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SUMMARY

The report describes hygrothermal simulations of the second floor of the South Engine
House at Shrewsbury Flaxmill Maltings to predict the impact of a range of internal
wall insulation systems over a period of thirty years. Simulation results using WUFI
indicate that 1-D modelling is generally satisfactory for a range of scenarios. Uncertainty
will result from using alternative material data from the WUFT database compared
with the actual material in the Flaxmill case. Thirty year simulations indicate that
insulation systems which are hygroscopic with some vapour resistance are possibly
the best option to reduce risk of moisture problems in internal wall insulation, whereas
materials unable to buffer moisture or having a high vapour resistance may, in the
worst case, allow a long term build-up of moisture. WUFT is a useful tool which can be
used to assess options for upgrading the thermal performance of traditional buildings,
provided we know the material properties of our traditional materials. However, as the
simulations results reported show, unknown boundary conditions such as absorption
of driving rain may produce a high level of uncertainty.
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FOREWORD

Shrewsbury Flaxmill Maltings is listed at Grade I and is of international
importance. It was designed by Charles Bage and built in 1797 for John
Marshall of Leeds and the Benyon brothers.. The Main Mill is the earliest iron-
framed building in the world. The design used a fireproof combination of cast
iron columns and cast iron beams, a system which later developed into the
modern steel frame, and led to the development of the skyscraper.

This report presents hygrothermal simulations by Dr. Paul Baker, from Glasgow
Caledonian University, to predict the impact of a range of internal wall insulation
systems on the performance of the solid brick walls over a period of thirty years
in the South Engine House of the Flax Mill. The key objectives of the simulations
have been to improve modelling by considering how 1 D and 2 D simulations
compare and the effect of modelling different materials and designs from

the WUFI software database when actual material properties are unknown.

The study also compares these results with using known material properties
from Shrewsbury Flaxmill Maltings and the influence of driving rain on the
modelling.

Hygrothermal modelling simulateses the movement of heat and moisture
through buildings. It is often used by building professionals to predict their
hygrothermal performance to manage risk and to prevent the degradation of the
building fabric after the application of insulation systems.

Energy efficiency measures improve thermal performance but this can affect the
moisture behaviour of the building fabric. Inappropriate retrofit can dramatically
affect internal conditions. In particular, exposure to cold and wet climates or
high internal moisture loading may increase risk of moisture accumulation in
the fabric and at the interface of internal wall insulation and the wall. This can
affect the performance of the insulation and the long-term durability of the
building envelope.

Accurate prediction of the hygrothermal behaviour of solid walls is an important
factor in managing the health of the building. However, one of the principal
shortcomings of hygrothermal modelling is the lack of data on traditional
building materials in England. The study compares the behaviour of the walls

as predicted by the WUFI 1D software using its ‘library’ data and the behaviour
of the walls modelled using actual values gathered from laboratory tests of the
bricks used at Shrewsbury Flaxmill Maltings.

The results from the study will be combined with data gathered from in-situ
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monitoring and climate data from the site to help guide the future proposals for
the rehabilitation of Shrewsbury Flaxmill Maltings. It may also help with future
guidance on energy efficiency upgrades and moisture risk assessment for similar
constructions.

This work is part of a wider programme of research by the Building Conservation
& Research Team at Historic England which is investigating the moisture
behaviour of solid walls following the installation of internal wall insulation.
Laboratory studies and fieldwork in Flaxmill Maltings and New Bolsover are

in progress to determine whether the modelled behaviour of the walls reflects
actual performance. The work is being accompanied by a sensitivity analysis of
hygrothermal models to assess the critical parameters of the simulations and a
study to validate the models using measured data.

This report is based on the software program, WUFI 1D, developed by the
Fraunhofer Institute in Germany. The results are not an endorsement by Historic
England of the programme nor of any of the insulation materials included in the
study.

Soki Rhee-Duverne
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1. INTRODUCTION

This report presents the results of modelling of the walls of the South Engine
House at Shrewsbury Flaxmill Maltings, near Shrewsbury, using WUFI
software, which models the heat and moisture transfer through building
envelope components. The aim of the study was to assess the hygrothermal
performance of the walls of the original construction (bricks and mortar) and
refurbishment options with internal wall insulation.

