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[bookmark: _Toc38879933]Introduction
This document will solve the main construction details for a fictional, proposed two storey dwelling with loft storage. A step by step description of how each element is constructed will be given, citing Building Regulation Approved Documents and British Standards documents to ensure the building is compliant with current legislation. Drawings will be provided in the appendices with annotations detailing all elements. For the purpose of driving rain exposure zone and snow loading, it has been assumed that the dwelling will be built in Swansea.

[bookmark: _Toc38879934]Ground Floor
At the bottom of this element, a strong, firm level base is required to prevent the growth of vegetation and provide moisture resistance. A technical solution for this is a hardcore bed of inert material such as clean, broken brick that has been compacted, covered by 100mm of unreinforced concrete (Appendix 01&02) to mix ST 1 in BS 8500 (Building Regulations, 2010, Approved Document C).
Brick sleeper walls are then built at spacings of not more than 2302mm across the width (shortest spans) of the rooms in a honeycomb pattern to allow airflow under the floor (Appendix 02). As joist hangers are being used to connect the joists to the external walls (Appendix 01), three sleeper walls will be required in the lounge and two in the kitchen diner. A 47mm x 100mm timber wall plate is required to distribute the load of the floor joists across the sleeper wall and provide a fixing point for the joists (Appendix 01&02). (Building Regulations, 2010, Approved Document C) requires a damp-proof course between timber and any moisture carrying materials that are in contact with the ground (Appendix 01&02). (Building Regulations, 2010, Approved Document C) also requires a minimum of 75mm from the bottom of the wall plate to the ground covering and 150mm between the bottom of the suspended floor and the ground covering (Appendix 01). The utility room does not require a sleeper wall.
Airbricks to prevent condensation, will be positioned on the front and rear walls of the building to allow for cross ventilation under the floor (Appendix 01), to provide a free path of air greater than 500mm2 per m2 of floor area or 1500mm2 per metre run of external wall and have vermin resisting grilles incorporated into them (Building Regulations, 2010, Approved Document C).
[bookmark: _Hlk37254436][bookmark: _Hlk37254976]C16 47mm x 120mm timber joists are then fixed on top of the wall plates at 600mm centres (Appendix 01&02). BSI 810-3:2009 Table 7 (BSI, 2009) confirms that the maximum clear span for this joist size is 2302mm with no partitions above. The joists are connected to the front and rear external walls using built in joist hangers that are compliant with BS EN 845-1 (Building Regulations, 2010, Approved Document A). As the width of the utility room is 2565mm, the same size (47mm x 120mm) C16 joist can be used across the width, suspended on built in joist hangers at 400mm centres.
Rigid PIR insulation with aluminium foil bonded to both sides is then placed between the joists and supported underneath by timber battens (Appendix 02). The thickness of the insulation will need to be calculated for the floor to achieve a U-value compliant with Approved Document L1A Conservation of fuel and power (The Building Regulations, 2010). Care must be given to ensure there are no gaps in the insulation as this would lead to thermal bridging. Expanding foam should be used to fill small gaps and joints taped with aluminium foil tape.
[bookmark: _Hlk37071325]Softwood tongue and groove flooring to be laid on top of joists (all joints to be on midpoint of rafter width) and secret nailed to the joists. BSI 8103-3:2009 Table 2 (BSI, 2009) requires softwood tongue and grove flooring to be a minimum finished thickness of 19mm for 600mm joist centres.

