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Brecon Postern Monitoring —

Internal Hygrothermal Conditions

Temperature (°C) and Relative Humidity (RH%)
9 Internal Monitoring Positions + 1 external

.
15/03/2024 — 28/03/2025

TinyTag Ultra 2

-25°C to +85°C (+0.6°C)
0% to 95% RH (+3%)
Manual download
Issues at 100% RH

28/03/2025 — to date

S~

w%,% Milesight LoRaWAN EM300-TH
-30°C to +70°C (+0.3°C)
@ 0% to 100% RH (+3%)
( Remote Access
S Required LoRaWAN Hub UNIVERSITY
PRIFYSGOL
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Brecon Postern March 2024 - September 2025 Temperature (°C)
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Brecon Postern March 2024 - September 2025 Relative Humidity (%)
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Brecon Postern Monitoring —
In-Situ U-Value Measurements

Measured in 4 locations (only 3 successful)

Wall

Heat Flux plate

Internal temperature 0 0 External temperature
Type T Thermocouple Type T Thermocouple

Methodology for in-situ u-value monitoring Source: BS ISO 9869-1

CARDIFF

UNIVERSITY
PRIFYSGOL

(ARRDY®

Heat flux Plate Hukseflux HFPO1 Campbell Scientific® CR1000 datalogger

‘= Matterport



Brecon Postern Monitoring —
In-Situ U-Value Measurements

Measured in 4 locations (only 3 successful)

Wall

Heat Flux plate

Internal temperature 0 0 External temperature
Type T Thermocouple Type T Thermocouple

Methodology for in-situ u-value monitoring Source: BS ISO 9869-1

inconclusive

CARDIFF

UNIVERSITY
PRIFYSGOL

(ARRDY®

Heat flux Plate Hukseflux HFPO1 Campbell Scientific® CR1000 datalogger
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Brecon Postern Monitoring —
Thermography

PRIFYSGOL

8 CAERDY[®
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Brecon Postern Monitoring —
Interstitial Moisture and Temp

6 installed so far — intention of 2 per room

2 Acrylic Paint
(D raon

Wiring to connection manifold New lime plaster "dry" mix

}/Z/M%

e e

Omnisense S-4 Wireless Dual Channel and Gateway Campbell Scientific® CR1000 datalogger

Initially using Omnisense S-4 wireless sensors but

access to online data cost US$20 per month, CARDIFF
therefore looking to hardwire to Campbell® CR1000. :J:I':\f:j;:
Also investigating LoRaWAN option...



Brecon Postern Wall Wood Moisture Equivalent (WME %) January - September 2025
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Brecon Postern Monitoring — Results — Wall WME %

= Rear Room - Midpoint
—Rear Room - Corner
= Front Room -Top
—Front Room -Lower
—Cell1-Top

=—Cell 1-Lower

31/08/2025
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Condensation risk analysis - summary of main results
Calculation according BS EN 1SO 13788

Surface temperature to avoid critical surface moisture:
/ No danger of mould growth is expected.

Interstitial condensation does not completely evaporate during the summer
months. The component has failed the assessment. However, when establishing
the level of risk to the structure consideration should be given to the amount and
position of condensate, including adjacent materials.

If the risk is unacceptable changes to the design should be considered.

Component, condensation range

oy

Interstitial condensation and
evaporation per month gc [gim?]

200°
100
-100

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oc

Ty Mawr BuildDesk Calculation — West Wales

Condensation risk analysis - summary of main results
Calculation according BS EN 1SO 13788

Surface temperature to avoid critical surface moisture:
/ No danger of mould growth is expected.

Interstitial condensation occurs, but all the condensate is predicted to evaporate
during the summer months.

The risk of degradation of building materials and deterioration of thermal
performance as a consequence of the calculated maximum amount of moisture
shall be considered according to regulatory requirements and other guidance in

product standards.

‘Component, condensation range

Interstitial condensation and
evaporation per month ge [g/m?]

