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2005

Q.5.
An extension to a dwelling house has a concrete flat roof with an asphalt finish. The total roof surface
is 16m? in area.
The roof is constructed to the following specification:

(i) Concrete flat roof slab: Thickness 175mm

(i1) Concrete screed: Thickness 60mm

(ii1))  Layer of asphalt: Thickness 20mm

(iv)  Internal plaster to roof slab: ~ Thickness 15mm

Thermal data of roof:

Resistivity of asphalt 1.250 m °C/W
Resistivity of concrete screed 0.710 m °C/W
Resistivity of concrete roof slab 0.690 m °C/W
Resistivity of the plaster 2.170 m °C/W

Resistance of the internal surface (R) 0.104 m’°C/W
Resistance of the external surface (R) 0.413 m’°C/W
External temperature 11°C
Internal temperature 21°C.

(a) Calculate the U-value of the roof structure and the overall heat loss through the roof.

(b) Outline two design considerations that must be taken into account in the design of a roof for a
domestic dwelling and describe, with the aid of notes and freehand sketches, the design detailing
for each consideration outlined.
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Solution:
( a) U value of roof’ structire:
Layer/ surface Thickness () Conductivity (W) |Kesistance (»*K/ W
7K

int surface 0.104
plaster 0.015 046! 0.033
slab 01725 1.449 0121
Screed 0-060 1.40S 0.043
asphalt 0.020 0.500 0-02s
ext surface 0.413
fféa 5/z‘anCe O-73%

U value = |/tota/ resistance
= 1/0.735 = 1.355 = 1.3547/»7°K

Overal! heat loss throwugh the root™

Overall Aeat loss = U value x area X Cemp difference
- U value = 1.35 3540/ 177K

- Area = 1477

- Temperdlure difference = 27C- irC = 10°C

Overal! Aedd /oss = 1.35 X 16 X 10
= 214 W
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(&) Tivo considerations For root design:

The roof’ structure must be adeguately insulated 2o
prevent feal /o55. KoofS must achieve a »axirus
elemental U valee of 016410/ 77K when he insulalion
s a Ce///ng level ; 0.2040/ 77K ohen Che insulalion /s
on Lhe Slope and 0.2240/,1°K for flat roofs.

Cross Section of Ce/‘//‘ng-‘ '

200X507177 Ce///‘ng Jorst

BOOO00000 T 0000
. \ ‘ / A / R e
with Lhree lajers of \ QJ’ QO
200mm gutilted insulation M %ZQE \( 2 (2@25% de
n adtic s SRV D UV UA JEOVO UL
! 1 pQCQ j:.N,__,,,, —— = = =

T/?e roof’ structure riest Ae Venti/ated o ensure Zhe

roof’ Z‘/‘Méeré do rnot Aedome rmorst and rot.

Slates

Cross Section of ewves:

caves Vent allows ar Zo

o into Ae root’ 5/0468

Qr—————

irection of ar low
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15 mm

100 mm
125 mm
100 mm

2006
Q.5.
The external wall of a timber framed house has the following specification:

External Plaster thickness
Block outer leaf: thickness
Timber stud inner leaf : thickness
Urethane board insulation:  thickness
Plasterboard: thickness

Thermal data of outer leaf :
Resistance of the external surface  (R)
Resistivity of the external plaster (1)
Conductivity of block (k)

Thermal data of inner leaf :
Conductivity of urethane board (k)
Conductivity of plasterboard (k)
Resistance of the internal surface  (R)

Resistance of the cavity (R)

Ignore the timber studs of inner leaf.

(a) Calculate the U-value of the wall.

