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Lampeter University, Residential Block B
[bookmark: _Toc3201279]Introduction
[bookmark: _Hlk532407266]Thermal bridging or a cold bridge is area of differing thermal conductivity creating an area for heat to transfer. This heat transfer occurs here as it is the path with least resistance.  When the building is situated in a cold climate such as Wales this heat loss can be an expensive and can cause many defects. (Estabishment, 2018)  Thermal bridging often occurs due to a break in the insulative skin of the building envelope. New legislation pushing energy efficiency will help reduce the risks of thermal bridging related problems in the industry, however it can often happen without realisation. In this report I aim to investigate all the thermal bridges within Block B, calculate the linear transmittance for all thermal bridges, and suggest remediations to suit each scenario. I will evaluate the building using the thermal images taken on 1/11/18 the weather on that day was mild and dry. First, I intend to sift through all the thermal images taken and select the most accurate. Thermal images are a digital representation of a scene measurement of thermal radiation emitted, thermal imaging cameras need to be called correctly to be give a photo in which you can fully evaluate. The scale should be set approximately 10degrees Celsius higher and lower than the ambient are temperature at the time of the survey. After I have established all the clear thermal bridges from the images I will number them and locate them on the existing plan drawings for the building, from these drawings I will be able to see the construction techniques/methods in this area and try and provide remediation suggestions for every thermal bridge and then provide an overall strategy to reduce thermal bridges in the building going forward 
[bookmark: _Toc3201280]Case Study
[image: ]The building itself was completed in 1827, therefore making it a Grade II* listed building (David, 2018), this listing greatly reduces the amount of modernisation the building can undergo as it preserves certain historical elements of the buildings, elements that could protentional prevent the building from being as energy efficient as possible, for example the project manager informed us that the old cast iron radiators could not be removed and the large roof space could not be compartment to prevent energy loss due to CADW’s wishes. (CADW, 2018)  The building is constructed using traditional 1600mm solid wall construction, which would have been traditionally lime washed, due to lack of maintenance funds the building was rendered with concrete, which is possibly the main reasoning behind the buildings many dilapidations.  The level of the perimeter walkways were also raised possibly bridging the damp proof course, fundamental details like this will be paramount to reducing the amount of thermal bridges, the overall condition of the building was poor although it is unknown how long the building has been unoccupied and without and heat and ventilation. The walls and roof were uninsulated and there was no roofing felt or membrane just tiles on the original cut timber roof. The building was fitted with timber sash windows with single glazed glass panels, this was the same style in the timber front door. [bookmark: _Toc3201238]Figure 1 https://upload.wikimedia.org/wikipedia/commons/thumb/8/8e/View_of_St._David%27s_College.jpeg/220px-View_of_St._David%27s_College.jpeg

[bookmark: _Toc3201281] Methodology  
Equipment 
1. Thermal imaging camera 
2. SD Card/ Laptop
3. Pen and Paper 
4. Camera (for additional photos for reference) 
***
1. Briefly evaluate the building to get your bearings
2. Create a suitable folder for the images of this project on the thermal imaging camera
3. Setting the scale, the scale should be set approximately 10degrees Celsius higher and lower than the ambient are temperature at the time of the survey
4. Work systematically, start with the outside of the building making sure you cover all the elevations and roof. Thermal bridges can be easily identified from the outside, there areas can then be focused on in more depth when inside the building
5. Once all the images are taken, transfer them on a laptop of PC to analyse them
Note. If there is not a drawing of the building already present it may be useful to take images and make a quick sketch of the floor plans for reference later. 
[bookmark: _Toc3201282]Considerations 
 To obtain accurate images it is important to consider the impact of sunlight, the south face of a building could give you a false reading compared to other elevations as the sun has been radiating the face of this building meaning it will appear warmer. When finding areas of heat loss in a building it may be beneficial to heat the building internally as it will provide a larger spectrum of colours on the thermal image, providing it has been scaled correctly. There is also a focus lens on the camera itself, it’s easier when evaluating the images if you can make out clearly what area of the building was being surveyed. Weather consideration do not only concern the sun, whether it’s raining, snowing, frosty or even just cold outside may give you different results to a hot sunny summers day.  