200
-200

Oct Nov Dec Jan Feb Mar Apr May Jun Jul  Aug Sep

Ty Mawr BuildDesk Calculation — B’ham

Brecon Postern Simulation
60mm Woodfibre Internal Wall Insulation

WUFI® Pro 6.6 Simulation of total wall moisture content using Brecon Climate File
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Water Content (Kg/m2)
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2738

5476

8214
10952
13690
16428
19166
21904
24642
27380
43808
46546
49284
52022
54760
57498
60236
62974
65712
68450
71188

Time (Hours) over ten year period

Simulation with WUFI® Pro 6.6

73926
76664
79402
82140
84878

—Existing
—Existing High RH
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—60mm SE High RH
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Brecon Postern Monitoring
Conclusions

e Retrofit of traditionally constructed
buildings is not without risk.

* Monitoring both before and after retrofit
can help reduce these risks by informing
both the design and learning from
completed projects.

* The potential for low-cost embedded
moisture monitoring in the future could
increase knowledge and confidence in
retrofit.
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Test cell at Cardiff University, Cathays Campus. Source: (Whitman 2020)

Hygrothermal
Monitoring of
Timber-Frame
Replacement

Infill Panels
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Historic Timber-Framed
Buildings in the UK =2 ~
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C15 house, Lavenham, UK. (Whitman, 2022) C17 buildings with C19 alterations, Newtown, Powys, Wales (Whitman, 2024).

For the purpose of this research, historic timber-framed buildings refer to those built pre-1850 with an exposed
timber structural timber frame, infilled with non-loadbearing panels. There exist approximately 68,000 T

PRIFYSGOL
surviving examples in the UK (Whitman, 2017).



Low Energy Retrofit of historic
timber-framed buildings

Given that the exposed timber frame is a defining part of

these building’s aesthetic heritage value, the energy retrofit

options for their walls are limited.

However, where the historic infill panels are beyond repair,
or have already been replaced, an infill material with a
higher thermal resistance may be retrofitted (HE 2010).

Beetles and their larvae Fungi

".‘i“

[ ) ¢ - § i Sy i3] - a”
Powderpost House Longhorn  Woodworm Deathwatch Dry Rot Oak Rot Cellar Rot
Lycus linearis ~ Hylotrupesw Anobium Xestobium Serpula Donkioporia Coniophora
Goeze & Lyctus bajulus punctatum rufovillosum lacrymans expansa puteana
brunneus
8-25% 15-25% >12% >15% >25% >28% >25%
26°C 20-30°C 22°C >10°C 17-23°C 5-40°C 20-32°C

Optimum hygrothermal conditions for common UK biological threats (McCaig and Ridout 2012)

Thermographic image of Hacton Cruck Hall, Preston-on-Wye, (Whitman, 2015)
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Test infill panels mounted in north fagade

A — Wattle & Daub

B — Expanded Cork Board

C — Wood Fibre/ Wood Wool composite
D — Hempcrete

Each pair of panels finished one with lime-hemp
plaster, the other with NHL 3.5

North fagcade chosen with aim to minimise
climatic variables

Driving Rain Sum [mm/a]
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Test panels prior to
application of
external render with
monitoring locations

highlighted.

Red- Mid Panel

Blue- Vertical Panel
to Frame Junction

Yellow- Horizontal
Panel to Frame
Junction

e — " -
I o S .

Left to right: Wattle and Daub, Expanded Cork Board, Wood Fibre and Wood Wool, and Hempcrete. Source (Whitman 2019) CARDIFF
Funded by UNIVERSITY

M Historic England
istoric englan T




Test panels :

Lime-Hemp

CARDIFF

UNIVERSITY
PRIFYSGOL

(ARRDY®

Left to right: Wattle and Daub, Expanded Cork Board, Wood Fibre and Wood Wool, and Hempcrete. Source (Whitman 2019)
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Interstitial Moisture content-
Electrical resistance measured by
Campbell Scientific CR1000

Interstitial Temperature-
Type T thermocouples

In situ u-value
Hukseflux heat flux plates and type T
thermocouples

Internal Hygrothermal Conditions
of test cell-
Campbell CS215 probe

External Climatic Conditions-
Vaisala Weather Transmitter WXT520
Series and Kipp & Zonen CM5 pyrometer

Moisture content and temperature monitoring installed during construction. U-Value monitoring (Whitman, 2019)
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Measured Moisture Content — Mid-Panel Location
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Measured Moisture Content — Horizontal Junction
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Wood Moisture Content

at horizontal junction
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NHL 3.5 finished panels
and timber frame
12/12/2019 —
05/02/2025.
WD-Wattle & Daub,

