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Sample solutions

Important note: these solutions were correct at the time 
they were written. 

Many regulations and standards have changed since then. 

You should use the textbook to check for up-to-date 
details.
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��i�7UHYRU�+LFNH\�����

&RQVWUXFWLRQ�6WXGLHV��+LJKHU�/HYHO�6ROXWLRQV

wallplate on mortar

inner leaf

lintel
wet plaster finish
flexible sealant (airtightness)

��slates
��battens
��underlay
��eaves ventilator

flexible sealant (airtightness) 
window board
wet plaster finish 

triple glazing
window frame with 
thermal break

cill
render
outer leaf

part b)
mineral wool firestop or 
proprietary cavity barrier

fascia
soffit
gutter
vent

air flow

truss

insulation

Q.1
a)

window frame taped to surface of blockwork





window frame taped to surface of blockwork







�� i�7UHYRU�+LFNH\�����

&RQVWUXFWLRQ�6WXGLHV��+LJKHU�/HYHO�6ROXWLRQV

To remove rainwater:
��the cill at the entrance has a maximum fifteen degree 
slope and the threshold height is a maximum of fifteen 
millimetres - these design features ensure that it is easy for 
a wheelchair user to gain access to the home. 
 
��an interlocking door threshold prevents wind-driven rain from 
entering under the door and a drainage channel carries the 
rainwater away to a storm drain.

Q.2.
a)



��i�7UHYRU�+LFNH\�����

&RQVWUXFWLRQ�6WXGLHV��+LJKHU�/HYHO�6ROXWLRQV

To ensure suitability for a wheelchair user:
��there is a level approach to the door - a 1200mm deep canopy 
or porch provides protection from the weather. 

��all door hardware (bell, letter box, handle, lock etc.) is 
located in a zone between 900mm and 1200mm above ground 
level to ensure ease of access for a wheelchair user.



�� i�7UHYRU�+LFNH\�����

&RQVWUXFWLRQ�6WXGLHV��+LJKHU�/HYHO�6ROXWLRQV

Kitchen area:
��the main appliances used to prepare meals should be arranged 
in a compact triangular layout - this reduces the amount of 
movement required while preparing meals.

��appliances (e.g. fridge and dishwasher) should be raised on a 
200mm high plinth. 

Also,
��the worktop should be 760mm high - a height adjustable 
worktop (760-1050mm) is ideal
��the hob should have 700mm clear knee space underneath,
��overhead cupboards should be fitted with a raising/ lowering 
mechanism.

b)
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&RQVWUXFWLRQ�6WXGLHV��+LJKHU�/HYHO�6ROXWLRQV

Window:
��the window should be low enough to allow a clear view to allow 
a clear view from a sitting position. Also, transoms should not be 
placed between 850 - 1200mm above f.f.l. (finished floor level).

��a lever type handle should be installed to allow a wheelchair user 
to easily open and close the window.

��the area in front of the window should be clear (i.e. no furniture)



�� i�7UHYRU�+LFNH\�����

&RQVWUXFWLRQ�6WXGLHV��+LJKHU�/HYHO�6ROXWLRQV

��method of fixing - timber battens fixed at 400mm centres 
with the insulation fixed between the battens using adhesive 
and mechanical fixings.

Alternatively, a foil backed plasterboard with integral insulation 
can be fixed to the walls using plaster dabs and/or mechanical 
fixings.

��surface finish - plasterboard is fixed to the timber battens; 
joints are taped and filled (nail heads spotted); 2–3mm coat 
of gypsum board finish plaster applied, steel trowelled to a 
smooth finish.

Internal insulation system: a dry-lining system could be used.

plasterboard 
with skim coat

vapour
barrier

50 - 100mm
insulation 

timber
batten

Q.3.
a)
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External insulation system: there are numerous external insulation 
systems approved by the NSAI for use in Ireland. In general they 
have the following features in common:

��method of fixing - the insulation is fixed to the external 
wall using adhesive and mechanical fixings.

