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Retrofitting structure
29.1 INTRODUCTION

The aftermath of an earthquake manifests gr e.:at _devastanon d il urpre dict_ed Seismic Otigy

s . innumerable buildings of varying degree i.e. either fy .
striking extensive damage 10 INNUITELS irreparable 10ss of life with a gre - "
or slight. This damage to structures in its turn causes irrep > With a large U,
of casualties. As a result frightened occupants may refuse:ta enter the building "_mﬂss assuureq
of the safety of the building from future earthquakes. It pas been observed that fna_]grj,[}. of sugh
carthquake damaged buildings may be safely Teused, if they are converted into Seismically
resistant structures by employing a few retrofitting measures. This proves to be a better Optiog
catering to the economic considerations and immediate shelter problems rather than replacemen
of buildings. Moreover it has often been seen that retrofitting of buildings is generally mop,
economical as compared to demolition and reconstruction even in the case of severe stryctyr)
damage. Therefore, seismic retrofitting of building structures is one of the most importan
aspects for mitigating seismic hazards especially in carthquake-prone countries. Various terms
are associated to retrofitting with a marginal difference like repair, strengthening, retrofitting,
remoulding, rehabilitation, reconstruction etc. but there is no consensus on them. The most
common definition of these terms may be summarized in Table 29.1.

The need of seismic retrofitting of buildings arises under two circumstances: (i) earthquake
damaged buildings and (ii) earthquake-vulnerable buildings that have not yet experienced sever:
carthquakes. The problems faced by a structural engineer in retrofitting earthquake damaged
buildings are: (a) lack of standards for methods of retrofitting; (b) effectiveness of retrofittin

techniques since there is a considerable dearth of experience and data on retrofitted structures:
(c) absence of consensus on appropriate

on methods for the wide range of parameters like type of
S!ru(?lurf:s, condition of materials, type of damage, amount of damage, location of damag®
significance of damage, condition undcr which a damaged element c’an be retrofitted &i¢
Therefore, a catalogue of avai}apl'_!gﬁhﬁnns regarding feasible and practical retrofitting M=
- a 524 ]
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TABLE 29.1 Contd.

Terms CEB, 1995 Tomazevic, 1999 Newman, 2001
Rehabilitation Reconstriction or renewal of a  Increasing the seismic resistance Upgradation required to meet
damaged building (o provide of an existing seismically deficient the present needs; it implies
the same level of function, building is called rehabilitation. sensitivity to building features
which the building bad prior and a sympathetic matching of
to the damage original construction.
Restoration Rehahilitation of buildings More restrictive term than
in a certain area rehabilitation; it suggesis

replicating the structure as
originally built. The term is
most commonly applied to the
buildings of historical value.

Remoulding Reconstruction or renewal
of any part of an existin
building owing to chan
of usage u_:_:-_'i;:&.qupan Y. i

It is a process of substantial
repair or alteration that extends
a building's useful life.




is needed by the structural engineer dy
from building to building. In
to strengthen different te

€ 1o great variability of retrofitting requirements differing

'udtlumn. CXperimental ang analytical research is urgently needed
chniques of retrofitting,

The need of retrofitting of eXisting carthquake vulner:
or more than one of the following reasons e, (a)

to a seismic code, but the code hag been upgraded in later years; (b) buildings designed to meet

lhc_ mﬁmicm seismic codes, but df:ﬁcicncics cXist in the design and/or construction; (c) essential
buildings must be strengtheneq like hospi

. e als, historical Mmonuments and architectural buildings;
(d) important buildings whose service i
(¢) buildings, the use of which has
renovated or rebuilt. The proble

vulnerable buildings are to obtajp sufficient records of buildin
structural drawings, structura] design calculations, material prope
geo-technical reports, records of af least natural period of

ble buildings may arise due to one
the buildings have been designed according

rties, details of foundation and
the buildings in order to evaluate the

Retrofitting of existing buildings and issues of
adequate attention in India. There are a

undertaken during the last two decades. Various te
developed and used in practice. The basic concepts
at(CEB, 1997): (a) upgradation of the lateral strengt

of structure; (c) increase in strength and ductili
llustrated in Figure 29.1.

of these techniques of retrofitting are aimed

h of the structure; (b) increase in the ductility
ty. These three concepts are schematically

7 Desirable performance
'{,} — Life salpﬂc;r
— Dlamage control
(c)
E O Required seismi
= equired seismic
E capacity
L7l > {cb)] /
) < ./’/2‘/.) "
Existing building Z -—:’//’;@,{, »
: -’J;,‘{}fffdr//q,/ e
; e 4{,;,{.__.3;'::
I Undesirable pcrl‘arnmncc]
Ductility
3
Alte “R“Ehtmng
- -K i
¥ i After sueoghening
£ O Earthquake response g . .E -
X Deformation capacity After strengthening
‘g E ______ . 3 . Before strengthening
I & : . Yo
S Before Strengthening ‘~\_~ Before strengthening Y
0 s = mrmrme = ) i Displacement
'-\-n.._____.__-__

{c)
(a) (b)

997).
FIGURE 29.1 Aims of seismic strengthening (CEB, 1




The decision to repair and strengthen a structure depends not only on techn: —J
ations as mentioned above but also on a cost/benefit analysis of the different pc? ]C-al COnsiy,,
tives. 1t is suggested that the cost of retrofitting of a structure should remain bm:&‘lhle: )
replacement as major justification of retrofitting (Nateghi and Shahbazian, ]992“’ 259,
chapter will discuss different aspects of retrofitting scheme and their Iimilatinm‘ i
as well as cost considerations. The information in this chapter is gathered fr{)m" Side ef

ety

literature and is based on the experiences of individual authors and their studies he aVailgh,

29.2 CONSIDERATION IN RETROFITTING OF
STRUCTURES

The method of retrofitting principally depends on the horizontal and vertical load reg; l

system of the structure and the type of materials used for parent construction. It alsg fﬁ!i,;mg
the technology that is feasible and economical. The understanding of mode of failure, stmcm:]
behaviour and weak and strong design aspects as derived from the earthquake damage suryeys
exercise considerable influence on selection of retrofitting methods of buildings. Usually te
retrofitting method 1is aimed at increasing the lateral resistance of the structure. The l‘s,{em]
resistance includes the lateral strength or stiffness and lateral displacement or ductility of the
structures. The lateral resistance is often provided through modification or addition of
retrofitting elements of an existing structure in certain areas only. The remaining elements in
the structure are usually not strengthened and are assumed to carry vertical load only, but in @
earthquake, all components at each floor, retrofitted or not, will undergo essentially the sam
Jateral displacements. While modified or added elements can be designed to sustain these laterd
deformations. the remaining non-strengthened elements could still suffer substantial damag
unless lateral drifts are controlled. Therefore, caution must be taken to avoid an imegul

stiffness distribution in the strengthened structure. Thus the ability to predict initial and hnﬂJ

stiffness of the retrofitted structure need clarification and quantification. Consequently, It &

suggested that the design of retrofitted schemes should be based on drift control mthcr_lh“n.ﬂ.ﬂ

strength consideration alone. The use of three-dimensional analysis is recommended to idendl

and locate the potential weakness of the retrofitted building.

9.3 SOURCE OF WEAKNESS IN RC FRAME BUILDING

. . 1 . . i nuﬂh (e
Earthquake engineering is not a pure science, rather it has been developed throvs” ~

g

observation of failure of structure during earthquake (Otani, 2004). Damage survey ©PC

¢l

: . : ot " 1 concrete M7
past earthquakes reveal the following main sources of weakness In reinforced conc
resisting frame buildings.

(i) discontinuous load path/interrupted load path/irregular Joad path
(ii) lack of deformation compatibility of structural members
(iii) quality of workmanship and poor quality of materials

— e o r—— ——



L | FEee———"
| structural Damage due to Discontinuous Load Path

;

293

I Every structure must have ‘Iw“ load resisting systems: (a) vertical load resisting system for
P fering the vertical load to the ground and (b) horizontal load resisting system for trans-

ng the horizontal load to the vertical load system. It is imperative that the seismic forces
¢hould be Prﬂptfl?’ r_:nllcclcd by the h'nnznr.ual' framing system and properly transferred into
 ertical lateral rcs].*:lmg sy_slcm. Alyy {I!scontmmty!irrcgu]nrity in this load path or load transfer
| may cause one of the major contributions to structural damage during strong earthquakes. In
: addition it must be ensured that cu.ch nu?mbcr both of horizontal or vertical load resisting system
st be strong enough and not fail (!urmg an carthquake. Therefore, all the structural and non-
qructural elements must have sufficient strength and ductility and should be well connected to
the structural system SO that the load path must be complete and sufficiently strong.

ferrt

29.3.2 Structural Damage due to Lack of Deformation

' The main problems in the structural members of moment resisting frame building are the limited
'~ amount of ductility and the inability to redistribute load in order to safely withstand the
-~ deformations imposed upon in response to seismic loads. The most common regions of failure
- in an existing reinforced concrete frame are shown in Figure 29.2. The regions of failure
- may be in columns, beams, walls and beam—column joints. It is important to consider the

consequences of member failure or structural performance. Inadequate strength and ductility of
the structural member can and will result in local or complete failure of the system. The
different modes of failure in various structural members are reviewed.

Global behaviour of frames
(Flexure) (Shear)

[ | N ]

S { ) ]_
N N
Beam
P : 79\ Nodal zone
{ ‘} i ) (exterior)
\-_‘ =t \-n—
Nodal zone ( ) Column
(interior) - e
7= [\ Short column
T
Infilled wall -
= I =

Footing zone

ossible reason of fallure In moment resisting frame (Cosenza and Manfredi,



w\—-—_-_—__—_'

Columns

In reinforced concrete columns
behaviour. The main actions are
Figure 29.3. The possible mode of fai

in Table 29.2.

several 11
associated with axi

eraction mechanism influences jig li
5 Cra] I

a&qh ﬂa;i

ial, flexure, shear, and bopq

lure and the suggested remedial measures 4, o Owp
Erhed

"f I,

Ip M
2 '...’,',i;' I’ ﬂf

éi

a) (b)

() (d)

| -/ A~ A

(L4

)

=

|
| |

B —

|

-

FIGURE 29.3 Action of concern force and its mode of failure in column (Lynn et al., 19%!

Beams

In reinforced concrete beams, the major problems exist at the right end, considering selstls
forces left to right as shown in Figure 29.4. A bnrﬁe shear failure could occur due ©
superposing of shear forces caused by vcrtmal ]naaing and seismic loading.

Beam-column ]mnts

be hﬂd\'ﬂ}’ stressed after beam ymldmg " ’. e

Wide flexural cracks may develop at

reinforcement within the connccuun" '“'-ﬁ v
o

building.

'ur; Jnlnts could be more cntu,al
y column-weak beam behaviour,
ﬂrcmcklng may be formed in the
d. partmlly dtlnbu!'lble to the s

reduce the stl

lip ©!
iffness °
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FIGURE 294 Behaviour of beams for vertical and seismic loading (Edoardo Cosenza and
Gaetano Manfredi, 1997).

Slab

A shear failure has been observed in the case that the slab is resting directly on column capital

without having any beam. The critical part of the flat plate slab system is the vertical shear
ransfer between the slab and column.

29.3.3 Quality of Workmanship and Materials

There are numerous instances where faulty construction practices and lack of quality control
have contributed to the damage. The faulty construction practices may be like, lack of amount
anﬂ detailing of reinforcement as per requirement of code particularly when the end of lateral
reinforcement s not bent by 135 degrees as the code specified. Many buildings have been

Maged due to poor quality control of design material strength as specified, spalling of concrete

)_111: corrosion of embedded reinforcing bars, porous concrete, age of concrete, proper
Maintenance ey

9.4 CLASSIFICATION OF RETROFITTING TECHNIQUES

r:l’:zu:rr (WO ways to enhance the seismic capacity of cxisting'.v,_lruuftures. The first is a

S dT-I:EVﬁl approach of retrofitting which involves gh.)hul modifications to the structural

i m; * ¢ second is 4 member level approach of retrofitting or Iu.ufﬂ retmﬁFu_ng wl:uch deals

imiy Mm;rcaﬁt‘: of the ductility of components with udcquutc‘cupacn?es to sau‘sty th"Ir.Spt“CIﬁC

Onereye ‘~"-_Bi?scd on the above concept the available techniques of retrofitting of reinforced
Uildings may be classified as in Figure 29.5.



Retrofitting techniques

Global Local
-{  Adding shear wall Jacketing of beams
~  Adding infill wall Jacketing of columns
Ll Adding bracing Jacketing of beam- |
; column joints
Adding wing wall/
buttresses Strengthening
individual footings
— Wall thickening
— Mass reduction
|| Supplemental damping
and base isolation

FIGURE 29.5 Global and local retrofitting methods.

Generally structural leve] retrofittings are applied when the entire structural lateral load
resisting system is deemed to be deficient. Common approaches in this regard are employed o
increase stiffness and strength with limited ductility, Achieving desired ratio between the
additional stiffening and strengthening is the art of seismic retrofitting. The most common
modifications include the addition of structural walls, steel braces, infill walls, base isolatwrs
or supplemental energy dissipation devices.

The addition of new reinforced concrete shear wall is the most oftenly practised device
:.vhich has proved to be effective for controlling global lateral drifts and for reducing damage
in frame members. Steel braces are used to make the existing buildings stiffen. Concentric of
eccentric bracing schemes may be used, in the ‘selected bays of an RC frame contributing 10
increase the lateral resistance of the structure, Infill wall may be employed for strengthenin?
of reinforced concrete buildings, which has been effective in the case of one to three s}
buildings that may be extended Up to five stories. The lateral strength of existing columns &2
be increased by adding wing walls (side walls) or buttresses similar to infilling. These zechniqu:':

y agiStiLIc
997). At some occasions it might be possibé

o e b
- : ass reduction t&%
ass reduction. Mass easing

ed by

accomplished by removal of upper mﬁﬂ;#;hcavy cladding, partitions and stored good. In¢
the strength or stiffness of structural membes Such as slabs and shear wall can be achieY

thickening of members. The concept of sefsmic
! SCLE)

. Ml
' ' i e U1 SESBIIC base isolation is based on decoupling of S
by introducing low horizontal stiffness b‘éaﬂ earing between the stractare and the foundatio®

B




< found 10 be efficient for seismic protection of historical buildings where superstructure has
- limited seismic resistance and intervention is required only at foundation level. The supplemental
dzmping devices such as addition of viscous damper, visco-elastic damper, frictional damper in
dizgonals of bays of frame substantially reduces the earthquake response by dissipation of energy.

Loczl retrofittings are typically used either when the retrofit objectives are limited or
direct treatment of the vulnerable components is needed. The most popular and frequently used
method in local retrofitting is jacketing or confinement by the jackets of reinforced concrete,
steel, fibre reinforced polymer (FRP), carbon fibre etc. Jacketing around the existing members
increases lateral load capacity of the structure in a uniformly distributed way with a minimal
increase in loading on any single foundation and with no alternative in the basic geometry of
the building.
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Rain Cycle — Sources of Water Supply

Surfaoce sources - Lakes. streams. rivers. reservoirs. run off from
roofs and paved areas.

Underground sources - Shallow wells, deep wells, artesian wells.
artesian springs. land springs.

‘#’...Cond ensation Clouds
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Rain cycle

Shallow wall
Land spring

Deep well

Impervious strata

Surface and normal underground supplies

2 Collecting area
Pervious strata ;

Artesian spring

Artesian wells and springs




Acidity and Alkalinity in Water

Acid - a substance containing hydrogen which can be replaced by other
elements. Litmus paper in the presence of acidic water turns red.

Alkali - a substance which will neutralise acid by accepting its hydrogen
lons (H']. Litmus paper in the presence of alkaline water turns blue.

More accurate definitions can be obtained by using hydrochemical
electric metres. These measure the amount of hydrogen ions (H') in a
relative proportion of water. This measure of acidity or alkalinity in
solution is referred to numerically from O-14 as the pH value.

* pH < 7 indicates acidity
* pH > 7 indicates alkalinity
®* pH = 7 chemically pure

The quality of processed water is unlikely to be pure due to
contamination at source.

Rainwater - contaminated by suspended impurities as it falls through
the air. These impurities are principally carbon dioxide, sulphur and
nitrous oxides originating from domestic flue gases and industrial
manufacturing processes. The mixture of these impurities and rainfall
produce “acid rain’. an occurrence frequently blamed for the
destruction of plant life.

Surface and substrata water sources - contaminated by dissolved
inorganic materials such as calcium. magnesium and sodium. These

are responsible for water hardness as described on pages S and 17.
Organic matter from decaying vegetation. animals and untreated waste
water can also contaminate gqround water supplies. These are normally
associated with ommonia compounds in the water or bacteria. Certain
types of bacteria present in water can be responsible for outbreaks of
typhoid, cholera and dysentery. Chlorination, as described on page 5 is
applied to filtered water to destroy any remaining bacterial microbes
before general distribution through service reservoirs and mains.

The following table shows the quantity of pollutant microbes present
during the stages of water processing. as described on pages 4-6:

Source/process Typical pollutant microbe count per litre
River 41000
Impounding reservoir 1500
Primary filter 500
Secondary filter 50
Chlorination 0
Service reservoir 0
Distribution main 0




Filtration of Water

Pressure filter - rate of filtration 4 to 12 m? per m? per hour. To
backwash. valve A is closed and valves B and C opened. Compressed
= 2:4 m.

air clears the sand of dirt. Diameter

Dirty water inlet pipe

Clean water outlat

Slow sand filter bed - rate of filtration 0-2 to 115 m?® per m? per

hour. Filter beds can occupy large areas and the top layer

of sand
will require removal and cleaning at periodic intervals.

okt ; ﬂ;ﬁ“'ﬂ =
o Inlet valve
ER Tl R o= el
e R
Floor tiles Clean water
Clay puddie

Small domestic filter - the unglazed porcelain cylinder will arrest
very fine particles of dirt and even micre-organisms. The cylinder can
be removed and sterilised in boiling water for 10 minutes.

Y % Support e
..3 | tor cylinder =

G L

L
1
J

Unglazed
porcelain
ey linder

Drain cock

‘ L'—ﬂutlat




Sterilisation and Softening

Sterilisation by chlorine injection - water used for drinking must be
sterilised. Chlorine is generally used for this purpose to destroy
organic matter. Minute quantities (01 te O-3 p.p.m.) are normally
added after the filtration process.

Contra| panegl Diluting water inlet

\

- Diluting water
absorption tower
/ ; .
’ Injector
Chiarine cylinder
Water main

Softening of hard water by base exchange process - sodium zeolites
exchange their sodium base for calcium (chalk) or magnesium bases in
the water. Sodium zeolite plus calcium carbonate or sulphate
becomes calcium zeolite plus sodium carbonate or sulphate. To
reqgenerate, salt is added: calcium zeolite plus sodium chloride (salt)
becomes sodium zeolite plus calcium chloride which is flushed away.

Soft water outlet pipe N;;mn v lve
:f Salt cap k l
P Hard water
L lagr inlet pipe
Sadium 0] B
2ealites =
; i Drsin pipe
Vaier i Y
—_——
Strainar T =
1

To backwash, valves 1,4, b and B are clossd
and valves 2 and 3 apened




Storage and Distribution of Water

Gravitational distribution - the water from upland gathering grounds
i1s impounded In a reservoir. From this point the water is filtered and

chlorinated before serving an inhabited area at lower level. There
are no pumping costs.

Slow gand filter

Service reservoir

r L
N, -
}.._'-_."-.'ﬁ ) _:._ L T
Impounding ressrvoir

Chigrinating houss

Pumped distribution - water extracted from a river 1s pumped into a
settlement tank, subsequently filtered and chlorinated. Pump
maintenance and running costs make this process more expensive
than gravity systems.

Seryice reservoir sited underground on top of & hill
or storage tank on top of a towar

Pump house Tower=—— 3:
Slow sand filwer
i oL/
[ 3 =

b=

Water main

Settlement tank

Pumping and ehlorinating house

Ring main distribution - water mains supplying a town or village may
be in the form of a grid. This is preferable to radial distribution as
sections can be isclated with minimal disruption te the remaining

system and there is no more opportunity for water to maintain a
flow.

///-’T’Tﬂm;‘ maing \

solating valvas
—d N‘f \M

| I
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1o buildings Streat mains Y




Valves Used for Water — 1

The globe-type stop valve i1s used to control the flow of water at
high pressure. To close the flow of water the crutch head handle is
rotated slowly in a clockwise direction gradually reducing the flow.
thus preventing sudden impact and the possibility of vibration and
water hammer.

The gate or sluice valve is used to control the flow of water on
low pressure installations. The wheel head is rotated clockwise to
control the flow of water, but this valve will offer far less
resistance to flow than a globe valve. With use the metallic gate
will wear and on high pressure installations would vibrate.

The drain valve has several applications and is found at the lowest
paint in pipe systems. boilers and storage vessels.

For temperatures up to 100°C valves are usually made from brass.
For higher temperatures gun metal is used. Brass contains 50% zinc
and 50% copper. Gun metal contains 85% copper., 5% zinc and 0%
tin.

- Crutch head

Spindle

Packing gland Square for key

Washer

Plug
. Hosepipe
Stop valve (globe type) Drain valve connection
(R =2 A Wheel
3 Spindle
Packing gland

Space for gate

Flow (either
direction)

Gate or sluice valve




Valves Used for Water — 2

Float valves are automatic flow control devices fitted to cisterns to
maintain an appropriate volume of water. Various types are in use.
The diaphragm type is the least noisy as there is less friction
between moving parts. The Portsmouth and Croydon-type valves
have a piston moving horizontally or vertically respectively., although
the latter is obsolete and only likely to be found in very old
installations. Water outlets must be well above the highest water
level (see page 19) to prevent back siphonage of cistern water into
the main supply. Nozzle diamelers reduce as the pressure increases.
High. medium and low pressure valves must be capable of closing
against pressures of 13BO. 690 and 275 kPa respectively.

@/‘? Silencing pipe

Hubber
Nozzle  diaphragm

Adjustable fixing
for ball flcat
Diaphragm float valve BS 1212-2 and 3 Rubber washer
SR i
L
Side of E/ Q Cap
cistern Nozzle

Piston

Portsmouth/piston float valve BS 1212-1

Waler port

Side of
cistern

AR

Section AA

Croydon float valve




Taps Used for Water

The pillor tap is used to supply water to basins. baths. bidets and
sinks. Combined hot and cold pillar taps are available with fixed or
swivel outlet. The outlet of these taps must be bi-flow, ie. separate
waterways for hot and cold water to prevent crossflow of water
within the pipework.

The bib tap is for wall fixing, noermally about 150 mm above a
sanitary appliance. The 'Supatap’ bib tap permits a change of washer
without shutting off the water supply. It is also available in pillar
format. Quarter-turn taps are easy to operate by hand or elbow,
therefore are suitable for use by the disabled and medical
practitioners.

Capstan head

Colour tab

Back nut

Pillar tap Conventional bib tap

Levar arm

WA

SR

R

¥
. A
“

‘Supatap’ bib tap Quarter-turn ceramic disc pillar tap




Joints on Water Pipes

Copper pipes may be jointed by bronze welding. Non-manipulative
compression joints are used on pipework above ground and
manipulative compression joints are used on underground pipework.
The latter are specifically designed to prevent pipes pulling out of
the joint. Push-fit joints are made from polybutylene. These provide
simplicity of use and savings in time. Capillary joints have an
integral ring of soft solder. After cleaning the pipe and fitting with
wire wool and fluxing. heat application enables the solder to flow
and form a joint. Solder alloy for drinking water supplies must be
lead free. l.e. copper and tin.

The Talbot joint is a push-fit joint for polythene pipes. A brass
ferrule or support sleeve in the end of the pipe retains the pipe shape.

Threaded joints on steel pipes are sealed by non-toxic jointing paste
and hemp or polytetrafluorethylene (PTFE) tape. A taper thread on
the pipe will help to ensure a water-tight joint. Union joints permit
slight deflection without leakage.

Lead pipes are no longer acceptable due to the risk of poisoning.

Copper pipe Compression ring Friction ring Compressian ring O Ring —— Copper
pipe
\
L]
I~ l-Grab F'H'IQ
Copper pipe [ ]
Non-manipulative Manipulative
compression joint an compression joint on E—)
CoppeT R COpRsT ploes Acorn push-fit
joint on copper pipes
Sacket type
-<+——Polythene pipe
., ' Soft solder

g Copper pipe

3 Suppgort sleeve ‘ ! |

H-——Grip ring U - 1

3

Tl = "
i E-—-“ O ring Union type }

g

E When the fitting is heated

3 {E. l—-t'i solder Flows

TN
I Soft soldared

The Talbot push-fit Screwed joints capillary joint on
joint on polythene pipes on mild steel pipes copper pipes
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Pipe Jointing Materials

Linseed oil "white” jointing paste - a blend of linseed oil and clay which
surface hardens to form a strong. dense joint. Used mainly on threaded
steel pipework with fibrous hemp reinforcement between the threads.
Microbial action can break down the linseed component and the hemp
can deqrade. therefore not recommended for use on drinking water
supplies. Synthetic reinforcement fibres are more durable. Unreinforced
paste is suitable for gas and steam pipe lines. Graphite is sometimes
added to the paste for use on steam. as this eases joint breakage when
undertaking maintenance and alterations. A manganese additive for use
on steam pipes provides greater strength.

Silicone oil jointing paste - otherwise known as acetosilane.
Combined with synthetic reinforcement fibres., this compound may be
used on drinking water supplies. It is also suitable for jointing hot
water and gas pipes. Non-setling, non-cracking and flexible. therefore
easily broken for maintenance and alterations.

BS 6956-5: Jointing materials and components

Resin-based compounds - these are specified for chemical and oil pipe joints
where the liquid conveyed may contain solvents which could weaken oil-
based sealants. Resin and fillers are mixed with a catalyst and after
application Lo pipe threads, tightened joints will require time to set.

PTFE tape - wound into threads prior to joint tightening. Chemical and
temperature resistant with an element of flexibility. Suitable for water and
qas pipe joints. Also available as a liquid, but relatively expensive.

BS 7786: Specificalion for unsintered PTFE tape

BS EN 751-3: Sealing materials for metallic threaded joints

Solders and fluxes - the established method for economically jointing
copper pipe and fittings. Solder lypes:

* 29% tin * 71% lead. Traditionally used for all joints but now
prohibited on drinking water supplies because of the lead content.
Melting point = 210°C.

