other means of applying 
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high compressive force.[14] Although a gasket, packing, or O-ring may be installed between the flanges to 

prevent leakage, it is sometimes possible to use only a special grease or nothing at all (if the mating 

surfaces are sufficiently precisely formed). Although flange fittings are bulky, they perform well in 

demanding applications such as large water supply networks and hydroelectric systems. 

Flanges are rated at 150, 300, 400, 600, 900, 1500 and 2500 lbs or 10, 15, 25, 40, 64, 100 and 150 bars of 

pressure. Various types of flanges are available, depending on construction. Flanges used in piping 

(orifice, threaded, slip-on, blind, weld neck, socket, lap-joint, and reducing) are available with a variety of 

facings, such as raised, flat, and ring-joint.  

Slip-on flanges are slipped over the pipe and welded to provide strength and prevent leakage. This flange 

is less expensive than a weld neck and requires less accuracy when cutting pipe to length. Blind flanges 

are used to shut off a piping system or opening, while still allowing easy access for inspection. 

A weld neck flange is joined to a piping system by butt welding. Although its long neck (or hub) makes it 

expensive, it reduces mechanical stress on piping by distributing stress between the base of the flange 

and the wall at the weld. Turbulence and erosion are reduced due to the matching size of the pipe and 

flange. 

A socket flange appears similar to a slip-on flange, but its bore is counter-bored to accept pipe. A fillet 

weld around the hub of the flange attaches the flange to the pipe, with an interval weld added in 

high-stress applications. It is most frequently used in high-pressure systems, such as hydraulic and steam 

lines. 

A lap-joint flange is similar to a slip-on, with room at the intersection of the bore and the flange face for 

a lap stub end. The face of the stub end conforms to the gasket face of the flange. It is used where 

sections of piping need to be dismantled quickly and easily for inspection or replacement. 

8.12 Mechanical fittings 

 

Mechanical sleeve clamps 

Manufacturers such as Victaulic and Grinnell produce sleeve-clamp fittings which are replacing many 

flange connections. They attach to the end of a pipe segment via circumferential grooves pressed (or cut) 

around the end of the pipe to be joined. They are widely used on larger steel pipes, and can also be used 

with other materials. 

The chief advantage of these connectors is that they can be installed after cutting the pipe to length in 

the field. This can save time and considerable expense compared to flange connections, which must be 
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factory- or field-welded to pipe segments. However, mechanically fastened joints are sensitive 

to residual and thickness stresses caused by dissimilar metals and temperature changes. 

A grooved fitting, also known as a grooved coupling, has four elements: grooved pipe, gasket, coupling 

housing, and nuts and bolts. The groove is made by cold-forming (or machining) a groove at the end of a 

pipe. A gasket encompassed by coupling housing is wrapped around the two pipe ends, with the coupling 

engaging the groove; the bolts and nuts are tightened with a socket or impact wrench. The installed 

coupling housing encases the gasket and engages the grooves around the pipe to create a leakproof seal 

in a self-restrained pipe joint. There are two types of grooved coupling; a flexible coupling allows a 

limited amount of angular movement, and a rigid coupling does not allow movement and may be used 

where joint immobility is required (similar to a flange or welded joint). 

8.13 Crimped or pressed fittings 

 

Fittings for crimping 

Crimped or pressed connections use special fittings which are permanently attached to tubing with a 

powered crimper. The fittings, manufactured with a pre-installed sealant, slide over the tubing to be 

connected. High pressure is used to deform the fitting and compress the sealant against the inner tubing, 

creating a leak-proof seal. 

The advantages of this method are durability, speed, neatness, and safety. Some crimped fittings are 

designed to be used with copper tubing, without requiring flux or filler metal. The connection can be 

made even when the tubing is wet. Although crimped fittings are suitable for drinking-water pipes and 

other hot-and-cold systems (including central heating), they are substantially more expensive than 

sweated fittings. 

8.14 Leaded hub fittings 

 

This view looking upwards through a hole in the ceiling shows a traditional leaded hub joint (at top) and 
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a more recent rubber sleeved hubless connection (at lower left). 

 

8.15 Rubber sleeve fittings 

Cast iron DWV fittings are still used in premium construction because they muffle the sound of 

wastewater rushing through them,[13]:149 but today they are rarely joined with traditional lead joints. 

Instead, pipe and fittings with plain (non-belled) connections are butted against each other, and clamped 

with special rubber sleeve (or "no-hub") fittings.[15]:71 The rubber sleeves are jacketed with stainless steel 

clamps, which compress the rubber to make a tight seal around the pipes and fittings.[15]:71 Although the 

materials are not cheap, they are durable (the rubber is typically neopreneor PVC). 