��insulation - any thickness up to 300mm of any rigid 
insulation (expanded polystyrene (EPS) or Polyurethane 
(PUC) or polyisocyanurate (PIR) or mineral fibre board - the 
thickness used depends on the R value of the insulation and 
the overall U-value required.

��surface finish - typically, an undercoat is applied in two 
layers - a fibre glass mesh is embedded in the undercoat; 
uPVC corner beads are installed to protect the corners and 
the edges of the reveals, a finish coat of (usually coloured) 
render is applied.



�� i�7UHYRU�+LFNH\�����

&RQVWUXFWLRQ�6WXGLHV��+LJKHU�/HYHO�6ROXWLRQV

Advantages of an internal insulation system:
��drylining is a tried and tested system that has been shown to work 
over a long period of time.
��the external character of the house is maintained - this is 
particularly important for heritage homes.

Advantages of an external insulation system:
��there is no disruption to the people who live in the house during 
the installation because all of the work takes place outside
��when the installation is finished the exterior appearance of the 
house is improved - it looks bright and clean.

Recommendation:
I would recommend the external insulation because it is quicker and 
easier to install - internal insulation involves a complete redocoration 
of the internal surfaces of the external walls: radiators, light 
switches, sockets, architrave etc. have to removed and replaced.

b)
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Three functional requirements of a below ground drainage system, 
include:

��self cleansing - the slope or gradient of the pipework should 
ensure that the wastewater flows at the right pace (too 
steep a gradient will cause solid waster matter to be left 
behind in the pipe).

��prevent the build-up of pressure 
- the system should be vented 
at regular intervals to allow the 
methane gas to be released into 
the atmosphere.

��allow access for maintenance - adequate access points 
should be provided at connection points, bends and changes 
in invert level to allow any blockages that might occur to be 
cleared.

Q.4.
a)
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Manhole constructional details:
��greater than one metre in depth
��removable cast iron cover (diameter 600mm min.)
��precast concrete base with precast concrete sections
��minimum internal width of 1200 x 750 to 840mm
��branch drain should connect obliquely (in the direction of 
the flow)
��benching should be sloped to ensure the floor self-cleansing
��integral step irons (ladder) should be provided for safe 
access by workers.

Procedure for testing pipe work for water-tightness:
1.   cap end of drain
2.  attach upstand and fill with water to 1500mm level
3.  leave for 2 hours - top up as necessary to keep at 1500mm    
level
4.  measure drop in level from 2 hours to 2.5 hours
5.  leakage should not exceed 0.05 litres per metre run of pipe 
(100mm diameter)
6.  if the pipe fails the test, find and repair any leaks and repeat 
the test.

manhole/access 
junction

b)

c)
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Method:
Sketch the wall - this will help you avoid mistakes,
Create a table (as shown below),
List each layer (from inside to out),
Convert thicknesses from millimetres to metres 
(divide by 1000),
Fill in resistivity values from question,
Multiply thickness by resistivity to get resistance.
Add up resistances to get total resistance.

Layer/ surface Thickness 
(m)

Resistivity 
(mK/W)

Resistance 
(m2K/W)

int’ surface 0.122
plaster 0.013 6.250 0.081
wall 0.225 1.190 0.26775

render 0.016 2.170 0.035
ext’ surface 0.048

total resistance 0.554

U value  = 1/total resistance 
   = 1/0.554 
   = 1.80505 
   = 1.81 W/m2K

Note:
In this question, the ‘resistivity’ value of each layer or material is given. So, the formula 
is:
t�thickness multiplied by resistivity = resistance

If the ‘conductivity’ value is given instead the formula is:
t�thickness divided by resistivity = resistance

t�Watch out for this!!

