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1. Introduction

The work conducted in this feasibility study sets to provide an analysis of a common refurbishment upgrade developed by BCA
Insulation Ltd to decrease the thermal transmission. Currently, the insulation company conducts many of these building
upgrades to improve buildings thermal response and to minimise owners over spend in heating bills. In some instances the
alternative would be to insulate inside a cavity wall with minimal disruption, but in this case the building in question is a single
red sand stone wall which requires special attention because of its original setting and functionality. Single wall buildings are
prone to conduct heat very easily and thermal upgrades which include the use of insulation of the walls have resulted in a
reduction of heat escaping easily. In some instances, external insulation can be the solution, generally where buildings are not
listed or are located in conservation areas this can be applied. More often, it is the case that building owners prefer to conserve
the original exposed solid stone elevations and refer to internal insulation solutions.

Additional to the above, the field study included testing to identify possible interstitial condensation of the wall, verifying that
any thermal upgrades would not create any moisture build up in any of the layers of the wall; particularly in the slightly
ventilated cavity behind the internal wall finishing’s or mould appearing on the internal surfaces. These fears of moisture build
up have been highlighted by the insulation company who are conscious that these occurrences can disturb the building owners
and create health concerns.

It has been well documented by numerous government agencies, that reducing energy and fuel poverty, will only be achieved if
both private and publicly owned home owners/ housing associations will focus their efforts in applying energy efficient solutions
to older properties built with low thermal considerations or simply with lived under poor conditions. These properties are
renowned for having high infiltration and filtration levels, high thermal transmission of building elements and dilapidated
heating systems. Achieving better standards in older properties is achievable if several interventions are completed but the high
priority work, i.e. improving the thermal envelope of the building, should be addressed with a conscious approach focusing on
how older materials and techniques can adapt and function accordingly with new materials, most often insulation materials.

One of the concerns of the company are the critical areas that are not always technically possible to insulate for example:

e  Decorative cornicing

e  Window reveals

e  Walls considered to impractical or not cost effective to insulate
e Internal partitions and floors

This research is underpinned by BCA’s own prior research, experience and development in the area of solid wall insulation
where the company has become a market leader in recent times having carried a major literature review ahead of writing it’s
“Good Practice Guide” and years of case studies and trials both in its own training academy in Shotts and with clients such as
Historic Scotland.

The study will cover one dwelling from BCA’s projects including houses being improved through the Scottish Governments’
Energy Assistance Package and local authority’s Universal Home Insulation Schemes; will include the following:

In-situ U-value measurement of a wall with two insulation solutions at pre and post intervention stages located in one site. This
will measure the performance of both an internal over lining system as well an injected solution all in the same location and
dwelling.

Interstitial condensation simulation of a selected wall element both pre and post intervention stages — test will take place only
on one wall solutions.

Benefits
The drivers of fuel poverty, climate change and rising fuel costs are well known and as such the benefits of this study will be
massive for the future insulation of Scotland’s traditionally built solid wall housing stock, currently considered as “Hard to treat”.

Its results will be far reaching as the methods of improving solid wall buildings are accepted not only for the existing carbon
saving schemes like CERT and CESP but also in preparation for the Green Deal and ECO.

The outcomes of the study will allow the successful internal solid wall insulation systems examined to be approved, without
question, for use in the various current and future programmes driven by Climate Change legislation and Fuel Poverty (eg CERT,
CESP, SHQS, Green Deal and ECO) in the knowledge that the possible discounting factors or risks associated with the challenges
of improving existing solid wall properties has been investigated and either disproven or resolved.
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Such a “demonstration project” will get the systems approved by Ofgem enabling their use to be rolled out on a larger scale
across the UK for use in CERT and CESP as well as getting them accredited for use in Green Deal and ECO.

The project will be relevant to sustainable building refurbishment because:

The purpose of the project will be to trial, test and measure systems to be used in the refurbishment of existing buildings with a
view to improving their wall insulation and over all energy efficiency rating which in turn will reducing the building need for
heating and therefore it carbon emissions.

Socially — these systems will be installed in energy in-efficient homes where currently as much as 45% of heat is lost through the
walls meaning that the resultant savings can be as much as £460 per year - in many cases removing households from fuel
poverty (currently standing at approximately 1 in 3 in Scotland). The project will also evaluate any possible health issues
associated with vapour barriers and the condensation and mould risk of unavoidable cold spots.