®* 63% tin + 37% lead. Bit solder for electronic applications. Melting
point = 185°C.

* 99% tin * 1% copper. Lead-free for drinking water supplies. Melting
point = 235°C.

BS 6920: Suitability of non-metallic products in contact with water.

BS EN 29453: Soft solder alloys. Chemical compositions and forms.

Fluxes are classified as passive or self-cleaning. They are available In

liquid or paste format and function by preventing cleaned surfaces

tarnishing under heat. Passive fluxes do not contain any free acid and
will require heat application to effect cleaning. These are generally
known as water soluble organic fluxes and are the preferred choice
by gas companies due to the flux’s non-corrosive properties. Water-
soluble fluxes are also preferred for use with lead-free solders and
are easily cleaned from finished joints. Self-cleansing fluxes contain an
acid. usually hydrochloric. This type of flux begins to clean tarnished
copper as soon as applied. Heat application accelerates the process.

Any flux residue must be cleaned from the pipe surface to prevent

corrosion. Deposits internally are removed by flushing the system.

11



Water mains

Woter mains have been manufactured from a variety of materials.
The material selected must be compatible with the water
constituents, otherwise carrosion and decomposition of the pipes may
occur. Contemporary materials which suit most waters are ductile
cast iron to BS EN 545 and uPVC to BS EN 1452-2. The water
undertaking or authority must be consulted prior to laying mains to
determine suitable materials. laying techniques and pipe diameter.
Firefighting and hydrant requirements will prioritise the criteria with a
minimum pressure of 30 m head (300 kPa) from a 75 mm diameter
pipe supplied from both ends. or 100 mm diameter from one end
only. Bedding of mains is usually a surround of shingle to
accommodate any movement. uPVC pipes are pigmented blue for
easy identification in future excavations and cast iron has a blue
plastic tape attached for the same reason.

Enr?!B::;IE e E;I;;":;:: Stainless steel insert
and sealing ring
CAST IRON
Gaskat or Solvent cement or
0’ ring seal polyfusion weld
uPVC
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Connection to Water Main

The water authority requires at least 7 days’ written notice for
connection to their supply main. The main i1s drilled and tapped live
with special equipment. which leaves a plug valve ready for
connection to the communication pipe. A goose neck or sweeping
bend is formed at the connection to relieve stresses on the pipe and
valve. At or close to the properly boundary. a stop valve is located
with on access compartment and cover at ground level. A meter may
also be located at this point. The communication and supply pipe
should be snaked to allow for settlement in the ground. During warm
weather, plastic pipes in particular should be snaked to accommodate
contraction after backfilling.

ﬂ ID] Revolving head
= =
Drain cock
Water main
under pressure
£ B
@ ™ Plug valve

Tapping of water main

'\\ A T

-+— Plug valve

Water main

Property boundary View of water main connection
Owned and Installed and
maintained by maintained by
Water Autharity building owner

—
Communication pipe

6\ \

Detail of supply to building
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Water Meters

Waoter meters are installed at the discretion of the local water
authority. Most require meters on all new build and conversion
properties, plus existing buildings which have been substantially
altered. In time. in common with other utilities. all buildings will

have metered water supply. Meters are either installed in the
communication pipe, or by direct annular connection to the
stopvalve. If underground location is impractical. the water authority
may aqree internal attachment to the rising main.

Cast iron cover
and frame \

Maintenance :
Maxumum

space
Stop valve Bracket
Communication
: A/ pie
A TR
Electrical earth
Meter compartment bond on metal pipes

Maintenance valve

\ Meter

l

Drain valve ] LT
[TTT, |
et Digital
Annular coupling I display
to stop valve \ l ‘
\ Maintenance
valve

==

Patent meter connection Existing stop valve
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Direct System of Cold Water Supply

For efficient operation. a high pressure water supply is essential
particularly at periods of peak demand. Pipework is minimal and the
storage cistern supplying the hot water cylinder need only have 115
litres capacity. The cistern may be located within the airing cupboard
or be combined with the hot water cylinder. Drinking water is
available at every draw-off point and maintenance valves should be
fitted to isolate each section of pipework. With every outlet supplied
from the main. the possibility of back siphonage must be considered.

Back siphonage can occur when there is a high demand on the main.
Negative pressure can then draw water back into the main from a
submerged inlet, e.q. a rubber tube attached to a tap or a shower
fitting without a check valve facility left lying in dirty bath water.

Notes:

(1) Servicing valves to
be provided on supply pipes to
storage and flushing cisterns.

(2) Copper lube pipe sizes
shown.

Absence of cistern and pipes
in roof space reduces risk
of frost damage

Cald water
— feed cistern
22 mm overflow pipe
22 mm
cold feed pipe
Bath Basin WC
]
f

Haot water cylinder

e,

15mm
* nsing main

WC  Basin i

— Sink
I-:N—r.—ﬁ- Combined stop and
ot drain valve
L

i
I
S /

-
o

Pipe duct 78 mm bore

Ground level
[ e

S sg mm min,

Mastic seal

Rel.: The Water Supply (Water Fittings) Regulations 1999,
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Indirect System of Cold Water Supply

The indirect system of cold water supply has only one drinking water
outlet. at the sink. The cold water storage cistern has a minimum
capacity of 230 litres, for location In the roof space. In addition to
its normal supply function. it provides an adequale emergency
storage in the event of water main failure. The system requires more
pipework than the direct system and is therefore more expensive to
install. but uniform pressure occurs at all cistern-supplied outlets.
The water authorities prefer this system as it imposes less demand
on the main. Also. with fewer fittings attached to the main, there is
less chance of back siphonage. Other advantages of lower pressure
include less noise and wear on fittings, and the opportunity to install
a balanced pressure shower from the cistern.

Notes:
(1) Servicing valves to ik s
be provided cn supply pipes lo
storage and flushing cisterns. AERRDE CRiee
(2) Copper tube pipe sizes {
shown. R~
===l

e
|

e

fremmy

A \
22 mm overlow pipe A

vl

22 mm
99 mm e cold feed pipe
distributing pipe * '
Baih Basin WOC
:.: J
1
-3 \

Hol walter cylinder

Y

15 mm
15mm " rising main
WeC i
Basin ik
#‘\ ? Combined stop and

Ground level Drain valve XM= drain valve
: +r
I

A %

o

Mastic seal Pipe duct 76 mm bora

Ref.: The Water Supply (Water Fittings) Reguiations 1929.
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Hard and Soft Water Characteristics

See also page S.

Hardness in water occurs when calcium or magnesium salts are
present. This is most common where water extraction is from
boreholes into chalky strata or chalky aquifers.

Measurement
* Parts per million (ppm), I.e. milligrams per litre (mg/l) e.q.

Location Typical ppm
Bristol 300
Cardiff 100
Hartlepool 460
London 285
Manchester <60
Newcastle 160
Scotland <50

For a general quide to England and Wales, see map on next page.
* Claorkes scale - a numerical classification, sometimes referred to as
degrees Clarke.

Classification

Type of water Clarkes Approx. ppm
Soft <3.5 <50
Maoderately soft 3.5-7.0 50-100
slightly hard 7.0-10.5 100-150
Maoderately hard 10.5-14.0 150-200
Hard 14.0-21.0 200-300
Very hard >21.0 >300

1 degree Clarke is about 1 part per 70 000.

When hard water is heated. the dissolved salts change to solids and
deposit on the linings of pipework, boilers and other ancillaries.
Kettle scale i1s an obvious example, but far more significant is its
efficiency reduction of hot water and central heating plant. If enough
scale is deposited. pipework systems can become completely blocked
or ‘furred up’. This can have explosive consequences, as safety
valves will also be affected. Chalk build up normally takes years, but
In very hard water areas, it may be just a few months depending on
the frequency of plant use. Hence the limitations of direct hot water
systems (see page 37) where fresh water is continually introduced.
Direct systems are only applicable where water hardness is less than
150 ppm and water temperatures do nolt exceed 65°C. The water
temperature in modern hot water and heating systems exceeds 80O°C,
therefore direct systems are effectively obsolete in favour of indirect
installations, (see page 38). Indirect systems have the same water
circulating throughout the primary and heating pipework and it is
only drained off during maintenance and repair.

17



Domestic Water Softener

Guide to water hardness in England and Wales

Characteristics of hard water are:

* difficult to create a lather with normal soap
®* scum and tide marks in baths and basins
¢ chalk staining or streaking on washed glassware.

In hard water areas. these problems can be overcome with the
installation of o water scoftener. These devices are relatively
compact and will fit conveniently within the housing under a domestic
sink. This location is ideal. as the housing will normally accommodate
the rising water main and stop valve. It also provides simple access
for replacement of salt granules or blocks. The unit contains a resin
bed of sodium chloride or common salt. The salt exchanges calcium
and magnesium ions for non-scale-forming sodium ions. Regeneration
can be by electric timer, but most domestic softeners have an
integral water volume metering device.

Softened hot  Softened cold

water water sink tap J| Fising main
\‘ Bypass siop valve
¥ x / -
F, Pressure reducing
Hard water > / P valva (eptional)
drinking outlet —— = / / Check valva
Drain —\ /,—’ / Doubla check valve
]
:OJJ*—“_ / o Garden tap

Overflow

% |
Salt compartment / / \ull \\ Incoming main

Flexible hoses  Service valves
Typical installation of a domestic water saftener

B Drain and
{ stop valve
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Backflow Protection

Domestic sanitary appliances - all potable (drinkable) water supplies
must be protected against pollution by backflow or back siphonage
from water that could be contaminated. Protection is effected by

leaving sufficient space or air gap between the lowest point of the

control device or tap discharge and the appliance spill over level.

Lowest lavel
of water supply Air gap

Tap # 12" — 20 mm
Tap %" 1o %" — 25 mm
Tap>%"—70 mm
(Raf. Watar Supply Regs.)
;A 'L
Spill over level

British Standard determination of air gap to domestic sanitary appliances:

Air gap to domestic sanitary appliances

®* Single feed pipe. I.e. one tap. air gap =20 mm or 2 Xinternal
diameter of tap orifice (take greater value).

* Multiple feed pipe. i.e. hot and cold taps. air gap =20 mm or
2 x sum of orifice diameters (take greater value).

For example. a bath with two taps of 20 mminternal diameter inlet orifice:
20 mm or 2 %x(20+20 mm) = 80 mm. Air gap = 80 mm minimum.

Water cisterns or storage vessels - pipework supplying potable
water must discharge into an unobstructed air gap between the
requlating device water inlet to the vessel and the overflow or
warning pipe.

Cover Lowest lavel
Iniet to of water supply

AR VR & / Filtered vent
W -_—
I i =]
T

Filtered waming pipe

Air gap 1o walar storage vessels
In this situation the air gap should be =20 mm or 2 Xinternal
diameter of the requlating valve inlet orifice (take greater value).
For example, a 20 mm internal diameter orifice:
20 mm or 2%20 mm = 40 mm. Air gap = 40 mm minimum.
Refs: Water Supply (Water Fittings) Regulations.

BS EN 1717: Protection against pollution of potable water in water
installations and qeneral requirements of devices to prevent pollution
by backflow.
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Secondary Backflow Protection

Secondary backflow or back siphonage protection is an alternative
or supplement to the provision of air gaps. It is achieved by using
mechanical devices such as double check valves or a vacuum breaker
in the pipeline. Special arrangements of pipework with branches
located above the spill level of appliances are also acceplable.

Ref: BS 6282, Devices with moving parts for the prevention of
contamination of water by backflow.

Typical applications - primary heating circuits. washing machines and
qgarden taps.

Isolation at each branch

Double check valve
with intermediate drain tap

g Daouble check valve Y
with imermediate drain tap

/ oo DDt -

Not required on longest
draw-off
i b+
Direct mains watar supply Gravity distribution
/_/ Branch 300 mm min.
above appliance splll
level
e .

Spring loaded valve

Valve guide —Lu—'

Nat requirad on longest
" draw-off

g
Check valve Gravity distribution (alternative)

s‘\.\

T

RN

Oy
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Backflow Prevention — Commercial Applications

Mains water supply to commercial and industrial premises must be
protected against the possibility of contamination by backflow.
Where toxic processes exist. e.g. dyeing. chemical manufacture,
inseclticide preparation. car washing, irrigation systems, etc.. it is
imperative that the effects of a pressure reduction on drinking water
supplies be contlained.

Contamination of domestic water supply situations is prevented by
installing double check valves to appliances or systems which could
be a risk. In the interests of public health., the water authorities
require greater security measures on mains supplies to industrial
processes. Hitherto. a device containing two check valves with an
intermediate pressure relief valve discharging visibly to a tundish
has been considered odequate. Current requirements include a
modification to verify or check through test points that the fitting is
functioning correctly. This modified device is known as a “Verifiable
backflow preventer with reduced pressure zone' It contains three
pressure zones separated by differential obturators (two positively
loaded check valves). Each pressure zone has a test point to verify
that the valve is functioning correctly.

Mains Test Test Test
supply valve valve valve

]Q/ﬁwm

Diaphragm
relief valve

Operating principle and installation of a verifiable backflow
prevention device with reduced pressure zone

Refs. The Water Supply (Water Fittings) Requlations.

BS EN 1717: Protection agqainst pollution of potable water in water
installations and general requirements of devices to prevent pollution
by backflow.
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Cold Water Storage Cisterns

Cisterns can be manufactured from galvanised mild steel [large non-
domestic capacities), polypropylene or glass reinforced plastics. They
must be well insulated and supported on adequate bearers to spread
the concentrated load. Plastic cisterns will require uniform support
on boarding over bearers. A dustproof cover is essential to prevent
contamination.

For large buildings, cisterns are accommodated in a purpose-made
plant room at roof level or within the roof structure. This room
must be well insulated and ventilated, and be provided with
thermostatic control of a heating facility.

Where storage demand exceeds 4500 litres, cisterns must be
duplicated and interconnected. In the interests of load distribution
this should be provided at much lower capacities. For maintenance
and repairs each cistern must be capable of 1solation and
independent cperation.

b 50 oy Bt Sorearmd vkl Ref. BS 7181: Specification for
thick . ez M t ist to 5001
‘,_\'; -~ Filter atorage cisterns up to
Z %’%-_:’; ..... 4. t'-ﬁmig:!ﬂﬂ actual capacity for water
A== fmm supply for domestic purposes.
{f|—- (eI}
1A= = == 18|
Rising ] ;_ —— —|p Full-way
W == mm —— _— ; o i Insulated doors
A | — e L
E W Bearer +{ & NI D SewP M o |
Ceiling joist o . Insutation bE O |igh: -} Working space
m— b
gl Cistern
Seetian of cistern mL g
202 12001
Steel m';
ams - fs “H— Electric hester

g & L i
Ainf-!ail: tanking i
ﬂ-;_______‘_

Suspendet) cnling -

Inkef —————
" Detall of cistern room

Criarfici

and warnmg pipe J 09
Refs. BS 417-2: Specification

X y, for galvanised low carbon
- steel cisterns, cistern lids,
tanks and cylinders.

Gt s . ."'""“"" BS 4213: Cisterns for domestic
¥ ¥ ¥ Dvivanasipe use. Cold water storage and
Duplicated cisterns combined feed and expansian
(thermoplastic) cisterns up to
500 | specification.

Fd
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Cold Water Storage Calculations

Cold water storage data is provided to allow for up to 24 hour
interruption of mains water supply.

Building purpose Storage/person/24 hrs
Boarding school 90 litres

Day school 30

Department store with canteen 45 (3)
Oepartment store without canteen 40 (3)
Dwellings 90 (1
Factory with canteen 45

Factory without canteen 40

Hostel 90

Hotel 135 (2) (3)
Medical accommadation 15

Office with canteen 45

Office without canteen 40

Public toilets 15

Restaurant 7 per meal

Notes: (1) 115 or 230 litres min. see pages 15 and 16
(2) Variable depending on classification.
(3) Allow for additional storage for public toilets and restaurants.

At the design stage the occupancy of a building may be unknown.
Therefore the following can be used as a quide:

Building purpose Occupancy

Dept. store 1 person per 30 m* net floor area
Factory 30 persons per WC

Cffice 1 person per 10 m? net floor area
School 40 persons per classroom

Shop ! person per 10 m? net floor area

E.g. A 1000 m? (net floor area) office occupied only during the day
therefore allow 10 hours” emergency supply.

1000/10 = 10Q persons X 40 litres = 4000 litres (24 hrs)

1667 litres (10 hrs)
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Boosted Cold Water System — 1

For medium and high rise buildings. there is often insufficient mains
pressure to supply water directly to the upper floors. Boosting by
pump from a break tank is therefore usually necessary and several
more of these tanks may be required as the building rises, depending
on the pump capacity. A break pressure cistern is also required on
the down service to limit the head or pressure on the lower fittings
to a maximum of 30 m (approx. 300 kPa). The drinking water header
pipe or storaqe vessel supplies drinking water to the upper floors.
As this empties and the water reaches a predetermined low level. the
pipeline switch engaqges the duty pump. A float switch in the break
tank protects the pumps from dry running if there is an interruption
to mains supply. The various pipe sections are fitted with isolating
valves to facilitate maintenance and repairs.

—

Float switeh [—q-ﬁ—— Adura-alr valve Headar pipe

e i’ g b.\\
Pipaline
switeh
: N Cold water supplios . N
e Wis, basing, haths
and showers
Y R / -
- et Dinking waker supply g I
from heeder pipe
+——{ Brush -presqure cictern -
.-"‘ ¥
=] -

Cold water supplien

toc WCi, bavins, baths
. ‘/mj il -
] -N—-
e Drinking watar wpphy 4=

direct from mamn
} I“ Nan-return valve H
e
-
Flost switch
Incaming seovice pipe Break tank Duplicated pumping aet
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Boosted Cold Water System — 2

As an alternative to the drinking water header pipe. an auto-
pneumatic cylinder may be used. Compressed air in the cylinder
forces water up to the float wvalves and drinking water outlets on
the upper floors. As the cylinder empties a low pressure switch
engages the duty pump. When the pump has replenished the cylinder,
a high pressure switch disengages the pump. In time, some air is
absorbed by the water. As this occurs, a float switch detects the
high water level in the cylinder and activates an air compressor to
requlote the correct volume of air. Breok pressure cisterns may be
supplied either from the storaqe cisterns at roof level or from the
rising main. A pressure reducing valve is sometimes used instead of a
break pressure cistern.

Delayed action floal valve

R —— —
— e — —

Ll = B

4
Drinking vatar from Supply to WCs,
eylinder | 4 basins, baths and
showers
e e L
Supply to W,
_ap==bursins, bathy and *
showers
H - = -bd—.-
D——» g s E——
e i B gt
3 Break oressure
Ernak pressure cistem cimtern
r— -—
Dirinking water
“ " direc Trom main

Supply to WCs,
basing, baths anc ——g, |
showers

Duplicated pumping s Ajr compressor
Oherfiow with filter
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Boosted Cold Water System — 3

In modest rise buildings of several storeys where water is in fairly
constant demand. water can be boosted from a break tank by a
continuously running pump. The installation is much simpler and

less costly than the previous two systems as there 1s less need for
specialised items of equipment. Sizing of the pump and its delivery
rating are critical, otherwise it could persistently overrun, or at the
other extreme be inadequate. Modern pumps have variable settings
allowing considerable scope around the design criteria. The pump is
normally scheduled to run on a timed programme. e.q. in an office
block it may commence an hour before normal occupancy and run on
for a couple of hours after. Water delivery should be just enough to
meet demand. When demand I1s low a pressure regulated motorised
bleed valve opens to recirculate water back to the break tank.

Unboosted supply Boosted supply
to lower floors to upper floors
Pressure
switch
Matorised
bleed valve o —
—l

]
1
|
1
i
- i Duplicated

DD pumping set

sarvice

Incoming >t :'\%1_

X
Pd—

—i——

/

Overflow with filter Break tank
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Delayed Action Float Valve

If normal float valves are used to requlate cistern water supply
from an auto-pneumatic cylinder (page 25). then cylinder and pump
activity will be frequent and uneconomic. Therefore to regulate
activity and deliveries to the cistern, a delayed action float valve
mechanism is fitted to the storage cistern.

Stage 1. Water filling the cistern lifts hemi-spherical float and closes
the canister valve.

Stage 2. Water overflows into the canister, raises the ball float to
close off water supply.

Stage 3. As the cistern empties. the ball float remains closed until
low water |evel releases the hemi-spherical float. As this float valve
drops. water is released from the canister to open the ball float
valve to replenish the cistern from the pneumatic supply.

Canister secured
to cistam

L

|_——Valve

|_—— Hemi-spherical
float Ball fioat valve arm

I

Water trapped
in canister
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Pipe Sizing by Formula

Thomas

where: d

r o

e.q.

Box formula:

jq?—sz xL %105
d= H

diameter (bore| of pipe (mm)

flow rate (l/s)

head or pressure (m)

length (effective) of pipe (m)

(actual length + allowance for bends, tees, etc.)

Effectiva pipa
length = 20 m 3 m head
Discharge 1 s \
il x !II}_ _t

pa

!;Jm? x 25 % 20 x 109
d= 5

d= 316 666 667 = 27-83mm

The nearest commercial size above this is 32 mm bore steel or
35mm outside diameter copper.

Note: Head in metres can be converted to pressure in kPa by multiplying
by gravity, e.q. 3m % 9.81 = 29.43 kPa (approx. 30 kPa).
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Pipe Sizes and Resistances

Steel pipe (inside dia.) Copper tube (mm) Polythene (mm)
Imperial (") Metric (mm) Qutside dia. Bore QOutside dia. Bore
5 15 15 13:5 20 15
7 20 22 20 27 22
1 25 28 26 34 28
17 32 35 32 42 35
1 40 42 40
2 50 54 51-5
24 65 67 565
3 80 76 735

Approximate equivalent pipe lengths of some fittings (m).

Pipe bore (mm) | Elbow | Tee | Stop valve High pressure float valve
15 0-6 0-7 4.5 75
20 0-8 10 7 50
25 10 1-5 10 40
32 14 2:0 13 35
40 1-7 2:5 16 21
50 2-3 379 22 20

Notes: Fiqure given for a tee is the change of direction: straight
through has no significant effect. These fiqures are only intended as
a quide, they will vary between materials and design of fittings.

Recommended flow rates for various sanitary appliances (litres/sec)

WC cistern o-11

Hand basin 0-15
Hand basin (spray tap) 0-03
Bath (19 mm tap) 0-30
Bath (25 mm tap) Q-60
Shower on

Sink (13 mm tap) 0-19
Sink (19 mm tap) 0-30
Sink (25 mm tap) 0-40
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Pipe Sizing — Loading Units (BS 6700)

Loading units are factors which can be applied to a variety of
appliances. They have been established by considering the frequency
of use of individual appliances and the desired water flow rate.

Appliance Loading units

Hand baosin 1'5 to 3 (depends on application)
WC cistern 2

Washing machine 3

Dishwasher 3

Shower 3

Sink (13 mm tap) 3

Sink (19 mm tap) 5

Bath (19 mm tap) 10

Bath (25 mm tap) 22

By determining the number of appliances on a pipework system and
summating the loading units, an equivalent flow in litres per second
can be established from the following conversion graph:

. -

20
Pz
15 P

10

1.5
1.0

07 /-

0.5

—-.1.!- ek el el S

0.3

10 20 50 100 200 \EDD 1000 2000 5000 10000

e.g. 300LUs=3Vs
Loading units
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Pipe Sizing — Head Loss and Flow Rate

Pressure or head loss in pipework systems can be expressed as the
relationship between available pressure (kPa) or head (m] and the
effective length (m) of pipework. The formula calculation on page 28
can serve as an example:

Head = 3m. Effective pipe length = 20m. So. 3/20 = 015 m/m

By establishing the flow rate from loading units or predetermined
criteria (1 I/s in our example). a nomogram may be used to obtain
the pipe diameter. The chart below is for illustration and qeneral
use. For greater accuracy. pipe manufacturers’ design data should be
consulted for different materials and variations in water
temperatures.

Heead loss Flow rate Fipe diameter (mm)
(m/m) (I's) outside/inside
1.00 BO
50
| 76
0.60 30 = 70
20 - 67
0.40 0.15 il 80
10 =
0.20 B - o 50
] -
S ]
0.10 o =) /° 40
. ¥ / .
H i
0.080 -
S a5
0.8 ~
0.040 b 30 S
05 '-.
28
0.020 25
0.2
0.010 0.1 22 20
0.006 0.05
0.004 15
15

* Inside diameter = 27.83 mm
(see page 28)

Ref. BS 6700: Specification for design, installation. testing and
maintenance of services supplying water for domestic use within
buildings and their curtilage.
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Hydraulics

Hydraulics is the experimental science concerning the study of energy
in fluid flow. That is. the force of pressure required to overcome the
resistance to fluid flowing through pipes. caused by the friction
between the pipe and liquid movement.

The total energy of the liquid flowing in a pipe declines as the pipe
length increases. mainly due to friction between the fluid and the
pipe wall. The amount of energy or pressure loss will depend on:

* Smoothness/roughness of the internal pipe wall.

* Diameter of pipe or circumference of internal pipe wall.
* Length of pipe.

* Velocity of fluid flow.

* Amount of turbulence in the flow.

®* Viscosity and temperature of fluid.

Theories relating to pressure loss by fluids flowing in pipes are
diverse, but an established relationship i1s that the pressure losses (h)
caused by friction are proportional to the square of the velocity of
flow (v):

b2
From this. for a pipe of constant size it can be seen that by

developing the proportional relationship. @ doubling (or more) of
pressure will increase the velocity accordingly:

h (m) v (m/s)

£ 145

8 212 (15 x v2)

12 2:60 (15 x v3)

16 3-00 (115 X v4) or (212 X 2)

24 366 (1S X 6) or (2:60 X 2)

32 4-24 (15 X vB) or (3-00 X v2) etc.. etc.

Also, it can be shown that if the condition [temperature and
viscosity] of a fluid in a pipe remains constant. the discharge
through that pipe is directly proportional to the square root of the
fifth power of its diameter:

f

yd

This relationship can be identified in the Thomas Box pipe sizing
formula shown on page 28.
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Fluid Flow Formulae — 1

Reynolds number - a coefficient of friction based on the criteria for
similarity of motion for all fluids. Relevant factors are related by
formula:
density X velocity X linear parameter (diameter)
viscosity

This 15 more conveniently expressed as:

_ Pvd
TR
Where: R = Reynolds number
p = fluid density (kg/m?)
v = velocity (m/s)
d = diameter of pipe [m)
u = viscosity of the fluid (Pa s) or (Ns/m?)

