Guide to Interpreting your
Mdu House Report

There are a number of fundamentals that need to be understood to allow you to
interpret your Mdu House Report. This document is designed to provide an
introduction to these fundamentals to set you on the path to interpreting your report
and understanding the performance of your building. Sections 1 and 2 provide a
basis of understanding for moisture in walls and the Mdu System. Sections 3 & 4
outline some things you should be looking for when reading your report.

The information contained in this document is not a substitute for expert advice from
a suitably qualified professional familiar with your building. It will help you to become
familiar with basic principles and issues so you can understand what the experts are
looking for.




Contents
Section 1: Introduction to Moisture in Walls

Section 1 explains some of the most important principles of moisture behaviour in
timber-framed buildings. By the end of Section 1 you will understand:

Moisture in Wood is Normal

How much is too much

The amount of moisture in wood is influenced by the environment around it.
Timber in a Built Environment usually has less moisture than exposed timber.
Wall construction methods influence the moisture levels in the timber

Moisture is not uniform throughout walls
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The understanding that moisture is not uniform throughout the walls (i.e. that it
preferentially accumulates in some parts of the wall more than others), coupled with
the understanding that it is not practical to measure every part of the building, should
prompt the question: “Where should | measure?” This is the focus of Section 2.

Section 2: Where and when should | measure?

Section 2 explains the reasoning behind the Mdu system and how it has been
specifically designed to measure the most critical areas. Section 2 will show that:
1. Risk Points can be monitored as indicators of the performance of the whole
building.
2. The bottom plate is the best place for ongoing monitoring of weathertightness.
3. Mdu probes measure close to the area of highest moisture accumulation
(critical point for decay) in the bottom plate.
4. Leaks cause a higher than equilibrium moisture content in the bottom plate.
5. Regular readings are required to monitor ongoing performance.

Section 3: Understanding your Mdu House Report

Now that the basis of understanding has been developed, Section 3 provides some
guidelines on how to interpret the data in your report. You should look for:

Probe readings considerably higher than surrounding probes

Probe readings considerably higher than Equilibrium Moisture Content (EMC)
EMC that is in the ‘dangerous’ zone.

Moisture fluctuations greater than seasonal variation.

Significant increase in moisture levels over time.

Keeping watch over the moisture probes that remain wet
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Section 4: More than Moisture

The installation of the Mdu system provides information on timber quality and
strength that can provide further analysis options.

1. Timber Quality (VCR)

2. Timber Strength (TS)

3. Interpreting Timber Quality Data




Section 1: Introduction to Moisture in Walls

1. Moisture in Wood is Normal

Timber used for housing comes from tree stock that has sophisticated cells
containing a network of water transport mechanisms. Moisture is present in large
guantities in living trees, to distribute and provide nutrients for them to grow. Once
the tree is cut down the sap flow stops and as the timber dries, the level of moisture
is greatly reduced. Not all the moisture dries out as the cells retain a small amount of
moisture which is important to their condition; too little and the timber becomes brittle
(cells parch and crack), too much and it becomes susceptible to rot (mico-organisms
are able to breed without the potent sap being present).

2. How much is too much?

The New Zealand Building Code references NZS3602 in relation to moisture in
timber framed housing. NZS3602 prescribes the maximum allowable moisture levels
as 18%MC (Moisture Content) for untreated timber and 20%MC for treated timber.

However in reality it is a bit more complicated than that. Moisture levels in timber are
not constant; they vary with the type of construction, the presence of liquid water,
temperature, time of year, and a number of other factors. Moisture levels also vary
depending on where in the wall you measure.

The real issue however is the decay of timber framing due to the growth of mould
and fungi made possible by high moisture levels. The onset of rot is not a pure
science. Rot needs to germinate first and thus their needs to be spores present,
water, food, air and a temperature of 6-40 degrees Celsius. Decay from rot and borer
growth rates vary considerably once they become established. No two situations will
be the same.

3. The amount of moisture in wood is influenced by the environment
around it.
(See Hitex Research Bulletin # 308 for a better treatment of this)

In a sheltered environment (i.e. no liquid water wetting the timber) the level of
moisture in timber is in equilibrium with the relative humidity of the air around it. The
amount of moisture in the timber in this situation is called the Equilibrium Moisture
Content, or EMC. The figure below shows the relationship between the EMC and
Relative Humidity for radiata pine.
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Figure 7-3— Adsorption (lower line) and desorption of water by radiata pine sapwood
at 15 °C (Source: Cunningham and Sprott, 1984).