With fuel prices (which have doubled in the last 5 years set to increase) set to increase and the political drivers set to increase
with the oncoming of the ECO and Green Deal the increase in demand for solid wall insulation will be unmatched by the
industries capabilities especially as the “low hanging fruit” measures of virgin lofts and easy cavity wall installations become
exhausted.

2. Aims & Objectives

The aim of this work is to develop a continuous analysis on the hygrothermal behaviour of solid wall buildings and to find ways
in which thermal upgrades can be long lasting with no detrimental effects to adjacent building fabric performance. Studies
similar to this one can measure and point out if such changes to the building can affect the building fabric over time and if the
work is worthwhile.

The objective of such report is not just to show results for this building example but to create consensus over the long term
viability of internal solid wall insulation. The focus is to point out what issues may arise in insulating 95% of the wall and leaving
the remainder upper cornice area uncovered and whether this method is appropriate for the solid wall upgrades.

3. Methodology of testing

The testing methodology for calculating the in situ U value measurements was undertaken in the well-established format
described in (Baker 2011) and (Dr Caroline Rye 2010)the U value or thermal transmittance of a building element or component is
defined in BS EN ISO 7345:1996 as the “heat flow rate in the steady state divided by the area and the temperature difference
between the surroundings on each side of a system.” (BSI, 1996, p.5)

In-situ U values

The in-situ U value measurements were taken using a Hukseflux HFPO1 thermopile-based heat flux transducers (Figure 1) of 80
mm diameter and 5 mm thickness. These were attached to each building element being tested throughout the period of
monitoring (typically > 2 weeks duration). Where possible, and equipment availability allowed, two such devices were co-located
in order to verify the accuracy of the measurement and to provide protection against potential equipment failure.

The elemental U values were determined by recording the heat flow through the element together with internal surface and
external air or surface temperature. This was done by logging differential voltage from the heat flux transducers and
temperature from calibrated K type thermocouples (Figure 2).

Grant Squirrel data loggers with 24bit A D conversion resolution (Figure 3) were used to log data from the heat flux transducers
and the thermocouples. Where required, Tinytag temperature / humidity loggers (Figure 3) were used for locations where
cabling could not be run back to the main data logger.

Error analysis of in-situ measured U-values

The certainty of the measured in-situ U-values are influenced by sensor related errors. The sensitivity of the sensor or probe will
impact on each recorded value during the period of monitoring. Calculating the uncertainty related to temperature probes and
HFM allows for an error range to be found which provides a + value indicating the level of uncertainty derived from the
individual temperature and heat flux measurements. An error analysis for the results from each case study has been calculated
by using the established error analysis methodology described in (Baker 2011). The results are presented as part of the analysis
of U-value results chapter.
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Figure 1 - Heat flux transducer (heat flow mat) mounted to wall face Figure 2 - K-type thermocouple mounted to face of heat flux transducer

Figure 3 - Grant Squirrel data logger to log data from heat flux Figure 4 - Stand-alone Tinytag View2 data logger measuring air temperature
transducers and thermocouples and relative humidity
Thermography

Infra-red (IR) thermography was used to locate areas of significant temperature differences and inhomogeneous construction
elements. The IR camera also assisted with ensuring that the sensors were not placed on cold bridges, by identifying the location
of timber studs. A stud detector was also used to assist with the optimal placement of the heat flow mats.

The images show surface temperatures which identify possible hot and cold paths. In images taken from the inside of a building
the paths showing thermal bridging and heat escaping are usually represented by a blue or purple patch indicating a lack
insulation or infiltration and filtration at specific points. In external infra red thermography images the reverse is shown; where
glowing images of red, orange and yellow are highlighted, this usually means heat is escaping at that point in the form of
thermal bridging or infiltration.

Although this technique of identifying building thermal defects is useful, it should be analysed appropriately as calibration of
images and building construction knowledge should be taken into consideration. Misinterpretation of images is commonly
experienced if the conditions in which the images were taken are not appropriate and if a poor understanding of the component
layout is considered.

Interstitial condensation

Conducting a hygrothermal assessment of the building element will provide critical information for surface and interstitial
condensation risk assessment. The results from conducting in-situ testing of the conditions around the element will provide an
insight into the relationship between the temperature, relative humidity and water vapour diffusion through the layers of the
building element.