[bookmark: _Toc38879935]First Floor
[bookmark: _Hlk37256801]The maximum span for wall supported floors is 6m (Building Regulations, 2010, Approved Document A). Therefore, C24 47mm x 195mm timber joists have been selected to run widthways, from gable walls to internal loadbearing masonry walls at 400mm centres (maximum room width is 3915mm). C16 38mm x 195mm has been selected to span between internal load bearing walls at 400mm centres (600mm spacings permissible but thicker flooring would be required). BSI 810-3:2009 Table 10 (BSI, 2009) confirms the above sizes are suitable for the required spans when supporting non load-bearing lightweight partitions. Joists to be supported by restraint type joist hangers (Appendix 04) as described in BS 5628-1:2005 (BSI, 2005), built into the inner leaf of the gable walls and the internal loadbearing masonry walls (restraint hangers required at 2000mm max spacings but simpler to use throughout). As the span is between 2500mm and 4500mm, BS 810-3:2009 (BSI, 2009) requires strutting to be fixed at mid span (Appendix 03) and requires timber noggins to be a minimum of 38mm x ¾ of joist depth.
[bookmark: _Hlk37259354]Lateral restraint to be provided to front and rear walls using a galvanised mild steel cranked restraint strap measuring 30mm x 5mm and long enough to be secured across a minimum of three joists (Appendix 03&04) and at maximum spacings of 2000mm (Building Regulations, 2010, Approved Document A). BS 810-3:2009 (BSI, 2009) requires 38mm x ½ joist depth minimum timber noggins to be fixed between joists under the restraint strap and timber packing between joist and wall at strap locations.
Where lightweight timber partitions are to be above and running parallel to the joists, an additional joist is required under the partition. BS 810-3:2009 (BSI, 2009) shows that a joist can be doubled when the joist and partition coincide, or alternatively 38mm x 47mm (minimum size) timber noggins at not more than 600mm centres can be fixed between joists to support the partition (Appendix 05).
[bookmark: _Hlk37256577]Softwood tongue and groove flooring to be laid on top of joists (all joints to be on midpoint of rafter width) and secret nailed to the joists. BSI 8103-3:2009 Table 2 (BSI, 2009) confirms that softwood tongue and grove flooring with a finished thickness of 16mm is suitable for 400mm joist centres.

[bookmark: _Toc38879936]Openings
Additional wall ties that comply with BS EN 845-1 are required within 225mm of the vertical edge all openings at 300mm max spacings (Building Regulations, 2010, Approved Document A). As blocks are 215mm high, a wall tie should be placed in every course (Appendix 06).
[bookmark: _Hlk38274082]Openings up to 1200mm to have a minimum lintel bearing of 100mm at both ends and openings over 1200mm to have a minimum bearing of 150mm (Appendix 06) (Building Regulations, 2010, Approved Document A).
(Building Regulations, 2010, Approved Document L1A) requires no avoidable thermal bridging in the building fabric. Thermally broken lintels (Appendix 07) will be used and bedded into mortar on the inner and outer leaves either side of the openings. As Swansea is UK zone 4 (very severe) for exposure to driving rain (Building Regulations, 2010, Approved Document C) a damp-proof course is always required above lintels (Appendix 07) (Catnic, 2020). Stop ends are required to be fitted to the lintel and a minimum of two weep vents fitted to the perps at the bottom of the soldier course (Building Regulations, 2010, Approved Document C) to allow precipitation to drain to the outside (Appendix 06).
[bookmark: _Hlk37260475]Checked rebates or finned cavity closers are required for all building openings in zone 4 of the exposure to driving rain index (Building Regulations, 2010, Approved Document C). Insulated finned cavity closers will be inserted into the bottom and side cavities of the opening (Appendix 08&09), meeting the insulation of the lintel.
Upvc sills to provide weather protection at the bottom of the openings (Appendix 09). All sill, door frame and window frame junctions with masonry to be sealed with flexible silicone-based frame sealant (Appendix 08&09).

[bookmark: _Toc38879937]Main Roof Structure
As the clear span from the front to rear inner leaf walls is 6830mm and there are no internal loadbearing walls running Gable wall to gable wall, the roof will need to be spanned with a Queen post truss (Appendix 10) above each internal masonry wall (Appendix 11). The trusses will need to be designed by a structural engineer to withstand the imposed and dead loads. The trusses could be designed in steel (fabricated or part fabricated off site) if the dimensions of timber are prohibitive. Concrete padstones may be required under the trusses to help distribute the load through the inner leaf of the cavity wall.
C16 47mm x 100mm wall plate to be bedded on mortar (to ensure full contact) on top of the inner leaf of the cavity wall. Secured using a galvanised mild steel cranked restraint strap measuring 30mm x 5mm x 1000mm at not more than 2000mm intervals (Appendix 13) (Building Regulations, 2010, Approved Document A).
C16 94mm x 250mm timber purlins to run from inner leaf of gable walls to queen post trusses and from truss to truss. The design spacing from wall plate to purlin or purlin to purlin must not exceed 1500mm (Appendix 11). BS 8103-3:2009 Table 30 (BSI, 2009) confirms this size is suitable for 4096mm maximum clear spans at this spacing. Whilst it would be possible to use less purlins at a larger design spacing, this would require the purlins and rafters to have a greater cross-sectional area, thus increasing the roof height. 
[bookmark: _Hlk37407627]C16 38mm x 89mm CLS timber rafters at 600mm centres (Appendix 11). BS 8103-3:2009 Table 29 (BSI, 2009) confirms this size rafter is suitable for clear spans up to 1620mm at this spacing. Rafters to be skew nailed to wall plate with two 4.5mm x 100mm round wire nails and skew nailed to purlins (4 nails minimum, penetrating the purlin by 40mm) and two skew nails and one top nail to ridge board as specified in BS 8103-3:2009 (BSI, 2009).
The return part of the roof over bedroom 1 spans 3915mm and can be constructed using a closed coupled roof (Chudley and Greeno and Kovac, 2020). BS 8103-3:2009 Table 35 (BSI, 2009) confirms that C24 38mm x 125mm rafters and jack rafters can be used.
Gable walls to be strapped to roof (Building Regulations, 2010, Approved Document A) using 30mm x 5mm galvanised mild steel cranked restraint strap on top of rafter, long enough to be secured to a minimum of 3 rafters (Appendix 12), as with the first floor, timber noggins and edge packing to be fixed under restraint strap as specified in BS 8103-3:2009 Table 29 (BSI, 2009). Strapping to be at highest secure point of gable and at 2m max spacings (straps must turn over complete uncut block). As h is less than 16 x t (Appendix 13) no lateral restraint is required to the gable wall at wall plate level (Building Regulations, 2010, Approved Document A).