An interim report was submitted to Historic England using available materials
property data from the WUFI database in order to assess the possible variation
in predicted behaviour due to material choice. This would be the case where
the actual material properties of the building material properties are unknown.
‘Historic’ and ‘Hand formed’ bricks were selected from the WUFI database as
being possible options to represent the bricks in the South Engine House.

Following this report, Glasgow Caledonian University measured the
hygrothermal properties of a sample of bricks from Shrewsbury Flaxmill
Maltings and included the data in the WUFI database. Further WUFI
simulations using the Flaxmill brick properties were performed and compared
the results with those from simulations using the Historic and Hand formed
bricks.

An alternative to WUFI Pro 5, which models 1-dimensional heat and moisture
transfer, is to use the 2-D version, which allows a more detailed simulation of, for
example, a wall with a series of brick courses including horizontal mortar joints.
However when using the latter program, computational times are considerably
longer (days rather than less than an hour). Therefore, a comparison was made
of the 1-D and 2-D results from modelling a wall with and without internal wall
insulation, to see whether 1D modelling could give a good approximation of

2D solutions, and thereby reduce computation times. This would enable more
constructional variations to be modelled. Simulations of internal wall insulation
options were carried out.

In addition, the impact of driving rain was assessed for the wall of the upper
floor of the east elevation. WUFI employs an adherence or rain reduction

factor which allows for the fact that some rain water hitting an inclined surface
splashes off on impact or cannot be absorbed by the surface and is therefore not
available for capillary suction. A range of adherence factors from 0.01 to 1 (all
driving rain absorbed by surface) were used.
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2. WUFI

WUFI (Warme und Feuchte instationar - Transient Heat and Moisture) has
been developed by the German Fraunhofer IBP. WUFI complies with BS EN
15026:2007 which provides minimum criteria for simulation software used to
predict one-dimensional transient heat and moisture transfer in multi-layer
building components exposed to transient climate conditions on both sides. A
2-dimensional version is also available.

WUFI considers the following properties for each material in its database:

« Moisture content as a function of relative humidity (RH): sorption isotherm.
» Liquid transport.

« Water vapour diffusion resistance factor (as a function of RH).

« Thermal conductivity (as a function of moisture content and temperature).

« Thermal capacity.

« Porosity.

« Density.

The drawback of WUFT is that there are effectively no UK traditional materials
in the database. As an initial study it was proposed that the Flaxmill walls
were modelled using ‘hand formed brick’ and ‘historical brick’ from the WUFI
database. There are also suitable lime mortars in the database.

WUFI can model a construction using dynamic indoor and climate conditions
and is also able to model the impact of driving rain. The initial conditions, the
temperature and moisture contents of each layer in the construction, must be
specified.

WUFI 1-D outputs: it is possible to ‘monitor’ temperatures, relative humidity,
moisture content and heat and moisture fluxes through the construction at

any position (see Figure 1) with time: this data can be exported to a text file for
further processing, for example, using Excel. The monitor positions are selected
by the user. An animated film which represents the changes in temperature, RH
and moisture through the construction as the simulation progresses can also be
produced.
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Component Assembly
Case: #1

Exterior Interior

Willo; ( D

o 120,0 10, 120,0 , 20,0

e
<

Thickness [mm]

O - Monitor positions

Materials :

- Solid Brick, historical

- Hydraulic Lime Mortar, coarse

- - Solid Brick, historical

- Lime Plaster (stucco)

Total Thickness: 0,27 m
R-Value: 0,42 m2K/W
U-Value: 1,646 W/m2K

Figure 1: WUFI 1-D construction with monitoring positions

With WUFI 2-D, there is a graphical interface which enables the user to select
an element, area or profile from the results file (Figure 2). These results are then
processed as spatial averages for each time-step of the simulation.
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Outside
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Figure 2: WUFI 2-D — an element, area or profile can be selected for output over

the period of simulation
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3. MODELLING THE SOUTH ENGINE HOUSE

The South Engine House consists of five floors. Figure 3 shows the construction
of the walls on each floor. For the modelling exercise the ground floor
construction (2%2 bricks thick) and the 3rd and 4th floor construction (1¥2 bricks
thick) were chosen, shown in beige in Figure 3. Historic England has measured
the moisture contents on both east and west elevations of the building: these
measurements were used as initial moisture contents in the simulations.