The flow of moisture through the building element is analogous to the flow of heat through each layer of the element. Warm
internal atmosphere has the capacity to retain more moisture than the colder external air, therefore internal vapour pressure
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will be higher than that of the external vapour pressure. The pressure difference causes mass transfer of moisture out of the
building through the element and through apertures by ventilation air flow. As the warm air cools it will lose its capacity to
retain moisture forcing it to condense and deposit the water vapour as liquid water.

Moist air passing through the structure from high internal vapour pressures to lower external vapour pressure will form a
gradient of vapour pressure. The vapour pressure at each location within the built-up element is calculated from the mass flow
rate and vapour resistances. The vapour pressure is calculated for each layer from the moist air dew point temperature. The
resultant vapour pressure gradient is charted on the structural cross-section of the element.

Thermal and dew-point temperature gradients are calculated, allowing moisture flow rate to be found. The rate of moisture
deposition within a structure can then be assessed for its damage potential.

Saturated vapour pressure is the maximum vapour pressure for a given temperature, meaning that the actual vapour pressure
cannot rise above the saturated vapour pressure. If this were to happen then the water vapour in the air will condense forcing
water droplets to form at the interface between materials in the element. In instances where the actual vapour pressure rises
above the saturated vapour pressure across a number of layers in the elements, this would result in the deposition of moisture
over a zone within the element.
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Figure 5: Example of vapour pressure and temperature gradient through a traditional building sandstone wall. The example is showing an condensation risk zone
across the element where the interface vapour pressure rises above the saturated vapour pressure gradient

At points or zones in the element where the actual or ‘interface’ vapour pressure rises above the saturated vapour pressure
gradient then a condensation event will occur. Figure 5 is an example, which highlights the zone and the materials within the
element where condensation will take place. This happens as a result of the warm moisture-laden air rapidly losing heat and
therefore its capacity to hold water, furthermore, each material or interface within the element will have its own vapour
resistance which is dependent upon the material vapour resistivity and thickness. The warm humid air on one side of the
element will no longer be capable if retaining water as vapour when it is introduced to the colder and similarly humid air on the
other side, in turn the consequence of this event will result in the water vapour condensing into water droplets. Many of the
conclusions and work in this document refer to: (10456 ISO BS 2007a); (E. 1. 13788 BS 2002)(10456 ISO BS 2007b); (BS EN 2000)
& (13187 IEN BS 1999)
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4. Location of testing

i

Figure 06 — Internal wall pre-intervention

Figure 07 — Internal wall near window Figure 08 — External red sandstone wall
The location of the home that was monitored for the purposes of this study is in the town of Wishaw in North Lanarkshire in
Scotland. The building is an end terrace two storey property with a rear extension occupied by a young family. The testing took
place in a partially occupied bedroom which is part of the buildings gable wall with an approximate southeast orientation. The
wall is exposed to driving rain, morning sun and high winds and presently shows some patches of decay. Before any thermal
upgrades were made to the bedroom wall, there were signs of moisture build-up close to the blocked fireplace and the chimney
stack; occupiers have stated that this has since been resolved prior to the installation of insulation. If any traces of moisture are
still in the wall or cavity they could influence the hygrothermal study.

In order to obtain readings that would
result in in-situ U-values of the wall, it
was necessary to install one heat flux
(HFO9) on the insulated wall and
another below the cornice (HF04)
where insulation was not installed
(see Figure 1, 6,7 & 8). Additional to
that the use of thermocouples was
utilized to log surface wall and room
ambient temperatures (T34, T06 &
T35 & T41). In order to verify
temperatures and also obtain external
temperature and humidity, the use of
Tinytag loggers was necessary (Figure
4) (Ri0O1 & R15). This equipment and
its information formed the basis of
Figure 09 — Post intervention equipment install the calculations.

Figure 10 — Close up of Heat Flow mat (left) & Hygroclip
(right) below cornice

Temperature and relative humidity probes (Hygroclips) were installed on two areas of the walls; one at the centre of the wall
(HC-01) where the internal insulation was placed and another at the top of the wall (HC-02) close to the upper ceiling where
insulation was not installed because of aesthetics to respect the decorating features of the cornice. Both probes were inserted
through the walls at the two points beyond the lath and plaster into an approximate 30mm cavity prior the sandstone wall. HC-
02 probe was 80mm into the wall just before the stone wall and HC-01 was A temperature and humidity logger (Tiny tag Ri-01 &
R15), used also during the in situ U-value measurements (Figure 4), was used to obtain the external and internal readings. The
Hygroclips were connected to a Grant squirrel data logger (Figure 3) recording at 15 minute intervals.

