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Summary
Case Study 1: Smoke Propagation Test and Thermography Survey
ROBUST Project: WP 2.4
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Security Code:

Israel Adetunji

26 May 2010

This report documents the findings of “before renovation” smoke propagation test and
thermography survey conducted on Potters place case study. A typical 1960s steel portal
frame industrial shed clad with asbestos sheets. The building is at the brink of renovation. All
asbestos are planned to be stripped off and re-clad with Corus Platinum build-up system.
The purpose of the test was not to establish any form of regulatory compliance, but to
contribute towards a greater understanding of the energy efficiency improvements that can
be made by refurbishing this kind of legacy structure. The “before renovation” result will be
used to benchmark against “after renovation”. This is to establish any possible improvements
that result from re-cladding the building envelopes.
These tests were carried out paralleled to the air pressurisation test (see Case Study 1:
Airtightness report)). The smoke propagation test was conducted while the building was
pressurised to locate air leakage paths. Similarly, a section of the building was sealed off and
heated with gas-powered industrial heaters (381kW output). An infra red thermography
survey of a section of the building was undertaken to measure the surface temperature of the
external cladding and indicate the areas/details where heated air is being lost through the
building fabric. The combined smoke propagation test and thermography survey provided a
qualitative appreciation of the thermal properties of the building envelope. The results clearly
indicate that the building is extremely leaky from every imaginable envelope interfaces. This
is due to a combination of inadequate sealing of interfaces, missing insulation and bad
maintenance. This result is not surprising, when considering the age of the property.
Further tests are planned for “after renovation” of the building.
Customer:
RFCS
Programme manager: Simon Vaughan
Approved by:

Samir Boudjabeur

Corus Research, Development & Technology
Swinden Technology Centre
ICA
Moorgate
Rotherham
South Yorkshire S60 3AR
United Kingdom
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Case Study 1: Smoke Propagation Test and Thermography Survey

1.

Introduction

Potters Place is the first ROBUST project’s case study. The building is a steel frame
industrial shed located in Skelmersdale (which is between Manchester and Liverpool). This
report presents the findings of the “before renovation” smoke propagation test and
thermography survey conducted on the 29th February, 2008. These tests are carried out
concurrently with the air pressurisation test presented else where. An infra red thermography
survey of a section of the building was undertaken (see Figure 5) to provide a qualitative
appreciation of the thermal properties of the building envelope. Also, smoke propagation test
was carried out while the building was pressurised to locate air leakage paths.
The purpose of the tests is not to establish any form of regulatory compliance, but to
contribute towards a greater understanding of the energy efficiency improvements that can
be made by refurbishing this kind of legacy structure. These “before renovation” results will
be used to benchmark against “after renovation” results so as to establish any possible
improvements that might ensue from re-cladding the building envelopes.
Against this background, the content of this report includes case study description, site
preparation and observation, test procedure, results, conclusion, suggestion for further work
and acknowledgement.
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2.

Case Study Description

2.1

General Description of the case study building

The building is a 1960's steel portal frame industrial shed, which was previously part of the
Dunlop manufacturing facility and more recently (up till the end 2006) has been utilised as a
plastics recycling facility. The building total foot print is about 10,000m2 and is currently
unused. It consists of a central shop floor area with office accommodation and other service
areas such as toilets, plant room and common room at the periphery.
The existing envelope is generally in a dilapidated condition. The existing roof is made up of
mineral wool insulation sandwiched between asbestos cement sheeting and internal fibre
boarding. Roof lights are single skin plastic. Lower level walls are uninsulated cavity brick
work. On top of the dwarf wall is a built-up cladding system with mineral wool insulation
sandwiched between two corrugated asbestos sheets. In both roof and wall, sections of
insulation are either missing or damp and wet. There are a variety of single glazed metal
windows, galvanised roller shutter, ply faced pedestrian doors and floor is a concrete slab
throughout as noted on the Figures below.
2.2

General description of the proposed refurbishment work

The building is currently undergoing a total refurbishment. The scope of the refurbishment
involves removal of all existing asbestos sheet cladding to walls and roof. These are to be recladded with Built-up system (Platinum from Corus Panel and Profile) incorporating triple
glazed roof lights. Entrance screens and windows are to be replaced with double glazed
power coated aluminium frames and roller shutters are insulated lath type (all to Corus
specification to meet Part L requirements). Existing dwarf wall (cavity brick walls) and ground
bearing concrete floor slab to be made good as required and painted. All existing HVAC
systems are inoperable and are to be stripped as part of the general refurbishment. The
HVAC fit out to provide basic electric panel type heaters in the toilet, office and kitchen area.
No heating or ventilation will be introduced into the main sheds as this will be left for the
tenants as part of their fit out works.
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Picture showing front view

Picture showing side view

Picture showing side view

Figure 1: Pictures showing External View of the Case Study Building

Figure 2: Pictures showing Internal View of the Case Study Building
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Back Elevation

Front Elevation

Side Elevation

A

A
Plan

Section A-A

Figure 3: Existing Site Drawings of Case Study Building
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3.