An advantage of flexible rubber fittings is that they can accommodate small misalignments, and can be 

flexed slightly for installation in tight locations.[13]:147 If necessary, the joints can be disassembled later, 

and the fittings and pipe may be reconfigured; however, it is often not customary to re-use the clamps 

and rubber sleeves. 

 

ANALYSIS OF DISTRIBUTION SYSTEM 

Pipe network analysis 

In fluid dynamics, pipe network analysis is the analysis of the fluid flow through a hydraulics network, 

containing several or many interconnected branches. The aim is to determine the flow rates and pressure 

drops in the individual sections of the network. This is a common problem in hydraulic design. 

Contents 

1. Description 

2. Deterministic network analysis 

3. Probabilistic network analysis 

4. See also 

5. References 

6. Notes 

 

1. Description 

To direct water to many users, municipal water supplies often route it through a water supply network. A 

major part of this network will consist of interconnected pipes. This network creates a special class of 

problems in hydraulic design, with solution methods typically referred to as pipe network analysis. Water 

utilities generally make use of specialized software to automatically solve these problems. However, 

many such problems can also be addressed with simpler methods, like a spreadsheet equipped with a 

solver, or a modern graphing calculator. 

2. Deterministic network analysis 

Once the friction factors of the pipes are obtained (or calculated from pipe friction laws such as 

the Darcy-Weisbach equation), we can consider how to calculate the flow rates and head losses on the 

network. Generally the head losses (potential differences) at each node are neglected, and a solution is 
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sought for the steady-state flows on the network, taking into account the pipe specifications (lengths and 

diameters), pipe friction properties and known flow rates or head losses. 

The steady-state flows on the network must satisfy two conditions: 

At any junction, the total flow into a junction equals the total flow out of that junction (law of 

conservation of mass, or continuity law, or Kirchhoff's first law) 

Between any two junctions, the head loss is independent of the path taken (law of conservation of 

energy, or Kirchhoff's second law). This is equivalent mathematically to the statement that on any closed 

loop in the network, the head loss around the loop must vanish. 

 

If there are sufficient known flow rates, so that the system of equations given by (1) and (2) above is 

closed (number of unknowns = number of equations), then a deterministic solution can be obtained. 

The classical approach for solving these networks is to use the Hardy Cross method. In this formulation, 

first you go through and create guess values for the flows in the network. These initial guesses must 

satisfy the Kirchhoff laws (1). That is, if Q7 enters a junction and Q6 and Q4 leave the same junction, then 

the initial guess must satisfy Q7 = Q6 + Q4. After the initial guess is made, then, a loop is considered so 

that we can evaluate our second condition. Given a starting node, we work our way around the loop in a 

clockwise fashion, as illustrated by Loop 1. We add up the head losses according to the Darcy–Weisbach 

equation for each pipe if Q is in the same direction as our loop like Q1, and subtract the head loss if the 

flow is in the reverse direction, like Q4. In other words, we add the head losses around the loop in the 

direction of the loop; depending on whether the flow is with or against the loop, some pipes will have 

head losses and some will have head gains (negative losses). 

To satisfy the Kirchhoff's second laws (2), we should end up with 0 about each loop at the steady-state 

solution. If the actual sum of our head loss is not equal to 0, then we will adjust all the flows in the loop 

by an amount given by the following formula, where a positive adjustment is in the clockwise direction. 

 

Where 

n is 1.85 for Hazen-Williams and 

n is 2 for Darcy–Weisbach. 

The clockwise specified (c) means only the flows that are moving clockwise in our loop, while the 
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counter-clockwise specified (cc) is only the flows that are moving counter-clockwise. 

This adjustment doesn't solve the problem, since most networks have several loops. It is okay to use this 

adjustment, however, because the flow changes won't alter condition 1, and therefore, the other loops 

still satisfy condition 1. However, we should use the results from the first loop before we progress to 

other loops. 

An adaptation of this method is needed to account for water reservoirs attached to the network, which 

are joined in pairs by the use of 'pseudo-loops' in the Hardy Cross scheme. This is discussed further on 

the Hardy Cross method site. 

The modern method is simply to create a set of conditions from the above Kirchhoff laws (junctions and 

head-loss criteria). Then, use a Root-finding algorithm to find Q values that satisfy all the equations. The 

literal friction loss equations use a term called Q2, but we want to preserve any changes in direction. 

Create a separate equation for each loop where the head losses are added up, but instead of squaring Q, 

use |Q|·Q instead (with |Q| the absolute value of Q) for the formulation so that any sign changes reflect 

appropriately in the resulting head-loss calculation. 