Data recording for both sets of studies (U-value and Interstitial condensation) took place during a 4 week period in the month of
October 2012.
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Figure 12 — Wall section showing the placement of the heat flow mats and the hygroclips into the slightly ventilated cavity
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5.

Infra red thermography results
As per methodology above, the following internal images were taken post intervention and pre installation of the monitoring

equipment.

Figure 13 & 14 — Post intervention images showing higher surface temperatures where the insulation has been applied.

A Comments: The image clearly indicates where insulation is missing and where it has been installed. The
majority of the wall surface has been dry-lined with a phenolic rigid insulation board. Below the cornice
100mm have been left un-insulated for aesthetic purposes. A clear band of lower surface temperatures is
shown where heat is conducting through the lath and plaster. Patches in the ceiling are also showing where
heat is escaping and conducting into colder areas.

Figure 15 & 16 — Image of the dormer window where all sides and roof show heat loss

A Comments: The surrounding structure of the wall indicates heat leakage around the nearby dormer
window. It can be clearly appreciated that insulation shortage around the window sides and the roof show
heat escaping. This image is typical of dormer window structure that are often build with a thin timber
structure with very little or no insulation.

Figure 17 & 18 — Image of the connection between the gable wall (with the internal insulation) and the roof and dormer window wall
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A Comments: This image can clearly distinguish between the insulated gable wall and the adjoining roof and
dormer window structure. There are heat loss patches close to the dormer structure and some heat loss
around the connection between the insulation and the wall. What is consistent is that the surface
temperatures of the insulated wall are higher in comparison with the surrounding which shows where heat
loss is developing.

6. Thermal transmission results

In-situ U values were conducted in the gable wall post intervention and installation of the insulation and dry lining. These tests
were conducted from the 11" of October until the 10" of November 2012 in line with the methodology already explained and
with the calculation method in the British Standard BS 9869.

As a means of validation and comparison the gable wall was calculated using the Building Research Establishment (BRE)
approved U-value calculator with uses the BR 443 'Conventions for U-value calculations' by (ISO6946, 2007)document to in its
theoretical calculation procedure. The calculation was made as accurate as possible, taking into consideration the condition of
the wall and the estimated thicknesses and thermal conductance figures obtained from the BRE tool and from the site visit and
its thermal upgrades. Modelling the gable sandstone wall was made as accurate as possible taking into consideration as close as
possible the walls consistency and stone to mortar ratio. As described in (Baker 2011)walls of this period (pre 1919) were not
made up of solid sand stone and most often used mixtures of small stone elements (rubble) in combination with mortar, more
likely 60%-40%; in comparison with a traditional Ashlar or brick mortar to stone ration of 95%-5% with large stone sections and
thin mortar joints. For this reason the mortar to stone ratio has to be calculated accordingly in the calculation tool. The results
below take this into consideration.

Results are as follows:

Table 01 — U-Value comparison as calculated vs. as measured
Type of result Below Cornice | Oninsulated wall
As calculated (BRE) — (W/m’K) 1.21 0.41
As monitored (In-situ) — (W/m’K) 1.27 0.48

Table 01 shows how the results differ from the calculated and the monitored. Heat loss has been identified in the un-insulated
wall section below the cornice where the U-values are higher than the insulated wall area that clearly shows thermal resistance
to heat conducting out of the gable wall. A variation between the calculated and the monitored has been identified reflecting
how on site monitoring presents a dynamic set of results, influenced by occupancy, realistic material conditions, and climatic
occurrences. The calculating tool is a static representation of the thermal transmittance with generic material databases and
information, many times product manufactured data, with little occupancy and climatic control.

7. Interstitial condensation results

The analysis of condensation risk extends to surface condensation and condensation which takes place with the layers of the
element. Surface condensation risk analysis provides an indication of the physical deterioration and aesthetic damages to
interior decoration. Prolonged presence of surface condensation can give rise to surface mould growth, leading to micro-
organism wet rot spores which has can give rise to occupant health issues and respiratory related illness. Interstitial
condensation can give rise to structural failure from the deterioration of the material through continuous freeze thaw cycles and
the development of interstitial mould growth.