Site Preparation and Observations

3.1

General site preparation

The building was purchased in March 2007 by the current owner and since then has been
left unoccupied. During this period some of the window glazing are broken and about a
dozen of single skin roof lights are missing in places due to a combination of storm and
vandalism. All broken window glazing and missing roof lights needed to be reinstated to
provide a realistic air leakage performance of the building. Corus RD&T commissioned a
local contractor a week before the pressurisation tests to repair the window glazing, replace
the missing roof lights and seal all mechanical ventilation openings (excluding smoke extract
fans or openings) with polythene sheet and self-adhesive tape in preparation for the test. The
figures below illustrate the site preparation for the test.

Picture showing missing roof sheet

Picture showing mechanical air vent

Picture showing refitted roof sheet

Picture showing temporary sealed air vent

Figure 4: Example of Work Carried Out to Prepare the Site
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3.2

Further site preparation for thermography survey

In order for the thermography survey to be effective, there is a need to generate a
recognisable difference between the internal and external ambient temperature. As the
building was unoccupied, a section of the building was sealed off and four gas-powered
industrial heaters (with combined output of 381kW) were installed in the building for more
than 3 hours before the tests to generate recognisable difference between the internal and
external ambient temperature. A total of 8 portable thermo couples with integrated data
loggers were hung on both internal and external walls of the building as illustrated in Figure 5
below to generate the temperature profile of the building.

Section of the building sealed off for thermography survey and
location of 4 industrial heated with total output of 381 kW

4

1

8

3

7
5

6

2

Potable thermo couples
with data loggers

4 industrial heated with
total output of 381 kW

Figure 5: Sketch of Plan showing section sealed off for the thermography survey,
location of industrial heaters and thermo couples for the survey

2 x Mid-sized space 300,000 BTU output each

2 x Large space heater 350,000 BTU output each

Figure 6: Pictures showing industrial heaters used for the tests
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3.3

Site Walk-through Survey

Prior to the test, a walk-through survey involving both Corus RD&T and Building Sciences
Ltd personnel (air tightness consultant) was undertaken to ensure the building had been
prepared to facilitate testing in compliance with BS EN 13829:2001 Method B – Test of the
Building Envelope and BS EN 13187:1999 for the thermography survey. The following
observations were made and recorded during the survey (see Figure below for pictures):


Site preparation complied with regulatory test procedure. All drainage traps were filled
with water. All external doors, windows, trickle vents, smoke vents and all passive
ventilation systems were closed. All mechanical ventilations were temporary sealed to
prevent air leakage through the system during the tests.



The existing roof covering was in a state of dilapidation and all missing roof sheets
were replaced.



Much of the suspended insulation layer had either wet and damp or was simply
missing. This would not, in any case, resist the passage of air into the roof space and
thus did not affect the test.



It was not possible from the ground to inspect the ridge and eaves details. However,
daylight was clearly visible at points along the eaves, indicating an absence of any
sealing detail to the roof/wall interface.



There were many unsealed service penetrations in the boundary masonry and the fit
of the existing doors was poor.



The casement windows were boarded over where glass panes were broken.



The floor was generally in serviceable condition. The wall/floor interface, principally of
brick on concrete, was in reasonable condition.



Duct work had been disconnected and sealed over by the building owner’s contractor.
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Picture showing roof insulation and covering fallen

Picture showing holes in roof lights

Picture showing holes in external wall

Picture showing gap in window jam interface

Picture showing unsealed service penetration

Picture showing holes in external brick wall

Picture showing unsealed service penetration

Picture showing gap in asbestos/brick wall interface

Figure 7: Showing dilapidated conditions of building envelope
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4.

Test Procedure

4.1

Smoke propagation test

Smoke propagation test was carried out to locate the air leakage path and render the air
leakage paths visible. During the air pressurisation (RB051) smoke was let off from smoke
machines. The induced internal pressurisation forced the smoke through gaps in the building
envelope. Smoke leaking from the building was visible from the outside of the building. This
was photographed and videoed to provide a record of the leakage paths (see subsection 5.1
for findings).
4.2

Thermography survey

Thermography survey of the building envelope was carried out from the outside of the
building to identify areas of missing and discontinuous insulation, thermal bridge, and general
condition of the building envelope. The survey was carried out during the air pressurisation
test to take advantage of the combination of natural heat loss and artificially induced internal
positive pressure from the fans, which led to increased external infiltration. Infrared camera
“NEC Thermo Tracer TH 7800” was used to measure the surface temperature and locate
where heat is escaping.

5.