Whatever the fluid type or temperature, an R volue of less than
2000 is considered streamline or laminar. A value greater than 2000
Indicates that the fluid movement is turbulent.

E.g. . A 12 mm diameter pipe conveying fluid of density 1000 kg/m?
and viscosity of 0:013 Pa s at 2 m/s flow velocity has a Reynolds
number of:

1000 X2 X 0-012
0013

=1846 (streamline flow)

D'Arcy formula - used for calculating the pressure head loss of a fluid
flowing full bore in a pipe. due Lo friction between fluid and pipe surface.

_ 4L V?

=534

Where: h = head loss due to friction (m)

f = coefficient of friction

L = length of pipe [m)

v = averaqge velocity of flow (m/s)

g = gravitational acceleration (9.81 m/s?)
d = internal diameter of pipe (m)]

Note: *f’. the D'Arcy coefficient. ranges from about O-O05 (smooth
pipe surfaces and streamline flow) to 0-010 (rough pipe surfaces and
turbulent flow). Tables can be consulted, although a mid value of
0-0075 is appropriate for most problem solving.

E.g. 2. A 12 mm diameter pipe, 10 m long. conveying a fluid at a
velocity of flow of 2 m/s

4 x0-0075 x 10 x 27
2 x 9-81 x 0-012

Head loss = =509m
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Fluid Flow Formulae — 2

Depending on the data available. it is possible to transpose the
D'Arcy formula for other purposes. For example. it may be used to
calculate pipe diameter in this format:
_4fLv?

2qgh

d

Flow rate (Q) - the discharge rate or flow rate of a fluid in o pipe
is expressed as the volume in cubic metres (V) flowing per second (s).
Q (m?*/s) is dependent on the pipe cross-sectional area dimensions
(m?) and the velocity of fluid flow (m/s). Q may also be expressed in
litres per second. where 1 m?/s = 1000 I/s.

A liquid flowing at an average velocity (v) in a pipe of constant
area (A) discharging a length (L) of liquid every second (s), has the
following relationship:

Q=V=+s where V = L X A and v =L+5s

S0, Q =LxA=xs where v = L +5. s Q=v XA
Q = flow rate (mi/s), v = velocity of flow (m/s) and
A = cross-sectional area of pipe (m?)

E.g. 1. The quantity of water flowing through a 12 mm diameter pipe
at 2 m/s will be:

Q
Q

v XA, where A = nr?
2 X0-000113 = 0-000226 m3/s or 0:226 /s

Relative discharge of pipes - this formula may be used to estimate
the number of smaller branch pipes that can be successfully supplied
by one main pipe:

N= (D =d)®

where N = number of short branch pipes
D = diameler of main pipe [mm)
d = diameter of short branch pipes (mm)
E.q. 2. The number of 32 mm short branch pipes that can be served
from one 150 mm main will be:

I

N= /150 32)° = 47
E.g. 3. The size of water main required to supply 15, 20 mm short
branch pipes will be by formula transposition:

D = d 5/N?
D = 20 5,/152=59 (65 mm nearest standard)
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2 HOT WATER SUPPLY
SYSTEMS

L]

:A'

P i%l

DIRECT SYSTEM OF HOT WATER SUPPLY
INDIRECT SYSTEM OF HOT WATER SUPPLY
UNVENTED HOT WATER STORAGE SYSTEM
EXPANSION AND TEMPERATURE RELIEF VALVES
HOT WATER STORAGE CYLINDERS

PRIMATIC HOT WATER STORAGE CYLINDER
MEDIUM AND HIGH RISE BUILDING SUPPLY SYSTEMS
TYPES OF BOILER

SECONDARY CIRCULATION

DUPLICATION OF PLANT

ELECTRIC AND GAS WATER HEATERS

SOLAR HEATING OF WATER

HOT WATER STORAGE CAPACITY

BOILER RATING

PIPE SIZING

PRESSURISED SYSTEMS

CIRCULATION PUMP RATING

LEGIONNAIRES' DISEASE IN HOT WATER SYSTEMS
SEDBUK

GALVANIC OR ELECTROLYTIC ACTION

WATER TREATMENT
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Expansion of Water

Waoter expands with changes in temperature. At 4°C water is at its
most dense. At temperatures below 4°C down to zero or freezing,
water expands about 9% (approximately 1/10) by volume. This is why
underground supplies require adequate ground cover and externally
exposed water pipes require insulation to prevent damage. At
temperatures between 4°C and 100°C or boiling, water expands by
about 4% (approximately 1/25) by velume and is significantly less
dense - see table below. This deqree of expansion and reduction in
densilty is the principle of convective water circulation in elementary
hot water systems.

Temperature (°C) Density (kq/m?)

O 099.8B0

4 1000.00
10 999.70
20 998.20
30 985.00
40 992.20
50 987.50
60 983.20
70 977.50
g0 971.80
90 965.60
100 958.00

The following formula can be used to calculate the amount that
water expands in a hot water system:

E =CX(P1- P2) = P2
Where: E =expansion (m?)
C =capacity or volume of water in system (m?)
Py = density of water before heating (kg/m?)
Pz = density of water after heating (kg/m?)

Example: A hot water system containing 15m® of water, initially at
10°C to be heated to 80°C.

E=15x (99970 - 971.80) = 971.80
E=0-430m?

Hot water and heating systems must incorporate a means for
accommodating expansion. A fail safe mechanism must also be
provided should the initial provision malfunction.
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Direct System of Hot Water Supply

The hot water from the boiler mixes directly with the water in the
cylinder. If used in a "soft” water area the boiler must be rust-
proofed. This system is not suited to "hard” waters. typical of those
extracted from boreholes into chalk or limestone strata. When
heated the calcium precipitates to line the boiler and primary
pipework. eventually “furring up® the system to render it ineffective
and dangerous. The storage cylinder and associated pipework should
be well insulated to reduce enerqy losses. If a towel rail is fitted,
this may be supplied from the primary flow and return pipes.

h
Sarvicing _— Cold water storage or fead cistarn
o :L""O ==
“H - 4 - i s
SR e __—— Full-way gate valve
Hising main o— 22 mm cold feed pipe
=
22 mm vent pipa A L ]
Electric immarsion heater
i
Distanca 'A’
450 mm (min) Direct cylindar
minimum capacity
140 litres
Y
Bath Basin
- r
i
22 mm hot waler
distributing pipe 28 mm primary
/ fovpee
=15 mm 28 mm primary i
return pipe
Y
Boiler with
thermostatic
control
Sink Basin f
— [
i
Safety valve — v
- M

— B

i, -~
\' Drain valve /

Note: All pipe sizes shown are for copper outside diameter.
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Indirect System of Hot Water Supply

This system is used in ‘hard” water areas to prevent scaling or
‘furring” of the boiler and primary pipework. Unlike the direct system.
water in the boiler and primary circuit is not drawn off through the
laps. The same watler circulates continuously throughout the boiler,
primary circuit and heat exchange coil inside the storage cylinder.
Fresh water cannot gain access to the higher temperature areas
where precipitaotion of calcium would occur. The system is also used
in combination with central heating. with flow and return pipes to
radiators connected to the boiler. Boiler water temperature may be
set by thermostat at about 80°C.

Celd water storage cisltern

e Expansion and feed gistern ’-\ Servicing
T valve
LA Frip iy
Rising main ‘\

Rising main
22 mm
secondary cold feed
plpe
Z2mm
22mm primary vent
secondary vent AY pipe
h pipe -‘.,\\
Heating coil 15mm
primary cold fead
pipe
Bath Basin
—— I—
/)q- 28 mm
Drain valve primary flow

H=want pipa haight above 3
cistarn water line. pipe

H {min.) =150 mm + 40 mm Indiract eylinder or calorifiar minimum
per metre of system helght h. capacity 140 litra (wall insulatad)
n=distance betwaan cistarn ‘-

Pressure reliet
o cylinder (or boiler on n?afety vaive
v

water ling and cold 1eed antry 2Bmm prmary return pipe '
primary cirguit), T

Sink Basin Drain valve

Drain valva

ﬂ/ fvn

Boiler with thermostatic control

*A safety valve is not normally required on indirect open vent
systems, as in the unlikely occurrence of the primary flow and vent
becoming obstructed, water expansion would be accommodated up
the cold feed pipe.
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Unvented Hot Water Storage System

The Building Regulations. Approved Document J. permit the
Installation of packaged unit unvented hot water storaqe systems
which have been accredited by the British Board of Agrément (BBA)
or other European Organisation for Technical Approvals (EOTA)
member bodies. Components should satisfy BS 7206: Specification for
unvented hot water storage units and packages. A system of
individual approved components is also acceptable. Safety features
must include:

1. Flow temperature control between 60 and 65°C.

2. 95°C imit thermostat control of the boiler to close off the fuel
supply If the working thermostat fails.

3. Expansicn and temperature relief valves to operate at 95°C.

4. Check valves on water main connections.

The system is less space consuming than conventional systems and
saves installation costs as there are no cold water storoge and
expansion cisterns. In addition to satisfying the Building Regulations,
the local water authority should be consulted for approval and to
ensure that there is adequate mains pressure.

Temperature
relief valve o Anti-vacuum valve

H.w.s.c. 10 BS 7206
|_—— Alr valva

]
Basin Bath

oo g, | E il

™

Expansion

¥l ™S Hot watér o

sink, ete.
A 1

Expansion

vassal
Ir';rdasu:ura Pump

ng -
Sink u/
valve :
nsion valve

(teuiree) ] & 7

» -aL\"_
Stop and Y ﬁ !
drain valve e i Boiler

on rising main Funng Dnuble

valve check -~ Temparary
valva filling connaction

Unvented systemn with hot water siorage capacity in excess
of 15 litres, with a sealed primary circuit
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UHW.S.S. — Further Details > 15 Litres Storage

Installation - by suitably qualified person in possession of a
reqistered operative identity card/certificate, issued by a recognised
assessment body such as the Institute of Plumbing and Heating
Engineering or the Construction Industry Traiming Board.

Notice of installation - given to the local authority Building Control
Depariment. Building Requlation G3 - Hot Water Storage, requires a
competent installer, precautions to prevent water temperature
exceeding 100°C and any hot water discharge from safety devices to
be conveyed safely and visibly.

Water supply - direct feed from water main. therefore no
atmospheric vent pipe and no cold water storage cistern.

Water expansion - accommodated by suitably sized expansion vessel.
Some units operate with an internal air gap (see next page).

Systems - direct heated by immersion heater. or indirect from a
central heating boiler.

Storage cylinder materials - stainless steel. glass/vitreous enamel
coated steel or heavy gauge copper.

500 mm Temperalure and prassura relisf valve
maximum i
Afvvalve Expansion vessel
( AT
Secendary flow b Ly {/
Mg ; <
| s
Tundish 1\\
discharge Hws.c. Check valve
1o gulley with
fixad grating o Expansion/
T pressure
e relief valve
e -
|
.
r""‘ i %—l -"L

£ 7 %

4

|44 R
Motorised PF. P.A. Drain  Tundish  Rising main,
zone vaiva valve with outiet stop and

todrain  drain valve
Unvented hot water storage cylinder and undish detail

Controls -

*» Temperature and pressure relief valve.

« Expansion/pressure relief valve.

* Cylinder temperature requlating thermostat manually set to
operate the zone vaolve at 60-65°C.

« Over-temperature cut out thermostat, pre-set to operate the zone
valve at 85°C.
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UHW.S.S. — Internal Air Gap

For oll hot water systems. especially those exceeding 15 litres
storage capacity. a purpose made hot water storage cylinder
designed with provision for an ‘air gap” or ‘bubble top” is an effective
alternative to installing a separate expansion vessel.

Typical installation -

Temperaiure and Air
prassura ralief valva

\ s / Floating baffle
\l S— Check valve Ei:;!-?;:;?r:
Hotwater | 0V |77 77 i /

secondary . = =

flow bl ool /
T | £
g

/

Reduced pressure Strainer
cold waler supply

Unvented hwsc incorporating an air gap

Air compressed

Air

Floating baffla

Cold water Expanded hot waler

Function of the internal air gap

As the water expands on heating the volume of trapped air is
compressed to provide adequate delivery pressure and flow. After
some time, the air may become depleted due to turbulence by water
movement through the hot water storage cylinder. This will be
noticed by the pressure relief valve discharqing. The ‘air gap’ is
re-charged by draining the system and refilling. Some manufacturers
fit a floating baffle between the water and the air, to reduce the
effect of turbulence.

41



Expansion Valve and Temperature Relief Valve

Expansion devices in hot water systems are designed as o safe
means for discharging water when system operating parameters are
exceeded, i.e. In conditions of excess pressure and/or temperature.

Expansion valve - Care should be taken when selecting expansion or
pressure relief valves. They should be capable of withstanding 1.5
times the maximum pressure to which they are subjected, with due
reqard for water mains pressure increasing overnight as demand
decreases.

Temperature relief valve - These should be fitted to all unvented
hot water storage vessels exceeding 15 litres capacity. They are
normally manufactured as a combined temperature and pressure relief
valve. In addition to the facility for excess pressure to unseat the
valve, a temperature sensing element 1s immersed in the water to
respond at a pre-set temperature of 95°C.

Discharge from these devices should be safely controlled and visible,
preferably over a tundish as shown on page 91

Diaphragm

Spring

Valve (open)
over seating

~—— Temperature
| sensing element

Expansion valve
Temperature relief valve

Ref. BS 6283-2: Safety and control devices for use in hot water
systems. Specifications for temperature relief valves for pressures
from 1 bar to 10 bar.
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Pressure Reducing Valve

Pressure reducing valves are otherwise known as pressure requlators.
PRV's can be applied to many different piped services including gas.
compressed air, water and steam. These applications may range from
relatively simple installations such as mains water supplied domestic
unvenled hot water storage systems. to larger scale industrial steam
and district heating schemes.

High pressure is needed to overcome the resistances of long lengths
of pipe distribution, changes in direction. valves, etc. For local
distribution. the pressure must be reduced to:

* Prevent undue wear and damaqe to the lighter gauge fittings and
fixtures at the end use.

* Provide a maximum safe working pressure to prevent injury to end
users.

* Regulate supplies at a constant value or desirable secondary

pressure, irrespective of inlet pressure variations and changes in
demand.

Function and installation

Control
wheel —

* Qutletl reduced pressure acts
on the underside of the
diaphragm.

Lock nut —— .

L
-
il
-

(] I'1I"Il'||.l1|:i'11|1il.- I LN

I

» Control spring opposes the
reduced pressure.

» Reduced pressure and control
spring setting effect the

Diaphragm — ££

Infet — Outlet position of the valve and flow
condition.
Valve
Typical PRV
i Isolating
iner |
Isolating " Bressura vaive Safety
valve gauge |' valve
High pressure \ ' /
Suppj’\’r | * PRV | ’ Pressure
. gauge
By-pass with w Low ;\rassura
isolating valve N_ supply

Installation to an industrial situation
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Strainers

A strainer is used to filter out and trap fluid suspended debris. pipe
scale and carbonate deposits from hard water. This facility is
essential to prevent component wear by erosicn and abrasion. and
interference with the efficienl operation of pipe system controls.
Strainers are a standard installation on processing plant and other
industrial applications. There has been little need for strainers in
domestic systems, until the use of items such as thermostatic mixing
valves, shower mixers, check valves and pressure reducing valves
have become standard. To protect the sensitivity of Lhese units,
most manufacturers integrate a means of filtering within the casting.
Otherwise, an independent pipeline strainer of the type shown can be
iInstalled upstream of the unit.

Typical pipeline strainers

Brass or

A/ bronze body

Gasket or

. / sealing ring

’ Debris pocket

Open ended
cylindnical si/st
slraingr Access cap

Threaded for domestic and light industrial services

Cast iron
or steel body Bolted flange

-

" connections

Stainless steal
strainer | Access cap
for cleaning

!
Sealing
fing

Flanged for industnal applications
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Hot Water Storage Cylinders

BS 1566-1: Copper indirect cylinders for domestic purposes. Open-
vented copper cylinders. Requirements and test methods.

BS 1566-2: Copper indirect cylinders for domestic purposes.
Specification for single feed indirect cylinders.

BS 417-2: Specification for galvanised low carbon steel cisterns.
cistern lids, tanks and cylinders.

Immersion
healer boss St and vant Sf:r}d vent
; ‘ Sr P§*
[ Sr
Pt : : ;:/ \-4-- ; E ::f"f
[} I
I |
\j L /P]pa coll E X Annular
heat exchanger | | |e—1 heat exchanger
P
I 1
L I
] (]
I i 4
Pr*—= T Prt—f1—— o
s Cf -~
- N raE N
Concave base * = male thread
key: see next page
Indirect copper, Indirect galvanised steel,
72-440 litres (domestic) 108-455 litres {domestic)

Direct cylinders have no coil or annular heat exchangers. They can
be identified with female pipe threads for the primary flow and
return connections. For domestic use: copper - 74 to 450 litres
capacity. galvanised steel - 73 to 441 litres capacity. Direct and
indirect cylinders for industrial and commercial applications are
manufactured in copper and galvanised steel in capacities up to
4500 litres.

Notes:

(1) Copper and galvanised (zinc plated) steel pipes and components
should not be used in the same installation. In addition to
electrolytic action between the dissimilar metals, pitting corrosion
caused by tiny particles of dissolved copper settling on the
galvanising will produce local cells which dissolve the zinc and
expose the steel to rusting.

(2) Copper and galvanised steel cylinders normally incorporate an
aluminium and a magnesium sacrificial anode, respectively. These are
designed to deteriorate over sufficient time to allow a protective
coating of lime scale to build up on the exposed surfaces.
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Primatic Hot Water Storage Cylinder

BS 1566-2: Specification for single feed indirect cylinders.

An indirect hot water system may be installed using a ‘"primatic’ or
single feed indirect cylinder. Conventional expansion and feed cistern,
primary cold feed and primary vent pipes are not required. therefore
by comparison, installation costs are much reduced. Only one feed
cistern is required to supply water to be heated indirectly, by water
circulating in on inteqral primary heater. Feed water to the primary
circuit and boiler 15 obtained from within the cylinder. through the
primary heater. The heat exchanger inside the cylinder has three air
locks which prevent mixing of the primary and secondary waters. No
corrosion Inhibitors or system additives should be used where these
cylinders are installed.

Key:

5f = Secondary flow pipe
Pf = Primary flow pipe
Pr = Primary return pipe
He = Heat exchanger

Cf = Cold feed pipe

Primatic cylinder

Cold water storage
or feed cistern
Secondary
cold feed pipe
Primatic
Bath Basin cylinder
—t- |-v
*_,-—' Pf
Bailer
PP ——
Sink g
> ¥
= 2al

Installation of primatic cylinder
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Indirect Hot Water System for a Three-storey Building

For larger buildings a secondary circuit will be required to reduce
‘dead-leqs” and to maintain an effective supply of hot water at all
outlets. Convection or thermo-siphonage may provide circulation. but
for a more efficient service a circulatory pump will be necessary. In
buildings which are occupied for only part of the day. e.g. schools,
offices., etc., a time control or programmer can be used to requlate
use of the pump. Also. one of the valves near the pump should be
motorised and automatically shut off with the pump and boiler when
hot water is not required. All secondary circuits should be well
insulated to reduce heat losses through the pipework. A heating
installation can operate in conjunction with this system. but may
require duplication of boilers or separate boilers for each function.

= ﬂ/‘\
N

s 2 k=
Cold water storage cistern Expansion and
feed cistern

P =
z

-— Secondary circuil —1"
Baths, basins, sinks
n?ﬁ ' '
—| <

Radiators or

isolating valves Sogiot sl

5\_«

p—

Drain U:Im g Summer value
e N \

=0 ||

Sinks Calarifier _j;
L 4

Pump
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Indirect Supplementary Hot Water System

Hot water provision in moderately large buildings such as spacious
houses., small hotels, hostels and other situations where demand is
periodically high. can be from a large storage cylinder or cylinders
installed in duplicate. Alternatively or additionally, depending on
requirements, @ supplementary storage vessel may be strategically
located at high level. This vessel is relatively small, containing no
more than 20% of the total design capacity.

Expansion Cu:rsc
cistern kY _ Expansion pipe
L) %
] \ »
\ — 1‘__,., High level hot water
_""‘ storagfe vessel
Gata valve —-k f;
_~ pipe /
- P sieiion vilve
COId feed | -—pd Hn[ water
N e Cold feed E .
‘_;-_ , branch supplies
B w i
' i
Safaty \ \ b
expansion \ {
valve \ \ \
Pump Hwsc \ |
4 \ \ Secondary retumn
i, \ \
o Timed circulator and
— nan-return check valve
4 X
/ ‘.\1
i. . |
Boller Drain valve

Advantages over a single storage facility:

* Smaller secondary flow and return distribution pipes.
* | ess concentrated dead load on the structure.
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Sealed Indirect Hot Water System for a High Rise Building

For convenience and to reduce wear on fittings. the moximum head
of water above taps and other outlets is 30m. This 15 achieved by
using intermediate or break pressure cisterns for each sub-circuit.
Head tanks are provided Lo ensure sufficient volume of stored hol
water and adequate delivery to the upper floors. Compared with
conventional installations a considerable amount of pipework and
fitting time can be saved by using an expansion vessel to absorb
expansion of water in the primary circuit. However, the boiler and
calorifiers must be specified to a high quality standard to withstand
the water pressure. All pipework and equipment must be well
insulated.

Cold water storage cistern

Head tank I ] ’/
== =k
_‘—
3 2
— e MO watar
™ aupply 1o
baTh_s, basing,
SINKS OF
/showers
—— -
—i foe—im-
Air valva
e o
b 24 Pump /
3 § y o
Break - 1
reak pressura J
cislern ™ __Od_ ¥ g -~
——=— I-\‘_
1 Hat water
i k i calorifier
—— —
pre— “__,...' e
Secondary
- clrcuit . YA
Hot water

| .
%_“ #’""" I ‘Ic.‘}lﬂnﬁer
PO LH
[ -

Expansion vessel___ @
] / la
F /

Mitrogen gas Bailar
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Types of Boiler

Cast iron sectional - made up of a series of hollow sections. joined
together with left- and right-hand threaded nipples to provide the
heat capacity required. When installed. the hollow sections contain
water which 1s heated by energy transfer through the cast ron from
the combusted fuel. Applications: domestic to large industrial boilers.

Steel shell. fire or flame tube - hot combusted fuel and gases
discharqe through multiple steel tubes to the extract flue. Heat
energy from the burnt fuel transfers through the tube walls into
cylindrical waterways. Tubes may be of annular construction with
water surrounding a fire tube core. Uses: commercial and industrial

buildings.

Copper or steel water tube - these reverse the principle of fire
tubes. Water circulates in o series of finned tubes whilst the
combusted fuel effects an external heat transfer. These are typical
of the heat exchangers in domestic boilers.

Heat Flue
exchanger

\

Insulated
Retumn L~ casing
JE Gas supply
E i |I_i bpp & /
. L] )
| SEE SRR G
N |
Gas bumer L ',_ Qil burner
Cast iron sectional boiler ‘\ e /
F
Flue Flue \E= e — )

. Flow
= — Combustion Cylindrical
et chamber waterways
E Fire tube bailer

Gas burner Finned tubes

i | e Combustion
E,;Embusngf_rf % chambor

Water tube boiler

All of these boiler types may be fired by solid fuel. gas or oil.
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Condensing Gas Boilers

Condensing boilers have a greater area of heat transfer surface than
conventional boilers. In addition to direct transfer of heat enerqy
from the burning fuel, heat from the flue gases is used as secondary
heating to the water jackel. Instead of the high temperature
(200-250°C) flue gases and water vapour discharging to atmosphere,
they are recirculated around the water jacket by a fan. This fan
must be fitted with a sensor to prevent the boiler firing in the event
of failure. Condensation of vapour in the flue gases is drained to a
suitable outlet. The overall efficiency 1s about 90%, which compares
well with the 75% expected of conventional boilers. However,
purchase costs are higher, but fuel savings should justify this within
a few years.

=~ __t+-Fan motarfrotor

EﬁLT_R_.A_- Main burnar injector
N — Diffuser
LR Main burner
Sral T Heat exchanger casting
o —Primary lubes
2 —Secondary lubas
" Sump

-" 22 mm min_dameter condensate waste pipe
with 75 mm =seal trap to sanitary pipework

o Return
Fanned Hot
: : flue water out
Balanced flue condensing boller
./J/< 1
Primary- f
heat
Flow and
axchanger
e l return
/4 pipework
i
Secondary
heat
aexchangar
f‘ L Cold
=1 water
Ly - in
Insulation Condensate drain

Conventional flue condensing baoiler

Refs: BS 6798: Specification for installation of gas-fired boilers of
rated input not exceeding 70 kWnet. Building Requlations. Approved
Document H1: Foul Water Drainage. Section 1 - Sanitary pipework.
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Condensing Gas Boilers — Characteristics (1)

Otherwise known as high efficiency boilers.

Originally developed in the 1930s. Lack of technological advances and
less concern about effect of consuming fuel limited interest until the
fuel crises of the 1970s.

Introduced to the domestic market in the early 1980s. Slow to
establish due to relatively higher purchase cost. From 2005, virtually
compulsory for new installations. to satisfy SEDBUK efficiency bands
A and B.

Extracts heat from flue gases to gain from the secondary heating
effect.

Heat exchanger must be corrosion resistant, i.e. stainless steel or
aluminium to resist the acidity of condensate. Cast iron and copper
are only suitable in non-condensing boilers with high flue gas
temperatures which are unaffected by condensation.

Non-corrosive plastic condensate waste pipe required. Waste usually
connected to a siphon which discharges condensate in one go from a
150 ml sump. This reduces the possibility of a drip discharge freezing.

Least efficient condensing boiler has about the same efficiency as
the most efficient non-condensing boiler.

Condensing boilers are at their most efficient with low return water
temperatures. This effects most condensation. Therefore, they are
best used with modulating controls as described on page 120.

About B80% enerqgy exchange occurs as combusted gas at
temperatures above 200°C effect the primary heat exchange. The
secondary heat exchange adds about another 5% as the fanned flue
qases reduce to about 55°C as they pre-warm the returning system
cool water. With this temperature reduction the flue gases condense,
dew point occurs (steam turns to water) adding about another 5% Iin
latent energy transfer.