[bookmark: _Toc38879938]Eaves Detailing and Roof Covering
[bookmark: _Hlk38275503]Rafters to be plumb cut to suit required overhang of eaves. Upvc L-shaped fascia nailed to plumb cuts of rafters using stainless steel polytop nails. Flat Upvc soffit board to be nailed to timber (that has been screwed to the wall) using stainless steel polytop nails and supported on opposite side by the L-shaped fascia (Appendix 14). As it is a warm roof, continuous ventilation is not required at the eaves (Chudley and Greeno, 2016).
Roofs must be designed to ensure that interstitial condensation does not affect the buildings thermal and structural performance (Building Regulations, 2010, Approved Document C). This can be achieved with a vapour control membrane laid on top of the rafters (Appendix 14), fixed with galvanised clout nails and joints taped. 
[bookmark: _Hlk37404415]Rigid PIR insulation with aluminium foil bonded to both sides to be laid on top of the vapour control layer (Appendix 14). Thickness of PIR to be calculated to achieve values required by Approved Document L1A (The Building Regulations, 2010). Joints in the PIR board to be taped with aluminium foil tape on the upper side and cavity wall insulation to be extended to meet the roof insulation (Appendix 14), to avoid thermal bridging (Chudley and Greeno and Kovac, 2020).
[bookmark: _Hlk37404134][bookmark: _Hlk37073067]50mm x 25mm counterbattens to comply with BS 5534:2014 Table 3 (BSI, 2014) laid in line with rafters above insulation (Appendix 14) and fixed to rafters with helical fixings that penetrate the rafter by a minimum of 40mm. Any batten or counterbatten must be marked with the origin, species, size graded “graded BS 5534” (BSI, 2014).
A breathable underlay, supported at eaves level with a rigid support tray (Appendix 14), is then laid perpendicular to the ridge, with 150mm head laps, nailed to the counter batten with zinc coated clout nails with a diameter not less than 3mm shank diameter as specified in BS 5534:2014 (BSI, 2014) .
50mm by 25mm battens laid perpendicular to the ridge (Appendix 14) and nailed to counter battens, using zinc coated nails of not less than 3.35mm shank diameter as specified in BS 5534:2014 (BSI, 2014). Battens must be long enough to span a minimum of three counter battens.
600mm by 300mm double lapped, centre nailed natural slate has been selected for the roof covering (Appendix 15). (Building Regulations, 2010, Approved Document C) classes natural slate as a ‘weather resisting roofing system’ and requires the dry joints to overlap. BS 5534:2014  (BSI, 2014) requires a minimum 76mm headlap at a 400 pitch (Appendix 15), and slates to extend over the fascia by 50mm (rake measurement) minimum, fixed using copper nails that penetrate the batten by a minimum of 15mm and have a 10mm minimum head diameter.
[bookmark: _Toc38879939]Conclusion
Using Building Regulation Approved Documents, British Standards Institution Publications, manufacturer’s technical information and current textbooks from credible authors, it has been possible to solve all the main construction details required for the above fictional dwelling. Construction professionals can refer to the same documentation to ensure any non-fictional construction details comply with current legislation.
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