Durisol Foundation System Investigation

Drainage Characteristics of the
Durisol Foundation Wall System
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The changes to the Ontario Building Code and proposed additions to the National Building Code, have
created a market for alternative foundation systems. The OBC now requires that below grade drainage
be added to residential basements in the form of 19mm mineral fiber insulation,100mm minimum free
draining backfill or an air gap membrane. Each system is to direct water to the perimeter weeping tiles
at the footing. The OBC also requires that thermal resistance equal to R12 be extended to the bottom
of the foundation wall. There now exists an opportunity for new foundation systems to be invented
that would offer increased thermal insulation and free drainage capability. In this report moisture
problems and issues will be discussed, as well as tests have been done to understand how a Durisol
wall will function in a basement condition.

The purpose of this investigation is to concentrate specifically on the effects of moisture transfer
through the Durisol wall in a foundation wall system. "Through field observations it has been noted that
the Durisol cement and fiber product does not *wick" or transmit moisture in a horizontal direction
through a section of the product. In numerous above grade examples it was found that the penetration
of wind bom moisture would penetrate to approximately 1/4" and then migrate down to the base of the
panel.” It is the purpose of this project to investigate, document, and demonstrate the drainage
characteristics of a Durisol wall in a foundation wall system.

Durisol is a lightweight building material made of chemically mineralized and neutralized wood shavings,
bonded together under pressure with portland cement. It has structural strengths in compression and
tension. Its most useful characteristics are; non combustibility, high fire rating, high thermal
rating, acoustical absorption, resistance to common moisture born degradation, free-draining,
low capillary suction and is vermin, insect and termite proof. The product qualifies as being
environmentally friendly.

The following aspects of Durisol's drainage characteristics were studied:

- drainage flow

- drainage rate and capillary retention
- capilfary suction

- moisture and silt penetration of wall
- moisture penetration within web

- drainage layer in Durisol layer

Once these aspects are understood, further applications and innovations may be considered.
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INTRODUCTION

The ingress of moisture is the most common problem to control in basements. Moisture can cause
problems from a small leak to a large flood in the basement. Heat loss increases as heat is carried
away by the high moisture content surrounding the basement. Other problems are freezing and
thawing action on materials, decay of materials, and high relative humidity in the summer. Itis
necessary to control moisture in and around the basement wall. Types of moisture problems and
solutions are summarized in this table.

Type of
Moisture Transport

Associated Problems

Theoretical Solutions

Problems Encountered
in Practice

Bulk water
-hydrostatic pressure

-leakage through
inevitable cracks
-efflorescence

-decay of wood based
materials

-corrosion of steel
-increased heat losses
-dampness

-good grading

-top layer of
‘impermeable soil*

-free draining backfill
-perimeter drain at
footing level

-parging plus
impermeable membrane
-draining, insulating
board

-less than perfect land
grading (ponding)

-cracks in walls

-inadequate draining layer
{small draining capacity)

-perimeter drain improperly
installed or clogged up

-storm sewers not able to
accept water from the
perimeter drain

Capillary water

-spalling of masonry and
crumbling of mortar
-efflorescence on walls
-rotting of timber floors,
joists and other wood
products

-corrosion of steel
-increased heat losses

-capillary breaking
backfill
-damp proof coarse
(low permeability-
capillary breaking,
e.g. asphalt coatings)
-capillary breaking
insulating board

-drainage layer not fully
capillary breaking due to
presence of fine soil

-damp proof coarse not
effective

-poor materials, improperly
installed, or damaged
during construction

-dampness -cracks in walls
Water vapour -spalling of masonry and  -diffusion resistant -vapour resistant
-diffusion crumbling of mortar membranes(vapour membranes not effective

-efflorescence on walls barriers) {poor installation, or

-rotting of timber floors, -external insulation damaged)

joists and other wood (improves vapour - porous walls

based products movement towards

-corrosion of steel soil)