Test Results and Analyses

5.1

Smoke propagation test result

With the building pressurised and smoke let off, the pictures below are taken to locate the
envelope air leakage paths.
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Figure 8: Smoke coming out from window head and jam interface

Figure 9: Smoke coming out from dwarf wall interface and unsealed penetrations
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Figure 10: Smoke coming out from under access door

Figure 11: Smoke coming out from unsealed penetrations
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Figure 10: Smoke coming out from window head and asbestos cladding interface

Figure 10: Smoke coming out from window sill interface
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Figure 10: Smoke coming out from dwarf wall interface and unsealed penetrations

Figure 10: Smoke coming out from eave interface
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5.2

Thermography test result

This subsection presents the findings of the thermography survey along with the recorded
internal and external temperature during the test. The images were taken early in the
morning on an overcast day with external wind speed of 2 m/s. The external temperature
recorded during the test was 6.5oC and average internal temperature of 12.5oC. The
temperature difference is 6oC, which is lower than 10oC recommended. However, given the
dilapidated condition of the building envelope, the recommended temperature was not
possible to achieve due to high heat loss from the building.
The images below demonstrate the poor state of the building envelope. The images show
the external surface emissivity (ε) of the envelope, date and time the images were taken and
differences in external surface temperature. The differences in surface temperatures indicate
areas where heat is escaping either through convection or conduction. As can be seen from
the images, the “wispy edges” indicate convection losses while the “straight/defined lines
indicate conduction losses.

Figure 11: Picture of gable wall valley

Figure 12: Thermal image of gable wall
valley.
Note the temperature increase in cladding
during the heating phase of the pressure
testing. Temperature increase was due to hot
air infiltrating from the eaves detail.
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Figure 13: Picture of gable wall/verge

Figure 14: Thermography image showing
gable wall/verge interface.
The orange/red region at the top indicates
warmer surfaces due to internal warm air
passing through eaves interface, indicative of
inadequate seal and lack of insulation.

Figure 15: Picture of gable end

Figure 16: Thermal image of gable end.
Temperature increase at the top region was
due to warm air infiltrating from the eaves
detail, indicating inadequate seal.
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Figure 17: Picture of eaves detail

Figure 18: Thermal Image Eaves detail
highlighting areas of warm air infiltrating
behind asbestos sheet, signs of inadequate
seal between cladding components.

Figure 19: Picture of eaves detail

Figure 20: Thermal image eaves detail.
The orange/red region at the top indicates warmer
surfaces due to internal warm air passing through
eaves interface, indicative of inadequate seal and
missing insulation.
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Figure 21: Picture of eaves detail

Figure 22: Thermal Image Eaves detail
showing location of warm air escaping behind
asbestos sheet, signs of inadequate seal
between cladding components.

Figure 23: Picture of several interfaces

Figure 24: Thermal Image of several
interfaces.
Highlighted areas such as dwarf wall interface,
window/door and wall interfaces show warm air
infiltration and signs of inadequate seal between
cladding components and thermal bridges.
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Figure 25: Picture of unsealed service
penetration

Figure 26: Thermal image unsealed service
penetration.
Highlighted area shows warm air infiltrating
through unsealed service penetration. Also,
the orange/red region at the top indicates
warmer surfaces due to internal warm air
escaping, indicative of inadequate seal.

Figure 27: Picture of roller shutter door

Figure 28: Thermal Image of wall and roller
shutter door.
The image shows warm air escaping from uninsulated asbestos wall and roller shutter door.
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Figure 29: Picture of unplanned service
penetration

Figure 30: Thermal Image of unplanned
service penetration and dwarf wall interface
(asbestos and brick wall).
Highlighted areas show warm air infiltrating
through dwarf wall interface and missing
brickwork from unplanned service penetration,
indicative of bad maintenance.

Figure 31: Picture of missing insulation in
the roof.
Highlighted area shows area of missing
insulation in the roof.

Figure 32: Thermal Image of missing
insulation in the roof.
Highlighted area shows an example of part of
the roof where insulation is missing, indicative of
bad maintenance.
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6.

Conclusion

This report documents the findings of “before renovation” smoke propagation test and
thermography survey conducted on Potters place case study. Parallel to the air
pressurisation test (see Case study 1: Airtightness report), these tests were carried out to
take advantage of both stack and artificially induced internal wind pressure. The smoke
propagation test was carried out while the building was pressurised to locate air leakage
paths. Similarly, a section of the building was sealed off and heated with four gas-powered
industrial heaters with 381kW output. An infra red thermography survey of a section of the
building was undertaken to measure surface temperatures and locate where heat is escaping
and heating the colder materials on the external surfaces.
The combined smoke propagation test and thermography survey provide a qualitative
appreciation of the thermal properties of the building envelope. As can be seen from the tests
results presented in Section 5, warm air infiltration is evidence in every imaginable envelope
interfaces. This is due to a combination of inadequate sealing of interfaces, missing
insulation and bad maintenance. However, the outcome of the tests is not surprising, when
considering the age of the building.
For the new steel cladding envelope, it is imperative that adequate efforts are made to
ensure proper sealing of the following interfaces to achieve the desired level of airtightness:












Eaves
Ridge
Corner
Cladding to cladding
Window/door head
Window/door jamb
Window sill
Gutter/valley gutter
Dwarf wall
Service penetration
Roof lights to cladding
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7.

Further work

Further smoke propagation test and thermography survey concurrent with air pressurisation
test are planned for “After renovation” of the case study so as to establish any possible
improvements that might ensue from re-cladding the building envelopes. This building is
currently under refurbishment.
In addition, smoke propagation, thermography survey and air pressurisation tests of overcladded refurbished shed will be recommended for further case study. As airtigthness
performance of over-cladded buildings is an unknown quantity.
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