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FOREWORD

While cross-laminated timber (CLT) appears to be finally entering the
mainstream, there is considerable inertia in the construction industry that
impedes the greater adoption of this truly innovative material. The benefits
are clear - building in timber is quick, clean, and easy. It can be achieved
with a measured accuracy and lack of noise, waste, or need for material
storage space. It has notable benefits in terms of warmth, acoustics, and
structural efficiency. In a world ever more concentrated in urban areas,
timber is the basis for safe and healthy cities composed of exceptionally

designed and responsibly constructed buildings.

The only surprise to us is that the uptake in mass timber has not been faster.
Historically there has been a lack of interest in developing construction
technology - a serious problem for our field, and for the world at large. If
one reflects on the massive demand for housing, the fact that our industry
is responsible for such huge energy use and consequent carbon emissions
worldwide, and the tremendous influence our industry has over the overall
GDP of the United States and all nations, the question is obvious: Why are
we not encouraging governments and the building industry world wide to
invest in solutions that will solve the problems that affect our society as a

whole? And beyond that, can we afford not to?

If we're going to solve big problems within the architectural realm, our society
needs to invest in finding solutions. There is no singular voice or all-powerful
entity that defines our profession’s response to the greatest challenges of
our time. As a result, we need to amass our voices and generate a change

of attitude towards research and innovation into construction.

The work illustrated in this book is the product of a few committed
professionals who have labored to prove to clients, contractors, and
authorities that any code requirements that are met by concrete and steel
can be met and exceeded by timber. These projects start to demonstrate a
timber architecture with its own form of expression, perhaps one that will

inspire more of our contemporaries to take a step towards solid timber.

Image: Binderholz sawmill, Austria © Waugh Thistleton Architects
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INTRODUCTION

The world is in the midst of a housing crisis with a global mass migration to
cities. The UN predicts that 66% of the world’s population will be resident
in urban areas by 2050." In order to deal with this flow of people, the way
housing is delivered in our cities needs to be addressed with more high

density, mid-to-high rise buildings required.

The implications of this in terms of climate change are considerable while
urban structures are predominately built in steel and concrete. The production
and use of cement is responsible for approximately 8% of the world’s CO2

emissions,® a figure that will increase if urban construction trends continue.

At the same time a gradual decline in construction productivity over the
past 50 years presents further challenges in meeting the growing demand

for homes.3

Timber, nature’s own bui|ding material, is both rep|enishob|e and sustainable,
offering an alternative way of meeting the growing housing demand. If
we build in timber, as opposed to traditional materials with high levels of
embodied carbon, we can save an average of 45 tons (40 tonnes) of COz2

per dwelling.* At a global scale this can make a vital difference.

Traditionally, timber has not been used for high density buildings. However,
the recent development of mass timber products has enabled timber to
compete structurally at scale. Highly engineered products that overcome
many of the issues associated with traditional timber frame have put wood

construction back in the running.

This report sets out a study into 100 of the most significant buildings
constructed from CLT in the United Kingdom over the past 15 years. We
have contacted a wide range of individuals and businesses to interview
them about their experiences building in CLT. The opinions have been
collated and the findings set out in these chapters. Following these we have
appended details of the 100 projects from the study and the names of the

consultants, contractors and clients involved.

Image: Softwood forest, Austria © Waugh Thistleton Architects



CLT

The emergence of cross-laminated timber (CLT) over the last two decades

has provided a viable alternative to concrete and steel construction.

Devised less than twenty five years ago, CLTis a modern timber product, which
utilizes a range of species and grades for high performance applications.
Cross-laminating is a way of optimizing varying grade softwood to create

boards with a high and predictable strength.

CLT panels consist of layers of structural lumber boards stacked in
perpendicular layers and glued together under high pressure. A cross-
section of a CLT panel is typically fabricated with three to nine layers of
boards. By alternating the orientation of the layers of wood, expansion and
shrinkage in the plane of the panel is minimized. The result is a considerable

increase in stability and structural capacity.

The engineered composite formed through the lamination enables taller,
stronger, more stable and safer timber structures that are able to comply
with the more onerous demands of high-density building. In this way the
multiple issues that have prevented timber frame from entering urban

typologies can be overcome.