The gas burner has to impart less energy to raise the temperature
at the primary heat exchange hence fuel savings and less CO2 and
NO, emissions from the flue.

Controls -

Non-condensing boilers are efficiently controlled with thermostatic
valves, thermostats and an interlock facility. The boiler is switched
on and off relative to internal air temperature. High temperature
water is delivered to emitters.

Condensing boilers are at their most efficient when enabled to run
for sustained periods with a moderate flow water temperature and
low return water temperature. They are ideally suited to modulating.
weather compensated control systems.
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Condensing Gas Boilers — Characteristics (2)

Flue discharge has a distinct plume or cloud of moisture droplets.
May be a problem with neighbouring properties.

Flue slopes back slightly towards the boiler to discharge any
condensation from the flue duct into the condensate drain.

Typical SEDBUK factors:

Modern condensing boiler 88%
Modern non-condensing boiler 75%
Older boiler 58%

A non-condensing boiler loses at least 20% of heat energy produced
into the flue. Therefore these boilers are BO% efficient at best.
Approximately half the heat energy that would be otherwise lost in
the flue I1s recovered by a condensing boiler. Therefore these boilers
are approximately 90% efficient.

Approximate number of households in UK = 14 million.

Typical annual household production of CO2 with a non-condensing
boiler = § tonnes.

Total potential CO> emissions = 70 million tonnes.

Typical annual househald production of COz with a condensing boiler
= 3 tonnes.

Total potential CO2 emissions = 42 million tonnes.

Therefore, in addition to fuel savings, condensing boilers represent a
potential for an annual reduction in polluting or greenhouse gases of
28 million tonnes.

100
Dew point

range to meximise

Temperaiura a ¥
latent heat energy 50

Flue temp. °C

Operating -
efficierey % | ™

Efficiency range during
latent hest excharge

Condensing boiler efficienscy

Note: Qil-fired condensing boilers are also marketed with
specifications to satisfy current energy use requirements.
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Combination Boiler

This system saves considerably in installation time and space. as
there is no need for cisterns in the roof space, no hot water
storage cylinder and associated pipework. The ‘combi’ gas boiler
funclions as an instantaneous waler heater only heating water as
required, thereby effecting fuel savings by not maintaining water at
a controlled temperature in a cylinder. Water supply is from the
mains. providing a balanced pressure at both hot and cold water
outlets. This is ideal for shower installations. Boiler location may be
in the airing cupboard. leaving more space in Lhe kitchen. The system
Is sealed and has an expansion vessel which is normally included in
the manufacturer’s pre-plumbed, pre-wired package for simple
installation. Further control details are shown on page 113.

? [~
%
?
7
7
g
’g Radiators with
’{//; Bath Basin thermostatic valves
T
?’ 4 I —I 7
7 2
- 7/
;//4‘; g To other radiators
% / [ L
’.'é g{lombi boiler R
7 / oom thermostat
o tr-+---O
o
g g Sink From other radiators
=
7 I
0 H
% ﬁ e gt
07| b AR R A DN e A
0 i
{; % J-—- Cold water supply direct from main
]
o : _; : .,'_l Note: The boiler incorporates a pump, expansicn
s, L AL T vessel and electronic controls.

Cold water supply to bath,
basin and sink has been
omitted for clarity,

54



Secondary Circulati

on

To prevent user inconvenience waiting for the cold water ‘dead-leg’
to run off and to prevent water wastage, long lengths of hot water
distribution pipework must be avoided. Where cylinder to tap
distances are excessive, a pumped secondary flow and return circuit
may be installed with minimal ‘dead-legs’ branching to each tap. The
pipework must be fully insulated and the circulation pump timed to
run throughout the working day. e.q. an office system could be
programmed with the bgiler controls. typically B.00 am to £€.00 pm.
S days a week. A non-return valve prevenls reverse circulation when

the pump Is not in use.

Nominal inside Equivalent copper tube | Max. length of secondary
pipe dia. (mm) outside dia. (mm) flow without a return (m)
10 12 20
~10 to 19 >12 to 22 12
>19 to 25 >22 to 28
>25 >28 E
Vent and
450 mm min. yim pipe
A_,'f'
Secondary flow
/ﬁmenuntml
[ ® Tap
3H : <
s : 'Mlmma|+
| dead-leg
e 1
‘.d"" “*..‘ 1 » —
/ ::
HWSGC [ \ Service
NRV valve Secondary
Dréin Pump retum
valve
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Duplication of Plant

Dual installations or duplication of plant and equipment is required in
buildings where operating efficiency is of paramount concern. With
this provision. the supply of hot water in hotels. commercial
buildings. offices. etc. 1s ensured at all times. as it 1s most unlikely
that all items of plant will malfunction simultaneously. It may also
be necessary to divide the design capacity of plant lo reduce the
concentration of structural loads. Each boiler and calorifier may be
isolated for repair or renewal without disturbing the function of the
others. Therefore when designing the system it is usual Lo oversize
plant by up to one-third. to ensure the remaining plant has
reasonable capacity to cope with demand. There is also the facility
to economise by purposely isolating one boiler and calorifier during
periods when a building is enly part occupied.

Py

./ ol N,

Vv iy Mry Sr
Y

Cps

2!

Key:
Pct = Primary cold feed pipe
Vv = Vent valve
Sci = Secondary cold feed pipe
Pv = Primary vent pipe
Sv = Secondary vent pipe
MNrv = Non-retum valve
ALt - 5f = Secondary flow pipe
-"‘ & f ..f'\ Sr = Secondary return pipe
Dv Dps = Duplicated pumps
3 Wwvv = 3-way vent valve
Duplicated plant Dv = Drain valve
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Electric Water Heaters — 1

An electric immersion heater moy be used within a conventional hot
water storage cylinder. Alternatively. individual or self-contained
open outlet heaters may be located over basins. baths or sinks.
Combined cistern-type heaters can be used lto supply hot water to
several sanitary appliances. Enerqgy conservation is achieved with an
integral thermostat set between 60 and 65°C. This temperature is
also sufficient to kill any bacteria. The immersion heater must be
electrically earth bonded and the cable supplying the heating element
must be adequate for the power load. A cable specification of

2:5 mm? is normally adequate with @ 20 amp double pole control
switch supplied direct from the consumer’s unit or fuse box. Overload
protection at the consumers unit is a 16 amp fuse or circuit breaker
for a 3 kKW element and 20 amp for a 4 KW element.

N 5 “ Insulation

Immersion heater
o and thermostal

Hot water
outlet pipe

Pl T LA L
a Ll

(a) Vertical top  (b) Vertical bottom (¢} Horizontal bottom ey Baffla
entry entry entry

Swivel pips
Cold water inlet
+— direct fram main
or clstern

Pasitions of electric immersion haater inside cylindar

Self-contained open outlat heater

Owerflow pipe e Vent pipe

===
Cold water feed ‘\\
cistarn i 1

FAEEEE roct irom main e
Cold feed pipe |71 |- ms{ ) or cistern asin 2

:_ : 4 Hot water outiet / r r
Immersion | :‘“’1 pipe Rising main .
heater and —'—' ol 1 | b | Sink
thermostat Ll -'_-f?""“-* Insulabion

it e

Cistern-type heater Installation of electric cistern-type heater

Ref. BS 3198: Specification for copper hot waler storage combination
units for domestic purposes.
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Electric Water Heaters — 2

The cistern-type heater should be located with the water level at
least 15 m above the water draw-off taps. If there is insufficient
space to accommodate this combination unit. a smaller pressure-type
water healer may be fitted. These are small enough to locate under
the sink or elsewhere in the kitchen. They have two immersion
heaters, the upper element of 500 walts rating is for general use
supplying hot water to the basin, sink and other small appliances.
The lower clement of 2500 watts may be on a timed contral to
provide sufficienl hot water for baths. The pressure heater is
supplied with cold water from a high level cistern.

. T

—

e —— Hot water outlet E
Basin  Bath

i | g— 500 W heater and
T thermostat Cold water storage
i or feed cistern

2500W heater and

Cold water supply
from cislern e

Waler heater

. : thermostat
e i g =k \ L Sink
-‘. @
Pressure-type electric water heater b

Installation of pressure-type
electric water heater

I

Immersion heaters - safety cut-out. Since 2004, immersion heater
manufacturers are required to incorporate an additional integral
safety device, independent of the main thermostat. This brings
immersion heaters for vented water heating into line with the
requirements for unvented water heaters.

Function = if the main thermostat fails, water will boil. with
considerable damage potential to personnel, the installation and
premises. The manufacturers pre-set safety cut-out is designed to
prevent water in o hot water storoge vessel exceeding 98°C. It must
not re-set automatically.

Methods - either:

* A ‘one-shot’ thermal cut-out or thermostat. This is principally a
fusible link which melts or ruptures at a pre-determined
temperature. or

« A manually re-settable cut-out or thermostat which responds to
critical temperature change to break electrical contact.

Ref. BS EN 60335-2-73: Specification for safety of household and
similar electrical appliances. Particular requirements for fixed
immersion heaters.
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Electric Water Heaters — 3

Instantaneous water heaters are relatively compact non-storage units
suitable for use with individual sinks, basins and showers. For user
safety they are fitted with a pressure switch to disconnect the
electricity if the water supply 1s interrupted and a thermal cut-out
to prevent the water overheating. Mains pressure to these units
should be maintained below 400 kPa (4 bar). In some high pressure
supply areas this will require a pressure reducing valve to be
installed on the service pipe. Some expansion of hot water will occur
whilst the unit is in use. This can be contained if there is at least 3
metres of pipework before the unit and the closest cold water draw-
off. If this is impractical. an expansion vessel may be used. For more
details of electric shower installations see pages 286 and 287,

Heating element Pressure switch

Thermostat

‘--.'-‘---
Hot water outlet

N\

"—""Casing

Instantaneous-type electric water heater

Thermal relief valve
Tundish r’/, Hot water  Cold water

\ outlet ~\ ?ﬂet

T o r Installation of unvented

- Stop valve hot water units of less
i / than 15 litres capacity
Pressure relief & \
- \
valve x \
3 m minimum Mains supply
C Water heating
“y / unit
| Pressure
reducing
T o valve
| /
Alternative — /
B
/ E : Non-return
Drain :tpar:smn valve
valve YN
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Electric Water Heating — Economy 7

Industrial. commercial and domestic demand for electricity is
considerably reduced overnight. Therefore during this time. the
electricity supply companies can market their spare capacity as
off-peak electricity by selling it at a reduced rate - approximately
half the cost of standard day time tariff. Supplies are adapted to
operate through a programmer or time control which diverts the
electricity to a special off-peak or white meter. usually from
midnight to 7 a.m. In order to maximise the benefit, slightly larqger
than standard capacity hot water storage cylinders of 162 or 190
litres are recommended. To conserve enerqy., these cylinders must be
thoroughly insulated and the immersion heaters fitted with integral
thermostatic control. If supplementary hot water is required during
the day. this can be provided by a secondary immersion heater at
standard supply tariff.

Hot waler autlel Upper elament Maxistora
ep-u|
D — ® T i "3% : P controller
cylinder Gow day-bma

Maxigtore usa

controlier

Short element 7]

{fop-up) . 8
.| for day-time use | Extra thick |
4 fact
B Thermostats = 1'nsaﬁt§ﬁrty:un
. 210
Long element | | e
(oft-peak | 4 : capa&:lt!'
operaticn) ower SYRDGeY
_E i elemeant I
Cold _= Maxistore (off-peak . |
et ]~} qual . operaton) ) :
immersion e 11—
heater %ﬁj

i | i r
Immergion heater for existing cylinde 253 lW Maxistons ifamassion

heaters 355 mm long with
280 mm themmostats

Special package unit

The secondary immersion heater or boost heater iIs close to the top
of the cylinder to ensure that only a limited quantity of water is
heated at standard tariff. To maximise economy, the off-peak
thermostat is set ot 65°C and the boost thermostat at 60°C.

60



Gas Water Heaters — 1

When the hot water outlet is opened.
venturi fitting. The venturi contains @
the flow differential pressure and this

cold water flows through a
diaphragm which responds to
opens the gas valve. A pilot

flame 1gnites gas flowing through the burner which heats the watler

as it passes through the heat exchang

er. Installation can be direct

from the water main or from a cold water storage cistern. A multi-

point system has the hot water outlet

A gas circulator can be used to heat

suppling several appliances.

water in a storage cylinder.

They are usually fitted with an economy or three-way valve. This

qives optional use of waler circulation

through a high or low return

pipe for variable hot water storage volume. Domestic installations
may be in the kitchen., with vertical flow and return pipes to a
storage cylinder in the airing cupboard.

__ Flnal heater with
copper fins
_’_,,/" —— Heat exchanger
Casing
Hot water outlet Riiriar Thermostat .
_— Hol water Capillary pipe
| — Diaphragm outlet pipe
'_,_.Cu!d waler inlet et walar - "“i
storage cylinder 3 :
Instantaneous gas water heater !
|  Gasrelay
1 vale
Cold feed pipe i

Bath Basin

1

Three-way economy valve
Installation of gas cireulator

o

Cold water storage
or feed cistern

| __—— Heater

Sink

]

Gas inlet

Installation of instantaneous gas water heater

Ref:

BS EN 26: Gas fired instantaneous water heaters for the

production of domestic hot water., fitted with atmospheric burners.
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Gas Water Heaters — 2

The storage type of gas water heater is a self-contained unit and is
therefore simpler and quicker to install than a gas circulator.
Capacities range from 75 to 285 litres. The smaller units are single-
point heaters for supplying hot water to an individual sink or basin.
Larger. higher rated storage heaters can be used to supply hot
water to a bath, basin, sink and shower. These are called multi-point
heaters. They may also be installed in flats up to three storeys,
with cold water supplied from one cistern. A vent pipe on the cold
feed will prevent siphonage. To prevent hot water from the heaters
on the upper floors flowing down to the heater on the ground floor,
the branch connection on the cold feed pipe must be above the
heaters.

Hot water outlat pipe

_?': Cold feed pipe
Thermostat
Flue pipe B

Relay valve

o
—— . 25
11 11 Gas inlet Bath Basin
DE!EII Df ga$ Storage heater ‘-LJ— Cold water Slﬂr'&ge
or feed cistern
Sink
Slorage heater@

Installation of gas storage heatar for a house
T \ent pipes

[
Sl
He

Sink Basin Bath

(L

—
Storage heater

Drrain valve

(] LLCL

Installation of gas storage heaters for three-storey flats
(electric pressure heaters may be similarly installed)
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Gas Water Heaters — 3

Condensing water heater - a variation on the multipoint type heater.
The condensing heater is a hot water storage vessel, capable of
very rapid heat recovery.

Application - typical examples include small hotels, schools. residential
homes, student halls of residence, camp sites and sports centres.

Function - a fanned gas burner discharges into o stainless steel
combustion chamber within a cylindrical water storage vessel. From
the combustion chamber the burnt gases descend into a stainless
steel spiral to exit at low level through a flue. Condensate from the
flue is trapped and discharged to a drain.

Controls -

Automatic electric ignition in response to a water temperature
thermostat.

Limit thermostat.

Owverheat safety thermostat and warning light.

Fan failure device and warning light.

Manual on/off switch.

Water supply - either:

» Cistern, gravity feed pipe and atmospheric vent and expansion pipe,
or

* Direct connection to an unvented mains supply. Unvented supplies
require backflow prevention (check valve), an expansion vessel and
an expansion valve. A pressure and temperature relief valve must
also be fitted to the hot water outlet to discharge safely into a
tundish.

Tamperatura and Rating: 20 to 300 kW
pressure relief valve Hot water outlet Capacity: 200 to 950 litres
Y +/ Water termg: 65 to 80°C

Insulation
‘ // Expansion valve

Expansion vessal

Cald water supply
'/ Pressure reducing

/ valve (i required)

~ — YEY ) " - Drainvave
Check valve
Tundish

" Stop valve

draln Eanned Drain
gas burner

Mains connected condansing water heatar
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Solar Heating of Water

Solar energy can contribute significantly to hot water requirements.
In some countries it is the sole source of enerqy for hot water. In
the UK its efficiency varies with the fickle nature of the weather. but
fuel savings of about 40% are possible. For domestic application, the
collector should be 4 to 6 m? in area, secured at an angle of 40°
to the horizontal and facing south. The solar cylinder capacity of
about 200 litres is heated to 60°C. The cylinder and associated
pipework must be very well insulated and the solar part of the
system should contain a blend of water and non-toxic anti-freeze.
The pump is switched on when the temperature of water at point X
exceeds that at point ¥ by 2 to 3°C. The solar cylinder and the
conventional cylinder may be fitted on the same level, or to save
space a combined solar/conventional cylinder can be obtained from
specialist suppliers.

Smm sheet glass 20 mm air space

\ Surface
= % o painted
= - — - oy ’ ’ ’ ; ' mali black
AN EEEN S
Section \ ¢ j ’ . E
5 g
5
Aluminium foil 100 mm of insulation E E E / ;
’
[ —
Detail of flat plate solar collector s :
evation
Air valve
Solar collector (iT‘r‘rol panal _] I
=}
MNon-return valve
Fumg Sol finder
Filling point i
Conventional cylinder e
\1‘
——

& Hot water supply to taps '

Detall of systemn
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Properties of Heat — Hot Water

The heat energy properties of water are fundamental for determining
pipe sizes and component dimensions in hot water and heating systems.

HEAT is a form of enerqy. otherwise known as thermal energy.
The standard unit of energy is the joule [J).

1 Jjoule =amount of enerqy supplied by 1 watt (W) in 1 second (s).

Other units of energy found in older textbooks and product
references include:

1 British thermal unit (1Btu)=1055kJ
1 caleorie (1cal)=4-187 J

1 kilowatt hour (1kWh)=3-6 MJ

1 therm (1 therm)=1055MJ

POWER is a measure of work rate.
Power (W)=heat energy (J) = time in seconds (s)
Thus. W =1 joule/second

TEMPERATURE I1s measured on a scale between two fixed points.
These points are chosen at normal atmospheric pressure to represent
water at the melting point of ice as zero, and the boiling point at
100, hence the term centigrade. A point on this scale is known as
degrees Celcius (°C). The thermodynamic or absolute scale of
temperature is represented in degrees Kelvin (K). Temperature
intervals are the same as Celcius, but Kelvin originates at

- 273.15°C, the point at which no more internal enerqgy can be
extracted from a body. Temperature change intervals of 1°C and 1K
are the same. except that:

thermodynamic temperature (K)=temperature in °C+273.15
€.g. 1: water at 30°C=303.15K

e.g. 2: a hot water system with primary flow and return
temperatures of 80°C and 70°C respectively. has @
temperature differential of 10 K.

SPECIFIC HEAT CAPACITY (Shc) 1s the amount of heat energy
required to raise 1 kilogram (kg) of a substance by 1K.

Some approximate values of Shc (will vary slightly with temperature
and pressure):

Water 4180 J/kg K Aluminium 910 J/kg K
Ice 2100 Cast iron 500
Nylon 1700 Copper/zinc 385
Air 1010 Lead 126

From the above, it can be seen that it would require over four times
as much heat enerqy to raise 1kgq of water 1K. than 1kq of air
(4180 =1010 = 4.14). Conversely, as the Shc of water is relatively high,
it is a gqood medium for storing heat. This is also a reason why hot
water plant occupies less space than warm air systems, i.e. pipes are
much smaller than air ducts conveying the same amount of energy.
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Hot Water Storage Capacity

The capacity of hot water storage vessels must be adequate for the
building purpose. Exact requirements are difficult to determine. but
reasonable estimates are possible. These should include provision for
rate of energy consumption [see table below) and the time taken to
reheat the water to the required storage temperature (see boiler
rating calculation - next page). Many buildings have variable use and
inconsistent demands. This often creates an overdesign situation,
unless care is taken to establish peak use periods and the system
calculations adjusted accordingly. With these building types, non-
storage instantaneous fittings may be preferred.

For most buildings the following table can be used as quidance:

Building purpose Storage capacity Enerqy consumption
(litres/person) (kW/person)

Dwellings:

single bath 30 075
multi-bath 45 1-00
Factory/Office 5 010
Hotels 35* 100
Hostels 30 070
Hospitals 35 100
Schools/Colleges:

day 5 010
boarding 25 0-70
Sports pavilions 35 100

* Average figures
E.q. A student hall of residence (hostel) to accommodate 50 persons.

Capacity: 50 x 30 = 1500 litres
Enerqy consumption: 50 x 0-70 = 35 kW

The nearest capacity storage vessel can be found from
manufacturers’ catalogues or by reference to BS 1566. For
convenience, two or three cylinders of equivalent capacity may be
selected.
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Boiler Rating

Boilers are rated in kilowatts. where 1 watt equates to 1 joule of
enerqy per second. i.e. W = J/s. Many manufacturers still use the

imperial measure of British thermal units per hour for their boilers.
For comparison purposes 1 kW equates to 3412 Btu/h.

Rating can be expressed in terms of gross or net heat input into
the appliance. Values can be calculated by multiplying the fuel flow
rate (m?/s) by its calorific value (kJ/m? or kJ/kg). Input may be
gross If the latent heat due to condensation of water is included in
the heat transfer from the fuel. Where both values are provided in
the appliance manufacturer’s information. an approximate figure for
boiler operating efficiency can be obtained. ¢.q. if a gas boiler has
gross and net input values of 30 and 24 kW respectively, the
efficiency 15 24/30 X 100/1 = 80%.

Cil and sclid fuel appliances are normally rated by the maximum

declared enerqy output (kW). whereas gas appliances are rated by
net heat input rate (kW[net]).

Calculation of boiler power:

kg of water X S.h.c. X Temp.rise
Time in seconds

kW =

where: 1 litre of water weighs 1 kg
S.h.c. = specific heat capacity of water, 4-2 kJ/kgK
K = degrees Kelvin temperature interval
Temp. rise = rise in temperature that the boiler will need to
increase the existing mixed water temperature [say 30°C)
to the required storage temperature [say 60°C).
Time in seconds = time the boiler takes to achieve the
temperature rise. 1 to 2 hours is typical. use 15 hours in this
example.

1

From the example on the previous page, storage capacity is 1500

litres, i.e. 1500 kg of water. Therefore:

1500 x 42 x (60 - 30)
15 X 3600

Boiler power = = 35 kW net

Given the boiler has an efficiency of BO%. it will be gross input
rated:

35 x 100/80 = 43-75kW

Note: The boiler operating efficiency is the relationship between o
unit of fuel energy consumed to produce a unit of heat energy In
the appliance hot water. It is not to be compared with the seasonal
efficiency aof a boiler (SEDBUK]. see page 72.
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Pipe Sizing — Primary Flow and Return

The water in primary flow and return pipework may circulate by
convection. This produces a relatively slow rate of movement of
about 02 m/s, depending on pipe length and location of boiler and
cylinder. Modern systems are more efficient, incorporating a
circulation pump to create a water velocity of between 075 and
3:0 m/s. This permits smaller pipe sizes and will provide a faster
thermal response.

Inside diameter Velocily Velocity Velocity

of pipe min. max. (copper) max. (steel)
<50 mm 075 m/s 10 m/s 5 m/s
=50 mm 1-25 m/s 15 m/s 3-0 m/s

Exceeding these recommendations may lead to excessive system noise
and possible pipe erosion.

E.g. using the Copper Development Association design chart shown
on the next page, with the beiler rating from the previous example
of 43.75 kW gross heat input and 35 kW net heat input.

Boiler net heat input
S.h.c. x Temp. diff. (pf - pr)

Mass flow rate (kg/s) =

Temperature difference between primary flow (pf] and primary return
(pr) In pumped water circuits is usually about 10 K, i.e. BO°C-70°C.
With convected circulation the return temperature will be about
60°C.

35

Mass flow rate = m

= 0-83 kqg/s

On the design charl, co-ordinating 0-83 kq/s with a pumped flow
rate of 1 m/s indicates a 42 mm inside diameter copper tube. (35 mm
15 Just too small.)

By comparison. using convected circulation of, say. 0-15 m/s and a
mass flow rate with a 20 K temperature difference of 0-42 kg/s, the
pipe size would be 76 mm.
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Circulation Pump Rating

Circulotory pumps produce minimal pressure in the primary flow and
return. but the flow rate is considerably enhanced. The pressure can
be ascertained from design charts as a pressure drop in N/m? per
metre or pascals per metre. 1 N/m? equates to 1 pascal [Pa).

From the design chart. circulation in @ 42 mm copper tube at 1 m/s
produces a pressure drop of 240 Pa per metre. An estimate of the
primary flow and return effective pipe length [see page 29) is
required to establish the total resistance that the pump must
overcome. For example. if the effective pipe length is 20 m:

240 x 20 = 4800 Pa or 48 kPa.

Therefore the pump specification would be 083 kg/s at 48 kPa.
Manufacturers” cataloques can be consulted to select a suitable
pump. To provide for flexibility in installation. a degree of variable
performance is incorporated into each model of pump. This range of

characteristics can be applied by several different control settings as
shown in the fellowing graphic.

Pump performance chart:

Pump performance characteristic

/ at different settings

3 System charactaristic

209

/

4

Select setting 2
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Legionnaires’ Disease in Hot Water Systems

Bacterial growths which cause Legionnaires’ disease develop in warm.
moist. natural conditions such as swamps. They have adapted to
living in the built environment in the artificial atmosphere of air
conditioning and hot water systems. A larqe number of oulbreaks of
the disease have occurred. with some people suffering a prolonged
illness similar to pneumonia. The elderly are particularly vulnerable
and many have died, hence the name of the illness which was
attributed to a qroup of retired legionnaires who were infected
whilst attending a reunion in Philadelphia, USA, in 1976. Numerous
other outbreaks and subsequent deaths have led to strict
maintenance and installation controls of services installations. This
has been effected by the Health and Safety Execulive under the
Health and Safety at Work, etc. Act and the Workplace (Health,
Safety and Welfare) Requlations. The following measures are
recommended for use with hot water systems:

1. Stored hot water temperature 60 to 65°C throughout the storage
vessel.

2. Routine maintenance involving heating the waoter to 70°C as a
precaution.

3. Changing the design of cylinders and calorifiers with concave
bases. These are suspect. as the lower recesses could provide
areas of reduced water temperature with little or no movement.