[bookmark: _Toc3201283]Thermal Bridge A Roof Space 
[image: ][image: ]LOCATION 						THERMAL IMAGE 


CALCULATIONS 						 APPROVED CROSS SECTION 
[bookmark: _Hlk2780091][image: ]     Approved (W/m·K) Ψ Roof to wall (rafter) 0.06. In accordance to Table K1 Page 83 of SAP 2012 (BRE, 2012) 







[bookmark: _Toc3201239]Figure 2 ME-RE-06 Pitched Roof Between and Under Half Rafter Insulation

SOLUTION 
It is necessary to ensure that the gap between the wall plate and the eaves is filled with insulation that has a minimum R-Value across the thickness of the insulation of 1. 2m2.K/W. Due to CADW and listed Building regulations the individual blocks cannot be compartmented therefore it is important to ensure continuity of the insulation through the whole roof space to prevent any further thermal bridges (Label 1) It is also important to note that the insulation is tightly packed and meets in both the eave and rafter area (Label 2).  It is also desirable to have the ceiling fixed first to be able to seal all the gaps between the ceiling and masonry with plaster or a flexible sealant (Label 3). 
[bookmark: _Hlk2851176]A suggested specification for this detail would consist of celoxtex FR5000 40mm which would succeed the required R value at 1.90(m2K/W) PRODUCT CODE: FR5040 (Specialists, 2018)



[bookmark: _Toc3201284]Thermal Bridge B Front Façade windows 
[image: ]LOCATION 						THERMAL IMAGE 
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CALCULATIONS 						APPROVED CROSS SECTION Approved (W/m·K) Ψ for window jamb and sill in external solid walls 
E3 Sill 0.04
 E4 Jamb 0.05



[image: ][bookmark: _Toc3201240]Figure 3 MEI-WD-03 Windows and Door. Jambs





[image: ]SOLUTION
The original timber framed single glazed defective units are to be replaced as they are not only failing in terms of energy efficiency but also, they are causing consistent thermal bridges in each of their installations, not only within the front façade but also in the rear. SAP 2012 provides the two figures above, and details to the right, for the fitment of windows and doors, but I subsequently feel to achieve this you may as well put new glazing unit in that are up to current regulation standards.  Apposed to removing and refitting the windows to achieve the approved details. It is also essential to fill the gap between the window frame/packer with expanding foam or flexible sealant.  The insulation which in this case will be installed internally will also require a minimum R-Value of 0.6 m2.K/W there are also many air barrier options available.[bookmark: _Toc3201241]Figure 4 MEI-WD-02 Windows and Doors. Sills

Jambs; 
1. All insulation to have a minimum R-value of 0.6(m2K/W) 
2. The application of a flexible sealant in this area is required to act as an air barrier 
Sills; 
1. Wall insulation to be continued to the underside of the sill member 
2. The gap between the window frame or packer needs to be filled with expanding foam.
3. Flexible sealant should be incorporated between the junction between the plasterboard and sill board.
[image: ]WINDOWS SUGGESTION SPECIFICATION




[bookmark: _Toc3201242]Figure 5 Suggested Window Cross Section https://www.weathershield.com/WeatherShield/media/general/TechnicalData/PR_CONT_8211_CA_SCT.PDF





The above detail illustrates a similar style, however a up to standard detail, of a timber framed window which would be suited to this development and exceed the value of transmittance required by SAP 2012. The only issue with this suggestion is CADW have expressed a desire for the traditional single glazed units to remain due to historical importance.  


[bookmark: _Toc3201285]Thermal Bridge C Front Façade Door 
LOCATION 						THERMAL IMAGE 
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[image: ]CALCULATIONS 						APPROVED CROSS SECTION Approved (W/m·K) Ψ for door jamb and sill in external solid walls 
E3 Sill 0.04
 E4 Jamb 0.5







[bookmark: _Toc3201243]Figure 6 MEI-WD-03 Windows and Door. Jambs

[image: ]SOLUTION
The solution for the front door of this dwelling adopts a similar approach to the challenges experienced with the windows. If budget and listed building constraints allow, it would be most beneficial to provide the property with a new door, frame and liner to achieve the details displayed above and left (Figures 3 and 4) the new door unit is also more likely to be more insulative than the existing one which compromised of timber and a single glaze top opener section. It will also come supplied with draught seal and intumescent strips, meaning it will also comply with fire regulations, especially as it is a house of multiple occupancy. [bookmark: _Toc3201244]Figure 7 MEI-WD-02 Windows and Doors. Sills