FLAXMILL - MOISTURE CONTENT MEASUREMENT POSITIONS

Cross sections —
3rd & 4th floors
int ext 4
| |
Inner Outer
1
/\L 345 ‘L 3
1st & 2nd floors L
/Ut ext [
|| |1 §
. s 2]
e =
‘ ‘ ‘ ‘ )
472 [
ﬂb ﬂb
Ground floor
1
Inner iddle Outer
int mid ext
il
2
L 590 |

Figure 3: Wall construction of the five floors of Shrewsbury Flaxmill Maltings,
showing 1-D simulation profiles in beige
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4. BRICK PROPERTIES

The properties of the Flaxmill brick were measured and entered into the WUFI
database. The main properties are compared with the Historic and Hand
Formed bricks in the database in Table 1. The moisture storage functions
(absorption curves) are shown in Figure 4 as functions of relative humidity. A
capillary-active material in contact with water will take up water until it reaches
its free saturation: in the WUFI database free saturation moisture contents

of the bricks correspond to the values at 100%RH in Figure 4. Because of air
pockets trapped in the pore structure, however, the free saturation is less than
the maximum water content which is determined by the porosity.

Table 1: Main properties of the three bricks

Density (kg/m?) | Thermal Conductivity | Diffusion Resistance
(W/mK) Factor (-)
Historic 1800 0.6 15
Hand Formed 1725 0.6 17
Flaxmill 1789 0.6 19.5
250
200 $

150

100

Flaxmill

—e—Historic Brick

Moisture Content (kg/m3)

w1
o

-=-Handformed Brick

= —

0 =

0.5

T T o
0.6 0.7 0.8
Relative Humidity (-)

Figure 4: Moisture absorption curves of the three bricks
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The Flaxmill brick has a similar thermal conductivity to the Historic and Hand
Formed bricks and the Diffusion Resistance Factor is higher. Figure 4 indicates
that the Flaxmill brick has generally lower moisture absorption.
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5. CLIMATE

Suitable climate data from a nearby location (52.32°N, 2.70°W; 30 miles south
of Shrewsbury Flaxmill Maltings at 52.72°N, 2.74°W.) was sourced from the
database of the European FP7 project ‘Climate for Culture’ for the period
1960-1990. Usage of this data should enable a realistic assessment of whether
there is a build-up of moisture within the construction over time or a dynamic
equilibrium is achieved. The climate data includes temperature, relative
humidity, wind speed and direction, rainfall and solar radiation.

Wind driven rain estimates were calculated for the east and west elevations

by applying BS EN ISO 15927-3:2009. From images of the building and its
surroundings it was assumed that the west elevation was more sheltered: Figure
5 shows that there are more high driving rain events on the east elevation than
the west. However the total wind driven rain on the west elevation is 6% higher
than that on the east elevation. In the WUFI model it is assumed that all the
driving rain is absorbed by the wall surface, however this ‘adherence factor’ can
be changed in the model and results of some simulation changing this factor are
also reported. Solar radiation is 21% higher on the west elevation than on the
east elevation.

36 -
34 -
'€32 .
E 30 1
—West —East

N
(o]
I

26 -
24 4
22 4
20 4
18 -
16 -
14 -
12
10 -
:

Monthly Total Driving Rain on Elevation

oON MO

i ‘\‘\;UH“\ fiks) mmm“

S S S T S S Y S S S

Figure 5: Monthly totals of driving rain calculated for each elevation

The internal climate chosen assumes a set point temperature of 20°C, however
when the external temperature exceeds 10°C, the room temperature is allowed to
rise to a maximum of 25°C for an external temperature of 20°C or greater (Figure
6). Similarly the indoor relative humidity is also calculated from the external
temperature (Figure 7).
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The monthly average internal and external temperature and relative humidities
are shown in Figures 8 and 9.

