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Summary: Water is transported to the bottom of a wall, and the bottom of a wall is always the
last place to dry out. The mechanisms of gravity, intercellular drainage, and condensation are
the three most likely water transport mechanisms. By measuring the moisture content in the
bottom plate of a wall it can be determined with a high level of certainty if there is a leak or not
in that wall. A high moisture content at any position will indicate that there is a high probability

of a leak above that location.

1. Legal Requirements

Building owners need to know if there are
or are not leaks in their building for
durability and health reasons. Timber
moisture content measurements are the
best method for doing this, but need to be
accurate, repeatable and done without
damaging the house.

The Building Act 2004 Amendments
require that the moisture content of all
timber framing be lower than 20% for
treated timber and less than 18% for
untreated timber. Unless one can
demonstrate that a building meets these
requirements, it can be difficult to get a
Code of Compliance from a local authority.
Moisture contents above 20% are almost
always associated with a leak, and there is
the possibility of structural and health
effects.

Leaks are often very difficult to locate as
the actual defect may be very small or
hidden.

There are difficulties in measuring the
timber moisture content once the building
has been closed in with its exterior
cladding and internal lining without
destructive work. Probes embedded into
the actual timber give the most reliable
method of measuring timber moisture
content, and the results are repetitive.

When one has knowledge of where water
is likely to accumulate within a wall when
there is excess retained construction
moisture or a leak, these fixed probes can

be inserted into the correct position in the
timber wall.

2. Bottom of Walls Last to Dry Out

During research (refs 1,2) into drying of
wet walls it was found time and time again
that the bottom of walls was the last to dry
out. Fig 1 gives timber moisture content
results from an actual house and it can be
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seen that the bottom of the stud dried out
slower than the top of the stud.
Fig 1: Drying Timber Wall, Te Atatu

3. Christmas Tree Effect

Examination of actual walls with leaks
shows that water moves down a wall and
spreads out as it does this. A photograph
of the results of a leak are shown in fig 2.
The leak in this house was through a tiny
gap in a roofing sealant at the top of a
bottom story wall. The overall result is
commonly described as a “Christmas
Tree” effect with the apex at the leak and
the much wider base of wet timber on the
bottom plate. From the tiny leak at the top
of the wall, the damage spread out to over
2 metres at the base of the wall over a
period of about 2 years.



Fig 2: Christmas Tree Damage Effect

4. Moisture Distribution On Leaky Wall
When the cladding was removed from a
north facing wall of a leaking stucco clad
building the timber moisture content
distribution was measured. Fig 4 is a plot
of the data obtained. It can be clearly seen
that the places of highest moisture content
(red areas) are on the bottom plates of
each storey and in the timber on the
building corners.

Fig 3: Moisture in Leaky Wall

Red: > 20%, Orange 18-20%, Yellow 15-18%,
Green < 15% moisture content. White = not
measured as cladding still in place.

5. Gravity Moves Free Liquid Water
Downwards

Gravity alone is the most obvious
mechanism. A leak at any position in a
wall begins with an ingress of free liquid
water, and gravity will automatically move
this free water down the wall. With radiata
pine timber, water is considered bound at
moisture contents under 24%, and free
water above this figure.

If the cladding has a vented cavity, then
part or all of this free water can be
released relatively quickly by gravity from
the wall provided there are no obstructions
within the cavity. Cavities with horizontal
battens and battens made of a moisture

absorbant material such as timber are
obvious such obstructions. A cavity with
no such obstructions is the Hitex Diamond
cavity system. A 4 litre cavity drainage test
found that the Hitex Diamond system
released 100% of water introduced
whereas a cavity with battens released
only 82.5% of the water (see fig 4).

If the moisture leak is into the timber frame
cavity then the timber frame, the insulation
within the wall cavity, the internal lining
and the external cladding will all absorb
some or all of this water and impede its
progress under the influence of gravity.

6. Moisture Vapour Rises

Moisture vapour is lighter than air and will
tend to rise within a wall cavity if it is not
impeded by cross timbers and
obstructions within the wall such as
insulation. The rise of moisture vapour will
tend to counteract the actions of gravity on
free water. However as the net effect in
wet walls is moisture migrating downwards
there must be other mechanisms at work
that more than counteract this rising effect.

7. Timber Intercellular Drainage

The longitudinal cellular structure of timber
provides a ready conduit for drainage of
free water within the timber with gravity the
mechanism. Fig 4 is a scanning electron
micrograph of radiata pine showing the
conduits for water drainage under gravity.