Broadly speaking, using CLT allows us to construct lighter, better quality
buildings, more quickly, with reduced foundations and fewer deliveries to
site. This method of construction leads to safer, cleaner, quieter sites, with
a reduced number of workers and consequently less nuisance to neighbors

in a dense urban site.

The material itself contributes to thermal and acoustic insulation and has
verifiable health and well-being benefits. The timber structure locks carbon
within its fabric, an intrinsically sustainable and modern approach to

construction that produces high quality, high performance buildings.



HISTORY

CLT has its origins in the traditional timber technologies of central Europe
and Scandinavia. Modern CLT resulted from joint research between industry
and academia in Austria in the mid 199os and its development has been

supported by ongoing research.

In the early years, a few small timber manufacturers in the sub-Alpine regions
of Germany, Austria and Switzerland experimented with the new composite

and it was used in the construction of buildings up to three storeys.

In the early 2000s, manufacturing and construction techniques had matured
enough for full-scale production to begin. The use of CLT spread across

Europe and developed particularly in the UK.5

As the reputation of the technology has spread, other European countries

have begun to set up their own manufacturing facilities.



MANUFACTURE

CLT is made from boards of timber, approximately 1-2 inches (20-4omm)
thick, which are sorted, finger jointed together into long strips and arranged
side by side to form layers. These are glued and pressed to form panels
of multiple layers (minimum of 3). Each layer is at go degrees to the one

before, forming the cross-lamination.

Lumber boards are kiln dried to a moisture content of 10-14%?¢ which assists
with adhesion and reduces dimensional variations and surface cracking.
Defects that influence the strength of the boards, such as large knots, are
removed and the boards are trimmed and finger jointed to obtain the desired

lengths and quality of lumber.

The panels are assembled by placing the boards side-by-side to form solid
wood layers. Each successive layer is laid perpendicular to the preceding
layer with adhesive being applied between layers. Once assembled the
board is then pressed, in either a large hydraulic or vacuum press, and

finally cut to size and/or milled to specification.

In Europe, two glues are typically used in CLT production: PUR, polyurethane
based adhesives, or, less commonly MUF, Melamine-Urea-Formaldehyde
based. PURs are preferred as they are solvent and formaldehyde free
ensuring low toxicity and aiding future re-use or recycling, however the

adhesive selection can be influenced by fire requirements.”

A test of five different CLT panels indicated no impact on internal air quality

by the emission of volatile organic compounds (VOCs) from the CLT.®

Wood chips + sawdusﬁ %

Biomass power

Biomass fuel +

\\4 animal bedding

-7% during kiln drying -15% through cutting + planing

CLT panels for distribution

The production of CLT is a closed loop process in which most waste is reused. The diagram shows the principal activities

and efficiency.
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CLT is produced at a variety of qualities to meet the requirements of
various applications. Generally, this range is non-visible quality (NVQ),
industrial visible quality (IVQ), and visible quality (VQ), decreasing in visual

imperfections and increasing in appearance quality respectively.

The various manufacturers produce panels of different dimensions, the size
of which is impacted by the constraints posed by transportation. While larger
panels can be manufactured, their delivery can require special measures
such as notification of authorities, road lane closures and police escorts,

adding complexity and cost.

THE TIMBER

The timber species that are typically used for CLT are coniferous, evergreen
softwoods predominantly Spruce, with varying quantities of Douglas Fir,

Western Larch and Pine.?

A typical tree harvested for CLT will be around 8o years old and 100ft tall.®
Sawmilling has a yield rate of around 60% by volume. The kiln drying,
planing and cutting causes a further 25% loss. As a result, from every 100ft3

of log around 45ft3 of CLT can be produced (0.43m3 CLT from 1m3 log)."

In most CLT plants the lost material is not wasted - all of the offcuts and
sawdust are processed into co-product and biomass that is used to run the
factory equipment, the kiln and provide fuel for local communities.” This is
an optimized process that allows most production to be self-sufficient in

terms of energy use.

CONIFEROUS DECIDUOUS
50m
40m
30m
20m
10m
SPRUCE FIR BEECH OAK
Height: 30-55 m Height: 30-40 m Height: 30-35 m Height: 20-30 m
Mature age: 8o0-120 years Mature age: 9o-130 years Mature age: 100-140 years Mature age: 120-200 years
Maximum age: 150-250 years Maximum age: 500-800 years Maximum age: 200-300 years Maximum age: 500-800 years

Comparing the fast growing softwoods used in CLT manufacture with typical hardwoods.