4. Connections to storage vessels should encouraqge through
movement of water.

5. Pipework ‘dead-legs’ to be minimal.
6. All pipework to be insulated to reduce water temperature losses.

7. Where secondary circulation is required, supplementary trace
element heating tape should be applied to maintain a minimum
water temperature of 50°C.

B. Showers with recessed/concave outlet roses to be avoided. Other
designs to have a self-draining facility to avoid inhalation of

contaminated moisture droplets.

9. Spray taps - similar provision to 8.

Note: Cold water should be kept below 20°C.
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SEDBUK

SEDBUK is the acronym for Seasonal Efficiency of Domestic Boilers
in the United Kingdom. It has developed under the Government’s
Enerqgy Efficiency Best Practice Programme to provide a
manufacturers’ data base which represents Lhe efficiency of gas- and
oil-fired domestic boilers sold in the UK. See website:
www.boilers.org.uk, or www.sedbuk.com. This voluntary site is updated
monthly and it contains over 75% of new and existing products.

SEDBUK must not be confused with the operating efficiencies which
are sometimes quoted in manufacturers’ literature. These compare
gross and net heat input values - see page 67. SEDBUK is the
average annual in-use efficiency achieved in typical domestic
conditions. The principal parameters included in the SEDBUK
calculation are:

« type of boiler

* fuel ignition system
« internal store size
« type/grade of fuel.

Also included are the operating influences:

+ typical patterns of usage - daily. weekly. etc.
« climatic variations.

Quoted SEDBUK figures are based on standard laboratory tests from
manufacturers. certified by an independent Notified Body which is
accredited for boiler testing to European Standards.

Efficiency bands:

Band SEDBUK range (%)

A >100

B 86-90
C B82-B6
D 78-82
E 74-78
F T0-74
G <70

See next page for the minimum acceptable band values for different
fuel and installation types.
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SEDBUK and SAP

Building Requlations. Approved Document L1: Conservation of fuel
and power In dwellings., required, from 2002, reasonable boiler
efficiency for installations in new dwellings and for replacement
equipment in existing dwellings. The following values applied:

Fuel system and boiler type Min. SEDBUK value (%)
Natural gas 78
Natural gas back boiler 75
Liquid petroleum gas (LPG) 80
LPG back boiler 77
Qil 85
Oil combination boiler 82
Solid fuel See HETAS certification

The SEDBUK database is an essential reference when calculating part
of the Government's Standard Assessment Procedure for Energy
Rating of Dwellings (SAP rating). Additional factors to be considered
are: ventilation, heat losses through the fabric (U values) and solar
gains. To comply with the Building Requlations. builders are required
to submit energy rating calculations to the local building control
authority. This data is also available for prospective house buyers
and tenants for comparison purposes when assessing anticipated
annual fuel costs for hot water and heating. SAP values vary from 1
to 120, with BO considered the minimum expectation of new
dwellings. SAP worksheets are available in the Appendices o
Approved Document L1 of the Building Requlations.

Recognised organisations for accrediting ‘compelent persons’ as
installers of domestic hot water and central heating systems:

Gas - Council for Reqistered Gas Installers (CORGI).

Qil = Oil Firing Technical Association for the Petroleum Industry
(OFTEC).

Solid fuel - Heating Equipment Testing and Approval Scheme
(HETAS).

Refs:

Building Regulations. Approved document L1 - Conservation of fuel
and power in dwellings, 2002 and 2005.

The Government's Standard Assessment Procedure for Energy Rating
of Dwellings, 2001 and 2005.

(Both published by The Stationery Office.)
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UK Low Carbon Economy

The amended Building Regulations of 1990, 1995 and 2002 have made
substantial improvements to standards of energy efficiency. Since
2002, several more initiatives have been applied to the instaollation
and use of fuel-consuming appliances and attention to details of
construction. Buildings have been specifically identified as the source
of about 50% of all atmospheric carbon emissions. Half of this is
attributed to emissions from domestic hot water and heating
equipment.

The initial objectives are to:

» Reduce the carbon dioxide (CQO:z) emissions from boilers by some
60% by around 2050. Real progress to be achieved by 2020.

* Maintain the reliability of fuel enerqy supplies and resources.

+« Promote a competitive enerqy market in order to encourage
sustainable economic growth and productivity.

*» Ensure that all homes are adequately and affordably heated.

Effects:

* Domestic boilers - new and replacement appliances of SEDBUK
rating A or B only. 1e. high efficiency condensing boilers.

* Insulation standards for new and refurbished buildings improved.
e.g. replacement windows and reduced ‘U’ values.

+ Reqular inspection and maintenance of air conditioning systems.

» Measures to prevent overheating by solar gain.

* |Installation of energy recovery systems. e.g. MVHR aond heat
pumps.

» Restricted use of inefficient appliances. e.q. gas decorative effect
fires.

* |Insulation of hot and chilled water pipework and sealing of
ductwork joints to prevent air leakage.

» Use of high efficacy electric lamps and power rating limitations on
external lighting.

» Calculation of carbon emission limits from dwellings. re. SAP
ratings. For other buildings measures required to show
improvements, such as renewable enerqy use, solar systems and
CHP.

+ Reduced air leakage through the building envelope, max. 10 m3/
hour/m?.

Government energy policy:

» Reduced oil. gas and coal production.

* Deep mined coal resources exhausted by 2015.

+ Coal fired power stations to be phased out.

¢ Nuclear power stations to be phased out.

« Net importer of gqas by 2006.

* Net importer of oil by 2010,

+ By 2020, expected that 75% of UK prime enerqy supplies will be

imported.

Low carbon economy - reduced greenhouse gases.

* Microcombined heat and power (CHP) units to be encouraged. Fuel
cells and other renewable energy sources to be developed.

Refs.

Government White Paper: Our Energy Future - Creating a Low
Carbon Economy. Published 2003 by the DTI.

Building Requlations. Approved Document L: Conservation of fuel and
power. 2005.
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Galvanic or Electrolytic Action

Electrolysis - the corrosion or decomposition of different metals in
the presence of water. Three criteria exist which will encourage
corrosion:

*» Neutral or acidic water, pH value <7
« Warm or hot water
« Metals widely apart on the electrochemical or galvanic series.

Electrochemical series for metals used in plumbing and hot water
services:

Protected end (cathode) Stainless steel
Copper
Gunmetal and bronze
Tin
Lead
Steel
Cast iron
Aluminium
Zinc (galvanising)
Corroded end (anode| Magnesium

Water functions as an electrolyte. 1.e. a solution which conducts an
electric current between a cathode and anode of dissimilar metals.
Therefore, in water services systems materials must be compatible.
otherwise decomposition of pipework and equipment will occur. For
example, galvanised steel and copper pipes should never be used
together, particularly in hot water installations.

Plumbo-solvency - term used to describe the breakdown of lead
pipes conveying water with "soft’ characteristics. This should not be
a problem, as for health reasons lead is no longer acceptable as a
water services material. However, exposed lead flashings could be
affected in areas of ‘soft’ rainwater.

Cupro-solvency - term used to describe the breakdown of copper
pipes where soft water contains dissolved carbon dioxide. This type
of water is generally associated with private wells and springs.

Dezincification - this affects brass pipe fittings and valves. Brass is
an alloy of copper and zinc (50:50). Electrolytic reaction between
the two metals, particularly in high chloride waters. causes corrosion
of the zinc. This leaves the fitting unchanged in appearance. but with
no strength and possibly porous. Installations in areas known to be
prone to this problem should be specified with qunmetal fittings. an
alloy of copper. tin and zinc (85:10:5).

Anodic protection - before the introduction of plastic storage
cisterns it was common practice to fit a sacrificial anode of
magnesium into galvanised cold water storage cisterns if copper
pipes were used. As magnesium is below zinc in the electrochemical
series. the magnesium dissolved away instead of the galvanising.
Sacrificial anodes are fitted as a precautionary measure to the inside
of copper hol water storage cylinders.
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Water Treatment — Domestic Hot Water Installations

Bacteria - the most common bacteria in water systems is
Pseudomonas bacteria. It occurs where there is lack of water
circulation or stagnation in discontinuous lengths of pipes and
storage vessels. The latter is typical of expansion and feed cisterns
in indirect hot water and central heating systems. High ambient
temperatures between 20 and 40°C and poorly ventilated roof
spaces or compartments are ideal for its development. First
indications are usually its highly putrid odour. Inspection usually
reveals a brown slimy film lining the water surface and storage
cistern. Eradication is by flushing and disinfection with biocides in
solution.

Corrosion Inhibitors - see also page 134. Boiler and associated
equipment will only operate effectively and efficiently if water in the
system is maintained clean and free of impurities. The minimal build
up of scale or magnetite sludge will significantly reduce boiler
efficiency and increase its contribution to carbon emissions.

New systems should be flushed to remove debris such as metal
filings. flux and loose solder deposits. Filling is with clean water and
the manufacturer’s recommended dose of corrosion inhibitor, as
shown in the illustrations. Following maintenance. repair or
modification. existing systems should be treated similarly.

Proprietary corrosion inhibitors may be compounds of sodium silicate,
benzoate. nitrite and chromate. Sodium pentachlorophenate is @
bacteriacide or biocide which can be used to prevent the
accumulation of hydrogen gas in rodiators.

Corrosion inhibitor Corrosion inhibitor
added lo water
in cistermn

Plug temporarily removed

High level radiator

|| ! 5 b Valves
/ ks | open
Hose | T 34k
= et
expansion cistern
Dosing an open vent system Dosing a sealed system

76



3 HEATING SYSTEMS

=
; >
P
A Y
-
s - O-b3 -~

HEAT EMITTERS

LOW TEMPERATURE. HOT WATER HEATING SYSTEMS
UNDERFLOOR AND PANEL HEATING

EXPANSION FACILITIES IN HEATING SYSTEMS
EXPANSION VESSELS

SOLAR SPACE HEATING

HIGH TEMP.. PRESSURISED HOT WATER SYSTEMS
STEAM HEATING SYSTEMS

DISTRICT HEATING

COMBINED HEAT AND POWER

EXPANSION OF PIPEWORK

THERMOSTATIC CONTROL OF HEATING SYSTEMS
TIMED CONTROL OF HEATING SYSTEMS

ZONED CONTROLS

ENERGY MANAGEMENT SYSTEMS

AUTOMATIC BYPASS CONTROL

FROST PROTECTION

WIRELESS HEATING CONTROLS

WARM AIR HEATING SYSTEM

HEATING DESIGN

‘U VALUES

il



Heat Emitters — 1

Radiators and convectors are the principal means of heat emission in
most buildings. Less popular alternatives include exposed pipes and
radiant panels for use in warehousing. workshops and factories.
where appearance i1s nolt important. Embedded panels of pipework In
the floor screed can also be used to create ‘invisible’ heating, but
these have a slow thermal response as heal enerqgy is absorbed by
the floor structure.

Despite the name radiator. no meore than 40% of the heat
transferred is by radiation. The remainder is convected. with a small
amount conducted through the radiator brackets into the wall.
Originally. radiators were made from cast iron in three forms:
hospital, column and panel. Hospital radiators were so called because
of their smooth, easy to clean surface. an importont specification in
a hygienic environment. Column radiators vary in the number of
columns. The greater the number, the greater the heat emitting
surface. Cast iron radiators are still produced to special order, but
replicas in cast aluminium can be obtained. Cast iron panels have
been superseded by pressed profiled steel welded panels. These are
much slimmer and easier to accommodate than cast iron in the
modern house. In addition to the corrugated profile. finned backing
will also increase the heating surface and contribute to a higher
convected output. Pressed steel radiators are made in single. double
and triple panels.

Convectors have a steel casing containing a finned heat exchanger.
About 90% of the heat emission i1s convected and this may be
enhanced if a thermostatically controlled fan is also located in the
casing. They are more effective than radiators for heating larqe
rooms. and in this situation their extra bulk can be accommodated.

Air valve Profiled surface

Plug
S - / ——

Flow Marual or
regulating thermaostatic
valve control valve

Pressed steel radiator and connactions
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Heat Emitters — 2

In temperate and cold climates where there is insufficient warmth
from the sun during parts of the year, heat losses from the human
body must be balanced. These amount to the following approximate
proportions: radiation 45%. convection 30% and evaporation 25%.
Internal heat gains from machinery. lighting and people can
contribute significantly, but heat emitters will provide the main
contribution in most buildings.

Enhancement of radiator performance can be achieved by placing a
sheet of reflective foil on the wall between the fixing brackets.
Emitter location i1s traditionally below window openings. as in older
buildings the draughts were warmed as they infiltrated the ill-fitting
sashes. With quality double glazed units this is no longer so
important and in the obsence of o window. locating a shelf above
the radiator will prevent pattern staining of the wall due to
convective currents. Radiant panels and strips suspend from the
ceiling in industrial premises and other situations where wall space Is
unavailable.

Very popular for house

Easy to clean and paint 7 Provides a larger healing heating
D]W
Smooth sections Three columns
Haspital-type radiator Column-type radiator Panel-type radiator
Insulation at rear Hangers Metal casing Hanger
Vi
P P A I |
bk LEE Y I X -
g {1100V | 1y| oy Héatinngipes
coil (T T T U I A I § 4 Ty
T T T I O ! Lt 4 (I
tr vk (I (I
A | | | I
Flat steel sheet ! I I | I
Radiant heat rays Radiant heat rays
Radiant panel Radiant panels fixed Radiant strip

overhead
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Heat Emitters — 3

Radiant and convector skirting heaters are unobtrusive at skirting
level and provide uniform heat distribution throughout a room.
Natural convectors have a heating element at a low level within the
casing. This ensures that a contained column of warm air gains
velocity before discharging to displace the cooler air in the room.
Fan convectors may have the heater at high level with a variable
speed fan located below. In summer, the fan may alsoc be used to
create air circulation. Overhead unit heaters are used in workshops
to free the wall space for benches. machinery. etc. A variation may
be used as a warm air curtain across doorways and shop entrances.
Individual unit heaters may have a thermostatically controlled inlet
valve or a bank of several units may be controlled with zoning and
diverter valves to requlate output in variable occupancy situations.

Finned copper heater

: Metal casing
i
i Lo —-
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. Damper
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: Radiant heat
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Heater
Radiant skirting heater Convector skirting MNatural convector
healer
Hanger Plan of workshop
Fan v
Heater —— \ ﬁ
Filter = \ 4 Linit
}\ healers
Fan t (}l §= \ ﬁl
Mmh == \
Adjustable a\
Heatar louvres
Fan convector Overhead unit heater Method of siting

overhead unit heaters
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Low Temperature, Hot Water Heating Systems — 1

In low temperature. hot water heating systems the boiler water
temperature is thermostatically controlled to about BO°C. Systems
may be "open’ with a small feed and expansion cistern or mains fed
‘'sealed” with an expansion vessel.

The type of system and pipe layout will depend on the building
purpose and space available for pipework. A ring or loop circuit is
used for single-storey buildings. Drop and ladder systems are used
for buildings of several storeys. The drop system has the advantage
of being self-venting and the radiators will not become air locked.
Traditional solid fuelled systems operate by convection or gravily
circulation (otherwise known as thermo-siphonage). Contemporary
practice is to install a pump for faster circulation and a more rapid
and effective thermal response. This will also complement modern
fuel controls on the boiler and allow for smaller pipe sizes. The
additional running costs are minimal.

[ | Expansion and leed cistem

™=~ vent pipe
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b4 HO—————— —
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* Drain valve
L Eaatmay i L“

One-pipe ladder
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Low Temperature, Hot Water Heating Systems — 2

The one- and two-pipe parallel systems are useful where pipework
can be accommodated within a floor structure. a raised floor or a
suspended ceiling. The disadvantage with all one-pipe systems is the
difficulty of supplying hot water to the radiators furthest from the
boiler. As the heat is emitted from each radiator, cooling water
returns to mix with the hot water supplying subsequent radiators,
gradually lowering the temperature around the circuit. Eventually the
last or ‘'index’ radiator receives lukewarm water at best,
necessitating a very large rodiator to provide any effect. Pumped
circulation may help, but it will require a relatively large diameter
pipe to retain sufficient hot water to reach the ‘index’ radiators.
Two-pipe systems are less affected, as the cool water from each
radiator returns directly to the boiler for reheating. However,
radiators will need flow balancing or regulating to ensure an even
distribution of hot water. The reverse-return or equal travel system
requires the least requlating. as the length of pipework to and from
each radiator at each floor level is equal. In all systems the
circulating pump is normally fitted as close to the boiler as possible.
either on the heating flow or return. Most pump manufacturers
recommend location on the higher temperature flow.

EE] Radiators
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e | = Expansion and feed cistern
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Low Temperature, Hot Water Heating Systems — 3

The two-pipe upfeed system is used when it is impractical to locate
pipes horizontally at high level. The main heating distribution pipes
can be placed in a floor duct or within a raised floor. The two-pipe
drop 15 used where a high level horizontal flow pipe can be
positioned in o roof space or in a suspended ceiling, and a low level
return within a ground floor or basement ceiling. This system has the
advantage of self-venting. The two-pipe high level return system is
particularly appropriate for installation in refurbishments to existing
buildings with solid ground floors. In this situation it is usually too
time consuming. impractical and possibly structurally damaging to cut
a trough or duct in the concrete.

M) _—— Expansion and feed cistern
Eﬁ- Radiatars
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)
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Drain valve

it Pump
Two-pipe high level retum
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Low Temperature, Small Bore Hot Water Heating System

Pumped small bore heating systems have 28 or 22 mm outside
diameter copper tube for the main heating flow and return pipework,
with 15 mm o.d. branches to each radiator. This compares favourably
with the old gravity/convection circulation systems which somelimes
required pipes of over 50 mm diameter to effect circulation. If
cylinder and boiler are separated vertically by floor levels. there will
be sufficient pressure for hot water to circulate by convection
through the primary flow and return pipes. However. most modern
systems combine a pumped primary and heating flow with circulation
requlated by thermostats and motorised valves. Variations in one
and two pipe systems are shown on pages 81-83. Two pipe systems
are always preferred for more effective hot water distribution.

Cylinder
temperature >
control [P )

Thermoslatic
bellows

Feed and
expansion cistern

B TRVs

Batn g /Hi"lr\T.lll /

1 i S —
JL Pump
- sink 3 Ly lill iy
B-ailar—/

Small bore heating systam

Notes:

‘Cyltrol” valve to be as close as possible to hwsc, to sense hot
water return temperature and maintain stored water at about 55°C.
Where used with a solid fuel boiler. an unvalved radiator or towel
rail is connected across the primary pipes to dissipate excess heat
when the "cyltrol® closes.

2. Min. height of expansion pipe above cistern water level (A) = (B)

in metres X 40 mm + 150 mm. E.q. if (B). cistern water level to base
of hwsc is 25 m. then (A} i1s 2:5 X 40 mm + 150 mm = 250 mm.
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Low Temperature Microbore Hot Water Heating System

The microbore system also has pumped circulation through 28 or

22 mm o.d. copper tube main flow and return pipes to radiators. The
diameter depending on the number and rating of emitters connected.
The difference between this system and conventional small bore is
the application of a centrally located manifold between boiler and
emitters. Manifolds are produced with standard tube connections for
the flow and return and several branches of ¢, 8 10 or 12 mm
outside diameter. A combined manifold is also available. This is more
compact. having a blank in the middle to separate flow from return.
Manifolds are qenerally allocated at one per floor. Systems may be
open vented or fitted with an expansion vessel. The advantage of
microbore is ease and speed of installation. as long lengths of small
diameter soft copper tubing are produced in coils. It is also
unobtrusive where exposed. very easily concealed and is less
damaging to the structure when holes are required. Water circulation
noise may be noticeable as velocity is greater than in small bore
systems. Pumped circulation is essential due to the high resistance to
water flow in the small diameter pipes.

RERRTTT

[ manifold
o, \/

6—12 mm branches

Air valve 6,8 100or12 mm o.d.

\ | | soft copper tube
Expansion - r ! [:i“”“

valve and ~__|

tundish —

i

Manifold

I e HIEET
=&
Fill valve
m v _ / a;dv;uuble ﬂ:!gﬂ:ga
Drain valve check valve
Microbore system

85



Double Pump Heating and Hot Water Control

Air vent

Hwsec

_I
J/

Boiler

e

This 1s an alternative method for distributing hot water. It can be
effected by using two separate pumps from the boiler flow: one to
supply the hot water storage cylinder and the other the heating
circuit. Grundfos Pumps Ltd. have developed a purpose-made dual
pump for this purpose. which is integrated into one body. This
system conveniently replaces the conventional single pump and
associated two or three port motorised distribution valves. Each
pump is dedicated to hot water or heating and individually controlled
by cylinder or room thermostat. The correct flow and pressure can
be requlated to the characteristics of the specific circuit.

Feed and expansion
cistern

Haot water pump
Heating pump

9]ll]1]]
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L

g

X

Conventional open vent system

@/

Fill and
check
valves

—bg-phb--~-bé

| and tundish

'!Tf

[

Expansion valve

Expansion vessel

Hot water pump
Heating pump

o[

[1HiE

X

Typical sealed system
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Air Elimination in Hot Water and Heating Systems

In conventional low pressure systems. air and other gases produced
by heating water should escape through the vent and expansion pipe.
Air must be removed to prevent the possibility of air locks.
corrosion and noise. To assist air removal. a purpose-made device
resembling a small canister may be used to concentrate the gases.
This simple fitting is located on the boiler flow and vent pipe to
contain the water velocity and ensure efficient concentration and
release of air into the vent.

Feed and

expansion Vent

cistern \\‘H p-/

Heating
Hwsc Air eliminator
? Haating
| ratUm
Boiler —__

L.

Application of air eliminator

Vant ‘\\

Coneentration I I,

of air bubbi /bniler
air bubbles
\\l, B .‘\- o -..q".'_
B 4 fibestian

Flow from

Ccald e " Flow to
feed T2 N S radiators
\ B / and/or hwsc
e ._.L .,r-' N wre, Wt .

e A Wy o

—_— L E S pr—

Air eliminator (approx. 100 mm high x 75 mm dia.
with standard 22 mm o.d. copper tube connections)

87



Panel Heating

The system consists of 15 mm or 22 mm o.d. annealed copper pipes
embedded in the floor, ceiling or walls. This has the benefit of
avoiding unsightly pipes and radiators. Heat distribution is uniform.
providing a high standard of thermal comfort as heat i1s emitted
from the building fabric. However, thermal response is slow as the
fabric takes time to heat up and to lose its heat. Thermostatic
control is used to maintain the following surface temperatures:

Floors - 27°C

Ceilings - 49°C

Walls - 43°C
Joints on copper pipes must be made by capillary soldered fittings
or by bronze welding. Unjointed purpose-made plastic pipes can also

be used. Before embedding the pipes they should be hydraulically
tested as described on page 133.

Expansion and feed cistern

[0

\ Pipe panels

Buoiler

Cold feed pipe

Instaliation of panel heating system

Three-way thermostatic mixing valve  Flow header [ Insulation d.pm Pipes Screed

> C

= Pump Air valve _ . ———
Q. A s gy A A

Eh:ﬂe/ Return header V.o aleg ..'f‘; @ Lorcrete”
iler S l

WS A RN 75
BRI Hardcore

Detail of boiler and connections Method of embedding the pansls
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Underfloor Panel Heating — 1

Current practice is to use jointless plastic pipe in continuous coils.
Pipes can be embedded in a 70 mm cement and sand screed (50 mm
minimum cover to tube). In suspended timber floors the pipe may be
elevated by clipping tracks or brackets with metallic reflective
support trays. prior to fixing the chipboard decking. Materials include:

PEX: Cross linked polyethylene.
PP: Co-polymer of polypropylene.
PB: Polybutylene.

These pipes are oxygen permeable. therefore. when specified for
underfloor heating, they should include a diffusion barrier.

Boiler flow temperature for underfloor heating is about 50°C., whilst
that for hot water storage and radiators is about 80°C. Therefore,
where the same boiler supplies both hot water storage cylinder and/
or radiators and underfloor heating, a motorised thermestatic mixing
valve is required to blend the boiler flow and underfloor heating
return water to obtain the optimum flow temperature.

Extract from performance tables for o design room temperature of
21°C with a blended flow temperature of 50°C:

Solid floor -
Pipe dia. (mm) Pipe spacing (mm) Output (W/m?)
15 100 82
15 200 67
18 300 55
Suspended floor -
15 300* 47

*Assumes two pipe runs between floor |oists spaced at 600 mm centres.

For a room with a solid floor area of 13-5 m? requiring a heating
input of 779 watts (see page 125). the output required from the
underfloor piping Is:

779 =13-5-=57-7 watts/m?
Therefore, 15 mm diameter pipe at 200 mm spacing (67 W/m?) is

more than adequate. whilst 18 mm diameter pipe at 300 mm spacing
(55 W/m?) is just below.
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Underfloor Panel Heating — 2

Manifold or header - manifalds are discretely located on a wall or
within a boxed unit. Manifolds comprise:-

®* Flow ports (2-12).

®* Return ports (2-12).

®* Drain valve and hose connection [may be used for filling).

* Air ventilation valve.

Isolating valve to each bank of ports.

Visual flow meters to each flow port.

* Lockshield balancing valve on each return port.

Isolating Lockshield valves
valve on return ports

\ / Air vent
-

=
v

S —

-
—«— Fill and
drain valve

t

|

1
@g
[QH

i
I
Fixing bracket — +;a * * :ik

| —— Flow meter

11

Flow ports i
e ’ Hose connection

RN

Underfloor heating manifold

Installation noles -

®* One circulator per manifold.

®* Combined radiator and panel systems. one circulator for each
system.

® Screeded floor to have insulation turned up at edqe to provide for
expansion. Max. 40 m? or 8 m linear. without expansion joint.

®* Timber floor to have 6-8 mm expansion gap around periphery.

Refs.

BS 5955-8: Plastics pipework.

BS 7291-1 and 2: Thermoplastic pipes.

BS EN 1264-4: Floor heating. Systems and components. Installation.
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Expansion Facilities in Heating Systems

In any water heating system. provision must be made for the
expansion of water. A combined expansion and feed cistern is the
traditional means. This will have normal expansion space under usual
boiler firing conditions of about 4% of the total volume of water in
the system. plus o further third as additional expansion space for
high boiler firing. Although the expansion can be accommodated up
to the overflow level, there should be at least 25 mm between
overflow and the fully expanded water level.