Q.5.
a)
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U-value required = 0.27 W/m2K

U value = 1/total resistance

total resistance  = 1/U value
     = 1/0.27
     = 3.70 m2K/W

original resistance = 0.554 m2K/W
therefore, 
the increase in resistance required 
     = 3.70 - 0.554 = 3.14 m2K/W

resistance = thickness ÷ conductivity
so,  
thickness  = resistance x conductivity
    = 3.14 m2K/W x 0.025 W/mK
    = 0.0785m
    = 0.079m

    5 0.080m or 80mm 
    (nearest size available for purchase)

Note on units:

b)
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The importance of thermal mass:
��dense construction materials like concrete and earth have 
high thermal mass,

��this means they can absorb and store heat energy from the 
sun during the day,

��this energy is released later during the evening and night, when 
the temperature indoors drops

��an even temperature is maintained around the clock providing a 
comfortable internal environment,

��heating costs are reduced,

��less fossil fuels are burned leading to reduced co2 
emissions,

��thermal mass is a key part of passive design.

concrete floors and 
walls absorb and 
store heat energy

solar 
energy

one room deep 
narrow plan

c)
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Design features that reduce the environmental impact include:

��glazing - there is large amount of glazing to the south facade 
of the house. This will allow for lots of passive solar gain. 
This will heat the house naturally and reduce the need to 
burn fossil fuels - this will reduce harmful CO2 emissions.

��layout - the house has a compact, one room deep, layout. 
This means that solar heat energy can penetrate deep into the 
house, especially during the winter months when it is needed 
most. The compact form also reduces the surface to volume 
ratio - this will reduce heat loss through the external 
envelope.

Q.6.
a)
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��materials - using timber sourced from a managed forest for 
the external cladding (instead of using concrete blocks for 
an outer leaf) reduces the carbon footprint of the house. 
Also, using lightweight locally sourced materials (e.g. timber 
cladding) reduces the amount of energy required to transport 
the materials to the site. This reduces the embodied energy of 
the materials. 

Important qualities of sustainable materials:
��renewable - some construction materials like plastics (e.g. 
uPVC) are oil derivatives; making them produces harmful 
emissions and non-biodegradable waste; eventually these 
materials will run out. Renewable materials come from 
natural sources (e.g. timber) and have a positive impact on the 
environment - for example, trees absorb CO2 when they grow, 
cleaning the air. Materials from renewable sources can be 
responsibly managed to ensure that they do not run out. 

��durable - it is important that the materials used in the 
construction of a house are durable and long lasting. For 
example, Cedar could be used for the cladding in this house 
- Cedar does not have to be treated because it is naturally 
resistant to decay or rot. If the construction materials used 
are not durable, they will decay and will have to be replaced 
during the lifetime of the house - this leads to waste.

��locally sourced - using local materials (e.g. stone, timber) 
reduces the amount of transport involved. Reducing the 
amount of transport involved reduces the embodied energy 
of the materials because less energy (e.g. diesel) is used 
to power ships and trucks and reduces the CO2 emissions 
caused by their transport. Also, using local materials 
supports local industry and employment.
 

��external single leaf timber frame wall of passive house
b)
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Q.7.
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Two safety features of an open riser stairs, include:
��the gap in the open riser should be less than 100mm,
��the nosing of the tread should overlap the tread below by a 
minimum of 16mm.

b)
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Light calculation:

formula:
   li = (lo)(w.f.)(e.c.)(w.a.)
     f.a.

li:  lux inside    = 150 lux
lo:  lux outside    = 5000 lux
wf:  window factor   = 0.5
e:   efficiency coefficient  = 0.4
wa:  window area    = ?
fa:  floor area    = (5.0m)(3.8m) = 19m2

  150 = (5000)(0.5)(0.4)(window area)
         19

  150 = (1000)(window area)
     19

  window area  =  (150)(19)  = 2850
      1000    1000
    
     = 2.85m2

Q.8.
a)
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Design considerations to ensure high thermal performance, of the 
frame include:

��a timber window frame and sash or casement will provide better 
insulation than a plastic (i.e. uPVC) or aluminium frame; also a 
thermal break (e.g. cork) should be built into the frame and sash 
or casement,

��installing multiple flexible gaskets will prevent heat loss through 
air leakage (i.e. draughts).

b)

See 2011 Q.10 for a better version of this sketch.
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Design considerations to ensure high thermal performance, of the 
glazing include:

Two environmental considerations when selecting a material for a 
window frame:

��the impact of the material’s production process on the 
environment: the production of certain materials (e.g. uPVC or 
aluminium) leads to many toxic by-products and greenhouse gas 
emissions. The production of timber from sustainable sources 
(e.g. timber from managed forests) has a low impact on the 
environment.