30
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Figure 6: Variation of internal temperature with external temperature
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Figure 7: Variation of internal relative humidity with external temperature
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Figure 9: Monthly average internal and external relative humidities
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6. SIMULATION RESULTS

6.1. A comparison of WUFI 2-D and WUFI 1-D

Simulations were run using the 1-D and 2-D software with the same boundary
conditions, initial moisture contents of the materials and temperature through
the construction. The first 10 years of the 1960-1990 climate data described
above, were chosen to reduce computation times using the 2-D software.

Two example constructions were used:

Case 1 Ground floor, east elevation with Flaxmill brick only;

Case 2 Ground floor, east elevation with Flaxmill brick and 75mm PIR internal
wall insulation.

The 1-D and 2-D models for the latter case are shown in Figure 10. In the 2-D
version five brick courses were modelled.

2-D Model

Mortar — f: ;:

| PR Inside

../\

Interface Brick/PIR

4

1-D Model

Figure 10: 1-D and 2-D models with PIR internal wall insulation
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In terms of modelling, the conditions near to the inside of the construction are
most important in terms of assessing potential risk, particularly at the interface
between the masonry and insulation. Figure 11 shows the relative humidity at
the first vertical mortar towards the inside of the brick wall without insulation
(Location A). Figure 12 shows the relative humidity at the brick/PIR interface.
In both cases there is good agreement between the 1-D and 2-D solutions. The
moisture content of the brick adjacent to the PIR insulation is shown in Figure
13; again there is good agreement between the 1-D and 2-D models.

The results indicate that the 1-D program performs adequately for the purpose of
predicting risk for walls with internal wall insulation. The program also complies
with BS EN 15026 (BSI: 2007), which provides minimum criteria for simulation
software used to predict one-dimensional transient heat and moisture transfer in
multi-layer building components exposed to transient climate conditions on both
sides. The main disadvantage of the 2-D version is the long computational times.
Therefore WUFTI 1-D was selected for the further simulations for comparison of
brick types and internal wall insulation systems, and driving rain.

100

90

80

70 -

60 -

50

40 1 ——1-D Location A

Relative Humidity %

30 1 ——2-D Location A
20 -

10 4

096T-uer
T96T-uer -
796T-uer -
€96T-uer -
yO6T-uer -
S96T-uer -
996T-uer -
L96T-uer -
896T-Uer -
696T-Uer -

Figure 11: Comparison of 1-D and 2-D simulations of case 1 brick wall only

© HISTORIC ENGLAND 17 88 - 2015



Predicted Relative Humidities at the interface between brick and PIR insulation;
comparing WUFI 1-D and WUFI 2-D simulation results
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Figure 12: Comparison of 1-D and 2-D simulations of case 2 brick wall with
PIR insulation
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Figure 13: Comparison of 1-D and 2-D simulations of case 2 brick wall with
PIR insulation: inner brick moisture content
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6.2 Comparison of simulations with Flaxmill brick and
‘Historic’ and ‘Hand- Formed’ bricks from WUFI database.

The wall constructions (with and without PIR insulation) were modelled for both
east and west elevations for both the ground floor and upper floor.

Figure 14 shows an extract from the WUFI data input summary showing the
construction dimensions (width), materials and ‘monitoring’ positions for output
data, using the Historic Brick case with PIR as an example.

[WUFI® Pro 5.1 |

Component Assembly

Case: as Case 1 with insulation

Exterior Interior

o

230,0 10,0 230,0 10)9 110,0 1*0 75,0 12,5
g

Aal Thickness [mm] kAt o

QO - Monitor positions

Materials :

- Solid Brick, historical

- Hydraulic Lime Mortar, coarse

- Solid Brick, historical

- Hydraulic Lime Mortar, coarse

- Solid Brick, historical

- vapour barrier (sd=1500m)

- Polyisocyanurate Insulation

- vapour barrier (sd=1500m)

- Gypsumboard, interior

JHOERLNE

Total Thickness: 0,68 m

Figure 14: WUFI input for case with insulation (PIR) and vapour barriers on
both faces of insulation

To initialise each model, a preliminary simulation was run for the first five
years with starting conditions of 80% Relative Humidity and 15°C through the
construction. The moisture content and temperature profiles at the end of this
five year period were then used to re-initialise the model and the simulation
re-run for the period 1960-1990. The aim of this approach was to start the
simulations with more realistic conditions for each construction, taking account
of wall orientation and floor level.