WDi
- =WDc
—\WDe
WEFi
= =WFc

— \\/Fe
CKi
= = CKc

f moisture at ©
/A

[

€T
|
|
|
v

|
i

(%) u=1U0) aun1sioN

CKe

apping o
\'n

I
UL

e}
i

WF-Wood Fibre

HLi
= =HLc

CK-Cork
HC-Hempcrete

HLe

“peIn-LT
pT-UNr-£T

“pz-AeN-8T
"pg-1dy-81

“v-JBeIN-6T
vi-9°4-81

“vi-uer-6l

“€¢-990-0¢
"EC-NON-0C
ECIO-TE
"EC-das-1T

TET-8ny-7e
TET-IN-€T
“TEC-UN(-£7
T eC-ARIN-TE
eg-1dy-1e

[ "EC-1BIN-SC
EC-9e4-t¢
“ge-uer-ge
" ZZ-99(0-EC
"TCT-NON-ET

7001
ge-das-ve

"ZT-8ny-Se
ge-Inr-9z
gT-unf-9g
re-AeiN-£T
g e-Ady-LT

"Tee-4BIN-8E

¢C-994-9¢

12-22Q-10
“TZ-AON-TO
1Z-190-70
"1Z-das-zo
1Z-8nv-£0
T-IN-70
“Tg-unf-$0

“Te-AeIN-S0
“Te-4dy-50
“TZ-1eIN-90
T1C-994-%0
TZ-uer-50
"0C-28Q-90
""07-AON-90
0Z-190-£0
07-das-£0
07-8nv-80
0Z-INr-60
“0Z-unf-60
"0C-AeIN-OT
"0g-4dv-0T
0Z-1eN-TT
"0¢-994-07
OZ-Uer-TT
“6T-99Q-¢T

15

Date

&

0|28

s |2

SHE®,

1 1

o
QO -

Historic England

Funded by



Measured Moisture Content — Horizontal Junction
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Performance
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Left- External
thermography

07:00, 19/02/20.
Internal temp. 20.6°C.

External temp. 3.7°C

Right- External
thermography

07:00, 06/02/25.
Internal temp. 20.5°C.
External temp. 1.4°C

Left- External
thermography

07:00, 19/11/20.
Internal temp. 20.5°C.
External temp. 8.7°C
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Airtightness

Wattle & Daub Cork Wood Fibre Hempcrete

o 000000

0 NHL 3.5 based render
o Lime-Hemp render

Comparison of diameters (mm) of holes equivalent to the open area around each panel as
calculated from pressure testing BS EN 1SO 9972:2015. Using a Minneapolis Blower Door,
TEC® DG-1000 digital pressure and flow gauge, controlled by TEC® Auto Test™ software.

* No discernible difference was measured between those panels finished in the NHL 3.5
based render and the lime hemp render. Linear shrinkage measurements showed similar
behaviour between the two renders.

. . . . CARDIFF

* Expanding sealant tape at perimeter gives more consistent results UNIVERSITY
PRIFYSGOL

* Most airtight panel W&D has no sealant, proving workmanship still key. CAERDYH



Conclusions

* The more moisture permeable lime hemp render creates
lower moisture contents, with reduced drying times when
compared to those finished in the NHL 3.5 based renders.

* Evidence of Interstitial condensation has been identified in
the wood fibre/wood wool detail and wattle & daub.

* Expanded cork boards achieve best thermal performance
but can produce significant differences in surface
temperature (up to 3°C) between timber frame and infill, as
such potentially hempcrete which has a thermal
performance similar to the timber frame may be more
suitable.

* The use of perimeter, non-moisture permeable, sealants
may potentially be trapping moisture at the junction
between infill and historic timber-frame. They do however
provide more consistency in achieving airtightness, however
good workmanships is equally important.
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BUILDING LIMES FORUM

CONFERENCE & ANNUAL GATHERING 2025

Thank You

Dr Chris Whitman

Welsh School of Architecture, Cardiff University,
WhitmanCJ@Cardiff.ac.uk




HERITAGE DECLARES

Climate & Ecological Emergency

Dr Chris Whitman

Course Leader MSc Sustainable Building Conservation

CARDIFF

UNIVERSITY

Welsh School of Architecture, Cardiff University

WhitmanCl@Cardiff.ac.uk PRIFYSGOL
Signatory and Coordinator of Heritage Declares CAERDY@
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