The climatic conditions in your area influence the EMC of timber. See table below for
the EMC of timber in different areas in New Zealand.

Locality January EMC  |July EMC Yearly Mean EMC
Waipouna, North Auckland 14.3 20.8 16.7
Auckland 13.1 19.3 15.0
Hamilton 14.3 20.3 16.2
New Plymouth 15.0 18.0 16.5
Napier 114 16.3 13.2
Palmerston North 13.8 18.4 15.3
Wellington 14.7 17.9 15.9
Nelson 12.2 17.0 14.4
Blenheim 11.2 17.9 13.2
Hokitika 16.7 21.4 18.2
Christchurch 12.3 19.3 14.8
Dunedin 13.8 155 13.9
Alexandra 10.1 19.5 13.3
Invercargill 13.5 18.0 16.0

*Based on the monthly mean of daily relative humidity at 9am and monthly mean of the daily values
for (Maximum Temperature + Minimum Temperature) /2. Source: Orman, 1955

For example, in July, a piece of timber in Auckland in equilibrium with the air around
it (and protected from direct rain and sunlight) is likely to have a moisture content of
around 20%. (For example sub floor timbers will be close to these values)

4. Timber in a Built Environment usually has less m  oisture than exposed
timber.

The EMC of timber changes once the timber is built inside a wall. Typically the
average temperature inside a house in NZ is warmer than outside (especially in
winter and at night time). Also when the sun shines on the walls it increases the
temperature of the materials inside the walls. This forms a “micro-climate” inside the
wall which is warmer than the climatic conditions outside of the wall. Generally the
increased temperature causes drying and a lowering of the moisture content of the
framing timber. Monitoring of the moisture content of around 500 houses in the
Auckland area shows a “normal” moisture content of around 12-16%MC at the
bottom plate and 10-12%MC on higher floors.




5. Wall construction methods influence the moisture levels in the timber

Different wall constructions store different amounts of energy and this affects the
micro-climate inside the wall which in turn affects the moisture levels in the timber in
the wall. One aspect of poor wall design in NZ is condensation. Condensation forms
liquid water inside the wall which then wets the timber. An explanation of how
condensation works, and how it works inside walls, is given below.

Condensation results from the cooling of humid (moist) air without the opportunity for
moisture to vent. This is evident on the inside of windows on cool mornings when a
house has been closed up for the night. The diagram below shows the reason for
this. At higher temperatures air can hold more moisture. As the temperature drops
(1-2) walls without ventilation means the vapour cannot escape - so the Vapour
Pressure remains constant (3). This results in an increasing Relative Humidity (RH)
until saturation (RH = 100%) is reached and condensation begins (4). Condensation
continues until sufficient moisture vapour turns to liquid. A good analogy is the
condensation that forms on a soft drink bottle taken from a fridge. It is the change in
air temperature that causes this to happen.
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This phenomenon occurs inside many house walls in NZ too — where it is called
interstitial condensation. The sun heats up the walls during the day, and because
insulation is typically in the wall space between studs (fibreglass wool type
insulation) the cladding and wall space heats up considerably. This causes
evaporation of moisture from surrounding building products (timber, insulation,
plasterboard etc.). During the night the outside temperature drops dramatically; the
cladding cools quickly and because the insulation is inside the wall space the air
inside the wall closest to the outside wall cladding cools quickly too. Because the
walls are sealed up tight (to save on energy bills by reducing heat loss) the moisture
cannot dissipate; therefore it forms condensation on the inside of the building paper
inside the walls, which then runs down the wall and wets the timber (typically the
bottom plate). The moisture levels in the timber closest to the cladding can be higher
than the EMC even without a leak. This effect does not normally occur in brick cavity
walls or those with external insulation as these maintain a higher air temperature




inside the wall and protect against rapid heat loss at the cladding face so that
condensation cannot form See figure below for further detail.
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Extract from Hitex Research Bulletin #308

Moisture levels on the cold, shady, south side of houses (for Southern Hemisphere
homes) are typically higher than on the warm, sunny northern side. However high
temperature fluctuations (e.g. sunny days and cool nights, especially on the sunny
northern side) can cause increased condensation and therefore have a greater
variation of EMC across the bottom plates of the north-facing walls. Large trees can
increase shade, gardens close to the walls can trap moisture close to the cladding,
coastal environments are typically wetter than inland properties, the southern slopes
of hills are colder than northern side, etc. All these factors need to be taken into
consideration when understanding the EMC for your wall. A building professional
familiar with your property can help you understand this.