Contemporary sealed systems have an expansion vessel connected
close to the boiler. It contains a diagphragm and a volume of air or
nitrogen to absorb the expansion. To conserve wear on the
diaphragm, location is preferred on the cooler return pipe and on the
negative side of the pump. System installation is simpler and quicker
than with an expansion cistern. The air or nitrogen is pressurised to
produce a minimum water pressure at the highest point on the
heating system of 10 kPa (approx. 1 m head of water). This 15
necessary, otherwise when filling the system. water would fill the
vessel leaving no space for expansion.

r_—.l‘.\fem plpe 22 mm
Cwerilow pipa
T—c{ ] | p
\ Additional
expansion space

Hising main

(Tad
Depth of Mermal
weter abaut e BXANSION Space
HRa Ry — Cold feed

pipe

]
Expansion and feed cistern

Tundish within
Pump to hwse Expansion val'u'7 500mm of

and heating expansion valve

Steel case High quality rubber diaphragm g - @ b |£ /i_mr gap
=

1—30{] MIm min,
Filling

paint Discharge to
gulley or ather
corvenient autlet

- — - - [

Nitrogen gas cushion f ) ,/ Expansion vessel
{a) Spherical (b) Cylindrizal Double D_‘E'“ (max. pressure
check valve valve 300kPa)
Diaphragm expansion vessels Installation of expansion vessel
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Expansion Vessels

Expansion vessels are produced to BS 6144. They must be correctly
sized to accommodate the expansion of heated water without the
system safety/pressure relief valve operating. The capacity of an
expansion vessel will depend on the static pressure [metres head
from the top of the system to the expansion vessel). the system
maximum working pressure (same setting as p.r.v.) obtained from
manufacturer’s details and the volume of water in the system
(approx. 15 litres per kW of boiler power).

Capacity can be calculated from the following formula:

e X C

bl W oy

where: V vessel size (litres)
e = expansion factor (see table)

C = capacity of system [litres)
Pi = static pressure (absolute)*
Pi = max. working pressure (absolute}*

* absolute pressure i1s 1 atmosphere (atm) of approx. 100 kPa, plus
system pressure.

Eg. C =100 litres
Pi = 15 atm or 150 kPa (5m head static pressure)
Pi =19 atm or 190 kPa (9m head static pressure]

Water temp. = 80°C

Temp. °C Exp. factor
50 00127
60 o011
70 Q-0227
BO Q-0290
30 0-0359

_ 0029 x 100 _ ., ;
V= T"W— = 13-80 litres

Ref: BS 6144, Specification for expansion vessels using an internal
diaphragm, for unvented hot water supply systems.
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Solar Space Heating

Solar space heating must be complemented with a very high standard
of thermal insulation to the building fabric. The solar panel shown
on page 64 for hot water provision will need a much larger area.
typically 40 m? for a 3 to 4 bedroom detached estate house. A
solar tank heat exchanger of about 40 m® water capacity is located
in the ground. It is fitted with a pre-set safety type valve which
opens to discharqe water to waste if it should overheat. The solar
panel and associated pipework are mains filled and supplemented with
a glycol or anti-freeze addilive.

Airv&lw————____k_______-
With diminishing fossil fuel S e RO O
resources and inevitoble
rising fuel prices, solar
heating 1s encouraged as a e X
supplement or even an
alternative to g
conventionally fuelled ya
systems. For use as the -
sole energy for a heating EXpeion vesEol
system there is still
considerable scope for K valia
research and development.
Technological developments \ /
are improving. particularly " § o
with the 'heat bank’ or S
storaqge facility shown. In / =
time it may become viable \
even with the UK's limited Matural or forced
solar energy in winter Lt i convector heaters
months. \

F‘umpT

Heating coils

Insulated spherical solar tank manufactured from glass
reinforced plastics.
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Properties of Heat — Heating

See also page 65, Properties of Heat - Hot Water. The following
additional dota has particular application to design of hot water
heating systems and components.

CHANGE OF STATE. Water has three basic characteristic states, solid

(ice). liquid (fluid) or gas (steam). Water changes state at the specific
temperatures of O°C and 100°C.

LATENT HEAT is the heal enerqy absorbed or released at the point
of change from ice to water and from water to steam. i.e. where
there is no change in temperature. This is measured as specific latent
heat, in units of joules per kilogram (J/kg).

Specific latent heat of ice = 335 kJ/kg
Specific latent heat of water = 2260 kJ/kg

SENSIBLE HEAT is the heat enerqy absorbed or released during
change in temperature.

E.g. to convert 1 kg of ice at 0°C to steam at 100°C:

lce at 0°C to water at 0°C = 1 kg X% 335 kJ/kg = 335 kJ

Water at 0°C to water at 100°C = 1 kg X Shc of water (approx.
4-2 kJ/kg K) x 100 K = 420 kJ

Water at 100°C to steam at 100°C = 1 kg x 2260 kJ/kq = 2260 kJ
The total heat energy will be 335 + 420 + 2260 = 3015 kJ

Note: Total heat is also known as enthalpy.

HEAT ENERGY TRANSFER can be by:

Conduction - heat travelling along or through a material without
appreciable change in position of the material particles.
Convection - heat travelling by movement of particles as they
expand or contract.

Radiation - heat transfer by electromagnetic waves through space
from one material body to another.

Warrm air
rises

Conduction "
thrgugh — Cioal air
wall 5% descends
, —_—
Radaticn
— =
' Al
LA i 2 1R
Radialor

Heat energy transfer from a radiator

Mota: Most heat epergy is convected from a radiator, although the lerm radiator is
praterred to difarantiate irom a convector, wners about 50% of heat |a conventad
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High Temperature, Pressurised Hot Water Heating Systems

Pressurisation allows water to be heated up to 200°C without the
water changing state and converting to steam. This permits the use
of relatively small diometer pipes and heat emitters. but for safety
reasons these systems are only suitable in commercial and industrial
situations. Even then., convectors are the preferred emitter as there
Is less direct contact with the heating surface. Alternatively,
radiators must be encased or provision made for overhead unit
heaters and suspended radiant panels. All pipes and emitters must be
specified to the highest standard.

Water can be pressurised by steam or nitrogen. Pressurised steam Is
contained in the upper part of the boiler. To prevent the possibility
of the pressurised water °“flashing into steam. a mixing pipe is
required between the heating flow and return. Nitrogen gas 1s
contained in a pressure vessel separate from the boiler. It is more
popular than steam as a pressurising medium. being easier to
control, clean, less corrosive and less compatible with water. Air
could be an alternative. but this is more corrosive than nitrogen and
water soluble.
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Nitrogen Pressurisation

When pressurising with nitrogen it is important that the pressure
increases in line with temperature. If it is allowed to deviate the
water may ‘flash’ i.e. convert to steam. causing system malfunction
and possible damage to equipment.

To commission the system:

1. Water 1s pumped from the feed and spill cistern.

2. Air is bled from high levels and emitters.

3. Air is bled from the pressure vessel until the water level is at
one-third capacity.

4. Nitrogen is charged into the pressure vessel at half design
working pressure.

5. Boiler fired and expansion of hot water causes the water volume
and nitrogen pressure in the vessel to double.

Note: Pressure vessel must be carefully designed to accommodate
expanded water - approximately 4% of its original volume.

Safety features include a pressure control relay. This opens a
motorised valve which lets excess water spill into the feed cistern if
the boiler malfunctions and overheats. It also detects low pressure,
possibly from system leakage and engages the feed pump to
replenish the water and pressure.

spill cistern

Pump NRV Motorised valve Design

System pressurisation

- T_ Expanded
One-, — -| ¢ water
third { | ===

Cold water Hot water
Commissiming prassura vassal
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Steam Heating Systems — 1

Steam was the energy source of the Victorian era. At this time
electricity and associated equipment that we now take for granted
were in the early stages of development. Steam was generated in
solid fuel boilers to power engines, drive machines and for a variety
of other applications. not least gs a medium for heat emitters. In
this latter capacity it functioned well, travelling over long distances
at high velocity (24-36 m/s) without the need for a pump.

By contemporary standards 1t is uneconomic to produce steam solely
for heating purposes. However, it can be used for heating where
steam is available from other processes. These include laundering,
sterilising. kitchen work, manufacturing and electricity generation.
Most of these applications require very high pressure, therefore
pressure reducing valves will be installed to requlate supply to
heating circuits.

Steam systems maximise the latent heat properties of water when
evaporating. This is approximately 2260 kJ/kg at boiling point.
considerably more than the sensible heat property of water at this
temperature of approximately 420 kJ/kg. Because of this high heat
property, the size of heat emitters and associated pipework can be
considerably less than that used for hot water systems.

Steam terminology:

Absolute pressure - gauge pressure + atmospheric pressure
(101:325 kN/m? or kPa).

Latent heat - heat which produces a change of state without a
change In temperature, i.e. heat which converts water to steam.

Sensible heat - heat which increases the temperature of a substance
without changing its state.

Enthalpy - total heat of steam expressed as the sum of latent heat
and sensible heat.

Dry steam - steam which has been completely evaporated, contains
nc droplets of liquid water.

Wet steam - steam with water droplets in suspension. present in the
steam space, typically in pipes and emitters.

Flash steam - condensate re-evaporating into steam after passing
through steam traps.

Saturated steam - steam associated with or in contact with the
water in the boiler or steam drum over the boiler.

Superheated steam - steam which is reheated or has further heat
added after it leaves the boiler.
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Steam Heating Systems — 2

Classification - low pressure. 35 kPa-170 kPa (108-130°Cj.
medium pressure, 170 kPa-550 kPa [130-160°C).
high pressure. aover 550 kPa (160°C and above).
Note: Gauge pressures shown.

Systems can be categorised as gravity or mechanical. In both. the
steam flows naturally from beiler to emitters without the need for a
pump. In the mechanical system a positive displacement pump is used
to lift condensed steam (condensate) into the boiler. Steam pressure
should be as low as possible as this will increase the latent heat
capacity. A steam trap prevents enerqy loss at each emitter. These
are fitted with a strainer or filter to contain debris and will require
reqular cleaning. A sight qlass after each trap gives visual indication
that the trap is functioning correctly. L.e. only condensate 15 passing.
On long pipe runs @ “drip relay’ centaining steam valve, strainer.
trap. sight glass and a gate valve will be required to control
condensing steam. This Is represented by the strainer and trap in the
mechanical system shown below. Expansion loops or bellows will also
be required on long pipe runs to absorb thermal movement. All
pipework and accessories must be insulated to a very high standard.

Convector healers ar overhead unit heaters
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Condensate tank

Mechanical system
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Steam Traps

The purpose of a steam trap is to separate steam from condensate.
retaining the enerqy efficient steam in distribution pipework and
emitters. Traps are produced in various forms and sizes to suit all
situations., some of which are shown below. The thermostatic and bi-
metallic types are for relatively small applications such as radiators
and unit heaters. The bucket and ball-float types are more suiled to
separating larger volumes of condensate and steam at the end of
long pipe runs and in calorifiers.

Thermostatic - bellows expand or contract in response to steam or
condensate repectively. Lower temperature condensate passes
through.

Bi-melallic - condensale flows through the trap until higher
temperature steam bends the strip to close the valve.

Bucket - condensate sinks the bucket. This opens the valve allowing
steam pressure to force water out until the valve closes.

Ball-float - the copper ball rises in the presence of condensate
opening the valve to discharge water until steam pressure closes the
valve.

Composile
strip

=

Iniet —- Sealed bellows o
fixed to cap
Valve
Valve
Outlet
Thermostatic type l Bi-metallic type

Ovutlet

——Buckel — \
[ —— \ Ball-float
Tube h Valve
Bucket type Ball-float type
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Steam Calorifiers

Non-storage type - used for providing instantaneous hot water for
space heating. The steam tube bundle or battery occupies a
relatively large area compared to the surrounding amount of water.
To avoid temperature override and to control the steam flow, a
thermostat and modulating valve must be fitted.

Storage type - these are used to store hot water for manufacturing
processes and/or washing demands. Unlike non-storaqge calorifiers.
these have a low steam to water ratio. re. a relatively small
battery of steam pipes surrounded by a large volume of water.

Modulating temperature
Steam control valve Thermostat s
Steam valve Strainer / // Heating flow

Gate UTQ Sight glass

/ / \ Calorifier T
Condensate ;
Dirt pocket
M Trap 2 Heating
Non-storage calorifier retum
Secondary flow
Secondary return
Water
3)
LJ
Calorifier \
Tube battery Drain and cold feed

Storage calorifier (controls as above)
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Steam Overhead Unit Heater

High level fan assisted unit heaters are often the preferred means of
heat emission for use with steam heating systems. Unless housed.
radiators and convectors can be dangerously hot to touch. and they
take up useful floor space in industrial production and warehouse
premises. A typical installation is shown below with @ non-return
type of check valve to control the flow of condensate.

Condensate main

Steam valve

Strainer

"\

] Thermastatically
Steam 3::':;0”36 motorised
main

L

Overhead unit heater
-+—— suspended from ceiling
or roof structure

I_IlIIIIIIIII Illllllu
Yl idd

WP s |
\

/ t Dirt pocket
Non-return ~ Steam Strdiriar
valve trap

Overhead unit heater connections

Recail spring

Nitrile rubber
disc washer

Metal or - Bronze body
nitrile rubber disc

Swing pattern Horizontal lift
non-retum valve non-return valve
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District Heating — 1

A district heating system is in principle an enlarged system of
heating one building. extended to heat several buildings. It can be
sufficiently large enough to heat a whole community or even a small
town from one centralised boiler plant. Centralising plant and
controls saves space in individual buildings. An effective plant
management service will ensure the equipment is functioning to peak
efficiency. Each building owner is required to pay a standing charge
for the maintenance of plant and to subscribe for heat consumed
through an enerqy metered supply, similar to other utilities. An
enerqy meter differs from a capacity or volume meter by monitoring
the heat energy in the water flow. as this will vary in temperature
depending on the location of buildings. The boiler and associated
plant should be located in close proximity to buildings requiring a
high heat load. e.q. an industrial estate. Long runs of heating pipes
are required and these must be well insulated. They are normally
located below ground but may be elevated around factories. Systems
can incorporate industrial waste incinerators operating in parallel
with conventional boilers and may also use surplus hot water from
turbine cooling processes in power stations or electricity generators.
This is known as Combined Heat and Power.

Industrial estate
]
s ) s B

Boilers J ]

—

4

-

Pumps
\_

N,
Boiler room 11 Sr}ﬂps

Office blocks

Healing mains

e
Y

Housing estate
Plan of typical two-pipe scheme

Hot water calorifier

Heat emitiers

Drain valve —miy
-

N

Heat meter

Return main Flow main

View of two-pipe system showing
the internal distribution
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District Heating — 2

The three-pipe system is similar to the two-pipe system except for
an additional small diameter flow pipe connected to the boilers. This
is laid alongside the larger diameter flow pipe and has a separate
carculation pump. This smaller flow pipe 15 used during the summer
months when space heating is not required. although in the
intermediate seasons it could supply both with limited application to
heating. It should have enough capacity to supply the heating coils
in the hot water storage cylinders plus a small reserve. It can be
seen as an economy measure to reduce hot water heating volume,
enerqy loss from the larger diameter pipe and pump running costs. A
common large diameter return pipe can be used.

FPipes must be at least 450 mm below the surface as protection
from vehicle loads. They must also be well insulated against heat
loss and frost damage If water is not circulating. Insulation must be
waterproof and the pipes protected from corrosion. Inevitably there
will be some heat losses from the mains pipework. This will
approximate to 15% of the system heating load.

Hot water calorifier

Heal emitlers

Steel conduit protactad
from corrosion

Small diameter heating
flow main

Large diameter heating
flow main

Large diameter heating

return main
View of typical three-pipe system showing .
the internal distribution Insulated return pipe
(a} Pipes inside steel conduit

Spacing plate

TSN
R S Ao 3

(b) Foamed plastic insulation (c) Concreate duct

Underground heating mains
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District Heating — 3

The four-pipe system supplies both hot water and space heating as
two separate systems. Individual hot water storage cylinders are not
required, as large capacity calorifiers are located in the boiler plant
room and possibly at strategic locations around the district being
served. This considerably simplifies the plumbing in each building as
cold water storaqge cisterns are also unnecessary., provided all cold
water outlets can be supplied direct from the main. However, the
boiler plant room will be considerably larqer to accommodate the
additional components and controls. Excavation and installation costs
will also be relatively expensive. but system flexibility and closure of
the heating mains and associated boilers during the summer months
should provide economies in use.

HW calorifier Industrial estate
L
¥
T T Hot water
T ] :I supply mains
L] (]
o rl:::::::::;1
Pump i
L .
= il
Furmp -
TR
Boilers =111 : N
- 444 Shops
‘f =TT ./
rd
Office blocks s

Heating mains

Housing eslate

Plan of typical four-pipe system

Heating
mains

\iew of typical four-pipe system
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Combined Heat and Power (CHP)

Potential for more economic use of electricity generating plant can
be appreciated by observing the enerqy waste in the large plumes of
condensing water above power station cooling towers. Most power
stations are only about 50% efficienl, leaving a considerable margin
for reprocessing the surplus hot water.

Combining electricity generation with a supply of hot water has
become viable since the derequlation and privatisation of electricity
supply. Prior to this. examples were limited to larqe factory
complexes and remote buildings. e.q. prisons. which were independent
of national power generation by special licence. Until the technology
improves. it is still only practical for large buildings or expansive
collections of buildings such as university campuses and hospitals.

Surplus energy from oil- or gas-fired engine driven alternators occurs
In hot water from the engine cooling system and the hot exhaust
gases. In a CHP system the rate of heat energy produced is directly
related to the amount of electricity generated. There will be times
when available hot water is insufficient. Therefore a supplementary
enerqy source from a conventional boiler will be required.

Hot exhaust gases Heat exchanger

e i

/
=T R
o |

4 ]

Alternator

——— | - =} -
r i |

Engine
Heat Caonventional Hot water retumn
exchanger boiler from buildings
Pressurisation
sel, if required

Principles of CHP
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Pipework Expansion — 1

All pipe materials expand and contract when subject to temperature
change. This linear change must be accommodated to prevent fatique
in the pipework, movement noise. dislocation of supports and damage
to the adjocent structure.

Expansion devices:
* Natural changes in direction.

* Axial expansion bellows.
* Expansion loops.

Bellows and loops are not normally associated with domestic
installations.

Fixed anchar

faial T v

I Fa =

|
T
L l'l Expa:.naiun
J \f+—— Original movement

%  position

of plpe

Natural changes in direction or oifsets

Pipe
l o~ Bellows - cold

{11}
Bellows — hot |
B [T

—« |—Total axpansion

Axial expansion bellows responding to hot water

Bellows are factory-made fittings normally installed ‘cold-drawn” to
the total calculated expansion for hot water and steam services. The
bellows can then absorb all anticipated movement by contraction.

Where the pipe content is cold or refrigerated fluids, the bellows are
compressed during installation.

Pipe bent
on site R-0-67 L~

Site made |oops or horseshoe
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Pipework Expansion — 2

Coefficients of linear expansion for common pipework materials:

Material Coeff. of expansion
(m/mK x 10 )
Cast iron 10-22
Copper 16-92
Mild steel 1:34
PVC (normal impact) 5510
PVC (high impact) 7510
Polyethylene (low density) 225-00
Polyethylene (high density] 140-20
ABS (acrylonitrile butadiene styrene) 110-20

E.g. An 80 mm diameter steel pipe of 20 m fixed length is subject
to a temperature increase from 20°C to 80°C (60 K).

Farmula:

Expansion = Original length % coeff. of expansion x Temp. diff.
20 x N34 x 10° x 60
00136 m or 13-6 mm

I

Single offset:

L =100 vzd
L = see previous page
z = expansion (m)
d = pipe diameter (m)
L. =
Loops:
L = 50 vzd
L = 50 /00736 x 0-080

Top of loop = 067 X L
Notes:

* Provide access troughs or ducts for pipes in screeds (Part 14).

* Sleeve pipework through holes in walls. floors and ceilings (see
pages 325 and 520 for fire sealing).

* Pipework support between fixed anchors to permit movement, i.e.
loose fit brackets and rollers.

* Place felt or similar pads between pipework and notched joists.

®* Branches to fixtures to be sufficient length and unconstrained to
prevent dislocation of connections.

* Allow adequate space between pipework and structure.

100 vO-0136 x0-080 = 3-30 m minimum.

]

165 m minimum.
110 m minimum.
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Thermostatic Control of Heating Systems

Room thermostat

Pfogrammer\{;]

Bﬂrler

Heating systam

T2

Pump
One thermostat
controlling the pump

Room

== thermastat

I
I
I
1

—

Thermostatic valve
Pump Room tharmestat

>
B

Thermostatic
Zoning valves

Cylinder thermostat

S

Room thermostat

g E

Two thermostats
controlling the pump to
give priority to hot water
supply

Bailer Purmnp

-

Mixing valve gives
constant rate of flow and
variable flow temperature

Heating
Baller

i Pump system

Diverting valve gives
constant flow termperature
and variable flow

o

Thermostatic control of heating and hot water systems reduces
consumers” fuel bills, requlates the thermal comfort of building
occupants and improves the efficiency of heat producing appliances.
Approved Document L to the Building Requlations effects these
provisions. This has the additional cobjective of limiting noxious fuel
gases in the atmosphere and conserving finite natural fuel resources.

A room thermostat should be sited away from draughts. direct
sunlight and heat emitters. at between 12 and 15 m above floor
level. Thermostatic radiator valves may also be fitted to each
emitter to provide independent control in each room. A less
expensive means of controlling the temperature in different areas is
by use of thermostatically activated zone valves to regulate the
temperature of individual circuits.

Three-port thermostatic valves may be either mixing or diverting.
The mixing valve has two inlets and one outlet. The diverting valve
has one inlet and two outlets. Selection will depend on the design
criteria. as shown in the illustrations.

Double entry thermostatic
valve for the micro-bore systam

Heat emittar

Hills

Thermostatic
radiator vahve

m.-_... -t Wator

Foom Packing

directions of
water flow

Section through a
three-pont valve oparated
by a room thermostat
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Thermostatic and Timed Control of Heating Systems

The diverter valve may be used to close the heating circuit to direct
hot water from the boiler to the hot water cylinder. The reverse is
also possible. depending on whether hot water or heating is
considered a priority. With either, when the thermostat on the
priority circuit is satisfied it effects a change in the motorised
diverter valve to direct hot water to the other circuit.

A rod-type thermostat may be fitted into the hot water storage
cylinder. or a surface contact thermostat applied below the insulation.
At the pre-set temperature (about 60°C) a brass and invar steel

strip expands to break contact with the electricity supply. A room
thermostat also operates on the principle of differential expansion of
brass and invar steel. Thermostatic radiator valves have a sensitive
element which expands in response to a rise in air temperature to
close the valve at a pre-set temperature, normally in range settings
5-27°C. Sensors are either a thermostatic coil or @ wax or liquid
charged compartment which is insulated from the valve body.

A clock controller sets the time at which the heating and hot water
supply will operate. Programmers are generally more sophisticated.
possibly incorporating 7 or 28-day settings. bypass facilities and
numerous on/off functions throughout the days.

g Cylinder thermastat

Diverter valve

Invar steel rod which has a small
rate of expansion

Caonirol panel

g T~ eating Srddi Brass casing which hasa 1 -
Boiler with thermostatic control i higher rate of expansion
Use of diverler valve to give priarity to hat water supply Rod type thermostat

ta a system having a pumped circurt to both the heating and the
hiot water cylinder

Invar Brass Then;?[-.lsiaiic Clack Pragrammer
1 Spri I".:- iE
I pring
i -
i t)‘ DNGE
o I L Valve 1 Haating
Bi-metall | =
strip | | TWICE
| —_— g Q
| _— —— OHCE
«1 |E =l I 5
Room thermostat Thermaostatic radiator valve Clock contral and
programmer
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Heating Systems, Further Regulations and Controls — 1

Ref. Building Requlations. Approved Document L1: Conservation of
fuel and power in dwellings -

From 2002 it has been mandatory in the UK to provide a higher
standard of controls for hot water and heating installations. This Is
to limit consumption of finite fuel resources and to reduce the
emission of atmospheric pollutants. All new installations and existing
systems undergeing replacement components are affected.

Requirements for "wetl’ systems -

®* Only boilers of a minimum efficiency can be installed. See SEDBUK
values on page 72 and 74.

* Hot water storage cylinders must be to a minimum acceptable
standard, i.e. BSs 1566 and 3198: Copper indirect cylinders and hot
water storage combination units for domestic purposes.
respectively for vented systems. BS 7206: Specification for
unvented hot water storage units and packaqges, for sealed
systems. Vessels for unvented systems may also be approved by
the BBA. the WRc or other accredited European standards
authority. See pages 534 and 535.

* New systems to be fully pumped. If it is impractical to convert an
existing gravity (convection] hot water circulation system. the
heating system must still be pumped. i.e. it becomes a semi-gravity
system., see pages 108 and 112. Existing system controls to be
upgraded to include a cylinder thermostat and zone (motorised)
valve to control the hot water circuit temperature and to provide
a boiler interlock. Other controls are a programmer or clock
controller, a room thermostat and thermostatic radiater valves
[TRVs to BS EN 215) in the bedrooms.

Note: The boiler is said to be “interlocked” when switched on or off
by the room or cylinder thermostat (or boiler energy management
system). The wiring circuit to and within the boiler and to the pump
must ensure that both are switched off when there iIs no demand
from the hot water or heating system. i.e. the boiler must not fire
unnecessarily even though its working thermostat detects the water
content temperature to be below its setting.

continued . . . . . ..
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Heating Systems, Further Regulations and Controls — 2

Requirements for ‘wet’ systems (continued) -

* Independent/separate time controls for hot water and space
heating. The exceptions are:

(1) combination boilers which produce instantaneous hot water. and
(2) solid fuel systems.

* Boiler interlock to be included to prevent the boiler firing when no
demand for hot water or heating exists.

* Automatic by-pass valve to be fitted where the boiler
manufacturer specifies a by-pass circuit.

Note: A circuit by-pass and automatic control valve is specified by
some boiler manufacturers to ensure a minimum flow rate whilst
the boiler is firing. This is particularly useful where TRVs are used.
as when these begin to close. a by-pass valve opens to maintain
a steady flow of water through the boiler. An uncontrolled open
by-pass or manually set by-pass valve is not acceptable as this
would allow the boiler to operate at a higher temperature, with
less efficient use of fuel

* Independent temperature control in living and sleeping areas [(TRVs
could be used for bedroom radiators).