12.5 mm

0.048 m® °C/W
2.170 m °C/W
1.320 W/m °C

0.023 W/m °C
0.160 W/m °C
0.104 m* °C/W

0.170 m* °C/W

(b) Calculate the annual cost of the heat loss through the external wall of the timber framed house

outlined above, using the following data:

Total external wall area: 125 m’

Average internal temperature: 18°C

Average external temperature: 6°C

U-value of wall: as calculated at (a) above

Heating period: 12 hours per day for 40 weeks per annum
Calorific value of oil: 37350 kj per litre

Cost of heating oil: 65 cent per litre

1000 Watts = 1 kj per second.

(¢) Show, with the aid of notes and freehand sketches, a design detail which will prevent moisture
reaching the insulation material from inside the building.
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Solution:
(@ U value of Cimber Frame call:
Lajer/ surface Thickness (»7) Conductivity (W) |Kesistance (»77K/ &)
7K

it surface 0104
plasterboard 0.0125 0160 0-07+3%
insulation 0100 0.023 4.34%
canty - - O-170
ext leat 0100 1.320 O0-O%6
render 0.01s 046l 0-033
ext’ surfuace 0-04%
f:gfaéian&s 9

U value = |/Total resistance

= 1/4.524 = 0.20% = 0.2/ »7°K
(8 Annwual cost of hedd /oss:

Cost = (TimeX KateX AreaX Price) / (000X Calorific value)
Zirte = 60 X 60 X 12 X Z X 40 = 12096000
" rate = U valtte x Cemp difference
=0.2x0s - ¢) = 0.2 x 12 = 2.82
" area = 125,77

© price = €£0.65

A\

calorfic value of o/ = 34350
. cost = (12096000X 2.862X125X 0.¢5) / (000X 32350)

\ ]

cost = € 4¢3l
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(c) Prevertion of roisture penelralion

Cross Sectlion of inner /lealr
the breathier membrane
installed wunder Zhe
p/a5z‘eréoaro/ prevents /9/ asterboard

rmorSture enfer/nﬁ ¢ e Z‘/‘Méef r'n\Sé(/ ation

breather membrane

/‘nner / eaf
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2007

Q.5

(a) Using the following data, calculate the U-value for the external wall of a house, built in the 1970s:
External plaster thickness 16 mm
Block outer leaf thickness 100 mm
Cavity (un-insulated) width 100 mm
Block inner leaf thickness 100 mm
Internal plaster thickness 13 mm

Thermal data of external wall :
Conductivity of plaster (k) 0.430 W/m °C
Conductivity of blockwork (k) 1.440 W/m °C
Resistance of external surface (R) 0.048 m? °C/W
Resistance of cavity (R) 0.170 m* °C/W
Resistance of internal surface (R) 0.122 m* °C/W

(b)  Using the following data, calculate the cost of the heat lost annually through the un-insulated

external wall:

Area of external wall 145 m®

Average internal temperature 18 °C

Average external temperature 5°C

U-value of wall as calculated at (a) above

Heating period 10 hours per day for 42 weeks per annum
Cost of oil 68 cent per litre

Calorific value of oil 37350 kj per litre

1000 Watts = 1kj per second.

(¢) Itis proposed to insulate the external walls of the house to improve their U-value.
Using notes and freehand sketches, show one method of insulating the external walls to meet the

requirements of the current Building Regulations.
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Solution:
( 62) U value of concrete ca\//‘z‘y eall:
Z.Q/er/ swurface Thickness ( »7) Cona/acii\//iy (W) |Resistance (r17°K/ W
1K)

it surface 0.122
int plaster 0.013 0-430 0-030
inner leat 0100 1.440 0-069
canty - - O 170
outer leal” 0100 1.440 0-069
render 0.0l 0.-430 O-037%F
ext swurface 0-04%
Zota/
resistance ©-s46

U value = |/tota/ resistance
= 1/0.84¢ = 1.534 = 1.§34/»7°K

(8) Arnnual cost of hedt /oss:

Cost = (TimeX FateX AreaX Price) / (ipooX Calorific value)
dinte = 6O X 6O X 10 X F X 42 = 10554000
" rate = U valtte x Cemp difference

=153 x (5 - 8) = 1.$3 X 13 = 23.79
" area = 14ssrr°
" price = €£0.68
calorific value of o/ = 372350
. cost = (oss49000X 23.29X 195X 0.65) / (000X 32350)

A\

\ ]

cost = €46y
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) The hermal properties of the walls of the 1970 s

house could be wpgraded by dry—lining ¢hen:

- limber batlens are £ixed to Che interior surface
of Che external walls ad 400»1»1 Centres

" a layer of rigid insulation 15 £ixed in place
betieen the battens

" avapour check barrier 15 installed across the
entire surface and sealed at all edges Zo prevest
arr 117l rad i on

- plasterboard is Fixed to Che Cimber batlens

" 2he plasterboard is £inshed p/anerea/>.