6. Moisture is not uniform throughout walls

Moisture is not equal throughout the framing in a house. Moisture is typically higher
downstairs than upstairs (due to temperature and gravity), and higher close to the
outside surface of the wall compared with the inside (due in part to temperature and
condensation). Moisture is also higher in the vicinity of leaks and in the timber under
leaks (due again to gravity). Monitoring using Mdu Probes, and further investigation
of framing timber in houses being fixed, has shown evidence of this. See the figures
below for some of the evidence collected.

MC Colour Chart

Back section facing inside house

16% MC
_ 0% MC
House 33 ; 4040
"Bottom section
facing cladding
House 33

Distribution of EMC ranged from 16-40%MC across the bottom plate of this home.
The timber at the highest MC had already rotted away.




A full copy of this actual wall and measurements of moisture contents can be
downloaded from www.moisturedetection.co.nz. Note the accumulation areas at the
mid floor and bottom plate where the moisture probes target. These are also the
areas where drainage is greatly restricted and timber concentrations which can store
moisture are present.




Section 2: Where and when should | measure?

1. Risk Points can be monitored as indicators of th e performance of the
whole building.

To effectively deal with buildings in an organised way, the building is separated into
a number of points called ‘risk points’. These risk points are located on the building in
the most likely points for moisture to accumulate in the building often leading to
damage. From the understanding established in Section 1, these risk points are
generally located on the bottom plates around the building at all points where there is
potential for moisture ingress. These risk points become the ‘worst-case-scenario’
performance indicators of the building. The performance of the building section
surrounding the risk point can then be approximated.

2. The bottom plate is the best place for ongoing m  onitoring of
weathertightness.

When water enters a wall from a “leak” it causes localised wetting around the entry
point. This water (if in sufficient quantity) will track down the wall (due to gravity) and
collect in the lowest part of the wall where drainage is restricted. This is usually the
bottom plate. (See & #O()#H&* ( + # -,

/ ($012 % $ # ) Moisture will rapidly track
down vertical timbers (e.g. studs) as the grain of the timber is vertical. The horizontal
timbers (e.g. bottom plate) act as a “dam” and the moisture accumulates and
spreads in these areas. The Mdu probes are typically installed in the bottom plates to
detect and measure this moisture. The major advantage of having the probes
installed in the bottom plate is that it provides many “controls” that can be compared
to each other. It is these comparisons between the readings from different probes
that prove useful and develop trends of moisture behaviour so decisions can be
made as to the extent of under-performance or not. (See Section 3 for more
information on this). Also by installing in the bottom plate the probes can pick up
problems from all three areas of concern; moisture tracking down from the roof, in
from the walls, or up from the ground (due to wicking etc.)
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3. Mdu probes measure close to the critical point i n the bottom plate.




The presence of a Moisture Profile through the bottom plate was established in
Section 1. The Mdu probes are designed to measure as close as possible to the
area first found susceptible to decay called the ‘critical point’; that is, deep inside the
framing timber, close to the cladding. Measuring moisture here provides the earliest
warning of picking up high moisture levels thus providing protection to the areas
most likely to accumulate moisture and be damaged. See the diagram below for an
illustration of this.
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4. Leaks cause a moisture level higher than the exp ected equilibrium
moisture content in the bottom plate.

As water from a leak tracks down the wall it increases the moisture content of all the
materials inside the wall. This increase is measurable by comparing the readings
from probes with:

a. the expected (equilibrium) moisture content (EMC)

b. readings from nearby probes.

Moisture from the leak point creates what is called the “Christmas Tree” effect as the
shape it creates on the wall looks like a Christmas Tree (See diagram below for
illustration). This means that the Mdu probe does not have to be directly under a leak
to pick it up. It also means however that the cause of a high reading may not be
directly above the probe — it may be a detail further away that is causing the
problem.




Larger leaks as shown here cause a Christmas tree moisture distribution. Here the
leak wets both corners of a wall and forms a tree shape wider at the bottom than top.