3. Probabilistic network analysis 

In many situations, especially for real water distribution networks in cities (which can extend between 

thousands to millions of nodes), the number of known variables (flow rates and/or head losses) required 

to obtain a deterministic solution will be very large. Many of these variables will not be known, or will 

involve considerable uncertainty in their specification. Furthermore, in many pipe networks, there may 

be considerable variability in the flows, which can be described by fluctuations about mean flow rates in 

each pipe. The above deterministic methods are unable to account for these uncertainties, whether due 

to lack of knowledge or flow variability. 

For these reasons, a probabilistic method for pipe network analysis has recently been developed, based 

on the maximum entropy method of Jay e’s. In this method, a continuous relative entropy function is 

defined over the unknown parameters. This entropy is then maximized subject to the constraints on the 

system, including Kirchhoff's laws, pipe friction properties and any specified mean flow rates or head 

losses, to give a probabilistic statement (probability density function) which describes the system. This 

can be used to calculate mean values (expectations) of the flow rates, head losses or any other variables 

of interest in the pipe network. This analysis has been extended using a reduced-parameter entropic 

formulation, which ensures consistency of the analysis regardless of the graphical representation of the 

network. A comparison of Bayesian and maximum entropy probabilistic formulations for the analysis of 

pipe flow networks has also been presented, showing that under certain assumptions (Gaussian priors), 

the two approaches lead to equivalent predictions of mean flow rates.  

Hardy Cross method 
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The Hardy Cross method is an iterative method for determining the flow in pipe network systems where the 

inputs and outputs are known, but the flow inside the network is unknown. The method was first published in 

November 1936 by its namesake, Hardy Cross, a structural engineering professor at the University of Illinois at 

Urbana–Champaign. The Hardy Cross method is an adaptation of the Moment distribution method, which was 

also developed by Hardy Cross as a way to determine the moments in indeterminate structures. 

The introduction of the Hardy Cross method for analyzing pipe flow networks revolutionized municipal water 

supply design. Before the method was introduced, solving complex pipe systems for distribution was extremely 

difficult due to the nonlinear relationship between head loss and 

An example pipe flow network 

Flow. The method was later made obsolete by computer solving algorithms employing the 

Newton-Raphson method or other solving methods that prevent the need to solve nonlinear systems of 

equations by hand. 

History 

In 1930, Hardy Cross published a paper called "Analysis of Continuous Frames by Distributing Fixed-End 

Moments" in which he described the moment distribution method, which would change the way 

engineers in the field performed structural analysis.[3] The moment distribution method was used to 

determine the moment distributions in indeterminate concrete structures and allowed for engineers to 

safely design structures from concrete from the 1930s to 1960.[3] In November 1936, Cross applied the 

same geometric method to solving pipe network flow distribution problems, and published a paper 

called "Analysis of flow in networks of conduits or conductors. 

Derivation 

The Hardy Cross method is an application of continuity of flow and continuity of potential to iteratively 

solve for flows in a pipe network.[1] In the case of pipe flow, conservation of flow means that the flow in 

is equal to the flow out at each junction in the pipe. Conservation of potential means that the total 

directional head loss along any loop in the system is zero (assuming that a head loss counted against the 

flow is actually a head gain). 

Hardy Cross developed two methods for solving flow networks. Each method starts by maintaining either 

continuity of flow or potential, and then iteratively solves for the other. 

Assumptions 
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The Hardy Cross method assumes that the flow going in and out of the system is known and that the pipe 

length, diameter, roughness and other key characteristics are also known or can be assumed. The 

method also assumes that the relation between flow rate and head loss is known, but the method does 

not require any particular relation to be use. 

In the case of water flow through pipes, a number of methods have been developed to determine the 

relationship between head loss and flow. The Hardy Cross method allows for any of these relationships 

to be used. 

The general relationship between head loss and flow is: 

 

Where k is the head loss per unit flow and n is the flow exponent. In most design situations the values 

that make up k, such as pipe length, diameter, and roughness, are taken to be known or assumed and 

thus the value of k can be determined for each pipe in the network. The values that make up k and the 

value of n change depending on the relation used to determine head loss. However, all relations are 

compatible with the Hardy Cross method.[4] 

 

It is also worth noting that the Hardy Cross method can be used to solve simple circuits and other flow 

like situations. In the case of simple circuits, 

 

is equivalent to 

  . 

By setting the coefficient k to K, the flow rate Q to I and the exponent n to 1, the Hardy Cross method can 

be used to solve a simple circuit. However, because the relation between the voltage drop and current is 

linear, the Hardy Cross method is not necessary and the circuit can be solved using non-iterative 

methods. 