-increased heat losses

-dampness

NOTE: same problems as

capillary water except

rate is lower
Water of Same as capillary water  -wall to dry out before -structure not dry enough
construction except once water of placing of moisture when barriers are placed,

construction is lost
problems are over

barriers
-good seasoning of
timber
-reduced quantity of
mixing water in concrete

locking in moisture of
construction

-high concrete slump
obtained by excessive
-quantities of mix water

Water from inside

the basement

-deliberate
humidification

-window opened in hot
humid summer
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-water evaporated -condensation on walls,  -provide effective
through basement floors and in concealed vapour barriers
fioor spaces -attempt to control inside
-metabolic moisture -dampness vapour pressure(adequate
-laundry -decay of wood based ventilation, control amount
-showers products of water entering inside)
-cooking

Lennard M. Tenende, "Drainage Characteristics of Mineral Fibre Insulationn,” Department of Civil Engineering
University of Toronto, 1982

MOISTURE MIGRATION THROUGH BASEMENT WALLS

There are three ways water migrates through walls:

1.)hydrostatic pressure

2.)capillary action
3.)vapour pressure

"Effects of bulk water, such as leakage, are dramatic but usually relatively easy to control. On the
other hand the effects of capillary water and vapour are more subtle. They are difficult to control and
therefore require much more care in selection of materials, detailing and construction. Water vapour is
especially troublesome in that it can come from both the soil outside as well as the inside
environment."

Joumal of Performance of Constructed Facilities, Vol. 8, No. 1, Feb. 1994, Robert W. Day

Hydrostatic Pressure

Hydrostatic pressure is a result of the force of gravity. A buildup of water against the basement wall
will cause a pressure against the wall. Any cracks within the wall will allow water in due to the
pressure present. Free draining backfill has been used traditionally with a layer of gravel around the
perimeter to act as a better drain. Sometimes this free draining material is mixed with fine soil which
lowers the backfill's draining capacity. . A faulty perimeter drain will also create draining problems.
These factors can create a perched water table resulting in bulk water pressure against the basement
wall.

New methods have been suggested to help prevent hydrostatic pressure. A layer around the wall is to
be installed to maintain an atmospheric pressure on the wall. A vented space or a draining layer
between the wall and the soil, are two options. This space will provide a path for free water to migrate
down to a perimeter drain without contact to the basement wall.
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Traditional Methods For Solving Moisture Problems Due To Hydrostatic Pressure
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Water can be drawn above the water table by capillarity. Capillary water is under negative pressure
with respect to atmospheric pressure and is therefore in tension. This surface tension can draw water
into hydrophilic materials. Capillary head is the height of the water column. The size of the spaces
between the particles in a material is a factor in its capillarity.

Capillary characteristics of the soil placed against the basement wall will determine the amount of
capillary water drawn to it. Coarse gravel or sandy gravel performs well as a capillary breaking layer
because it has a very low capillary suction. Often we find that gravel will contain large amounts of
fine sand and silt. This prevents the gravel from being a good capillary breaking layer.

Material Particle Si illary H
concrete 10km
coarse gravel 0.82mm 54 mm
fine gravel 030 194

sandy gravel 020 284

silty gravel 006 1060
coarse sand o 80
medium sand 002 23%

fine sand 003 1656

silt 0.006 xR

T.W. Lambe and R.V. Whitman

The pores in the typical basement wall are finer than the ones in the soil. Once bulk water or capillary
water in the soil gains contact with the wall it will draw the water into itself and become saturated. A
concrete wall can draw water to a height of 10km. The materials used must be allowed to evaporate.
If drying is prevented by sealing the wall surfaces, i.e. damp proofing, capillary water can rise to the
top of the wall. The materials that may come in contact with this moisture will rot and decay.



Duwnisol.