FORESTRY

The Forest Stewardship Council (FSC) and Program for the Endorsement
of Forest Certification (PEFC) are certification bodies for the forestry
industry. In addition to country regulations, third-party certification confirms
that forests are managed in a responsible and sustainable way ensuring
diversity, supply and good conditions for workers. Across the world over 1
billion acres of forest is certified, with 16% of this having both PEFC and
FSC certification.®

This certification is only awarded to products when chain of custody
certificates demonstrate that all companies that have handled and
processed the timber are accredited. In this way a fully sustainable industry

is maintained.

Most CLT manufactured in Europe is produced from timber grown and
harvested in Austria and Germany. Both are heavily forested at 48% and

32%" respectively, with established forestry industries.

Despite felling, forest coverage in Austria and Germany is increasing year
on year.” The managed forests from which the timber for CLT is sourced are
contributing to an increase in forest coverage. Controlled harvesting from

these forests must be distinguished from global concerns of deforestation.

Timber is the only mainstream construction material that can be considered
as truly replenishable due to the speed at which it grows. PEFC and FSC are
the most established regulatory and certification bodies for a construction

material’s sourcing ensuring the production of timber is fully sustainable.

In Austrian and German forests alone, enough timber is grown within one
hour to produce the CLT required for Dalston Works (pg. 228-229), currently
the largest timber building in the world. On this measure, an average dwelling
of 1,000ft3 (30m3) would be grown every 20 seconds with the 2,440,000 ft3

(70,000m3) of CLT used for the 100 case studies growing in 14 hours.”

Image: Softwood forest, Austria © Waugh Thistleton Architects
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CLT BUILDINGS IN THE UK

The UK has one of the most diverse range of CLT buildings in the world. The
reasons behind this are multiple and varied, however one key driver is the

nature of the legislative structure that governs construction in the UK.

The construction regulations of most countries define specific parameters
to which the design must adhere. These regulations will tend to dictate the
maximum height for buildings constructed from a combustible material,
such as timber. Typically, a maximum number of storeys is prescribed for a
fully exposed, partially exposed and fully encapsulated structure. In such

environments, the limits can only be increased by a change in the law.

In contrast, the UK building regulations are descriptive rather than
prescriptive. They indicate a series of performance requirements and it is
the responsibility of the design team and consultants to demonstrate that

the proposed solution meets these criteria.

CLT buildings in the UK have to meet the same performance criteria as other
building methods and the uptake has not been a completely smooth and
effortless journey. This modern method of construction has been advocated
and pioneered by architects and engineers across the UK who have gradually

overcome the various barriers that have stood in the way.

The extensive portfolio of CLT buildings in the UK demonstrates how
engineered timber has and can be used across a range of sectors. Each of
the 100 schemes detailed demonstrates an application of CLT and sets a
precedent to further the use of CLT in the UK and the rest of the world.

The map of the United Kingdom shows the locations of the 100 case study

projects.
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This enlarged map illustrates the spread of the 48 case studies
built within London; which has become a key focal point for the

use of this material.

Even within the capital, hot spots of CLT construction can be
identified, for example the London Borough of Hackney. This
high concentration of engineered timber buildings is a reflection
of Hackney Council's commitment to sustainability. In 2012 the
local council came close to implementing a ‘Timber First’ policy,™®
whereby planning applications would have to demonstrate that
a timber solution had been investigated as an option for each

scheme proposed within the Borough.

While policy was not implemented it is evident that to a preference
for and knowledge of timber within the local government has had

an impact on construction within the Borough.

“When | saw Murray Grove, the world'’s first ¢ storey residential
timber building in Hackney, it was clear that there was real
potential for a step-change in sustainable construction. |
am delighted and proud that Hackney has played a part in
the story of tall timber buildings. | hope this will encourage
others to embrace engineered timber in construction.”

Councillor Vincent Stops, Hackney Council.
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BENEFITS

As humanity reassesses its relationship with the planet from one of
exploitation to one of investing and protecting our natural assets, so we
transition from using materials that are extracted from the ground and
pollute the atmosphere, to prioritizing the use of that which is naturally
grown. This process will start to reverse the damage to the environment

caused by mass global industrialization over the last two centuries.