Jambs; 
3. All insulation to have a minimum R-value of 0.6(m2K/W) 
4. The application of a flexible sealant in this area is required to act as an air barrier 
Sills; 
4. Wall insulation to be continued to the underside of the sill member 
5. The gap between the window frame or packer needs to be filled with expanding foam.
6. Flexible sealant should be incorporated between the junction between the plasterboard and sill board.
[image: ]FRONT DOOR SUGGESTED SPECIFICATION 







[bookmark: _Toc3201245]Figure 8 Suggested Door Cross Sections https://www.weathershield.com/WeatherShield/media/general/TechnicalData/PR_CONT_8517_IS_SCT.PDF

















[bookmark: _Toc3201286]Thermal Bridge D Hot water feed to neighbouring dwelling 
LOCATION 						THERMAL IMAGE 
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[image: ]CALCULATIONS 						CROSS SECTION 
		Approved (W/m·K) Ψ Junctions with a party wall. 
P1 Ground floor Default value 0.16




[bookmark: _Toc3201246]Figure 9 PRE-INSULATED PIPE https://www.gogeothermal.co.uk/wp-content/uploads/2018/09/2pipe1.jpg



SOLUTION 

This Thermal bridge is a difficult one to amend as it has been retrofitted into the building opposed to being a design fault.  It is assuming to save time and money that the hot water feed for the building has been directed straight through the party wall close to the front façade causing a massive temperature fluctuation which is displayed in the thermal image.  The only improvement available for this element, without relocating the pipe to somewhere more suitable, would be using an insulated pipe shown in Figure 9. Rockwool also manufacture a foil wrapped mineral wool product which is superior to the one above but is too thick to be used in this application. (ROCKLAP H&V PIPE SECTIONS, 2019)

[bookmark: _Toc3201287]Thermal Bridge F External Walls
[image: ]LOCATION 						THERMAL IMAGE 
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[image: Image result for internally insulate solid wall]CALCULATIONS 						CROSS SECTION [bookmark: _Toc3201247]Figure 10 Proposed internal remediation works http://www.greenspec.co.uk/images/web/refurb/internalwall/servicezone.png

 Approved (W/m·K) Ψ Junctions with a party wall. 
P1 Ground floor Default value 0.16
E16 Corner (normal) Default Value 0.18




SOLUTION 
This building element is not technically a thermal bridge, but some areas of the wall were colder than others, creating spots visible on the thermal imaging camera. The project manager for the proposed works on this building informed us that due to the building be listed CADW would not allow the external render to be hacked off although it was a later addition to the lime plastered original external walls. I feel it would be sensible to insulate the walls internally whilst the other remediation works are taking place. The only option feasible for this type of wall internally is to insulate to walls using celoxtex FR5000 the same as the insulation proposed for the roof space only in 50mm not 40mm. It would also be advisable to install a vapour barrier membrane such as Visqueen Eco Membrane behind the insulation. To prevent any moisture reaching the internal skin keeping the rooms damp free. The installation of a DPC to stop any ground moisture from tracking up would also be advisable. 

[bookmark: _Toc3201288]Conclusions 

The investigation highlighted many issues with this building and addressed possible remediations for these issues. This report has certainly not highlighted all the issues in this building but certainly the most problematic ones within block B of the site. I feel to complete a highly detailed report of this building then a whole building survey would need to be completed with no time constraints. It would also be beneficial to visit the building on days of differing weather conditions, to gain the most accurate images for analysis. The building itself provided many challenges concerning the remediation works, there are more suitable retrofit applications that would be more ideal for a building of this type, such as external wall insulation and triple glazed windows, yet due to the building being listed CADW have their reservations about many building elements that were of historical interested, such as the windows and external façade. The building could also benefit from a more efficient central heating and hot water, which would remove some for the thermal bridges evaluated altogether, however unfortunately the project investors did not have the budget in place for these works. 
Suggestions for further research;
· Complete an extensive measured survey of the building so calculations can be completed for elements that may not be highlighted in table K1 of SAP2012 (BRE, 2012)
· Try and gain access into all roof space areas, some of the block that are in use may have already had some retrofit insulation installed as a possible temporary measure.
· Gain knowledge of budget for each element of remediation so more accurate specifications can be produced. 
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