5. Regular readings are required to monitor ongoing performance.

Some leaks due to rainfall only show up periodically, i.e. when it rains. The moisture
in the wall and the reading on the probe will increase following a heavy rainfall and
then decrease over the ensuing days/months as the wall dries out. Typically water
takes several days to fully wet timber framing. Therefore to gain an accurate trend of
moisture behaviour it is important that readings be taken on a regular basis, and
especially after heavy rain and long damp periods. If the time between rainfall and
reading is too long the problem may dry out before it is identified.

On the other hand if the wall is able to dry out that rapidly it is unlikely any problems
caused by the moisture ingress in this area will be of great consequence. It is
important to determine these moisture trends before over-reacting to leaks. Areas of
moisture accumulation that do not dry out and remain undetected are the areas most
susceptible to extensive damage. In the areas crucial for structural integrity, these
are the problems that become costly to fix.




Section 3: Understanding your Mdu House Report

There are a number of things to look for when interpreting moisture readings. The
Mdu House Report has been colour-coded based on the moisture content (%MC)
readings from the probes. The colour code has been designed following consultation
with experts in the NZ building and timber industries to help you understand limits of
moisture and provide the most useful first step of interpreting your results. However
there are further methods of interpretation that need to be considered.

1. Probe readings considerably higher than EMC

As explained in Section 1, the amount of moisture in your walls is affected by the
environment around them. Probe readings considerably higher than the expected
(equilibrium) moisture content (or EMC) indicate the likelihood of a leak problem in
the vicinity. A difference of 4%MC between the probe reading and the EMC is
deemed significant enough to consider action. The colour-coding system used in the
Mdu Report has been designed to highlight most of these concerns.

How do | know what the expected EMC is?

The EMC can be determined by understanding the climate, wall construction,
orientation and other factors. This is where an expert who is familiar with your
property can be of great benefit.

The Mdu System can also be used to estimate the EMC. Readings along common
walls should be compared with each other to see if they are consistent. In areas
without leaks there should be a consistency of moisture readings between probes
(Expected values are given in Section 1 under “4. Timber in a Built Environment
usually has less moisture than exposed timber”)

Probes with significantly differing moisture contents normally indicate there is a leak
in the vicinity that is manifesting at the probes showing high readings. Sometimes




the readings may still be in the ‘safe’ (i.e. green) zone but considerably higher than
surrounding probes; it could be that the leak is not directly above the probe, the leak
is small, or drying has occurred but not complete. An expert should be called to
investigate and interpret the findings for you. A difference of 4%MC or more is
deemed significant enough to consider action.

2. EMC is in “warning” zone

In some cases the EMC of timber in a wall remains in the “warning” zone even
though it is established that no leaks are occurring. This should prompt investigation
and consideration into a re-design of the wall, or incorporate the use of materials not
as susceptible to decay in these conditions (e.g. treated sub-floor timber). There are
a number of options to consider when re-designing, including targeted repairs, re-
cladding, etc. A suitably qualified professional who is familiar with your wall designs
should be engaged to help you deal with this.

3. Moisture fluctuations greater than seasonal vari  ation (>4%MC)

Monitoring of New Zealand homes has shown a normal fluctuation of moisture
readings between summer and winter of around 2-4%MC. This is confirmed by
Canadian studies. This is due to lower temperatures and higher humidity in winter
together with more frequent incidence of rain causing higher moisture loadings on
the wall systems. As long as moisture does not accumulate to undue levels for
extended periods of time fluctuations less than 4%MC are not expected to cause
problems in the walls. Fluctuations greater than 4%MC should be investigated with
caution. It is recommended that suitably qualified experts should be consulted to
determine the cause and potential solutions before remedial proposals are decided
on,
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4. Significant increase in moisture levels between readings (variances).

As buildings age, deterioration of the materials and joints can occur. Building
movement, heating and cooling cycles, sunlight, dirt, cleaning, and time can all
contribute to the breakdown of construction materials used allowing moisture in.
Edges, joints between materials, and waterproofing elements such as sealants,
paints and membranes are particularly vulnerable. Historical data from the moisture
probe trends identifies abnormal increases in moisture levels at specific locations
which may indicate the need for maintenance (sealants, or re-painting for example)
in that area.

