
Construction Level 2 – Roof Construction: Flat Roofs – Part 1
1 of 20 – Welcome
Flat roof structures are the commonest waterproof covering for domestic buildings. Their main function, like a pitched type roof, is to provide protection against the weather for the building and the people within it.

In this session you will find out about:
· Flat roof main elements
· Strength and stability
· Typical construction
· Problems with flat roofs
2 of 20 – Overview
Flat roofs are the simplest type of roof construction and the cheapest to construct. However, these benefits also have some drawbacks, as they tend to leak and need a lot more maintenance than pitched roofs.

Despite the name, a flat roof is not flat, they are built with a slight pitch, running from the highest level, often abutting another part of the building, away to the lower end, where water run-off is collected in guttering.

The angle of a flat roof is approximately 10°and this translates into a slope ratio of approx. 1:60 to 1:80, i.e. every 60 cm of running length, the drop would be 1 cm.
3 of 20 – Flat roof main elements
Flat roofs will generally consist of the following components:
· Loadbearing primary structure - this transmits the weight of the roof and any loads acting on the roof onto the loadbearing walls.
· A roof deck (supported by the primary structure) - this provides a base for the waterproof membrane, and in some designs, the insulation.
· Thermal insulation – this can be installed on the roof deck or beneath it, and will reduce the heat loss through the roof.
· A waterproof membrane – this can be made from many materials and prevents water penetrating the roof structure. 
4 of 20 – Strength and stability
The span of a roof has a major influence on its design. The materials used for flat roof construction should have a high strength to weight ratio.

The roof will have to be strong enough to take the following loads:
· Dead loads – Pressure from the weight of the roof construction
· Environmental loads – Pressure from snow, water and wind loads
· Uplift load – Wind flow under a roof pushes upward
· Occasional foot traffic
5 of 20 – Strength and stability
For domestic applications, timber provides the most popular material for the primary structure and the roof deck. The primary structure should be made from constructional grade (load bearing) timber - C16 Grade (0.75kN/m2). These joists should:
· Span the shortest distances (wherever possible).
· Use suitable sizes; e.g. 200 x 50 mm, 175 x 50 mm and 150 x 50 mm.
· Be placed at 400mm centres but no more than 600 mm (610 mm max permitted by OSB3).

The roof deck should be made of structural grade plywood (C-D D-D grades), or alternatively an Oriented Strand Board construction grade OSB3. Sheet materials for roof decks should:
· Use largest surface area sizes to minimise square, edge to edge joints 2400mm x 1200mm.
· Use suitable thicknesses e.g. 18 mm, 25 mm.
6 of 20 – Timber flat roof construction
The structure of a flat roof is similar to an upper floor (although it has a slope). Timber joists form the loadbearing structure and (as with floor joists) their structural stability is provided by the cross-sectional area related to expected loading, the spacing between the joists, and the required span.

The spacing between the joists relates to the thickness of the deck. For example joists spaced at 400 mm centres will support an 18 mm roof deck of suitable graded plywood or OSB. However, if the centres between joists are wider, say 600 mm, then the roof deck needs to be thicker at 25 mm.
7 of 20 – Flat roof order of construction
The list below shows the stages of flat roof construction:
1. The primary structure consisting of timber joists is built first (square and horizontal) to support the roof deck.
2. Tapered lengths of timber called firrings are fixed to the upper side of the joists to create the angle of fall / slope ratio, whilst maintaining a level, horizontal ceiling height below.
3. The deck is fixed to the joists (and firrings) as plywood or OSB.
4. Finally, the weatherproofing material (e.g. mineral felt, rubber, metal, fibreglass etc.) and insulation is fitted.
8 of 20 – Historical flat roof problems
Although flat roofs are still prone to higher maintenance issues, a lot of the early problems have been addressed with modern technology.

Historical problems
Early flat roofs suffered with expansion and contraction issues within the structure. This led to warping of the square edged roof decking boards and subsequently, this constant movement created problems for the weatherproofing materials, which in turn caused later leaks.

Later, when insulation became a common part of the construction, there were problems with condensation. This forms at the point where cold air meets warm air and moisture condenses (out) from the warm, humid air. This leads to spoilt decorative finishes, structural defects and promotes fungal growth as mould, or even worse, wet rot.
9 of 20 – Common causes of failure
Common causes of failure in flat roofs are:
· Inadequate roof structures can sag which can result in rainwater being retained (‘ponding’) on the surface.
· If the supporting structure moves it has the potential to cause breaks in the roof covering.
· Lack of ventilation can cause condensation, and then moisture can build up within the structure.
· If the roof covering fails, it can cause the roof decking to fail too.
· Problems can occur at the perimeter of flat roofs, i.e. at parapets, verges and kerbs.
· Problems can occur where there are penetrations through the roof, such as vents, pipes and ducts.
10 of 20 – Question 1
Answer this question.