The inner brick moisture contents and average relative humidities of the walls

© HISTORIC ENGLAND 19 88 - 2015



without insulation are compared for the three different bricks in Figures 15-22.

For the wall constructions with PIR insulation, Figures 23-30 show the inner
brick moisture contents and relative humidities at the interface between the
inner brick and the PIR, which is considered the most critical location for
assessing risk to the construction with internal wall insulation.

All the results are displayed as monthly averages for clarity.
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Figure 15: Ground Floor East Elevation; original wall without insulation;
inner brick monthly average moisture content

© HISTORIC ENGLAND 20 88 - 2015



100 -

80 -

RH%
T
o

30

10 4

Ground Floor East Elevation; Original Wall (no insulation): Inner Brick

Monthly Average Relative Humidity

. M’I\J\'\/\/\If WWW\[WV«[ ,
MAVAAAMAAAANMRAAAN

LI B
—
[V VI VI o]
353333

o
Q
233
O NNN
[SENNIREN

——Flaxmill: Inner Brick
——Historic: Inner Brick

Hand Formed: Inner Brick

Figure 16: Ground Floor East Elevation; original wall without insulation;
inner brick monthly average relative humidity

14 4

12 4

10 4

Moisture Content (kg/m3)

Ground Floor West Elevation; Original Wall (no insulation): Inner Brick

Monthly Average Moisture Content

TNNANNANANANAANNAANANNANNANNAANANANNNNNNAN

——Flaxmill: Inner Brick

——Historic: Inner Brick

T9-uer |
79-uer |
€9-uef -
y9-uer -

09-uer

G9-uer

99-uef -
£9-uer
89-uer
69-uer -
0L-uer
TL-uer
cL-uer
€L-uer
vL-uer -
GL-uer
9/-uer
LL-Uer
8/-Uer
6/-Uer
08-uer
T8-uer
8-uef -
€8-uer -
8-uer -
Gq8-uer -
98-uer
£8-uer
88-uer
68-uer -
06-uer -

Hand formed: Inner Brick

Figure 17: Ground Floor West Elevation; original wall without insulation;
inner brick monthly average moisture content
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Ground Floor West Elevation; Original Wall (no insulation): Inner Brick
Monthly Average Relative Humidity
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Figure 18: Ground Floor West Elevation; original wall without insulation;
inner brick monthly average relative humidity
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Figure 19: Upper Floor East Elevation; original wall without insulation;
inner brick monthly average moisture content
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Upper Floor East Elevation; Original Wall (no insulation): Inner Brick Monthly
Average Relative Humidity
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Figure 20: Upper Floor East Elevation; original wall without insulation;
inner brick monthly average relative humidity
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Figure 21: Upper Floor West Elevation; original wall without insulation;
inner brick monthly average moisture content
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Upper Floor West Elevation; Original Wall (no insulation): Inner Brick
Monthly Average Relative Humidity
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Figure 22: Upper Floor West Elevation; original wall without insulation;
inner brick monthly average relative humidity
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Figure 23: Ground Floor East Elevation; wall with PIR insulation: inner
brick monthly average moisture content
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Figure 24: Ground Floor East Elevation: monthly average relative
humidity at brick/PIR interface
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Figure 25: Ground Floor West Elevation; wall with PIR insulation; inner
brick monthly average moisture content
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Ground Floor West Elevation: Monthly Average Relative Humidity at
Brick/PIR Interface
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Figure 26: Ground Floor West Elevation; monthly average relative
humidity at brick/PIR interface
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Figure 27: Upper Floor East Elevation; wall with PIR insulation; inner
brick monthly average moisture content
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Figure 28: Upper Floor East Elevation; monthly average relative humidity
at brick/PIR interface
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Figure 29: Upper Floor West Elevation; wall with PIR insulation; inner
brick monthly average moisture content
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Upper Floor West Elevation: Monthly Average Relative Humidity at Brick/PIR
Interface
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Figure 30: Upper Floor West Elevation; monthly average relative humidity
at brick/PIR interface