S

p/ asterboard
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2008
Q.5.
(a) Using the following data, calculate the U-value of the:
(i) single glazing; r r

(i) standard double glazing. _ 'r]
Glass: single glazing thickness 5 mm y Al
Glass: double glazing thickness 4 mm ‘A
Space between panes width 12 mm '~

: v i

o
Thermal data of glazing: T~

Conductivity of glass (k) 1.020 W/m °C
Resistance of space between panes (R) 0.170 m* °C/W
Resistance of internal surface (R) 0.122 m? °C/W

Resistance of external surface (R) 0.080 m’ °C/W

(b) A choice is to be made between the following types of double glazing:
e standard double glazing;
e low-emissivity (low-e) double glazing.

Using the U-values obtained at (a) above and the following data, calculate the cost of the heat
lost annually through each of the following:

e single glazing;

e standard double glazing;

e low-e double glazing.

U-value of low-e double glazing: 1.1 W/m*°C

Area of glazing: 25 m’

Average internal temperature: 18 °C

Average external temperature: 5°C

Heating period: 11 hours per day for 40 weeks per annum
Cost of oil: 80 cent per litre

Calorific value of oil: 37350 kj per litre

1000 Watts: 1kj per second.

(¢) Using the information obtained at (b) above, recommend a preferred glazing type and give two
reasons to support your recommendation.

Solwtion:
(62> U valute of 5//73/8 3/622/;73 :

Layer/ surface Thickness () Conductivity (W) |Kesistance (r7K/ 1)
7K)
e ' 5&(}"7(76268 0 122
5;/73/&3/6221‘/73 0005 I-O—?O 0005
eXZ(‘ 54(/‘7(&(’/8 O'OSO
Zota/
resistance o 207
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=1/0.207 = 4.831 =

U value of dowble 3/d2/n3-‘

I / lotal resistance

4.5340/r7°K

Layer/ surface

Thickness ()

Conductivity (1)

Kesistance (r7K/ W

77K)
it surface 0.122
imer glazing | 0.004 1.020 0-004
space 0170
outer glazing|  0.004 1.020 0-004
ext' swurface 0.050
total
resrstance 0-350
U value = I/ ¢otal resistance
=1/0.350 = 2.4632 = 2.434/,°K
(&)

Anneal cost of hedd /oss: 51‘17\9/8 5/622//73

Cost = (TimeX KateX AreaX Price) / (000X Calorific value)
“lime = 6O X 60 X I X Z X 40 = 105000
“rate = U valte x Cemp difference
=453x(5 - 8) = 453 x 13 = ¢,2.29

- area = 28,7°

- price = €0.50
s calorfic value of o/ = 372350
. cos? = (oss000X 62.729X 25X 0.50) / CloooX 32350)

- cost = €3722.5l
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Annwal cost of head /oss: double g/az/ng
Cost = (TimeX RateX AreaX Price) / (ioooX Calorific value)
“lime = 6O X 60 X Il X Z X 40 = 105000
“rate = U valtte x Cemp difference
=2463x05 = 8) = 2.43 X 13 = 3419
- area = 25,77
price = €0.50
- calorfic value of o/ = 37350
. cost = Goss000X 399X 25X 0.50) / CoooX 32350)
- cost = €202.99

Anntial cost of heat /o055 low—e double 3/&21‘/73
Cost = (TimeX FateX AreaX Price) / (ioooX Calorific value)
“Zime = 60 X 60 X I X F X 40 = 10$5000
“rate = U valte x Cemp difference
=110 x (s = 8) = 110 X 13 = 14.44
rarea = 25s7°
- price = €£0.50
- calorific value of o/ = 372350
. cost = (1pss000X14.949X 25X 0.50) / CloooX 32350)
" cost = €£$5.723
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(c) I would recommend the low—e dowble j/az/‘ng :