Vapour Diffusion

Vapour diffusion takes place due to a change in vapour pressure. Vapour transport takes place in the
direction of low vapour pressure. The psychometric chart shows the interaction between temperature,
moisture content and the relative humidity of the air. The curved lines represent constant relative
humidity.
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A basement wall that has been fully protected against bulk and capillary water can still absorb water
from the soil or the interior through vapour diffusion. Due to a temperature gradient within a basement
wall condensation will occur. The location of insulation will control the area of condensation within the

wall. Insulation placed on the exterior will allow the water in the wall to dry out toward the soil. There is

no danger of decay towards the inside of the wall. The wall will be warmer and there is no freezing
damage to the masonry or concrete.
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Traditional methods of controlling moisture problems are very vulnerable. They depend on the critical
links and if one of the links fails the whole system fails. New methods are being used to manage

moisture in the basement. T,_[

!

®
®
®
®

®

Control of moisture in the traditional basement wall.

1. rendering 2. top soil 3. free draining backfill
4. parging 5. damp-proof membrane

6. gravel or crushed stone

Lennard M. Tenende, "Drainage Characteristcs of Mineral Fibre Insulation,"
Department of Civil Engineering University of Toronto, 1982

The perfectly functioning basement wall has no hydrostatic pressure against the wall, no capillary
suction into the wall, and no vapour diffusion in the wall. This barrier system allows no flaws in
construction or material. We must take steps to control or modify the environment of the basement
condition. New materials must be looked at that can begin to offer these conditions that are required
from a basement wall, that will relieve the forces that are acting on the basement wall. Materials that
work solely or in combination to be insulating, draining, capillary-breaking and sefffiltering.

Durisol is a material that has many properties that could be exploited to the benefit of basement wall
construction. Through further research and testing we will be able to tell whether this new material can
create a new environment in the management of moisture in the basement wall system.
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DURISOL MATERIAL

Durisol is a lightweight building material made of chemically mineralized and neutralized wood shavings,
bonded together under pressure with portland cement. It is an open-textured product, highly durable,
rated practically incombustible, vermin proof, and does not rot or decay. The wall forms are
manufactured entirely of Durisol. They are available in a number of shapes and sizes. Different wall
thicknesses are offered to accommodate differing load carrying requirements. Shapes, such as comer
forms and square end forms expedite and simplifiy construction. The fill concrete and reinforcement
must meet all construction and design requirements as recommended within the Building Code
Requirements for Reinforced Concrete.

DURISOL MATERIAL PROPERTIES

The characteristics that make Durisol a practical material to be used in a basement wall system as
follows :

density 30-35 IbsJeu ft.
strength
compressive 200-500 psi
tensile 100-140 psi
shear 330-500 psi
modulus of elasticity 50000 psi
thermal concuctivity (K) 0.571 Btuin/sq.fth. 'F
coefficient of thermal
expansion 0.000008 in/in/F
surface burning characteristics
flame spread 5
smoke developed 0
fuel contributed 05
water vapour permeability no resistance
water absorbtion 18%by weight @95%R.H.
capillary slight
toxicity none
degradation due to:
temperature none below 500'F
freezefthaw negligible if drained
moisture none
fungal/bacterial does not support growth
termitesfinsects none
rodents none
age none
weathering negligible loss of surface material
sound absorbtion (NRC) 075

Durisol, "Technical Notes - Durisol Wall Form System Design Data and Recommended Practices,” Durisol Materials Limited

These conditions do suffice to lead into an investigation of Durisol functioning within the below grade
condition of the basement.
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Durisol material has many characteristis that allow it to function within a basement wall condition.
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1. top soil 2. back fil 3. gravel or crushed stone
4. Durisol Form Wall 5. interior surface

6. concrete core 7. Durisol surface
8. insulated foam inserts

Advantage of the Durisol system is the wall acts as a complete system with insulation found within the
wall and the free draining characteristic of the Durisol surface. This report further tests this possiblity
for this new material within the basement condition. The investigation looks at the drainage flow, free

drainage, capillary suction, moisture penetration and the thickness of Durisol involved in the drainage
process.

The invetigation of the unique properties of Durisol make it a very interesting possibility for the
basement wall condition.