Trees provide us with an abundant, replenishable source of material. When
used in buildings, timber offers unsurpassed benefits to the health and
wellbeing of those involved in the construction, those living nearby and

those that live or work inside the completed building.

In terms of the planet, one of the greatest attributes of timber is that it
absorbs carbon during growth. By using more timber in the construction
of our buildings we can remove increased amounts of carbon from the
atmosphere. By producing buildings that act as carbon stores, we can
make a significant contribution to carbon reduction and help to mitigate the

impact of climate change.

Image: Roundwood, Austria © Waugh Thistleton Architects
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LIFE-CYCLE ANALYSIS

Carbon exists throughout the planet as reservoirs - forests, oceans and open
land have significant potential for both storing and emitting carbon. The
constant movement of carbon between these various states is known as the
carbon cycle. Balanced levels of carbon in the atmosphere are maintained

through absorption and emission on the surface of the planet.

The recent increased combustion of fossil fuels that had stored carbon for
millennia has disrupted the carbon cycle, increasing the concentration of
carbon in the atmosphere and creating change in our climate. Given the
time scale over which these stores were created, the released carbon will
not be re-absorbed at a fast enough pace to reverse the damage already

caused and to stop severe climate change.

Comparatively the carbon cycle within a forest is dramatically shorter with
carbon storage within trees taking decades as opposed to millennia. As trees
grow they absorb carbon dioxide from the atmosphere for photosynthesis,
they then release the oxygen and store the carbon within the wood. As a
tree approaches full size the rate of this carbon sequestration plateaus.
Eventually the tree will die and decay slowly releasing the carbon back into

the atmosphere, a natural part of the lifecycle of a forest.

In managed forests the trees are felled before the end of this lifecycle.
The carbon remains within the harvested timber. For each tree that is felled
others are planted in its place. Additional planting year on year ensures a

net increase in the carbon stored within managed forests despite harvesting.

All timber products, including CLT buildings, act as carbon stores. Effectively,
when we build in timber from sustainably managed forests we are increasing
the capacity of the world's carbon sink. The scale of today’s construction
industry offers the opportunity to create a new carbon reservoir within the

fabric of timber buildings.
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ATMOSPHERIC
CARBON

The Carbon Cycle - it is estimated that there is about 30% more carbon dioxide in the
atmosphere today than there was 150 years ago. Ice cores show that there is now more
carbon dioxide in the atmosphere than there has been in the last 420,000 years.
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CIRCULARITY - END OF LIFE SCENARIOS

As part of the overall impact of a building, the whole life carbon cost should
be considered, especially where the stored carbon is a factor. We must
consider that in the next 50 years some of the early CLT buildings will be
decommissioned and, while the timber can be used for fuel, it would be

preferable for the carbon storage to be extended through reuse or recycling.

As a new technology there are few precedents set for end of life recycling
or reuse. However, at this early stage in CLT's development we have the
opportunity to plan for this now. We can design with the objective of
maintaining the CLT as a carbon sink when a building is decommissioned;

designing for reuse and recycling, rather than energy production.

Forests absorb COz2 from the
atmosphere through photosynthesis.

Wood can be burned for / Trees are a renewable resource
clean energy and store carbon.

=
/
%

Wood products can be Manufacturing processes
reused or recycled to create typically use all parts of the
new products. log, producing no waste and

little pollution

Timber buildings store carbon in
their structures for the period of their
maintained life.

© Yugon Kim

30



Contaminants are the most significant obstacle to wood recycling. Research
by The Waste and Resources Action Program (WRAP) outlines the cost and
time implications of removing contaminants, and highlights that preventing
contamination in the first place is the best and easiest method to ensure

that wood can be recycled and reused.

The glues typically selected for CLT manufacture are low hazard, meaning
that the panels that leave the factory can be recycled or reused. By keeping
re-use in mind during the design stage, designers can ensure that the CLT is

not treated with toxic products, which would inhibit recycling.

An example of how this is achieved is the Sky Health and Fitness Centre
(pg.250-251). Structural and fire engineering design allowed the CLT to be
exposed whilst avoiding the need for almost all applied spread of flame
treatment. Considering the reuse at the early stage of design has ensured
that the panels used within this scheme have a greater potential for recycling
at the end of the building’s life.?