“iC 1S more enerqgy efficient - w©Using /es5s enerqy means
less fossi/ fuels are consumed Co hedat Che hore -
¢S reduces greenfiouse gas ernssions,

" 12 IS cheaper — Che calculations Show thad Che [ow-
e dowble glazing is significantly chegper per annum -
2he extra cost of installing a Aigher oualidy cindoew
could be recowuped in a Short period of time.
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2009
Q.5.
(a) Calculate the U-value of the external wall of a new dwelling house, given the following data:
External render thickness 12 mm
Concrete block outer leaf thickness 100 mm
Cavity width 150 mm
Insulation thickness 100 mm
Concrete block inner leaf thickness 100 mm
Internal plaster thickness 15 mm

Thermal data of external wall of new house:

Resistance of external surface (R) 0.048 m” °C/W
Conductivity of external render (k) 1.430 W/m °C
Conductivity of concrete blocks k) 1.440 W/m °C

Resistance of cavity (R) 0.170 m* °C/W
Conductivity of insulation (k) 0.018 W/m °C
Conductivity of internal plaster (k) 0.430 W/m °C
Resistance of internal surface (R) 0.122 m® °C/W

(b) Using the thermal data below and the U-value obtained at 5(a) above, calculate the cost of the
heat lost annually through the walls of:
e the new house specified at 5(a) and
e ahouse built in the 1970s with an external wall U-value of 1.80 W/m? °C.

Thermal data:

Area of external wall 152 m?

Average internal temperature 17 °C

Average external temperature 6 °C

U-value of wall of new house as calculated at 5(a) above

U-value of wall of 1970s house 1.80 W/m?°C

Heating period 11 hours per day for 41 weeks per annum
Cost of oil 65 cent per litre

Calorific value of oil 37350 kJ per litre

1000 watts 1kJ per second.

(¢) Using notes and freehand sketches show one method of upgrading the thermal properties of the
external wall of the house built in the 1970s to meet the requirements of the current Building
Regulations.
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62> U ~value of call:

Layer/ surface Thickness () Conductivity (W) |Kesistance (»°K/ W
1K)

int swurface 0122
/a/asz‘er 0-0ls 0-430 0-03s5
inner leat 0100 1.440 0-069
insulation 0100 0150 5.555
caity 0-050 0170
ouler leal 0100 1.440 0-069
render 0-012 1.430 0-00%
ext surface 0-04%
Zota/
resistance ¢ 07é

|/total resistance

/-0
0165 LW/ »7°K

U ~alue

]
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&)

%oaée £ron /DCZI‘Z( ( 62> 6250\/8-‘

Cost = (TimeX KateX AreaX Price) / (oooX Calorific

\/CZ/L(e)
" lime = 60 X 6O X Il X F X 4l = 1,365,200
- rate = 0165 x (2 = ¢) = 065 X Il = 1.51S

T area = 1s2
© price = €0.65
- calorific value of o/ = 37350

. cost = (1,3¢5,200X1.515X152X 0.68) / (000X 37350)
- cos? = €54.5¢

>//oa5e Front 19F0 ‘5’

Cost = (TimeX KateX AreaX Price) / (oooX Calorific
value)

" lime = 60 X 6O X Il X F X 4l = 1,365,200

- rade =150 x (12 = &) = 0I5 X Il = 19.5

T ared = 152

" price = €0.65
calorfic value of o/ = 372350

\ ]

. cost = (1,3¢65,200X19.5X152X 0.4 / (000X 32350)

- cost = €£595.2¢
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) The hermal properties of the walls of the 1970 s

house could be wpgraded by dry—lining ¢hen:

- limber batlens are £ixed to Che interior surface
of Che external walls ad 400»1»1 Centres

" a layer of rigid insulation 15 £ixed in place
betieen the battens

" avapour check barrier 15 installed across the
entire surface and sealed at all edges Zo prevest
arr 117l rad i on

- plasterboard is Fixed to Che Cimber batlens

" 2he plasterboard is £inshed p/anereo/>.

insulation|

imber|
i

batten i

A

plasterboard
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