* Installations to be inspected and commissioned to ensure efficient
use by the local authority Building Control Department or self-
certified by a ‘competent person’ i.e. CORGI, OFTEC or HETAS
approved (see page 73).

* System owners/users to be provided with equipment operating
quides and maintenance instructions. This ‘log-book ™ must be
completed by a ‘competent person’.

* Dwellings with over 150 m? living space/floor area to have the
heating circuits divided into at least two zones. Each to have
independent time and temperature control and to be included in
the boiler interlock arrangement. A separate control system is also
required for the hot water.

continued . . .. ...
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Heating Systems, Further Regulations and Controls — 3

Requirements for “dry’ systems -

* Warm air or dry systems (see page 122) should alsc benefit fully
from central heating controls. Although gas-fired air heaters are
not covered by SEDBUK requirements. these units should satisfy
Lhe following standards:

BS EN 778: Domestic gas-fired forced conveclion air healers for
space heating not exceeding a net heat input of 70 kW. without a
fan to assist transportation of combustion air and/or combustion
products, or

BS EN 1319: Domestic gas-fired forced convection air heaters for
space heating, with fan-assisted burners not exceeding a net heat
input of 70 kW.

* Replacement warm air heat exchanger units can only be fitted by

a ‘competent person’. All newly installed ducting should be fully
insuloted.

Motorised zone valve

'_17\ i TRV
[T,
A I
Cylinder thermastat , Bailer and pump
: interlock
Boiler thermostat ~J_ | f
P [
,,_\ !
X 5 0
Automalic by-pass valve

Note: Boiler and pump interlock is the wiring configuration as explained
on the previous two pages

Typical semi-gravity system of hot water and healing controls
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Heating Systems, Further Regulations and Controls — 4

Schematic of control systems -

z
TRV
Cylinder thermostat 5 \. |||”1[||”[II1
: U
Programmer i | Room
Boiler and pump imerlock ! D/ thermostat
Expansion Boller \ =377 T
valve and the stat Pl
tun:isi'l \\r 2 \ 3 s il
Expansion vessal i'.“ 1 j [ IH
‘ér | I H[Hr |L
SN

LT N e

Fill valve, double check Automatic
valve and temporary connection by-pass valve TnE e

Note: Boiler and pump interlock is the wiring configuration as sxplained
on pages 110 and 111

Typlcal fully pumped system of hot water and heating

TH\:
— 5=\
Hot water supply L e
ﬁ:maﬂi /Se“ﬂﬂ? .-‘EH:HH:HI—
.
th\m_“_ \A.Lmrrwﬂchynpamvahm
Mains supply with control/drain

i Tamparary connestion,
valve and check valves in y
boilar casing DCV and filing vaive

Motes:

1. Hot water draw off taps supplied direct from mains, through Instantansous water heatsr

2. Haating water is sealed. Atditional components include haating pump and axpansion
vessel in boller casing, with expansion valve and tundigh (see upper diagram)

Typlcal combination boller (see also page 54)
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Automatic By-pass Control

Modern boilers and heating systems are low water content to
provide fuel efficiency and a rapid response. Therefore. to maintain a
minimum flow through the boiler and to accommodate pump over-run,
most boiler manufacturers will specify thal a system by-pass be used
with their products.

An open by-pass or by-pass with a valve set in a fixed open position
will satisfy the basic objectives, but with the boiler flow pipe feeding
the return pipe at all operating times. the boiler will need to
function at a higher temperature than necessary to fulfil system
requirements. Also, the heat enerqy transferred into the system will
be limited. as a proportion of boiler flow water will be continually
diverted through the by-pass pipe.

Thermostatically controlled radiator valves and motorised zone and
circuit valves are now standard installation. With these controls
parts of the system may be closed. leaving only a limited demand
for heat. Selective demands will cause varying pump pressures, unless
a by-pass valve is in place to automatically adjust, requlate and
respond to pressure changes from the pump. Some applications are
shown on the previous two pages.

Typical automatic by-pass valve -

Screw for
pressure adjustment

Protective
cover

™

Main pressure
control spring

Valve
spring

Valve and
seating

wig
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Programmable Thermostatic Zone Control

In addition to high efficiency boilers. optimiser controls. thermostatic
radiator valves and other fuel-saving measures considered elsewhere
in this chapter, further economies and user comforts can be achieved
by installing programmable thermostats with motorised valves
dedicated to heat only a specific part or zone within a building.

Zone control or zoning provides fuel saving and user convenience by
requlating heat/enerqgy distribution to particular locations in response
to occupancy. This prevents wasteful distribution of heat in a
building that is not fully utilised.

Examples where zoning has greatest benefit:

®* Unused upper floor rooms. i.e. bedrooms. during daytime.

* Supplementary accommodation. bedsit or granny flat.

* Conservatories or other rooms with healing characteristics which
are weather and seasonally variable.

* Office in the home, occupied whilst the remainder of the house is
not.

* People with irreqular working patterns. i.e. shift workers may
require heating downstairs when others will not.

* Insomniacs and people who get up reqularly in the night (the
elderly?) may require heating in a specific room at unusual times.

e e e e
L Motorised valves thermostat
: i , |
—p T Y
thermostat E l ——
% --n--—-"‘uuf:_jkg -
/ [T S I
Hwsc T -! r — -! -
-
?ﬂ;brisad —— Ground floor zone
[ i valve programmable
/ thermostat

Boiler
Note: See page 91 for beiler feedfill and expansion facilities

Example using zone control programmable thermostats with
‘wireless' (radio frequency signals) regulation of the beiler
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Frost Protection

Piped water systems in modern highly insulated buildings are unlikely
to be affected by modest sub-zero external temperatures.
Nevertheless. an automatic 24-hour frost damage fail-safe facility
may be specified as a client requirement or to satisfy insurer’s
standards. This is particularly appropriate for buildings located in
very exposed parts of the country, and for buildings that are
periodically unoccupied.

Frost thermostat - similar in appearance to a normal room
thermostat but with a lower temperature range. Installed internally
or externally on a north facing wall and set to about 5°C.

Pipe thermostal - strapped to an exposed section of pipe to detect
the temperature of the contents.

Both types of thermostat can be used independently or wired in
series to the same installation as shown below. Whether used in
combination or Iindividually, they are installed to by-pass the time
contral.

Pipe temperalure

Internal or thermostat
extermnal sensor E@

I

|

1

I

Frost 1hﬂrmnstat

Temperature sensor

.'_'{f
Fusa attached 1o pipe

L ¥ _ / Heating load

v ———

_‘.f‘
' s |'
/ Time control 'Il
Two pola awtoh
isolator Boiler and pump

Thermaostatic frost protection

Trace element frost protection - a low voltage electric heating
element taped to the pipe surface. Used mainly for external piped
services.

Mains input
230V, 60Hz, AC

Transtormer T\Inlin wlres_
! with electrically
/ Sanvice pipe insulative heat
L

z | conductors
/ taped 10 pipe
@ T

Low vallage DC with nominal
heat outpul (3-9 Wim)

Trace element healing
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Wireless Heating Controls

Wireless or radio frequency (RF) band communications are in

common use. For example, remote keyless entries, TV controls.
portable telephones. burglar alarm systems. garage doors. estate
qates and computer links. For heating system controls. this form of
communications technology offers many benefits to both installer and
property owner/end user. Not least a saving in installation time, as
hard wiring between thermostatic controls. boiler controls, motorised
valves and programmer is not required. There is also considerably
less disruption to the structure and maoking good the superficial
damage from channelling walls, lifting floorboards. drilling walls and
haling joists. This is particularly beneficial where work is applied to
existing buildings and refurbishment projects.

In principle, a batlery cell power source Is used to transmit a
secure, unique radio signal from the hot water storage cylinder
thermostat and each of the room thermostats. This signal Is
recognised by a receiver which is hard-wired to switching units placed
next to the boiler., pump and motorised valves. Installation cabling is
therefore reduced lo an absolute minimum at localised receivers only.
The appearance and location of thermostats is similar to
conventional hard-wired units. The caopital cost of components is
significantly more, but the savings in installation time will justify this
expenditure.

The use of radio frequencies for communications systems in modern
society i1s strictly controlled and requlated by operator licensing
regulations to prevent interference and cross communications. For
wireless domestic heating controls this is not a problem as the
unigue low power signals function at around 430 MHz at a short
range. typically up to 30 metres. At this specification. an operating
license is not required as it satisfies the recommendations of the
European Telecommunications Standards Institute, European Standard
EN 300-220 for equipment in the 25 to 1000 Mhz frequency band
at power levels up to 500 mW.

To commission RF controls. each thermostat is digitally coded and
programmed to the associated signal receiver. Therefore, the
controls in one building will not interfere with similar controls in
adjacent buildings, and vice versa. Siting of controls will require
some care. as large metal objects can inhibit the signalling function.
Location of the boiler and hot water storage cylinder are obvious
examples that will need consideration.
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Wiring for Central Heating Systems

There are a variety of wiring schemes depending on the degree of
sophistication required and the extent of controls. i.e. thermostats.
motorised valves. etc. Boiler and control equipment manufacturers
provide installation manuals to complement their products. From
these the installer can select a control system and wiring diagram
to suit their client’s requirements.

The schematic diagrams shown relate to a gravity or convected
primary flow and return and pumped heating system (see page 84)
and a fully pumped hot water and heating system using a three-way

motorised valve (see page 109).

Mains supply to
a fused switch
) -—
T Water Heating Programmer
; = .y terminals
| E | ML o On | O on
LS
Room

3 amp fuse / _:_ g 1

Water Heating / @
Boiler \

Pump

thermostat Gravity primary flow and return,
pumpad heating system

§|__.....||.

Room

b thermostat
Off Hot water primary flow
T AN T —3-way

[ motorised Hot water only

valve
]
/ Pump —
Boiler \
Ful ed system Heating flow
ully pumped sy Combined pumped
ﬁ:wm"}' A hestig Hot water
and heating

Theoretical operation of 3-port motorised valve.
Nota: may be installed to give hot water priority over

heating.
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Energy Management Systems — 1

Optimum Start Controls - these have a control centre which
computes the building internal temperature and the external air
temperature. This is used to programme the most fuel efficient time
for the boiler and associated plant to commence each morning and
bring the building up to tempercature ready for occupation. The
system may also have the additional function of optimising the
system shutdown time.

Compensated Circuit - this system also has a control centre lo
compute data. Information is processed from an external thermostat/
sensor and a heating pipework immersion sensor. The principle 15 that
the boiler water delivery temperature is varied relative to outside
air temperature. The warmer the external air. the cooler the system
water and vice versa.

The capital cost of equipment for these systems can only be
justified by substantial fuel savings. For large commercial and
industrial buildings of variable occupancy the expenditure is
worthwhile. particularly in the intermediate seasons of autumn and
spring. when temperatures can vary considerably from day to day.

Temperature sensar
pe Pump Exlernal wall

Optimum  “yr=_—_ -
start control Heating
Temperature
sensor Temperature Three-port motorised
Internal Boller ST External wall  diverter valve
wall \ Pipe

immersion
sensar

Optimum start controller

................ = ——Heatin
Compensated —~ -D e | SYSW"“B
circuit controller [I_-If': 3
]
/ By-pass
Programmer ;
Boiler
Compensated circuit

119



Energy Management Systems — 2

Weather compensated circuit = accurate control of indoor
temperature depends on monitoring and modulating system heat input
with the heat losses from a building. This differs considerably from
the traditional heating system controlled solely by a thermostat. A
thermostat functions relative to internal air temperature, switching
on the boiler to supply water at a pre-set temperature.

Optimum comfort and economy are achieved if the heating system
water 15 constantly circulated with temperature varied to suit
occupancy needs. A balance is achieved by incorporating into the
heating programme. the external air temperature and internal heat
gains from people, machinery. solar sources, etc. At the centre of
the installation is a compensator-controlled 3- or 4-port motorised
valve (3 port shown on previous paqge). This valve blends the
required amount of cool system return water with hot water
supplied from the boiler. to ensure a continuous supply of water at
the required temperature to satisfy ambient conditions. The
motorised valve setting varies depending on the boiler water
temperature, the system supply water temperature, internal air
temperature and outdoor air temperature. The latter i1s measured by
a thermostatic sensor fitted to a north facing wall. Data from all
four sources is computed in the compensator for positioning the
motorised valve. activating the system circulator and to regqulate the
beiler functions.

Extarmal sensor Compensator Programmar
(D'/ Room/zone

Blended water
circulatar

Blended water

i / sensor
]

.

L

f
Boilar water .
: Regulating \
circulator ; £ 17
Boiler water valve Eaup: an B.r_pm Hﬂﬂtng GGt
flow sensor motorised valva

Waather compensated control system

Note: Variable water temperature systems are particularly suited to
underfloor heating. The heating demand is more evenly controlled
through the ‘thermal’ floor than by on-off thermostatic switching.
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Energy Management Systems — 3

Energy management systems can vary considerably in complexity and
deqree of sophistication. The simplest timing mechanism to switch
systems on and off at pre-determined intervals on a routine basis
could be considered as an enerqy management system. This
progresses to include additional features such as programmers,
thermostatic controls, motorised valves, zoning. optimum start
controllers and compensated circuits. The most complex of energy
management systems have a computerised central controller linked
to numerous sensors and information sources. These could include the
basic internal and external range shown schematically below. along
with further processed data to include: the time. the day of the
week, time of year, percentoge occupancy of a building,
meteorclogical data, system state feedback factors for plant
efficiency at any one time and energy gain data from the sun.
lighting. machinery and people.

Alr Water

Air + +

Humidity temperature  Humidity o

Almospheric
pressure

Computerised
central
control

Air
conditioning

Boilar Motorisad Actuators and

Pump valves Refrigeration ~ dampers
plant

Schematic of energy management components
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Warm Air Heating System

If there is sufficient space within floors and ceilings to accommodate
ducting. warm air can be used as an alternative to hot water in
pipes. There are no obtrusive emitters such as radiators. Air diffusers
or grilles with adjustable louvres finish flush with the ceiling or
floor. The heat source may be from a gas. cil or solid fuel boiler
with a pumped supply of hot water to a heat exchanger within the
air distribution unit. The same boiler can also be used for the
domestic hot water supply. Alternatively, the unit may burn fuel
directly, with air delivered around the burner casing. Control is
simple, using a room thermostat to requlate heat exchanger and fan.
The risk of water leakage or freezing is minimal. but air ducts should
be well insulated to reduce heat losses. Positioning grilles in doors is
an inexpensive means for returning air to the heater. but a return
duct is preferred. Fresh air can be supplied to rooms through
openable windows or trickle ventilators in the window frames. If
rooms are completely sealed, fresh air should be drawn into the
heating unit. The minimum ratio of fresh to recirculated air is 1:3.
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Frash air inlet ! :
Recirculated air inlet
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Cailing diffusar
over windows
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Fan = Filtar

First flnar Heal \ \\ Pumped hot
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Return air duct gﬁhal“uia ‘ from biler
i
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T
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/-"contrm
»
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: =
~—_ o |

/1
Inlet duct |
Warm alr,/

Ground floor putlats

Warm air heating unit

Circular branch ducis
Floar diffuser under windows

System for a house
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Heating Design — 'U’ Values

The thermal transmittance rate from the inside to the outside of a
building., through the intermediate elements of construction. is known
as the "U" value. It is defined as the energy in watts per square
metre of construction for each degree Kelvin temperature difference
between inside and outside of the building. i.e. W/m? K. The maximum
acceptable ‘U values vary with building type and can be found listed
in Approved Documents L1 and L2 to the Building Regulations.

Typical maximum area weighted average* 'U" values for dwellings:

Evterndl walls:  wvie o o & 6 v w5 % 0-35

Pitched roof: <« v v e v v a2 55 a5 016

Pitched roof containing a room. . . . . 0-20

FREE 00T & 5 = wanvwre ¥ F B e W & N B e 0-25

Exiermial MoOr: « < we o v 2 2w 8 3 5 9 5 0-25

Windows. doors and rooflights . . . . . 2:00 (ave.] Wood/uPVC
Windows, doors and rooflights . . . . . 2:20 (ave.] Metal

Note: Windows, doors and rooflights. maximum 25% of floor areaq.

Non-domestic buildings also have a maximum ‘U’ value of 15 for
vehicle access doors, along with the following requirements for
windows, doors and rooflights:

Residential buildings - maximum 30% of exposed wall internal area.

Industrial and storage buildings - max. 15% of exposed wall internal
area.

Places of assembly, offices and shops - maximum 40% of exposed
wall internal area.

Rooflights - maximum 20% of rooflight to roof area.

E.g. A room in a dwelling house constructed to have maximum ‘U’
values has an external wall area of 30 m? to include 3 m? of double
glazed window. Given internal and external design temperatures of
22°C and -2°C respectively. the heat loss through this wall will be:

Area X U x temperature difference
Wall: 27 % 035 x 24 = 22680
Window: 3 x 2:00 x 24 = 14400

370-80 watts

‘Note: Area weighted average allows for interruption in the
construction, e.qg. meter cupboard voids.
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Heating Design, Heat Loss Calculations — 1

A heat emitter should be capaoble of providing sufficient warmth to
maintain a room at a comfortable temperature. It would be
uneconomical to specify radiators for the rare occasions when
external temperatures are extremely low. therefore an acceptable
design external temperature for most of the UK is -1°C. Regional
variations will occur, with a figure as low as -4°C in the north. The
following internal design temperatures and air infiltration rates are
generally acceptable:

Roam Temperature O°C Air changes per hour
Living 21 1:5
Dining 21 15
Bed/sitting 21 15
Bedroom 18 1-0
Hall/landing 18 1-5
Bathroom 22 2:0
Toilet 18 2:0
Kitchen 18 2-0

The study in the part plan shown below can be used to illustrate
the procedure for determining heat losses from a room.

| 4-5{|]ﬂ m
= 1 | Pre———.
— [ 1 I
Dining room 21°C Study 21°C ~3-000 m
= ; WC 18°C J:

Hall 18°C

External design temperature —1°C
Room helght =2-3 m

Door area = 2 m>

Window area = 1:5 m?

Ventilation rale = 1-5 a/c per hour
Bedrooms above at 18°C
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Heating Design, Heat Loss Calculations — 2

To determine the total heat loss or heating requirement for a room.
It Is necessary to obtain the thermal insulation properties of
construction. For the room shown on the previous page. the "U’
values can be taken as:

External wall . . . . . . . . 035 W/m? K
Windaw . o & 5 & a2 o s % o w 2600
Internal wall . . . . . . . . 200
DOOr - & o s 5 o o6 e om oo ow s 00
FlOGh - & = w5 & 0@ oe w5 w029
Eelling: « ~ = = » =« v 5 2 o x 290

Heat is also lost by air infiltration or ventilation. This can be
calculated and added to the heat loss through the structure. to
obtain an estimate of the total heating requirement.

Heat loss by ventilation may be calculated using the following
formula:

Room volume X A/c per hour X Temp. diff. (int. - ext.)

Watts = 3

Note: The lower denomination 3. is derived from density of
air (-2 kg/m?*) % s.h.c. of air (1000 J/kg K) divided by 3600
seconds.

For the study shown on the previous page:

(45 x 3 x 2.3] x 15 x (21- -1) divided by 3 = 34155 watts

Heat loss through the structure is obtained by summating the
elemental losses:

Element Area (m?) ‘U’ value Temp. diff. (int. -ext.] Watts
External wall 1575 X 035 X 22 = 121-28
Window 15 2:00 22 66

Internal wall 8-35 2:00 3 50-10
Door 2 4-00 3 24

Floor 25 0-25 22 7425
Ceiling 135 2:50 3 101:25

436-88

Total heat loss from the study = 34155 + 436-88 = 778:43, ie.
779 watts
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Heating Design — Radiator Sizing

Radiators are specified by length and height. number of sections.
output in watts and number of panels. Sections refer to the number
of columns or verticals in cast iron radiators and the number of
corrugations in steel panel radiators. Panels can be single, double or
triple. Design of radiators and corresponding output will vary between
manufacturers. Their catalogues should be consulted to determine
exact requirements. The following extract shows that a suitable single
panel radiator for the previous example of 779 watts., could be:

450 mm high x 1100 mm long x 33 sections (B32 watts], or
600 mm high X BOO mm long X 24 sections (784 watts).

Selection will depend on space available. Over-rating 15 usual to
allow for decrease in efficiency with age and effects of painting.

Height (mm) Length (mm) |Sections | Watts (single] |[Watts (double)
450 400 12 302 548
500 15 378 686
600 18 454 823
700 21 529 960
800 24 605 1097
300 27 680 1234
1000 30 756 1371
1100 33 832 1508
1200 36 907 1645
1400 42 1058 1913
1600 48 1210 2194
1800 54 1361 2468
600 400 12 392 693
500 15 490 866
600 18 588 1039
700 21 686 1212
800 24 784 1386
900 27 882 1559
1000 30 980 1732
1100 33 1078 1905
1200 36 176 2078
1400 42 1372 2425
1600 48 1568 2771
1800 54 1764 318

Note: Radiators are also manufactured in 300 and 700 mm standard
heights.
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Heating Design — Approximate Heat Emission From Exposed Pipes
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Heating Design — Boiler Rating

To determine the overall boiler rating. the requirement for hot water
(see Part 2) is added to that necessary for heating. Heating
requirements are established by summating the radiator specifications
for each of the rooms. To this fiqure can be added a nominal

percentaqe for pipework heat losses, the amount depending on the
extent of insulation.

E.g. if the total radiator output in a house is 18 kW and an
additional 5% 1s added for pipework losses, the total heating
requirement is:

18 + (18 X 5/100) = 18-9 kW.

Given the manufacturers data of 80% boiler efficiency, the boiler
gross heat input will be:

18-9 X 100/80 = 23-63 kW.

2 E/
Primary flow

and retum \ B0°C
1
'[ Ground floor heating
g load — 10 kW
0°C

7

Upper floor heating
load — B.9 kW

Boiler

Pipes 1 - Heating flow and return at boiler
Pipes 2 - to upper floor
Pipes 3 - to ground floor

Schematic illustration. assuming a heating load of 89 kW on the
upper floor and 10 kW on the ground floor. i.e. 18:9 kW total.
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Heating Design — Pipe Sizes

The size of pipework can be calculated for each sub-circuit and for
the branches to each emitter. Unless emitters are very large. 15 mm
o.d. copper tube or the equivalent is standard for connections to
radiators in small bore installations. To illustrate the procedure. the
drawing on the previous page allows for calculation of heating flow
and return pipes at the boiler, and the supply pipes to each area of
a house.

Pipes 1 supply the total heating requirement. 18-9 kW.
FPipes 2 supply the upper floor heating requirement, 89 kW.
Pipes 3 supply the lower floor heating requirement, 10 kW.

For each pair of pipes (flow and return) the mass flow rate is
calculated from:

kg/s = ko
975 = 5 hc. X temp. diff (flow —return)

Specific heat capacity (s.h.c.) can be taken as 42 kJ/kqg K. The
temperature differential between pumped heating flow and return will
be about 10 K. i.e. 80°C - 70°C.

Therefore, the mass flow rate for:

N ™
Pipes1 = Z2%X 70 - 0-45kg/s
: 5 g-9 ity
pip‘252 = m = 0-21 kq_f&
: = 10-0 e
P1p€53 = m = 024 kg:’&

Selecting a pumped water velocity of 0-8 m/s (see page 68) and
copper tube. the design chart on page 132 indicates:

Pipes 1 = 35 mm o.d.
Pipes 2 = 22 mm o.d.
Pipes 3 = 22 mm o.d.
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Heating Design — Pump Rating

The specification for o pump is very much dependent on the total
length of pipework, summated for each section within a system. In
existing buildings this can be established by taking site measurements.
For new buildings al design stage., estimates can be taken from the
architects” working drawings. Actual pipe lengths plus an allowance
for resistance due to bends. tees and other fittings (see page 29).
provides an effective length of pipework for calculation purposes.

Using the previous example, given that pipes 1. 2 and 3 are 6 m.

10 m and 12 m effective lengths respectively, the design chart shown
on page 132 can be used to determine resistance to water flow in
each of the three sections shown:

Pressure drop in pipes 1 = 200 N/m? per metre (or pascals per
metre).

Pressure drop in pipes 2 and 3 = 360 N/m? per metre (Pa per m).

Therefore: Pipes 1@ & m x 200 Pa = 1200
Pipes 2 @ 10 m X 360 Pa = 3600
Pipes 3 @ 12 m x 360 Pa = 4320

9120 Pa or 992 kPa

From this calculation, the pump specification 1s 0-45 kqg/s at
912 kPa.

However. a higher figure for pump pressure will be necessary as the
resistances in branch pipes to individual emitters will also need to be
included. Pump selection is from manufacturer’s pump performance
charts similar to that shown on page 70.

Note: The smaller the pipe diameter, the greater the pressure drop
or resistance to flow.
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Boiler Rating — Approximate Guide for Domestic Premises

A simple and reasconably accurate estimate for determining boiler
size.

Frocedure -

* Establish dwelling dimensions and factor for location -

Ama_uf UK location Factor
openings :
om A North & Midlands | 29
’ B3 geotiand 28-5
South east 27
25m  wates 27
Northern Ireland 265
\M South west 25
>\,

Detached house, location south east

* Approximate heat losses:
Openings area (30 m?) x Openings ‘U’ value (2:00 ave.)* = 60 (A).
Gross wall area (100 m?) - Openings area (30 m?) x Wall "U’ value
[0:35)> - 2&5 (B
Roof length (5 m) X Roof width (5 m) X Roof U’ value (0-16)* =
4 (C).
Floor length [S m) X Floor width (5 m) x Standard correction
factor (0-7) = 17:5 (D).
(For ceiling and floors in a mid-position flat, use zero where not
exposed.)

® Summate fabric losses: A + B+ C +D = 106.

* Multiply by location factor: 106 x 27 = 2862 watts.

®* Calculate ventilation losses:
Floor area (25 m?) x Room height (25 m) x No. of floors (2) =
Volume (125 m? X Standard ventilation correction factor
(0-25) % Location factor (27) = 843-75 watts.

* Boiler input (net) rating = 2862 + 843.75 + 2000 (watts for hot
water| + calcs. for any extension to building = 5706 watts or
5-71 kW.