The cascade principle is based on the idea that the value of a product,
both in terms of its material and capital should be maintained for as long
as possible to maximize a material's useful life. In essence a CLT panel is
a high quality and valuable product that can be repeatedly processed into
lower quality products with use as biofuel being the last and final option.
The benefit here is that each new life the material is given extends the

period for which it remains a carbon store.

Sky Health and Fitness Centre, dRMM © Paul Carstairs/ARUP



G CARBON INTENSIVE
L

FRAME SUBSTITUTION

The processing, manufacture and transportation of modern timber products
result in a significantly lower embodied carbon figure than other, traditional

construction materials.

It is not straightforward to directly compare the embodied carbon of one
ft3 or a pound of a specific material as the volume or weight of material
used for the same building will vary depending on the structural system
and performance. Research studies have compared the embodied
carbon of concrete, steel and hybrid structural frames, all generally
illustrating a similar level of embodied carbon, at around 55lbs.CO2/ft?
(225kgCO2/m?) for the superstructure of an open plan commercial type
building.3 This embodied carbon figure is for ‘cradle to site’ incorporating

extraction, processing and delivery.

Comparatively based on the open plan pure timber commercial buildings
in our study, the equivalent embodied carbon of the timber structure, not
including the sequestered carbon, is 12lbs.COz2/ft* (63kgCO2/m?). By
substituting a CLT frame for a concrete or steel structure the embodied

carbon of the building can be vastly reduced.

The diagrams illustrate that a CLT frame includes internal walls, as well as structure,
compared to a reinforced concrete frame, which requires infill.
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REDUCED FOUNDATIONS

The design of any engineered timber building must ensure that the timber
is protected to avoid contact with moisture that could cause mold growth or
decay. In most instances, concrete or other masonry materials are used for

the foundations of timber buildings.

While timber should rarely be used for below ground works, the weight of
a CLT structure can significantly reduce the requirement for foundations,
resulting in an overall reduction in the volume of concrete used for the

ground works as compared to a traditional build.

~

—~——-

The diagram indicates an approximate reduction in the raft foundations required for a CLT
version of the Dalston Works scheme.

REDUCED SECONDARY STRUCTURE AND
FINISHES

In contrast to most frame technologies, CLT panels can be utilized to form
entire walls, floors and roofs which reduces, and in some cases removes, the
need for any secondary structure. In addition, when exposed as an internal
finish, the use of CLT reduces the volume of finishing materials required to

line walls and form suspended ceilings.

Reducing the volume of high-embodied carbon secondary materials, such as
dry wall or aluminium cladding, can significantly further reduce the carbon

footprint of the building.
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STRENGTH AND RESILIENCE

Cross-laminated timber and glulam offer high strength to weight ratios that

in many cases equal those of steel and reinforced concrete.s

CLT panels provide high levels of strength throughout the structure. This
strength is demonstrated both in-plane, resisting shear forces and carrying
load and out-of plane, where a panel acts as a bending slab. This two-way

load resistance is similar to the behavior of reinforced concrete.®

Additionally, the cross lamination ensures high levels of dimensional stability
with little deformation of the panels to in-plane load. Out-of-plane load,
and in particular localized compressive load, for example in a floor slab at
the base of a wall panel, is more likely to result in deformation, however this
is able to be calculated precisely and accounted for within the dimensioning

Of an over0|| structura| frcme.

P

> SH,

b

CLT can resist load both as a beam (ie. in-plane), or a slab (out-of-plane)

Where the compressive load is likely to be high, for example at the lower
levels of a multi storey building, slab panels can be reinforced by using
localized grout pockets or by driving screws or hardwood dowel into the

timber as reinforcement.
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Innovative engineered timber panels are currently under development
which include hardwood and carbon fiber layers within the panel leading to

substantial increases in strength.

FIRE

A key advantage of CLT is its inherent fire resistance. In most cases, the
charring of the timber surface during a fire protects the material beneath
which maintains its structural integrity. In this way, significant structural fire
protection can be achieved within the material items and CLT panels can be

produced with fire resistances of up to 60 minutes.

In practice, a combination of the timber charring and fire resistant boards

are commonly used to achieve the necessary fire rating.