Problem arises either from vapour diffusion of moisture through materials as it meets a cold zone within the element or from
currents of moist air entering the cavities and voids and condensing and depositing water droplets as it cools. Further issues
arise due to the multiple layers and the differential performance of the materials that make up the layers, in relation to their
thermal performance and vapour resistance.
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Identifying how building elements behave thermally and with moisture transfer is paramount when entering a program of
enhancing the elements thermal properties. For these reasons, the following study has been requested testing an internal
insulation retrofit of a wall but comparing the interstitial condensation risk of the insulated wall against a non insulated part of
the wall at the cornice level.

It is common for thermal materials to have a very low resistivity. Therefore it may be the case that after the addition of internal
thermal insulation to an element condensation may occur at the interface between the layers in the material. Through the
addition of internal insulation, the internal surface will be at a lower temperature and vapour can still penetrate the surface,
thus resulting in condensation occurring within the structure or ‘interstitial condensation’.

Results were presented in two stages; stage | uses standard hygrothermal calculations for the location of interstitial
condensation using semi-dynamic software; while stage Il uses in- situ data to locate the recorded interstitial condensation data
in order to locate critical areas of condensation build up.

The results have been developed using a standard calculation method described by the (13788 I1SO BS 2002), also known as the
Glaser method and which have been developed in the “CYMAP CAD Line” software. Utilising a common trend of internal and
external temperature and humidity conditions, from the in situ data recorded a simulation was created predicting the conditions
experienced in between the layers of the wall. This was particularly useful to locate the thresholds within the building materials
and to obtain a vapour pressure saturation line with recorded in/out data, this made the study more worthwhile. The
monitoring was performed during the month of October, at the start of the heating season. For the purposes of this report,
results for this month have been shown. It is expected that a more accurate representation of the hygrothermal behaviour of
the wall can be seen during a longer period which will be shown in a wider phase Il report.

Stage Il results shown below, are in-situ results which add a third pressure point of analysis where the hygroclip sensor has been
inserted and has recorded temperature and humidity. In both cases the probes were inserted into the cavity behind the lath and
plaster finish which is void and could be slightly ventilated. These points will show the saturated boundary points against the
new interface vapour pressure line with the aid of the stage | recorded internal and external temperatures.

Once again this information will tie in to the previous 3 scenarios used above in stage |, but in this case an added point will show
where interstitial condensation may be appearing. This information can be invaluable in observing exactly how well the
materials are coping internally instead of a predicted approach using the software.

STAGE | — GLASER METHOD

Es explained above, a common scenario was chosen within the monitoring performed during the month of October. These
scenarios located a critical period where the data obtained in the field showed high concentrations of humidity indoors and
lower temperatures externally. Critical periods are experienced during winter months where these conditions repeat
themselves and can create long term interstitial condensation build up. The Glaser method is regarded as static but with the
internal and external temperature and humidity information logged on site a good representation of how the wall is dealing with
these conditions can be observed.

The mean internal temperature was recorded as being of 16°C and all the critical periods identified present a temperature
difference between the interior and the exterior exceeding 8°C these occurred between 21:30hrs and 10:30hrs +2hrs. A trend
began to appear between these temperature differences therefore the research team decided to select 1 scenario and simulate
how well the wall was dealing with humidity within its layers.

For the purposes of the simulation, the wall was constructed with the following information:

Table 02 — Insulated wall - List of wall layering specification

Material Name Layer Thick | Bridge % Conductivity | Density Spec. Heat Vap. Resy Description

(mm) (W.m/K) (kg/m3) (J/kec) (GNs/kg)

1 Plasterboard 13 0.16 950 840 50 Plasterboard
2a Phenolic Insulation 40 89 0.02 30 1400 80 Insulation
2b Timber (Pine) 40 11 0.14 660 1200 35 Stud
3a Timber (Pine) 20 50 0.14 660 1200 35 Lath & plaster
3b Cement/lime plaster 20 50 0.80 1600 840 50
4 SlightlyVent 50mm BS6946 60 0.48 1 1008 10 Cavity
5a Sandstone 450 60 1.30 2000 1000 150 Sandstone wall
S5b Cement/lime plaster 450 40 0.80 1600 840 50