What would be the normal angle of slope for a flat roof?
A. 0° to the horizontal
B. 10° to the horizontal
C. 80° to the horizontal
D. 180°to the horizontal

The correct answer is B, 10° to the horizontal.
11 of 20 – Question 2
Answer this question.

The approximate slope, or degree of fall for a flat roof is 10°approximately. What does that equate to as a mathematical ratio?
A. 1:6
B. 1:16
C. 1:60
D. 1:600

The correct answer is C, 1:60.
12 of 20 – Question 3
Using the following choice of words; leak, flat, angled, pitched, maintenance, roof, expensive, cheapest, cave-in and drawbacks, fill in the blanks in the sentence below on flat roofs (not all words will be used):

Blank roofs are the simplest type of blank construction and the blank to construct.  However, these benefits also have some blank, as they tend to blank and need a lot more blank than blank roofs.

The correct sentence should read:

Flat roofs are the simplest type of roof construction and the cheapest to construct.  However, these benefits also have some drawbacks, as they tend to leak and need a lot more maintenance than pitched roofs.
13 of 20 – Question 4
Match the following components of a flat roof; joists, roof deck, waterproofing and insulation, to the descriptions shown below:
1. Installed on the roof deck or beneath it and will reduce the heat loss through the roof.
2. Made from many materials and prevents water penetrating the roof structure. 
3. Form the loadbearing structure and their structural stability is provided by the cross-sectional area, spacing and span.
4. Made of structural grade plywood (C-D D-D grades), or alternatively an Oriented Strand Board construction grade OSB3.

The correct answers are shown below:
The joists form the loadbearing structure and their structural stability is provided by the cross-sectional area, spacing and span.
The roof deck is made of structural grade plywood (C-D D-D grades), or alternatively an Oriented Strand Board construction grade OSB3.
Waterproofing is made from many materials and prevents water penetrating the roof structure.
The insulation is installed on the roof deck or beneath it, and will reduce the heat loss through the roof.
14 of 20 – Question 5
Answer this question.

What does the primary structure consist of?
A. Overlying deck materials of plywood or OSB
B. Timber joists of a suitable size
C. Sheet insulation materials
D. A durable waterproof material

The correct answer is B, timber joists of a suitable size.
15 of 20 – Question 6
Answer this question.

Apart from the dead load imposed on a flat roof structure, what is the other main load?
A. Dead load
B. People walking on it
C. Wind loads
D. The quality of materials used

The correct answer is C, wind loads.
16 of 20 – Question 7
Answer this question.

What is the effect of wind when it blows across the surface of the flat roof?
A. It blows it across in the direction of the wind
B. It blows it across in the opposite direction to the wind
C. It creates a strong downward pressure
D. It creates a strong upwards pressure

The correct answer is D, it creates a strong upwards pressure.
17 of 20 – Question 8
Answer this question.

What does the term C16 refer to?
A. It relates to a construction grade rating for OSB
B. It relates to a construction grade rating for plywood
C. It relates to a construction grade rating for timber
D. It relates to a construction grade rating for weatherproofing

The correct answer is C, it relates to a construction grade rating for timber.
18 of 20 – Question 9
[bookmark: _GoBack]Answer this question.

What are firrings?
A. Tapered joists that make up the primary structure of the roof
B. Tapered lengths of timber that are fixed to the upper side of roofing joists
C. Tapered lengths of timber that are fixed to the lower side of roofing joists
D. Tapered lengths of timber that are fixed to either side of roofing joists

The correct answer is B, tapered lengths of timber that are fixed to the upper side of roofing joists.
19 of 20 – Question 10
Using the following choice of words; downpipes, falls, hopper, condensation, gutters, ventilation, vents, moves, penetrations, rainwater, perimeter and inadequate, fill in the blanks in the sentences about flat roof problems below (not all words will be used):

Blank roof structures can sag which can result in blank being retained (‘ponding’) on the surface.

If the supporting structure blank it has the potential to cause breaks in the roof covering. If the roof covering blank, it can cause the roof decking to fail too.

Lack of blank can cause blank, and then moisture can build up within the structure.

Problems can occur at the blank of flat roofs, i.e. at parapets, verges and kerbs and where there are blank through the roof, such as blank, pipes and ducts.

The correct sentences should read:

Inadequate roof structures can sag which can result in rainwater being retained (‘ponding’) on the surface.

If the supporting structure moves it has the potential to cause breaks in the roof covering. If the roof covering fails, it can cause the roof decking to fail too.

Lack of ventilation can cause condensation, and then moisture can build up within the structure.

Problems can occur at the perimeter of flat roofs, i.e. at parapets, verges and kerbs and where there are penetrations through the roof, such as vents, pipes and ducts.
20 of 20 – End
You have now completed this session on flat roofs.

In this session you found out about:
· Flat roof main elements
· Strength and stability
· Typical construction
· Problems with flat roofs

If you are unsure or have any questions about any of these topics, speak to your tutor for more help.