The results show varying behaviour depending on brick type, elevation and
floor level. In general, for the uninsulated brick walls, the moisture contents
and relative humidities of the inner brick are lower for the west elevation than
the east. The peaks in moisture content for the east elevation (Figures 15 & 19)
correlate well with the peaks in monthly driven rain (Figure 5). The moisture
content and relative humidities are lower for the ground floor construction (212
bricks thick), Figures 15-18, compared to the upper floor (12 bricks thick),
Figures 19-22. The Flaxmill brick generally gives lower moisture contents and
relative humidities than either the Historic or the Hand Formed brick.

Considering the wall with PIR insulation, the results show higher moisture
contents than for the cases without insulation and high relative humidities at
the brick/PIR interface. The results also reflect differences due to orientation
and wall thickness. The Flaxmill brick cases show lower moisture contents and
interface humidities than the other bricks, with the Hand Formed brick showing
the highest moisture contents.

The difference in the results for the three bricks may be attributed to the
differences in moisture absorption, with significantly lower absorption for the
Flaxmill brick.
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6.3 Comparisons of different insulation systems

A series of simulations was carried out with the following internal wall
insulation systems:

« PIR with plasterboard finish (as for section 6.2)
« Mineral Wool with plasterboard finish
« Mineral Wool with vapour barrier and plasterboard finish

« Lime parge coat on internal surface of brick, wood-fibre insulation with
‘functional’ layer and internal lime plaster coat. The 0.75mm functional
layer has a diffusion resistance factor of 450 (SD value = 0.034) and is
sandwiched between two layers of wood wool fibre insulation.

The ground and upper wall on the east elevation were modelled using Flaxmill
brick and the same initialisation and climate period used in section 6.2. The
results are shown in Figures 31-34.

In general there is a difference between the performance of the walls comparing
the ground and upper floor constructions, with higher moisture contents

and humidities in the thinner 1v2 brick upper wall. The four systems behave
somewhat differently. The mineral wool without a vapour barrier shows a large
seasonal range in the relative humidity at the interface between the brick and
insulation. SD-value or vapour diffusion thickness of the mineral wool and
plasterboard is the lowest of the four systems at 0.14. The mineral wool is also
treated as non-hygroscopic. Adding a vapour barrier reduces the seasonal range,
but the average interface relative humidity increases and in the case of the upper
floor, the moisture content appears to ratchet up year-on-year (Figure 33). The
SD-value with a vapour barrier is 1500.

The PIR is the only system with interface relative humidities peaking in summer,
indicating that the vapour barrier at the outside face of the PIR is allowing a
build-up of moisture, which does not fully disperse in the winter months. This
results in the ratcheting up of the interface relative humidity and inner brick
moisture content year-on-year over the simulation period. This is most apparent
for the upper floor wall construction (Figures 33 & 34). The PIR system has the
highest SD-value of 3004.
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Ground Floor East Elevation; Wall (modelled with Flaxmill Brick) with various
insulation materials: Inner Brick Monthly Average Moisture Content
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Figure 31: Ground Floor East Elevation; wall (modelled with Flaxmill brick)
with various insulation materials: inner brick monthly average moisture

content
Ground Floor East Elevation: Monthly Average Relative Humidity at
Flaxmill Brick/Insulation Interface
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Figure 32: Ground Floor East Elevation: monthly average relative humidity
at Flaxmill brick/insulation interface
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Figure 33: Upper Floor East Elevation; wall (modelled with Flaxmill brick)
with various insulation materials: inner brick monthly average moisture

content
Upper Floor East Elevation: Monthly Average Relative Humidity at Flaxmill
Brick/Insulation Interface
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Figure 34: Upper Floor East Elevation: monthly average relative humidity
at Flaxmill brick/insulation interface

© HISTORIC ENGLAND

31

88 - 2015



The wood-fibre insulation system appears to give the best results with average
interface relative humidities of around 80%RH and also similar moisture
contents in both ground and upper floor constructions throughout the simulation
period. The insulation system has a SD-value of 0.9, of which 0.34 is provided by
the functional layer. The insulation itself has a moisture content of approximately
17kg/m3 at 80%RH. A simulation was carried out to identify the effect of the
functional. Figure 35 shows that removing the functional layer increases the
seasonal swings in relative humidity at the interface between the brick and the
insulation.