��the disposal of the material after use: a sustainable material 
like timber should be used instead of uPVC because timber is a 
natural material that biodegrades readily, whereas plastics can be 
difficult to reuse or recycle and can take thousands of years to 
decompose if dumped.

��triple glazing will significantly 
reduce heat loss through the glass, 
and insulated spacers will prevent 
thermal bridging,

��low-e coatings will prevent the 
loss of long-wave heat energy 
from inside the home, and the void 
between the planes of glass should 
be filled with insulating argon gas 
and sealed.

c)



��i�7UHYRU�+LFNH\�����

&RQVWUXFWLRQ�6WXGLHV��+LJKHU�/HYHO�6ROXWLRQV

Three functional requirements of an attic space suitable for 
use as a living area, include:

��thermal insulation - the attic space must be properly 
insulated to prevent heat loss and ensure a comfortable 
indoor temperature is maintained.

��Ceiling height - a reasonable amount of the room must have an 
adequate ceiling height to ensure sufficient air movement and to 
allow the homeowner to use the space comfortably. Area ‘B’ 
should not be less than half of Area ‘A’.

��a continuous 
layer of insulation 
encloses the living 
space

Q.9.
a)
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Two possible air leakage routes include:
��the joints between the wall and the ceiling.

��fire escape - a fire escape window 
or roof light must be installed to 
provide an alternative escape route 
(to the stairs) in the event of a fire.

��all joints in membrane are 
taped to ensure air tightness

b)
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Two advantages of improved air tightness include:

��it reduces the heat lost from the attic space meaning lower 
heating bills for the home owner and reduced CO2 emissions.

��it ensures a more even and comfortable temperature in the 
room because there is less air movement/ draughts.

��the joint between the roof light frame and the wall.

c)
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��continuity of insulation - it is essential that an uninterrupted 
layer of insulation envelopes the entire structure; the insulation 
in the ground floor should overlap with the insulation in the 
external walls which, in turn, should overlap the insulation in the 
roof.

Design of a passive house:
��shape and form - a passive house should have a simple floor 
plan that allows the sun to warm the living spaces; ideally, the 
house should be one room deep. The form of the house should 
also be simple (i.e rectangular/ cuboid) to reduce the surface to 
volume ratio - this will reduce the surface area of the house 
thereby reducing the potential heat loss through the external 
envelope.

Q.10.
a)
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��reduced thermal bridging - passive houses are particularly 
sensitive to even minor heat losses because the amount of energy 
required to heat them is so low and because of the lack of a 
fossil fuel based central heating system. Areas of the external 
envelope that are potential thermal bridges (e.g. window heads, wall 
floor junctions, wall roof junctions) need special attention to 
prevent heat loss. The studs of a timber frame wall also provide 
a thermal bridge, so an extra layer of insulation is installed across 
the studs to prevent this.

��horizontal section: timber frame external wall of 
a passive house
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Mechanical ventilation heat recovery system. 

Operating principles:

��there are two fans in the MVHR unit, one draws fresh air into 
the house, the other expels the stale air,

��the MVHR unit transfers heat from the warm stale air leaving 
the house to the cold fresh air coming in, 

��the stale air and fresh air do not mix, so the air coming into the 
house is fresh, clean and warm.

cool fresh air in cool stale air out

MVHR
unit

warm 
stale 
air out

warm 
fresh 
air in

warm 
stale 
air out

warm 
fresh 
air in

b)
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Advantages of MVHR:

��less energy is used: MVHR is energy efficient - up to 80% of the 
heat energy is recovered from the warm air leaving the house,

��less CO2 is emitted - compared to a conventional fossil fuel 
based central heating system,

��lower heating bills - because MVHR is energy efficient, it 
reduces annual heating costs.