U value= 0.43 W/m’K
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Table 03 — Wall below cornice un-insulated- List of wall layering specification

Material Name Layer Thick | Bridge % Conductivity | Density Spec. Heat Vap. Resy Description

(mm) (W.m/K) (kg/m3) | (I/kgc) (GNs/kg)

la Timber (Pine) 20 50 0.14 660 1200 35 Lath & plaster
1b Cement/lime plaster 20 50 0.80 1600 840 50
2 SlightlyVent 50mm BS6946 60 0.48 1 1008 10 Cavity
3a Sandstone 450 60 1.30 2000 1000 150 Sandstone wall
3b Cement/lime plaster 450 40 0.80 1600 840 50

U value: 1.04 W/mzk

The conditions were simulated as follows:

Table 04 — Scenario | conditions
Scenario 1 External conditions Internal Conditions
27"/10/2012 Temperature (°C) Relative Humidity (%) Temperature (°C) Relative Humidity (%)
06:30hrs 0.15 86 14.7 64.5
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Figure 20 — CYMAP software predicted condensation risk analysis at insulated wall

A Comments: Figure 20 above predicts that condensation will appear at this period. This is a worst case scenario during this
moment where the saturated line has been surpassed by the interface line creating condensation starting just after the phenolic
rigid board and penetrating past the cavity into the sandstone. It is particularly concerning if this condensation is managing to
dissipate allowing the layers to dry out.
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Figure 21 — CYMAP software predicted condensation risk analysis for the wall below cornice (un-insulated)

A Comments: Figure 21 indicates how in the wall without insulation below the cornice, no condensation appears as the
interface line is below the saturated line.

As mentioned before, this situation is repeated similarly during the evening, night and early morning throughout the month of
October where temperatures differences are above 8°C. It is expected that in colder winter months the recurrence of these
critical scenarios will increase as this situation would experienced throughout the day and night.

A simulation conducted 8 hours later shows that no condensation appears when temperatures stabilise but it’s difficult to say if
the layers were fully dried out internally, particularly the sandstone where the insulation has been installed.

STAGE Il = INTERSTITIAL CONDENSATION

The following results of the calculations using recorded values converted into a vapour pressure values will indicate whether the
Glaser method that is a static method that neglects air movement, is an accurate account of what in fact is happening in the wall
and how it manages condensation build up. It’s been reported that during cold humid nights, in most cases interstitial
condensation occurs, but it is difficult to find out how the wall dynamically manages that moisture build up and where it is
accumulating. The following recorded in situ figures are plotted against the Glaser graph.

Table 05 — Scenario | conditions — Insulated wall
Scenario 1 External conditions Internal Conditions Interstitial Conditions (cavity)
27"/10/2012 Temperature Relative Temperature Relative Temperature Relative
("C) Humidity (%) ("C) Humidity (%) ("C) Humidity (%)
06:30hrs 0.15 86 14.7 64.5 12.0 86
Table 06— Scenario | conditions — Below Cornice
Scenario 1 External conditions Internal Conditions Interstitial Conditions (cavity)
27‘"/10/2012 Temperature Relative Temperature Relative Temperature Relative
("C) Humidity (%) (°C) Humidity (%) ("C) Humidity (%)
06:30hrs 0.15 86 14.7 64.5 13.5 80
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Figure 22 — Graph showing the Glaser method results against the measured in-situ results — Insulated wall measurements (see details figure12)

A Comments: Figure 22 is a representation of the vapour pressure points that have been measured using the hygrothermal
equipment logging throughout the month of October 2012. These show a comparison between the Glasier method (inter joining
lines) and the measured points inside the cavity. As can be seen in the above graph, figure 22, the measured actual vapour
pressure in the cavity is below the saturated vapour pressure which indicates, contradictory to the Glaser method, that
interstitial condensation is not appearing and that at this point, roughly 1600mm above the floor, the cavity air temperature is
closer to the internal room temperature meaning that the conditions in the cavity are not critical.
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Figure 23 — Graph showing the Glaser method results against the measured in-situ results — below cornice no insulation (see details figure12)
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A Comments: The above figure 23 indicates just like the previous figure how the measured cavity vapour pressure figures
compare with the Glaser graph. As can be seen, just like the Glaser method, no interstitial condensation is appearing in such a
cavity at that point in the wall. At this point we are at the top of the wall where moisture could be accumulating from the lower
parts of the wall creating mould accumulation. Some of that moisture is returning into the room and the rest could be
dissipating into the wall or could be building up and condensing above the wall in the attic or roof void.