Method of balancing heads 

The method of balancing heads uses an initial guess that satisfies continuity of flow at each junction and 

then balances the flows until continuity of potential is also achieved over each loop in the system.[1] 

Proof(r denotes k) 

The following proof is taken from Hardy Cross's paper, A alysis of flow i  etworks of o duits or 
o du tors. ,[1] and can be verified by National Programme on Technology Enhanced Learning Water and 

Wastewater Engineering page,[4] and Fundamentals of Hydraulic Engineering Systems by Robert J. Hough 

Talen. 

If the initial guess of flow rates in each pipe is correct, the change in head over a loop in the system, 
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 would be equal to zero. However, if the initial guess is not correct, then the change in head will be 

non-zero and a change 

 

The change in flow that will balance the head over the loop is approximated by . 

However, 

This is only an approximation due to the terms that were ignored from the Taylor expansion. The change 

in head over the loop may not be zero, but it will be smaller than the initial guess. Multiple iterations of 

finding a new will approximate to the correct solution. 

 

 

Process 

The method is as follows: 

Guess the flows in each pipe, making sure that the total in flow is equal to the total out flow at each 

junction. 

(The guess doesn't have to be good, but a good guess will reduce the time it takes to find the solution.) 

Determine each closed loop in the system. 

For each loop, determine the clockwise head losses and counter- clockwise head losses. Head loss in each 

pipe is calculated using . Clockwise head losses are from flows in the clockwise direction and 

likewise for counter- clockwise. 

Determine the total head loss in the loop, , by subtracting the counter- clockwise head loss from 

the clockwise head loss. 

For each loop, find                                  without reference to direction (all values 
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should be positive). 

  

The change in flow is equal to   

 

If the change in flow is positive, apply it to all pipes of the loop in the counter- clockwise direction. If the 

change in flow is negative, apply it to all pipes of the loop in the clockwise direction. 

Continue from step 3 until the change in flow is within a satisfactory range. 

Method of balancing flows (section incomplete) 

The method of balancing flows uses an initial guess that satisfies continuity of potential over each loop 

and then balances the flows until continuity of flow is also achieved at each junction. 

Process 

Advantages of the Hardy Cross method 

Simple math 

The Hardy Cross method is useful because it relies on only simple math, circumventing the need to solve 

a system of equations. Without the Hardy Cross methods, engineers would have to solve complex 

systems of equations with variable exponents that cannot easily be solved by hand. 

Self-correcting 

The Hardy Cross method iteratively corrects for the mistakes in the initial guess used to solve the 

problem. Subsequent mistakes in calculation are also iteratively corrected. If the method is followed 

correctly, the proper flow in each pipe can still be found if small mathematical errors are consistently 

made in the process. As long as the last few iterations are done with attention to detail, the solution will 

still be correct. In fact, it is possible to intentionally leave off decimals in the early iterations of the 

method to run the calculations faster. 

 

 

Flow in Pipes of a Distribution Network by Hardy Cross Method 

Problem: Calculate the head losses and the corrected flows in the various pipes of a distribution network 

as shown in figure. The diameters and the lengths of the pipes used are given against each pipe. 

Compute corrected flows after one corrections. 
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Solution: First of all, the magnitudes as well as the directions of the possible flows in each pipe are 

assumed keeping in consideration the law of continuity at each junction. The two closed loops, ABCD 

and CDEF are then analyzed by Hardy Cross method as per tables 1 & 2 respectively, and the corrected 

flows are computed. 

 

Table 1 

      Consider loop ABCD 

Pipe Assumed flow Dia of pipe Length of 

pipe (m) 

K 

=     L       

     470 

d4.87 

Qa
1.85 HL= 

K.Qa
1.85 

lHL/Qal 

  
in 

l/sec 

in 

cumecs 

d in 

m 
d4.87 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

AB 

BC 

(+) 43 

(+) 23 

+0.043 

+0.023 

0.30 

0.20 

2.85 

X10-3 

3.95 

500 

300 

373 

1615 

3 

X10-3 

9.4 

+1.12 

+1.52 

26 

66 
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CD 

DA 

(-) 20 

(-) 35 

-0.020 

-0.035 

0.20 

0.20 

X10-4 

3.95 

X10-4 

3.95 

X10-4 

500 

300 

2690 

1615 

X10-4 

7.2 

X10-4 

2 

X10-3 

-1.94 

-3.23 

97 

92 

S               -2.53 281 

* HL=  (Qa
1.85L)/(0.094 x 100 1.85 X d4.87) 

or K.Qa
1.85= (Qa

1.85L)/(470 X d4.87) 

or K =(L)/(470 X d4.87) 