28

24
20

12

Moisture Content (%MC)

5) 5 6




Section 4: More than Moisture

1. Timber Quality (VCR)

The assessment of the condition of framing timber, especially in structural areas, is a
crucial part of building assessment. Timber samples obtained from the installation of
Mdu probes are analysed to give a first indicator of the condition of timber at that
point. The analysis method currently employed is called a Visual Colour Rating
(VCR), and gives a general grade for condition of timber as outlined in your Mdu
House Report.

There are a number of factors that can affect the sample obtained and therefore the
VCR grade given to that location:

a. Timber decay. The first and most obvious factor is the amount of decay in
the timber in the location of the sample. This is the factor that the VCR
analysis has been designed to measure. The more decay, the lower the
grading given to the sample.

b. Variations in timber. Timber is not a homogenous product — it contains
heartwood, sapwood, knots, all of which have different colours. These are
usually easily identifiable by the VCR analysis but people interpreting the data
need to be aware of these variables.

c. Moisture levels. The amount of moisture in the timber sample can affect its
colour. Generally a higher moisture content causes a darkening of the sample
colour. VCR data should always be read in conjunction with moisture
readings.

d. Obstructions when drilling. Sometimes when drilling holes for the Mdu
probes obstructions are encountered; nails, nail plates, gib board fastenings,
etc. These can contaminate the sample. In some cases when trying to drill
through these obstructions the timber around them can get burnt from the
heat generated by the drill bit, giving a false darkened colouring and/or
smaller dusty particles. The installer will generally make a note when this
occurs and these samples must be treated with caution.

The VCR data should always be interpreted in conjunction with the moisture
readings obtained from the Mdu probes.

2. Timber Strength (TS)

As a second coefficient to the assessment of the condition of framing timber, the
residual strength of the timber is measured using a device exclusive to the Mdu
System. Once inserted into the hole drilled for the Mdu probe, the device uses an off-
centre cam and a measurement of leverage to give an indication of the compressive
strength of the timber in that location.

Generally two measurements are taken; one at the end of the hole (near the
cladding), the other halfway along the hole. A comparison between the two can give
some indication of any strength loss near the outside surface of the timber, i.e. the
‘critical point’, which is usually the first place to experience timber decay. The results
can also be compared with data obtained from other Mdu probe locations to draw
comparisons between timber in different areas of the building.




The technology is still in development stage and verification is on-going to determine
the accuracy of the data gathered. One factor that does affect the readings obtained
is the quality of the hole drilled. Further development continues to improve the
method; however it is useful in giving some confirmation of the conclusions drawn
from moisture and VCR data.

3. Interpreting Timber Quality Data

Interpreting the data collected on timber quality, combined with the moisture
readings obtained using the Mdu probes, can reveal a number of different scenarios:

a. High moisture levels but timber is OK

This may indicate the area has only recently started leaking, and moisture has not
been accumulating long enough to cause significant damage to the timber in the
area. Alternatively it may indicate an area that is subject to intermittent leaks but the
wall design is such that moisture does not accumulate for extended periods of time.
Either way it is likely that there is not significant damage in this area. Finding and
fixing the leak, and continued monitoring of the probes in this area to ensure it does
not re-occur, may be enough to fix the problem.

b. Low moisture levels but poor timber quality

This scenario may indicate an area that has had high moisture accumulation in the
past (causing damage to the timber) but has subsequently dried out. This may be as
a result of maintenance being done to the area, or perhaps the leak is intermittent, or
the moisture reading has been taken during summer months when moisture
accumulation is often reduced.

In some cases decayed timber does not provide an accurate moisture reading due to
the timber cell structure being destroyed. This is one reason why it is important that
moisture readings always be accompanied by an assessment of timber quality in
those areas being measured.

c. High moisture levels and poor timber quality

This fairly strongly indicates an area that is currently leaking, and has been
accumulating moisture for extended periods of time causing the timber to decay. If
left in this condition, decay is likely to progress and cause further damage to the
timber, and may also spread to other areas. Locations with these results need to be
addressed to prevent further damage occurring.

d. Low moisture levels and timber is OK

This generally indicates an area that is not currently experiencing moisture problems,
and has not been susceptible to significant moisture problems in the past. There is
still the possibility that intermittent leaks have been occurring that have not been
picked up by the readings taken thus far, and have not yet caused moisture
accumulation sufficient enough to cause damage. There is also the possibility that




the area may leak in the future. It is recommended that these areas continue to be
monitored on a regular basis to ensure significant moisture problems do not appear
and continue unnoticed.