Upper Floor East Elevation: Monthly Average Relative Humidity at Flaxmill
Brick/Woodfibre Interface
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Figure 35: The effect of the functional layer in the wood-fibre insulation
system

6.4 Rain adherence factor

As explained above, the rain adherence factor takes into account that some of
the rain water hitting the wall surface splashes off on impact and is not available
for capillary absorption. Also under heavy driving rain conditions, all the rain
impacting on the wall surface may not be absorbed due to the capillarity of the
wall material, which results in rain running off the surface (Straube J. 2010).

The above simulations have assumed a rain adherence factor of 1, i.e. 100% of
the rain impacting on the surface is absorbed, based on the assumption that
the driving rain calculation according to BS EN ISO 15927-3:2009 accounts
for this. However, this may not be the case, if the wall surface and capillary
moisture transport properties of the wall material should also be considered
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in determining the amount of rain absorbed. Unfortunately we have no simple
means of measuring this in practice.

Simulations were carried out for the 12 brick upper wall on the east elevation
constructed of Flaxmill brick with PIR internal wall insulation and an internal
plasterboard lining. Rain adherence factors of 0.01, 0.1, 0.25, 0.5, 0.75 and 1
were applied. The results are shown in Figure 36 for the relative humidity at the
brick/PIR interface.

Relative Humidity at Brick/PIR interface: changing Adherence Fraction of Rain
in WUFI simulation
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Figure 36: The effect of changing the rain adherence factor on the relative
humidity at the brick/PIR interface of the upper wall on the east elevation

Figure 36 indicates that lowering the rain adherence factor has a significant
impact on the interface relative humidity. However, the actual adherence factor is
unknown and may not be constant in any case, depending on the intensity of the
driving rain. Measurements of driving rain on the east and west elevations of the
3rd floor of the South Engine House are currently being made in combination
with wall moisture contents. Using these data and measured outdoor climate
and internal environmental conditions it should be feasible to ‘calibrate’ WUFI
models of the walls by adjusting the rain adherence factor to produce a good fit
of the model to the real data.
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7. CONCLUSIONS

Clearly it is better to use the measured properties of traditional materials for
hygrothermal simulations. Uncertainty will result from using alternatives from
the WUFI database.

For relatively simple constructions such as the walls at Flaxmill, WUFI 1-D is
satisfactory for modelling a range of scenarios. The results converge with those
from 2-D simulations, which take considerably longer to run. WUFI 2-D is more
suitable for complex constructions, such as wall/floor junctions.

The wood-fibre insulation system, which has some vapour resistance and is also
hygroscopic, appears to be the best of the four insulation systems. Mineral wool,
whilst having a very low vapour resistance, is effectively non-hygroscopic and
therefore is unable to buffer moisture.

The insulation systems with high vapour diffusion resistance, PIR and the
mineral wool with a vapour barrier, appear to cause a build-up of moisture
within the walls in the long term. Changing the rain adherence factor in the
modelling has a significant effect on the simulation results. However, the actual
adherence factor is unknown and may not be constant in any case depending on
the intensity of the driving rain. Current measurements, which are underway at
the South Engine House, may be used to ‘calibrate’ WUFI models of the walls by
adjusting the rain adherence factor to produce a good fit of the model to the real
data. WUFT is a useful tool which can be used to assess options for upgrading
the thermal performance of traditional buildings, provided we have suitable
material properties of our traditional materials. However, as the simulations
results reported show, the unknown boundary conditions such as absorption of
driving rain may produce a high level of uncertainty.

© HISTORIC ENGLAND 34 88 - 2015



REFERENCES

BS EN 15026:2007 Hygrothermal performance of building components and
building elements. Assessment of moisture transfer by numerical simulation. BSI
London.