8. Conclusions/ further work

As can be seen from the pre-static modelling performed and the in situ measured plotted results there is a distinction between
the outcomes. The static predictions show that the insulated wall can present some condensation build up in the cavity with
interface or actual vapour pressure above the saturated pressure points. The cavity without insulation at the cornice shows
possibly no condensation build up. Obtaining the measured in situ values presents a different picture in the insulated wall as no
condensation build up is expected, equally so are the measured values in the non-insulated area below the cornice.

There are various conclusions towards this that can be summarised with the following comments:

e  Observing the hygrothermal probe temperature and humidity values plotted during the month of October it can be
recognised that the temperature values for the probe below the cornice are higher than the ones on the insulated wall.
This would indicate that the insulation is keeping temperatures in the room while the temperatures in the cavity below
the cornice are close to the internal ambient ones. The figure below indicates that there is approximately a +2°C
between them. In terms of the humidity in that cavity it is distinctively noticeable that the probe has logged a higher
humidity in the insulated wall as opposed to the probe below the cornice. The insulated wall shows since the start an
increase up to 90% RH and the trend would indicate it would continue rising creating future interstitial condensation
risks in the following winter months. The cornice RH shows a more constant set of values and would indicate that it was
stabilising or decreasing.

These two observations would indicate that a good proportion of the temperature and humidity below the cornice is
returning into the room, therefore moisture that accumulates below at the insulation height is escaping back into the
room. This possible conclusion shows how the influence of ventilation up that cavity is having an effect on carrying this
moisture that may appear below, some going back into the room but also some continues up the cavity up into the roof
void. The risk here is that this moist hot air will reach a colder surface in the roof and condensate creating mould and
rot on the roof timber structure.

Temperature & Humidity in cavity
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Figure 24 — Graph showing the Glaser method results against the measured in-situ results — below cornice no insulation (see details figure12)
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This possible outcome should be addressed as the fear of moisture accumulation in the rafters or joists could be
detrimental to the health of the roof. One recommendation here would be that in cases where this insulation on the
wall was installed, a roof survey would also have to come into place converting such void into a warm roof with
insulation on the rafters rather than on the joists at ceiling level.

e Interms of observing the interstitial condensation diagrams, figures 22 & 23, it is worth mentioning that the monitoring
conducted was during the first month of the heating season where mild conditions were still being experienced. The
selected scenario was repeated throughout most of the evening, night and early mornings where temperatures
decreased. As can be observed, these conditions did not affect the cavity indicating the absence of interstitial
condensation in both probe locations. It is predicted that these conditions may change when sub 0°C conditions are
experienced and internal humidity levels rise with increased occupation.

e The two observations above show that there are instances where interstitial condensation may accumulate in the roof
void because of the slightly ventilated cavity pushing moist air up. Although conditions in the cavity are not extreme,
moist air will still be present to cause this. A longer study would give the research team a better view of how well the
wall adapts and manages moisture in colder periods of the heating season. A full 6 months study between the months
of October and March is recommended to widen the scope of the study.

e Finally the increase of ventilation at the eves of the roof, close to the wall and in the soffit of the roof overhang would
dissipate any moisture rising and condensing on a cold surface. Additional to this, stabilising temperatures in the roof
void would also decrease the risk of moisture in the void and surfaces. This can be achieved by insulating the void and
limiting thermal transmission through the roof.

e There is more accurate dynamic simulation software (Wufi Pro) in the market that could observe, with historical
climatic conditions, how the wall could behave in various circumstances. These simulations were not performed
because of the lack of climatic and material specification data. The Glaser method was used as a base prediction and by
using the in situ recorded and measured values a realistic representation was obtained.

e U value in situ results and thermal camera analysis have provided the basis for the performance of the wall and its
surrounding elements. It’s important to point out that the U values obtained are higher than the predicted U values
calculated therefore the calculated are not the realistic values to which the wall performance can be referred to.
Infrared thermography images are showing that the insulated wall is performing very well but the surrounding walls
and the strip below the cornice are acting as heat sinks as their resistance to the passage of heat is small and
transmittance is high. In order to minimise the escape of heat it is essential to deal with all externally exposed
components.
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