For loop ABCD, we have d =-SHL / x.S lHL/Qal 

                                    =(-) -2.53/(1.85 X 281) cumecs 

                                    =(-) (-2.53 X 1000)/(1.85 X 281) l/s 

                                    =4.86 l/s =5 l/s (say) 

Hence, corrected flows after first correction are: 

Pipe AB BC CD DA 

Corrected flows after first 

correction in l/s 
+ 48 + 28 - 15 - 30 

  

Table 2 

      Consider loop DCFE 

Pipe Assumed flow Dia of pipe Length 

of 

pipe 

(m) 

K =     L       

     470 

d4.87 

Qa
1.85 HL= 

K.Qa
1.85 

lHL/Qal 

  
in 

l/sec 

in 

cumecs 

d in 

m 
d4.87 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
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DC 

CF 

FE 

ED 

(+) 20 

(+) 28 

(-) 8 

(-) 5 

+0.020 

+0.028 

-0.008 

-0.005 

0.20 

0.15 

0.15 

0.15 

3.95 

X10-4 

9.7 

X10-5 

9.7 

X10-5 

9.7 

X10-5 

500 

300 

500 

300 

2690 

6580 

10940 

6580 

7.2 

X10-4 

1.34 

X10-3 

1.34 

X10-4 

5.6 

X10-5 

+1.94 

+8.80 

-1.47 

-0.37 

97 

314 

184 

74 

S               +8.9 669 

For loop ABCD, we have d =-SHL / x.S lHL/Qal 

                                    =(-) +8.9/(1.85 X 669) cumecs 

                                    =(-) (+8.9 X 1000)/(1.85 X 669)) l/s 

                                    = -7.2 l/s 

Hence, corrected flows after first correction are: 

Pipe DC CF FE ED 

Corrected flows after first 

correction in l/s 

+ 

12.8 

+ 

20.8 

- 

15.2 

- 

12.2 

  

 

Trickling Filter Design 

Problem: Design a low rate filter to treat 6.0 Mld of sewage of BOD of 210 mg/l. The final effluent should 

be 30 mg/l and organic loading rate is 320 g/m3/d. 

Solution: Assume 30% of BOD load removed in primary sedimentation i.e., = 210 x 0.30 = 63 mg/l. 

Remaining BOD = 210 - 63 = 147 mg/l. 

Percent of BOD removal required = (147-30) x 100/147 = 80% 
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BOD load applied to the filter = flow x conc. of sewage (kg/d) = 6 x 106 x 147/106 = 882 kg/d 

To find out filter volume, using NRC equation 

E2=              100                          

       1+0.44(F1.BOD/V1.Rf1)1/2 

80 =               100              Rf1= 1, because no circulation.  

         1+0.44(882/V1)1/2 

V1= 2704 m3 

Depth of filter = 1.5 m, Fiter area = 2704/1.5 = 1802.66 m2, and Diameter = 48 m < 60 m 

Hydraulic loading rate = 6 x 106/103 x 1/1802.66 = 3.33m3/d/m2 < 4 hence o.k. 

Organic loading rate = 882 x 1000 / 2704 = 326.18 g/d/m3 which is approx. equal to 320. 

  

LEAK DETECTION IN WATER SYSTEMS 

Solutions for cutting the costs of water losses 

 

Compared with high-profile oil and gas pipeline spills, water main leaks receive relatively little attention. 

But should these comparatively innocuous losses be considered trivial? The answer is no. Various 

regional authorities across North America have given estimates of water losses due to slow leakage that 

range from 10% to 45% of total production. This translates into millions of dollars in lost revenue for 

utilities and may lead to or exacerbate water shortage problems, especially in drought-stricken areas like 

California and Texas. In some cases, slow leaks that go unnoticed for extended periods can lead to major 

infrastructure damage. Nowhere has this been more apparent than in Guatemala City, where 

underground erosion due to leaking sewer pipe has been the primary contributor to the formation 

of deadly sinkholes up to 100 meters in depth. 

This article is intended to provide readers with a general overview of the steps that can be taken to 
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e ha e a water utility’s leak dete tio  apa ilities through the o i atio  of te h ologi al 
advancements with pre-existing techniques and infrastructure. Although implementing the following 

solutions will require some capital expenditure, the cost of water losses due to leakage over the lifecycle 

of a particular pipeline more than outweighs the costs of added precautionary measures—particularly if 

such leakages result in major damage to public infrastructure and/or environmental degradation.   