Two design details to prevent overheating:

��a balcony or similar permanent structure can be used to reduce 
the solar gain during the summer when the sun is at it’s highest 
(and hottest).

��blinds are a simple and adjustable way of controlling the amount 
of sun entering the house.

blinds prevent 
overheating

midday sun is 
prevented from 
overheating the 
house

morning and 
afternoon sun 
warms the house

c)
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The author makes three main points in this excerpt:

“the problems facing our towns and cities”
A lack of master planning, especially during the construction boom, 
has meant that many of our towns and cities have been allowed to de-
velop in a haphazard and disjointed way. This had lead to urban sprawl 
and a lack of connection between neighbourhoods. Many of these areas 
force people to use their cars even for short journeys because of a 
lack of walking and cycling facilities.

“cities and towns that are diverse, varied in use, walkable, human scaled 
and identifiable by the high quality of their public realm”
It is essential that urban centres are designed for people who walk 
and cycle and not for cars. Areas that encourage walking and cycling 
are more environmentally sustainable and lead to a better quality of life 
and healthier lifestyles. In many towns and cities there is a lack of 
facilities for the people living in the area and also a lack of good qual-
ity public spaces (e.g. parks) where people can meet and community 
spirit can grow.

“the challenge for all citizens is to make our towns and cities viable in 
the long term, environmentally and socially, as well as economically”

A city is only viable (sustainable) if it is:

��economically sustainable: there is enough employment for people living 
in the city and there are enough customers around to keep businesses 
open. Many cities in Ireland are suffering economically because the 
development of large retail centres on the outskirts of cities are 
drawing customers out of the cities.

��environmentally sustainable: a good proportion of the city energy needs 
are provided by sustainable sources (e.g. wind energy). Waste produced 
by the people living in the city is  well managed (i.e. recycling/ 
composting). Emissions from transport are reduced by using 
buses and light rail (e.g. Luas) instead of cars.

��socially sustainable: it is very important that the housing available 
in urban areas encourages people from different backgrounds 
to live together. When this does not happen some areas become 

Q.10. (alternative)
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‘ghettoized’ with only poor people with little education living there. 
These areas often have high levels of unemployment and suffer 
from related social problems (e.g. crime).

Three guidelines to help make an environmentally sustainable urban 
development in Ireland:

1.  ensure that all new housing is carbon neutral - this means 
that each home produces as much energy as it uses. The BedZed 
development (Beddington Zero Energy Development) in London, 
England is an example of this. 

These houses use many energy efficient systems to make them 
environmentally sustainable, including:
��passive design with high thermal mass,
��solar panels (water & photovoltaic),
��energy and water saving appliances,
��rain water harvesting,
��mechanical ventilation heat recovery,
��micro wind turbine.

2.  encourage the use of public transport, walking and cycling 
instead of driving cars - towns and cities should have an 
accessible, affordable, reliable public transport system. Every 
home should be within a 10 minute walk of public transport. The 
centres of towns and cities should be designed to give priority 
to people who walk or cycle. This means that there should be 
safe cycle lanes into and around towns and cities and that large 
portions of our towns and cities should be pedestrianized to 
encourage people to walk.

3.  ensure that there is a mix of uses - towns and cities should 
not be homogenous (e.g. only have shops), there needs to be a 
mixture of retail, small businesses, residential, cultural (e.g. 
cinemas, theatres, art galleries, museums) and open public spaces. This 
mixture will encourage people to live in and use our towns and cities. 
When people live in the towns and cities they take ‘ownership’ of them 
and they take actions to improve the area. 

For example, many people living in towns around  Ireland get involved in 
the ‘Tidy Towns’ competition - this leads to lots of improvements  
in the quality of the public spaces (e.g. less litter, painting of walls, 



��� i�7UHYRU�+LFNH\�����

&RQVWUXFWLRQ�6WXGLHV��+LJKHU�/HYHO�6ROXWLRQV

sculptures, planting of shrubs and flowers, installation of seating 
and so on).