*See page 123 for "U’ values.
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Water Flow Resistance Through Copper Tube

Unpressurised hot water (approx. 65°C)

——-————— Pressurised hot water (approx. 115°C)
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Reproduced with the kind permission of the Copper Development Association.
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Pressure Testing Installations

Testing medium - water is preferred to air,
as water 1s virtually incompressible. Also,
about 200 times more energy would be
stored In compressed air at the same
pressure and volume as for water. This
could have a damaging effect on personnel
and property if a component leaked or
failed.

Where premises are particularly sensitive to
water leakage, a low pressure air test can be
undertaken before applying a hydraulic test.

Hydraulic test pump

Frocedure

* Disconnect ancillary equipment that may
not be designed to withstand test pressures, ¢.q. shower, boiler,
etc. Manufacturers data should be consulted.

®* Check all system high points for location of air vents.

* Blank or plug any open ends including float valves. Close valves
where sub-sections only are being tested.

®* Open all valves in the enclosed section under test.

* Attach test pump to a convenient point.

®* Start filling the system by pump priming and replenishing the pump

water reservoir.

Ventilate air from high points until water shows.

When the system is full. raise Lhe pressure as required.

If pressure falls, check joints, valves. etc. for leakaqge.

When the test is satisfied. ensure the appropriate documentation is

signed.

Test requirements

* Riqid pipes - provide an internal water pressure at the lowest
point in the system at 50% above normal operating pressure. This
should hold for 1 hour. For example, 1 bar (10 m or 100 kPa)
operating pressure requires a 15 bar (15 m or 150 kPa) test
pressure.

* Plastic pipes - elastic by nature, will expand to some extent under
pressure. Therefore the test procedure for rigid pipes is inappropriate.
Either of the following tests. A or B is acceptable:

Test A - test pressure as for rigid pipes is applied and maintained for 30
minutes. After this time, pressure is reduced by one-third. For another 90
minutes the test is satisfied if there is no further reduction in pressure.
Test B - required test pressure is applied and maintained for 30 minutes.
Test is satisfied if:

1. pressure drops <0-6 bar (60 kPa) after a further 30 minutes. and

2. pressure drops <02 bar (20 kPa) after a further 120 minutes. and
3. there is no visible leakage.

Application - underground and above ground systems of water
pipework.

Ref. Water Supply (Water Fittings) Requlations. Schedule 2. Section 4,
Faragraph 12.
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Corrosion in Central Heating Systems

Boilers with a cast iron heat exchanger used with an indirect sealed
system are unlikely to corrode. However, some electrolytic reaction
between copper pipes and steel heat exchangers in boilers and
pressed steel radiators 15 possible. Also. some corrosion of steel can
occur where minute amounts of air enter the system. This may
occur:

®* Through undetected leakage al pipe joints

®* From air present in solution

® From air dissolving into water contained in the feed and expansion
cistern.

The initial indication of internal corrosion is one or more radiators
failing to get hot and a need for frequent ‘bleeding’ through the air
valve. Corrosion produces hydrogen gas. This may be detected by
holding a lighted taper to the draught escaping at the air valve.
Caution should be observed when effecting this test and if the taper
is seen to burn with a blue flame. hydrogen is present. Air will not
burn.

Another characteristic of corrosion i1s black sludge accumulating n
the bottom of radiators. This is known as magnetite and it may also
obstruct circulating pipes. Magnetite is the metallic breakdown of
steel radiator walls. In addition to blockage and corrosion, magnetite
is drawn to the magnetic field of the circulating pump where its
abrasive presence may cause the impellor to fail.

Corrosion In heating systems can be prevented or at least
considerably reduced, by introducing a proprietary inhibitor to the
feed and expansion cistern as the system is filled. With sealed
systems the inhibitor can be introduced with a funnel and hose
temporarily connected to a high level radiator.

Hydrogen gas
= . 3 )
TR, T e e
incined i, cold || |— Festricted . il
Lt *" flow zone e
L } J, magnetite {

Intarnal corrosion of radiators
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General Considerations and Rules for Natural
Ventilation. The following considerations and
rules should be followed for promoting the natural
ventilation in buildings:

1. Inlet openings in the buildings should be well
distributed and should be located on the wind-
ward side at a low level. The outlet openings
should be located on the leeward side near the
ceiling in the side walls and in the roofs.

2. Inlet and outlet openings should preferably be
of equal size for greatest air flow, but when outlet

is in the form of a roof opening the inlet should be
larger in size.

3. Where the wind direction is variable, openings

should be provided in all walls with suitable
means of closing them.

4. Inlet openings should not be obstructed by adj-

oining buildir}gs, trees, signboards, partitions or
other obstructions in the path of air flow.
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5. Increased height of the room gives better vpp;.
lation due to stack effect.

6. The long narrow rooms should be ventilateq,
providing suitable openings in short sides,

7. The rate of air-change in a room mainly d.
pends on the design of opening location of inje
and outlet, and the difference in temperatyr,
between the inside and outside air. Generally, the
outside air is cooler than the inside air. Hence, th
cooler air enters from the bottom and afte
becoming hot during its stay in the room, it leaves
from the top (as shown in Fig. 21.2). It would,
therefore, be advantageous to provide ventilators
as close to the ceilings as possible.

8. The efficiency of roof ventilation depends on
their location, wind direction and the height of the
building.

9. It is found that the ventilation through win-
dows can be improved by using them in combi-
nation with a radiator, deflector and exhaust duct,
as shown in Fig. 21.4.

Exhaust duct J
{acts as a chimney)

/
’
/
/
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Fig. 21.4 Ventilation through windows in combination
with radiator, deflector and exhaust duct.

10. For cross-ventilation, the position of outlets
should be just opposite to inlets. The openings
over the doors of back walls create good condi-
tions for cross-ventilation.

11. Windows of living rooms should either open
directly to an open space or open space created in
buildings by providing adequate courtyards.

12. If the room is to be used for burning gas o
fuel, enough quantity of air should be supplied by
natural ventilation for meeting the demands of
burning as well as ventilation of the room.

. Mechanical or Artificial Ventilation. In thi

- system of ventilation the outside air is supplie
into a building either by positive ventilation, Of by



,'-f:;tiﬂﬂ by reduction “.f PIessure inside qye to
infilte tofair, or by a combination, of POsitive yer,.
pxhat and exhaust of ait. The supply of Outside
jilation eans of a mechanical device, g,y as a fan
air by ’::d as ‘positive ventilation’, whereas the rerno:
istcﬂ;‘air and its disposal outside by syl 5 device
v l‘;me d as ‘exhaust of air’, For positive ventilation,
teIraﬂ}»’ located supply fans of centrifugal type,
pereas for exhaust of air, wall or roof locateg
‘;ha ust fans of propeller type, are nomally ygeq,
5o, this ventilation involves tl}e use of some mech.
an%cal arrangement for providing enough venyy-
Jation of the room.

Mechanical ventil.ation is recommended i 4] the
cases where a sausfacfory stal'xd.-m:l of ventilation
in respect of air quantity, quality or cont roliability
cannot be obtained by natural means, A mech-
anical system is capable of meeting the require-
ments of air quantity and qualities (of air) rega-
rding humidity, temperature, etc. and produces the
comfortable conditions at all times during the year,
Though this system is comparatively costly but it
results in the considerable increase in the efficien

of the persons under the command of this system.,
This system is adopted for big offices, banks, asse-
mbly halls, auditoriums, theatres, large factorjes,
work-shops, places of entertainment, etc. This
system may be regarded as generally desirable in
all rooms occupied by more than 50 persons,
where the space per occupant is less than 3 cum.

The following methods of mechanical or artificial
ventilation are in common use:

L. Extract or Exhaust Systems, "
2 Supply or Plenu m Systems,
> Combination of Exhaust and Supp !y Systems or
ced Systems, and
. Air-cnndiﬁordng.
L Extract or Exhayst Systems\In this system, a
Partial vacuum js created in the inside of room by
hausting or removing the vitiated inside air by
means of Propeller type fans. The extraction of air
fr““’f nside permits the fresh air to flow from
Uiside to inside and, thus, it becomes possible to
pr.m"idﬂ' fresh air to the room through doors and
""'“uiﬂws.)
1:5'3 fans for exhaust are installed at suitable
Places in the Outside walls or roofs and they are

w;

21.7

further connected to different rooms through a
system of duct-work.

These exh

: Aust systems are best confined to situa-
tions where it i essential to create an air-flow tow-
ards the ventilated rooms, such as in kitchens,
lavatories, industrial plants, etc.frhiﬁ system is
useful for removing smoke, odours, fumes, dust,
ele. from the aboye mentioned rooms. In this sys-
tem, the ducts are placed near the place of forma-
tion of smoke, fumes, odours, dust, etc}

2. Supply or Plenum Systems, 655 the name
implies, in this System the space is filled with air
by means of 5 fan, but no special provision is made
to remove it)1n plenum ventilation,(the air inlet is
selected in the side of the building where the air is
purest. In this Opening, screens or filters may be
fixed, and a fine stream of water may be impugned
in the path of the incoming air. The disinfection of
incoming air is achieved by adding ozone at the
point of inlet. Thus, by this system of mechanical
ventilation, it is possible to control the quality,
humidity and temperature of the incoming air.

Ventilation by plenum process may be downward
or upward. In downward ventilation, the inco-
ming air is allowed to enter at the ceiling height
and is taken out through outlets situated at flcor
level. In upward ventilation, the fresh air is allo-
wed to enter the floor level and the outlet is provi-
ded at the ceiling height.

:

These ventilation systems are costly and are used
for factories, big offices, theatres, ete, and also for
supplying air to the air-conditioned buildings. )

3. Combination of Exhaust and Supply Systems
or Balanced Systems. This balanced system in a
combination of above two systems and makes use
of fans to supply and to extract air (te., input fans
and exhaust fans). This system enables full control
over the air movement and conditions to be obtai-
ned, and should be used where accurate perfor-
mance is desired. In most buildings, it is desirable
to extract only about 75% of the quantity of air
supplied so that positive pressure is maintained
within the rooms. This is essential to prevent the
entry of hot air when doors are opened and also to
prevent the infiltration of dust and air-borne
contaminants. Moreover, the recirculation of air is
possible in this system,



4. Air-conditioning. This is the most effective sys-
tem of artificial ventilation, in which provision is
kept for humidifying or dehumidifying, heating or
cooling, filterations, etc. of the air to meet the
possible requirements. The study of air-condi-
tioning involves several aspects and hence will be

dealt separately under subsequent Part II of this
chapter.
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13.3 ELEVATORS OR LIFTS
Elevators are used in buildings having more H.mn
four storeys. They are used for providing vertical

transportation of passengers or freight. They can
be either electric traction elevators or hydraulic

elevators. Electric traction elevators are used excl-
usively in tall buildings. Hydraulic elevators are
generally used for low-rise freight service which
rise up to about six storeys. Hydraulic elevators
may also be used for low-rise passenger serv ice.
The different components of an electric traction
elevator are the car or cab, hoist wire ropes,
driving machine, control equipment, counter-
weight, hoistway rails, penthouse, and pit. The car
is a cage of light metal supported on a structural
frame, to the top of which the wire ropes are
attached. The ropes raise and lower the car in the
shaft. They pass over a grooved motor-driven
sheave and are fastened to the counter weights.
The paths of both the counterweights and the car
are controlled by separate sets of T-shaped guide
rails. The control and operating machinery may be
located in a penthouse above the shaft or in the
basement. Safety springs or buffers are placed in
the pit, to bring car or counterweight to a safe stop.
Elevators, serving more than three floors, should
be provided with means for venting smoke and
hot gases from the hoistways to the outer air in
case of fire. Vents may be located in the enclosure
just below the uppermost floor, with direct ope-
nings to the outside or with non—combustible duct
connections to the outside. Vent area should be at
least 3.5% of the hoistway cross sectional area.

A few important terms, generally, used in elevator
description, are defined below:

1. Annunciator. This is an electrical device which
indicates, usually by lights, the floors at which an
elevator landing signal has been registered.

2. Buffer. This is a device for stopping a desce-
nding car or counterweight beyond its bottom
terminal by absorbing and dissipating the kinetic
energy of the car or counterweight. The absorbing
medium may be oil, in which case the buffer may
be called an oil buffer, or a spring, in which case
the buffer may be referred to as a spring buffer.

3. Bumper. This is a device other than a buffer stop-
ping a descending car or counterweight beyond its
bottom terminal by absorbing the impact.

4, Car. This is the load carrying eloment of
elevator, including car platform, car frame endﬂ“
sure and car door or gate. e
5, Car-door Electric Contact. This is an electri
device for preventing normal operation of tha c;ial
ving machine unless the car door or gate is c!r;sﬂl;il_

6, Car Frame. This is the supporting frame ¢
which the car platform guide shoes, car MEE;’
hoisting ropes or hoisting, rope sheaves, or th’;
plunger of a hydraulic elevator are attached,

7, Car Switch. This is the manual operati ng deviee
in a car by which an operator actuates the contrg|.

B. Control. This is the system governing the
starting, stopping, direction of motion, accele.

ration, speed and retardation of the car,

9, Generator Field Control. This employs indivi.

dual generator for each elevator, with voltage

applied to the driving machine motor adjusted by

varying the strength and direction of the generator
field.

10. Multivoltage Control. This impresses succes.

sively on the armature of the driving machine

motor at various fixed voltages, such as those that
might be obtained from multi-commutator gener-
ators common to a group of elevators.

11. Rheostatic Control. This varies the resistance
or reactance of the armature or the field crcut of
the driving machine motor.

12. Single Speed Alternating Current Control.
This governs a two-speed driving machine induc-
tion motor that runs at a specified speed.

13. Dispatching Device. This is a device which
operates a signal in a car to indicate when the car
should leave a designated floor or to actuate the
car’s starting mechanism when the car is at a
designated floor.

14. Emergency Stop Swilch. This is a car-located
device that, when operated manually causes the
car to be stopped by disconnecting electric power
from the driving machine motor.

15. Hoistway. This is a shaft for travel of on¢

ore elevators. It extends from the bottom © the
pit to the underside of the overhead machine roomm
or the roof. A blind hoistway is the portion © 4
shaft that passes floors or other loadings with
providing a normal entrance.

or

out



16. Hoistway Access Swilch, This is a switch
placed at a landing to permit car operation with
both the hoistway door at the landing and the car
door open.

17. Hoistway-door Electric Contact. This is an
electrical device for preventing normal operation

of the driving machine unless the hoistway door is
closed.

18. Hoistway-door Locking Device. This is a

~device for preventing the hoistway door or gate
from being opened from the landing side unless
the car has stopped within the landing zone.

19. Levelling Device. This is a mechanism for
moving a car that is within a short distance of a
landing towards the landing and stopping the car
there. An automatic maintaining two-way
levelling device will keep the car floor level with
the landing during loading and unloading.

20. Machine. This is the power unit for raising and
lowering an elevator car.

21. Non-stop Switch. This is a device for preve-
nting a car from making registered sanding stops.

22. Operating Device. This is the car switch, push
button level, or other manual device used to act-
uate the control.

23. Operation. The method of actuating the
control.

24. Car-Switch Operation. This starts and stops a
car in response to a manually operated car switch
or continuous pressure buttons in a car.

25. Pre-register Operation. This is one in which
signals to stop are registered in advance by buttons
in a car or loadings and then at the proper points as
car, travel are given to an operator in the car who
initiates the stop, which is complete automatic,

26. Signal Operation. This starts and stops a car
automatically as landings are reached, in response
to actuation of buttons in cars or at landings, irre-
spective of direction of car travel or sequence in
which buttons are actuated, but the car can be
started only by a button or starting switch in the
car.

27. Parking Device. This is a device for opening
from the landing side the hoistway door at any
landing when the car is within the landing one.

28. Pit. This is a portion of a hoistway below the
lowest landing,

29. Position Indicator. This is a device for showing
the location of a car in the hoistway.

30. Rope Equalizer. This is a device installed on a
car or counterweight to equalize automatically the
tensions in the hoisting ropes.

31. Runby. This is the distance a car can travel
beyond a terminal landing without striking a stop.

32. Safety. This is a mechanical device attached to
the counterweight or to the car frame or an
auxiliary frame to stop or hold the counterweight
or the car, whichever undergoes a free fall, or if the
hoisting ropes should slacken.

33. Safety Bulkhead. This is in a cylinder of a
hydraulic elevator, a closure, at the bottom of the
cylinder but above cylinder head, with an orifice
for controlling fluid loss in case of cylinder-head
failure.

34. Signal Registering Device. This is a button or
other device in a car or at a landing that causes a
stop signal to be registered in a car.

35. Signal Transfer Device. This is a manually
operated switch for accomplishing the same
function as a signal transfer device.

36. Slack Rope Switch. This is a device that
automatically disconnects electric power from the
driving machine when the hoisting ropes of a
winding drum machine become slack.

37. Starter’s Control Panel. This is an assembly of
devices with which an elevator starter can control
the way in which one or more elevators function.

38. Terminal Speed-Limiting Device (Emer-
gency). This is a device for reducing automatically
the speed of a car approaching a terminal landing,
independently of the car operating device and the
normal terminal stopping device if the latter fails
to slow the car as intended.

39, Terminal Stopping Device. This is a device for
slowing or stopping a car automatically at or near a
terrninal landing, independently or the car operating
device. A final terminal stopping device after a car
passes a terminal landing, disconnects power from
the driving apparatus, independently of the opera-
ting device, normal terminal stopping device or
emergency terminal speed limiting device. A stop
motion switch, or machine final terminal stopping
device, is a final terminal stopping device operated
directly by the driving machine.



40. Transom. This comprises of one or more panels
that close the opening above hoistway entrance.

41. Travel (Rise). This is the vertical distance
between top and bottom terminal landings.

42. Travelling Cable. This is a cable containing
electrical conductors for providing electrical connec-
tions between a car and a fixed outlet in a hoistway.

43. Truck Zone. This is a limited distance above a
landing within which the truck zoning device
permits movement of a freight elevator car with its
door or the hoistway door open.

44. Truck Zoning Device. This is a device that
permits a car operator on move, within a specified
distance above a landing, a freight-elevator car
with its door or the hoistway door open.
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13.5 ESCALATORS

These are powered stairs. They are used when it is
necessary to move large number of people from



EE——

floor to floor. These stairs have continuoug
i:cratinn without the need for operators, 'nm},
::Lve large capacity wilih low power ?unsu‘mp?i.an_
These escalators are in the form of an inclined
bridge spanning hetweep floors. The components
of an escalator  consist of a steel trussed
framework, hand rails and an endless belt “.rith
steps. Al the upper ends of an escalator there ig 5
pair of motor-driven s.pmcket wheels and ;
worm-gear driving machine. At the lower encll is 2
malthiﬁg pair of sprocket wheels. Two precision
wade roller chains travel over the sprockets
pulling the endless belt of steps around the steps
which move on an accurately made set of tracks
attached to the trusses with each step supported
on four resilient rollers. Escalators are reversible in
direction. They are generally operated ata speed of
30 or 40 m/min. Slope of stairs is standardized at
30°. For a given speed of travel width of step
determinines the capacity of the powered stairs.

Escalators should be installed where traffic is
heaviest and convenient for passengers. In the
design of a new building, adequate space should
be allotted for powered stairs. Structural framing
should be made adequately to support them.

Escalators are generally installed in pair. One of
them is used for carrying up-going traffic and the
other for traffic moving down. The arrangement of
escalators in each storey can be either parallel or
criss-cross (See Figs. 13.15 and 13.16). Criss-cross
arrangement is more compact. It reduces walking
distance between stairs at various floors to a
minimum. That is why a criss-cross arrangement is

B
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Fig. 13.15 Parallel arrangement of Escalators.



preferred over parallel arrangement. The floor
openings of an escalato. not serving as required if
exist must be protected. The following protection
methods are generally used in buildings
completely protected by a standard supervised
sprinkler system.

Fig. 13.16 Criss-cross Arrangement of Escalators.

Sprinkler-vent method. This is a combination of
an automatic fire or smoke detection system,
automatic air-exhaust system and an automatic
water curtain.

Spray-nozzle method. This is a combination of an
automatic fire or smoke detection system and a
system of high velocity water-spray nozzles.

Rolling shutter method. In this an automatic,
self-closing, rolling shutter is used to enclose
completely the top of each escalator.

Partial enclosure method. In this kiosks, with
self-closing, fire-doors, provide an effective barrier
to the spread of smoke between floors.

Cad
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MMPACTION EQUIPMENT

1. Rolling. In this process heavy weights in the
form of rollers are used to press the soil particles
together. Smooth wheeled rollers are typical exa-

mples of compaction equipment which operate on
this principle.



N

2. Kneading. In this process kneading of soil
while at the same time applying pressure is
allowed. Sheeps foot rollers are typical examples
of compaction equipment which operate on this
principle. The pneumatic tyred roller has a comp-
action action which is a compromise between that
obtained with a smooth wheeled roller and 2
sheep's foot roller.

3. Vibrations. In this process the soil particles are
shaken together in a compact mass. Vibrﬂting rol-
lers are typical examples of compaction Equip-
ment which operate on this principle.

4. Ramming, In this process the soil particles are
forced to move closer together by pou nding action.
Hand-temping and mechanical tempers are typical
examples of compaction equipment which operate
on this principle.

A brief description of each type of compaction
equipment is given below:

() pmooth Wheeled Roller. Three wheeled or
acadam rollers and tandem rollers are the typical
examples of smooth wheeled rollers. These rollers
have either two or three rolls in line behind each
other. The rolls are actually hollow steel drums
which can be filled with water or damp sand to
obtain the desired pressures.
These rollers aic ..ot suitable for compacting gra-
vels, sands and such materials where a crushing
action is needed. The depth of the layer which can
be satisfactorily compacted depends on the type of
soil, the weight of the roller and the purpose of the

work. In general compacted thickness varies from
about 15 ems for subgrade and to about 15 em for
malerial used in embankments.

E;'P,SHE’L:;"& Foot Roller. This type of roller consists
a cylindrical steel drum with steel projection
extending in a radial direction outward from the
surface of the cylinder [See Figs. 26.10 (a) and 26.10
(b)]. They may be self-propelled but more comm-
only they are towed by a tractor. Compaction is
obtained by the feet penetrating and applying a
high vertical pressure while at the same time
providing lateral pressure. This type of roller is
more suitable for silty and clayey sand, clayey silt
and medium to heavy clays. The thickness of the
layer to be compacted should not be more than the
length of the feet plus 5 cm in order to get better
performance. The modified AASHO compaction
dry density can be achieved by approximate 24
passes of the roller. The use of sheep’s foot roller
leads to higher void contents in the soils. Thus, in
construction jobs where the performance has to be
based upon the minimum void content, this type
of roller is not suitable.

{ii}Pfieumatic Tyred Roller. This type of roller con-
sists of a box mounted on two axdes. The front axle
has one wheel less than the rear axle. They are
usually divided into three types—popularly known
as medium, heavy and super heavy weight. The
medium class includes both towed type and self-
propelled units up to 13 tonnes rolling capacity. The
roller gives kneading action as well as compression
to the soil underneath. These rollers are suitable for

i v Alama baal rollar



Fig. 26.10 (b) Sheep foot roller.

moderately cohesive silty soils, clayey, gravelly
and clean sands of close gradation. The compac-
tion should be done in layers less than 15 cm
thizknoss

\/Mﬁ bratory Compactors. They consist of a vibra-
ting unit of either the out-of-balance weight type
ora pulsating hydraulic type mounted on a screed,
plate or ~oller in such a way that the net effect is an
up ¢ncd down vibratory movement of the com-
pactor. These compactors are most effective for
coarse-grained soils.

(v) Rammers. This type of compacting equipment
consists of a relatively small area and is useful for
compaction of frenches, foundations and slopes.

(v/) Jetting and Ponding. This technique is utilized
for compacting cohesionless sand.

The roller equipment used for building purposes is
basically a smaller version of the large rollers used
for roadworks. These rollers consolidate filling
materials and compact surface finishes. Rollers
generally rely upon dead weight to carry out the
consolidating operation or by vibration as in the
case of lightweight rollers. Deadweight rollers are
usually diesel powered and driven by a scated
operator within a cab. They weigh from 1 to 16
tonnes which is distributed to the ground through
two large diameter rear wheels and a wider but
small front steering wheel. Many of these rollers
carry water tanks to add to the dead load and to
supply small spares or sprinkler pipes fixed over

the wheels to dampen the surfaces thus preventing
the adhesion of material when being rolled. These
rollers are also available fitted with a sacrifier to
the rear of the vehicle for ripping up the surfaces of
beds or roads. [See Fig. 26.10 (c)].

Vibrating rollers have petrol or diesel-powered
engine which is either hand guided or towed and
are available with weights ranging from 500 kg to
5 tonnes [See Fig. 26.10 (d)]. These can be mano-
euvered into buildings for consolidating small
areas or similar bed material. Single or double rol-
lers are available with or without water sprinkler
attachments and with vibrations within the region
of 3000 vibrations per minute. Vibrating rollers are
particularly effective for the compaction and con-
solidation of granular soils in building works.

Compaction Control. During compaction in the
field, it is density and moisture contents to affect
proper control on the work. The insitu dry density
of the soils may be checked by core cutter method,
volumenometer method and rubber balloon met-
hod. The moisture content can be calculated on the
spot with the help of a soil penetrometer. A soil
penetrometer is a device which measures the pene-
tration resistance of the soil at the given moisture
content and for given compactive effort. The other
devices for measuring the field moisture contents
are B'ouyoucous, moisture meter and nuclear
devices,



Overall length 4.500, overall width 1.840, overall height 2 680
turning circle 5.500, overlap of rolls 100 mm giving total
ffing width of 1
rofling wid 500 Overall length 3.376, everall width1 082, overall keight 1,092
Enclosed drivers cab — exhaust pipe Width of rollers B30, deadwerght 1250 kg
with toughned alass
windows ‘]

4 cylinder Hand Diese| cowerad angine
diesel engine giving 3.300 vibrations
v e per minute ]

L LRI

Scarifier

Double vibratary rollers
with water sprinkler system ! — __J

2 No. 1.300 diameter x | 1000 diameter x 300

450 wide rear rolls wide front roll
TYPICAL 6 TONNE DEADWEIGHT ROLLER [MARSHAL SONS & COo, LTD)

Fig. 26.10 (c and d). Rollers for Building Work.
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