1. Continue to make use of existing infrastructure and sensors. 

Traditionally, water main leaks were not detected until the problem announced itself in the form of 

flooded basements or water welling up from cracks in the street. The majority of leaks, however, are not 

so obvious. Presently, most municipalities are divided into discrete sections for water distribution 

purposes, with flow sensors installed to measure the amount of water entering each section.  

Historical and real-time data from these sensors are available to operators via a SCADA system, allowing 

changes to be monitored from day to day. A sudden change in the water demand for a particular section 

over a particular period of time is normally a good indicator that a leak has formed, although small losses 

often will go completely unnoticed. Even though monitoring water usage section by section narrows 

down the search considerably, city employees then must painstakingly trace kilometers of pipeline 

buried under the streets while using special equipment to liste  from aboveground for the telltale 

acoustic signs of a rupture. While old-fashioned and time-consuming, this method is both reliable and 

accurate—leaks can be traced to within approximately one meter by a trained operator. 

2. Maximize the usefulness of existing sensor nodes with technological retrofits. 

Over the past decade, there has been a significant shift toward proactive, rather than reactive, solutions 

for water main leak detection. Regularly scheduled utilization of an in-line leak tracing technique is an 

effective way of limiting the maximum length of time leaks may go undetected. Most public utilities, 

however, are subject to restrictive budgets, limiting the applicability of cutting-edge technologies. Even if 

it could be made cost-effective to internally probe every section of pipeline within a large city on a 

frequent basis, leaks may still occur during the time interval between pipe surveys.  

For these reasons, operators tend to favor online continuous monitoring techniques that take advantage 

of existing equipment. SCADA networks are a virtually ubiquitous feature of modern water utilities, and 

the real-time flow and pressure data obtained from various nodes throughout the distribution network 

can detect and roughly approximate the location of a leak with the aid of statistical data processing 

algorithms. This has the benefit of greatly narrowing down the manual search for the leak location, as 

opposed to having operators scour a large section of piping infrastructure searching for acoustic 

abnormalities. Such software-based methods are not sensitive enough to detect small leaks, however, 

unless the existing infrastructure is retrofitted with more sophisticated sensors.  

One increasingly common method is known as the negative pressure, or rarefaction, wave method, 

which takes advantage of negative pressure waves produced during the formation of a pipeline 

leak. These waves propagate at the speed of sound for long distances—sensors located at nodes 
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upstream and downstream of the leak sample pressure at a much faster rate than conventional SCADA 

systems, allowing for detection of the pressure waves and determination of the leak location to within 

tens of meters (see Figure 1). Because negative pressure waves are only produced during the initial pipe 

rupture, however, the leak will continue unnoticed if environmental interference prevents its immediate 

detection.  

3. Use in-line methods for precise pinpointing of known leaks.  

Automated and continuous monitoring techniques such as those described above provide an additional 

layer of protection that should not be dismissed by water utility managers in an era of ever-increasing 

public scrutiny. But the accuracy of these methods is dependent on the spacing between sensor nodes, 

and leaks must be located precisely to avoid unearthing the wrong section of pipeline. Manual tracing 

using skilled operators with handheld equipment is a reliable way to home in on the problem, but it is 

time-consuming and prone to missing small leaks.   

Fortunately, technological innovations have made the process of leak tracing more efficient. Several 

companies now offer in-line services capable of detecting and pinpointing the location of even minor 

leaks from within the pipe itself. These techniques benefit from improved accuracy, less interference 

from external noise and less labor-intensive operation. Two products currently on the market include 

Smart ball and Sahara. Smart ball consists of an acoustic sensor device housed within a foam sphere that 

is carried along with the water as it flows through a pipeline. The device collects data on pipe conditions 

for later processing, while receivers placed at various access points track its precise location. Sahara 

works in a similar fashion, except the acoustic sensor is tethered to the surface by means of a long data 

transmission cable, allowing for real-time detection and location of leaks. Despite their advantages, 

these in-line technologies are limited to larger-sized pipeline (6 in. or larger) and can potentially become 

stuck in pipe sections that are heavily fouled due to inadequate maintenance. 

4. Incorporate state-of-the-art sensors during pre-commissioning.      

The most effective method of detecting pipeline leaks is installing sensing equipment such as fiber optics 

along the entire length of pipe to be monitored. The internal refractive index of fiber optics cladding is 

highly sensitive to perturbations caused by vibrations and temperature changes associated with leaks; 

therefore, a shift in the time of arrival for a laser signal can be used to pinpoint their locations. The cost 

associated with installing such devices on existing line is prohibitive for most public utilities, so such an 

option only becomes realistic for new piping installations.  