Face A Transverse: T = cut ends of tracheids; L = latewood; E = earlywood; R = resin canal
Face B Radiallongitudinal: WR = wood ray

Figure 2-1 — Scanning electron micrograph of radiata pine:
Face C Tangentiallongitudinal: FR = fusiform ray

Fig 4. Cellular structure of radiata pine

Research at the University of Auckland
(ref 4) showed that when a piece of
uniformly “wet” timber was stood on end,
then the top portion dried first. After 7 days



the moisture content distribution was
measured as shown in fig 5. On both the
surface of the timber (front blue columns)
and in the centre of the timber (centre red
columns), the moisture content s
significantly higher at the bottom of the
timber compared to the top of the timber.
This mechanism particularly applies to free
water.
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Fig 5. Moisture Distribution of Vertical
piece of timber after 7 days

Small pools of water formed at the base of
the vertical timber confirming that
intercellular ~ gravity  drainage  was
happening. This was measured in wetting
of the initially dry “bottom plate” that the
timbers were stood upon. Fig 6 shows that
the moisture contents at both ends of the
“bottom plate” where the vertical timbers
were stood upright had increased
significantly compared to the centre. It also
shows that moisture is then moving along
the “bottom plate” from the wetted ends.
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Fig 6: Wetting of “bottom plate” from
vertical timbers stood upright at ends

8. Condensation and the Diurnal Cycle

Air in contact with wet timber will be high
in humidity. For a wet wall with timber over
20% moisture content, air in equilibrium
with this timber will have a humidity in
excess of 80% (ref ..). As the wall
temperature increases during the diurnal
cycle, moisture is evaporated from the
timber as the air within the cavity requires

additional moisture vapour to maintain a
constant humidity. As the wall temperature
reduces at night this additional moisture
vapour must now be released either by
absorption into the surrounding timber and
other materials or by condensation on the
coldest surface. The location of the coldest
areas in a wall need to be known.

9. Vertical Thermal Gradients

The coldest part of a wall is at the base of
the wall as hot air rises. There is a thermal
gradient of between 2°C and 4°C or more
from the top of a wall to the bottom in a
typical residential room (see fig 7). If there
is condensation, it is always going to occur
at the coldest place, ie the base of a wall.

H’___/‘\\ o e
N e —
e~ —
\ P
\J

Fig 7. Room vertical thermal gradient

Thermal and humidity gradients and
condensation were observed in a test rig
at the University of Auckland (ref ..). When
the drying test was first started with wet
timber in the test chamber, condensation
formed on the lower parts of the inner
walls within 6 hours as can be seen in fig

Fig 8: Condensation in test chamber.

Once condensed the water drains further
downwards. As the moisture may have
been evaporated from any height in the
wall, but condenses at the base, this
results in a net movement of water down
the wall.



10. Cold Claddings and Condensation
Thermal gradients also exist across a wall,
and are especially pronounced when a
“cold” cladding is installed. A “cold”
cladding it is defined as a cladding that
has very little thermal insulation value, and
includes fibre cement board and metal
claddings. This results in a cold surface on
the inside of the cladding and the inside of
the building paper as depicted in fig 9. The
inside of the “cold cladding” then becomes
a site for condensation to occur. Once
condensed the water drains downward.

Fig 9: Likely temperature gradients
through walls with and without (“cold
cladding”) external insulation.

Figs 10 and 11 are photographs of cold
claddings with the outline of the timber
frames clearly observable due to thermal
losses and condensation.

Fig 10: “Cold Cladding” lines, Albany.

Fig 11: “Cold Cladding” lines, East Tamaki

11. Cold Floor and Condensation

The subfloor structure including the
foundations and floor are always colder
than the rest of the house as they are
shaded and often embedded in the
ground. Often there is a lack of thermal
insulation on the edge of the floor to wall
joints. The bottom plate of the timber wall
sits directly on this cold floor with the least
insulation and so becomes a cold spot in
the house and the ideal site for
condensation to occur. Fig 12 is a
thermograph of a room and shows the
floor is the coldest part of the room.

Fig 12: Thermograph of room. Dark blue is
18°C.

A temperature gradient across the 50 mm
thick bottom plate of 1.5°C was measured
with a thermocouple. It was also measured
that the bottom plate was colder than the
rest of the wall. This colder bottom plate
will be the first site for condensation if this
did occur.

12. Bottom Plate is Best Position to
Detect Moisture in a Wall

That moisture transport mechanisms
discussed result in the net migration of
water to the bottom plate of a wall
Therefore this is the best place to detect
the highest timber moisture content in a
wall. If any timber moisture content
measurement in the bottom plate is higher
than 20%, then there is almost certainly a
leak above this point.