BS EN ISO 15927-3:2009 Hygrothermal performance of buildings — calculation
and presentation of climatic data - Part 3: Calculation of a driving rain index for
vertical surfaces from hourly wind and rain data. BSI, London.

Straube J. (2010) Simplified Prediction of Driving Rain on Buildings: ASHRAE
160P and WUFI 4.0, Building Science Digest 148. Building Science Corporation,
Westford, MA, USA

© HISTORIC ENGLAND 35 88 - 2015



Contact Historic England

East Midlands Windsor House, Cliftonville, Northampton, NN1 5BE,
Tel: 01604 735400 Email: eastmidlands@HistoricEngland.org.uk

East of England Brooklands, 24 Brooklands Avenue, Cambridge, CB2 2BU
Tel: 01223 582700 Email: eastofengland@HistoricEngland.org.uk

Fort Cumberland Fort Cumberland Road, Portsmouth, Hampshire, P04 9LD
Tel: 023 9285 6704 Email: fort.camberland@HistoricEngland.org.uk

London 1 Waterhouse Square, 138-142 Holborn, London, ECIN 2ST
Tel: 020 7973 3000 Email: london@HistoricEngland.org.uk

North East Bessie Surtees House, 41-44 Sandhill, Newcastle Upon Tyne, NE1
3JF
Tel: 0191 269 1200 Email: northeast@HistoricEngland.org.uk

North West Suites 3.3 and 3.4, Canada House,3 Chepstow Street, Manchester,
M1 5FW
Tel: 0161 242 1400 Email: northwest@HistoricEngland.org.uk

South East Eastgate Court, 195-205 High Street, Guildford, GU1 3EH,
Tel: 01483-252000 Email: southeast@HistoricEngland.org.uk

South West 29 Queen Square, Bristol, BS1 4ND
Tel: 0117 975 0700 Email: southwest@HistoricEngland.org.uk

Swindon The Engine House, Fire Fly Avenue, Swindon, SN2 2EH
Tel: 01793 414700 Email: swindon@HistoricEngland.org.uk

West Midlands The Axis, 10 Holliday Street, Birmingham, B1 1TG
Tel: 0121 625 6820 Email: westmidlands@HistoricEngland.org.uk

Yorkshire 37 Tanner Row, York, YO1 6WP
Tel: 01904 601901 Email: yorkshire@HistoricEngland.org.uk

© HISTORIC ENGLAND 36 88 - 2015



Historic England Research and the Historic Environment

We are the public body that looks after England’s historic environment.
We champion historic places, helping people understand, value and care
for them.

A good understanding of the historic environment is fundamental to ensuring people
appreciate and enjoy their heritage and provides the essential first step towards its
effective protection.

Historic England works to improve care, understanding and public enjoyment of the
historic environment. We undertake and sponsor authoritative research. We develop
new approaches to interpreting and protecting heritage and provide high quality
expert advice and training.

We make the results of our work available through the Historic England Research
Report Series, and through journal publications and monographs. Our online
magazine Historic England Research which appears twice a year, aims to keep our
partners within and outside Historic England up-to-date with our projects and activi-
ties.

A full list of Research Reports, with abstracts and information on how to obtain
copies, may be found on www.HistoricEngland.org.uk/researchreports

Some of these reports are interim reports, making the results of specialist investiga-
tions available in advance of full publication. They are not usually subject to external
refereeing, and their conclusions may sometimes have to be modified in the light of
information not available at the time of the investigation.

Where no final project report is available, you should consult the author before citing
these reports in any publication. Opinions expressed in these reports are those of the
author(s) and are not necessarily those of Historic England.

The Research Report Series incorporates reports by the expert teams within the
Investigation& Analysis Division of the Heritage Protection Department of Historic
England, alongside contributions from other parts of the organisation. It replaces the
former Centre for Archaeology Reports Series, the Archaeological Investigation Report
Series, the Architectural Investigation Report Series, and the Research Department
Report Series

ISSN 2059-4453 (Online)



	2017 02 07 - Shrewsbury Flaxmill Maltings_Hygrothermal modelling_Cover Front
	2017 02 07 - Shrewsbury Flaxmill Maltings_Hygrothermal modelling_Main Report