For the majority of municipal water operators dealing with older infrastructure, the best option is 

continuous online monitoring by conventional pressure and flow auditing combined with retrofits to 

allow for a more sensitive technique such as the negative pressure wave method. The aforementioned 

possibility of missed leak detections by these methods, however, still necessitates periodic pipeline 

surveys, which are best done with in-line sensing probes. We are sure to see new solutions in the coming 

years, as leak detection still is an active area of research. 
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MAINTENANCE OF WATER DISTRIBUTION SYSTEM 

Following factors are considered for the proper construction and maintenance of water distribution 

system. 

Excavation and back filling in water distribution system 

1. Trench should be wide enough to allow good workman ship. Its width should be equal to external 

diameter of pipe and an additional of 40-50 meter. 

2. Extra excavation is done which is necessary at the bells or joints. 

3. Sufficient cover is necessary to protect the water pipes from the traffic load and to prevent 

freezing. Generally pipes are placed at depth of 0.8-2.0 m from top of pipe. 

4. Back fill materials should be free from debris, rock, stones bricks etc., and should consist of good 

soil. 

5. Back fill should not be done in freezing weather or with frozen material. 

6. Partially backfill should be done before leakage test and complete backfilling should be done 

after tests. 

7. Special bedding material support must be provided adequately at the trench bottom. 

 

Pipe Handling and Laying in water distribution system 

1. Following points should be kept in mind while pipe handling and laying in water distribution 

system. 

2. All pipes and fitting should be checked before unloading at the installation site. 

3. Pipes and fitting should not be dropped from the truck as they may get damaged. 

4. If the cable with hooks are used in unloading, then hooks should be covered with rubber. 

5. If a fork lift is used, care is needed to avoid damaging the exterior coating, interior lining or the 

pipe itself. 

6. In moving pipes and fittings they should never be rolled by bulldozer blades or any other 

equipment. Instead they must be rolled by hand. 

7. Pipes and fittings in trench should be supported properly. 

8. Jointing procedure should follow the recommendation of pipes and joints. 

9. Stones found in the trench should be removed for a depth of at least 6 inches below the bottom 

of the pipe. 

10. Bottom of the pipe should be levelled properly. 

 Submerged pipes in water distribution system 
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1. Occasionally pipe lines must run through streams. So it is necessary to place the pipes under 

water. Generally cast iron pipes are used for this purpose. To lay a pipe it is good to dig out a 

trench in the channel bottom. The channel will silt up. 

2. Silt up is to become choked or obstructed with silt. 

3. It gives the protection. A dredged bottom will be rather irregular and it may be necessary to 

furnish a suitable foundation. 

4. Dredge is a machine for removing earth usually by buckets on an endless chain or a suction tube. 

5. The use of highly flexible joints may make blocking un necessary. 

Hydrant placement in water distribution system 

1. If summits and valleys are necessary in the water distribution system, then it is suitable to place 

hydrants near them. 

2. It will allow the escape of air at proper time intervals. And if hydrant is placed near valleys then 

sediments will be collected there and it will help in blowing out of sediments. 

3. In fact it is placed between sidewalk and kerb. 

4. Kerb is an edging made of concrete built along a street to form part of a gutter. 

5. Or hydrant is placed between sidewalk and property line. 

6. Placing the hydrants on the base of concrete prevents setting the branch from a main to hydrant. 

To prevent the hydrant from being displaced by water pressure, is should be braced on the side 

opposite to the branch entrance. 

Maintenance of valves in water distribution system 

Valves should be properly inspected and maintained regularly. 

The main defects in the valves are 

1. Inaccessibility when bores are filled with earth or debris, then it is difficult to access the valves. 

2. Inoperable 

A valve may become inoperable through corrosion. Pouring kerosene oil or diluted lubricating oil, will 

lubricate the joint between the stem and packing. Corrosion can be overcome by carefully operating the 

gate up and down and allowing increased velocity of water to sweep out the sediments. 

3. Closure of valves 

Closure of valves occurs due to corrosion or silting. It can be removed by pouring kerosene or lubricating 

oil down the valve key and by allowing increased velocity of water. 

Disinfection of pipes in water distribution system 

Disinfection means killing of disease causing microorganisms. In the process of handling and placing of 

pipes, pollution is not created. 

The mains may become polluted 

 During storage on the street by the mud in the bottom of the trench. 
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 By polluted water which may run into the trench. 

 By the debris which workmen push into the open ends of the pipe? 

. 

 

 

The following steps are involved in disinfection 

 Flush the pipe with water at 0.8-1 m/s . 

 Fill the pipe with water containing at least 1 mg/L of chlorine. A free residual of at least 0.5 mg/L 

must remain after 24 hours. 

 If the total bacterial counts exceed 500/ ml or any coliform bacteria are found, the pipe should be 

filled with water containing 50 mg/L which should not decrease below 25 mg/L in 24 hours 

holding period. 

 Flush the pipe again with water. 

Waste water surveys in water distribution system 

Undiscovered breaks in mains, unauthorized users of water and unmetered customers which are the 

cause of wasting water are discovered by waste water surveys. 

These surveys are carried on by means of pitometers which are places in the mains when flow is to be 

measured. 

Instead of using pitometers, it is possible to close all the valves on the mains leading into the district and 

supply water through a hose connecting two hydrants and with a large water meter in the hose line, 

Close all the valves on the mains, except the one which is entering the district. The flow is measured in 

the one main at night when domestic use is low. So the location of loss can be estimated. 

Further restriction of the district by closing other valves and noting upon the inflow rate in the supply 

mains will locate leakage very closely. 

Water surveys save enormous amounts of water. These surveys make it possible to account for at least 

85% of the output in metered cities. 

Cleaning of water mains in water distribution system 

Water carrying capacity of the water mains is reduced due to the sediments which accumulate in the 

water mains. It is also reduced by rusting. To restore capacity of water mains, cleaning is required. 

Various types of scrappers are used for this purpose. 

At the lower end of the pipe to be cleaned, the pipe is broken. A 45 degree branch is used to bring the 

end to the street surface where it is left opened. A special sleeve is inserted at the upper end after a 

small float with an attached cable is instead. The upper valve is opened and the small float passes 

through it. A large cable is then drawn through and scrapper is inserted at the special sleeve. The water 

pressure is put on and the scrapper is pulled through by means of the cable. In this way the dislodged 

clogging matter escape from the open end with the flow of water. Reclining may be necessary after 5 or 6 
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years. 

Leak and pipe location in water distribution system 

It is difficult to locate a leak exactly. Various investigations methods may be applied to our ease. 

Presence of melted ice or green grass during a drought will indicate a leak. 

A steel rod is thrust along with the pipe line into the grown. Then it is withdrawn to determine whether 

or not its end is wet. A metal rod may be driven into the ground to make contact with the main. The 

sound of escaping water may be discernible by placing the ear against the rod. The sound may be 

discernible by means of amplifying apparatus placed in contact with the rod. 

Pipe Location in water distribution system 

Sometimes it is necessary to locate the lost underground mains and services. Various electrical magnetic 

devices are used for discovering buried metallic structures. They are particularly useful when there are 

no other interfering conduits or pipes. These electrical devices may be of little value in the streets or 

large cities where underground pipes are numerous. 

 

Service Reservoirs 

Service reservoirs, also called, Distribution reservoirs are the storage reservoirs, which store the treated 

water for supplying water during emergencies (such as during fires, repairs, etc.) and also to help in 

absorbing the hourly fluctuations in the normal water demand. 

Functions of Distribution Reservoirs: 

 To absorb the hourly variations in demand. 

 To maintain constant pressure in the distribution mains. 

 Water stored can be supplied during emergencies. 

Location and Height of Distribution Reservoirs: 

 Should be located as close as possible to the center of demand. 

 Water level in the reservoir must be at a sufficient elevation to permit gravity flow at an 

adequate pressure. 

Types of Reservoirs 

1. Underground reservoirs. 

2. Small ground level reservoirs. 

3. Large ground level reservoirs. 

4. Overhead tanks. 

Storage Capacity of Distribution Reservoirs 

The total storage capacity of a distribution reservoir is the summation of: 

1. Balancing Storage: The quantity of water required to be stored in the reservoir for equalizing or 

balancing fluctuating demand against constant supply is known as the balancing storage (or 

equalizing or operating storage). The balance storage can be worked out by mass curve method. 

2. Breakdown Storage: The breakdown storage or often called emergency storage is the storage 

preserved in order to tide over the emergencies posed by the failure of pumps, electricity, or any 
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other mechanism driving the pumps. A value of about 25% of the total storage capacity of 

reservoirs, or 1.5 to 2 times of the average hourly supply, may be considered as enough provision 

for accounting this storage. 

3. Fire Storage: The third component of the total reservoir storage is the fire storage. This provision 

takes care of the requirements of water for extinguishing fires. A provision of 1 to 4 per person 

per day is sufficient to meet the requirement. 

The total reservoir storage can finally be worked out by adding all the three storages. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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