Great care should be taken with regard to the resistance to fire and the
potential for escape from all buildings, whatever their construction material.
The fact that timber is a combustible material encourages the designer of
timber buildings to pay particular attention to these issues, although this

should be the case for all buildings.

SEISMIC ACTIVITY AND EXPLOSIONS

Under exceptional loads, such as from earthquakes, CLT and its connections
flex and absorb energy from the vibrations, acting as a damper. This is
in contrast to concrete and steel, which are more likely to fracture or

disintegrate under these forces.’

The most robust study to date to quantify the seismic behavior of CLT
construction is the SOFIE project undertaken by the Trees and Timber
Institute of Italy. A seven storey structure was shown to be able to withstand
significant sustained vibration, up to the strength of the Kobe earthquake of

1995 without any significant damage.®

Last year the U.S. Department of Defense subjected CLT and other materials
to a series of live blast tests which showed in slow motion the way in which
the timber bows and absorbs much of the energy of the blast, resulting in

little permanent damage.®
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BENEFITS IN CONSTRUCTION

SPEED

The program savings that can be achieved using CLT are generally
considered the most significant benefit and biggest cost saving associated
with this system of construction. Typically, the overall construction of a CLT

scheme will be 20% faster than an equivalent scheme in reinforced concrete.

This time saving is not only the result of the speed at which the pre-fabricated
elements of CLT are erected, but of the significant time savings in the later
stages of construction. These gains are principally acheived through the
accuracy of the finished structure, the structural stability, concurrent working

and the ease of fastening into timber.

Both installation of the prefabricated CLT panels and subsequent works are
easier, quieter and safer, reducing or completely avoiding wet trades and
reducing the number of personnel required to erect the superstructure by

around 50-70%.%
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The Gantt chart indicates the approximate program adjustments that would be expected for a CLT scheme compared with a
traditional reinforced concrete build.
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KLH UK lists the following approximate time savings for various aspects of

the build:™
- Services (MEP) - approx. 30-50% faster
- Dry liners — approx. 20-30% faster
- Window & door installers — approx. 20-30% faster
- Insulation installers — approx. 20-30% faster
- Cladding installers — approx. 20-30% faster

Reduction in program time has financial benefits in reducing on-site
overheads, shortening loan terms, personnel costs and allowing for the

earlier occupation of buildings.

The reduced program offered by CLT can also enable time critical projects to
be realized. This can be a crucial consideration for many projects, including
schools, for which funding periods can be set and term time dates and new

intake levels fixed.

81% of the education case studies stated that time savings were one of the

primary factors in the choice of CLT for their project.

81% 58%

Education projects that highlighted Projects accross all the sectors
speed as a primary benefit that highlighted speed as a
primary benefit
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WASTE AND LOGISTICS

A typical CLT structural frame is prefabricated off-site and includes openings
and service voids. As a result of this there is almost no waste from the
erection process of the structure. This can have benefits in terms of the site
operations in that there is no need to take up large areas for site waste

storage prior to disposal.

Savings in site logistics are also achieved from the ability to crane panels
directly and quickly into place from a delivery vehicle. Frequently the
erection of the frame can be undertaken using a mobile crane eliminating

the requirement for a tower crane, with the expense and additional structure

they require.
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HEALTH AND SAFETY ON SITE

With the reduction in material and weight, there is a reduction in the labor
required to construct a pre-fabricated CLT frame, and the health and
safety considerations on site can therefore be commensurately reduced.
Furthermore, the completion of entire solid walls concurrently with floors
reduces the risk of falls from height and gives a dry and warmer working
environment. Where stairs are also included in the frame, each completed
level offers a safely accessible workspace with limited need for additional

protection.

The construction of CLT buildings is quieter and creates less dust and waste
than traditional construction sites. This makes for better working conditions
for construction workers and a cleaner local environment, an important issue

particularly in urban locations.

In comparison to a concrete or steel construction site, the noise levels
from CLT construction are dramatically lower. Because the panels are pre-
fabricated to minute tolerances there is no heavy machinery required on
site. The majority of work involved in fixing into the timber is achieved with
cordless power tools. This makes for both a significantly quieter and less

toxic working environment.

Furthermore, the timber itself absorbs airborne vibrations significantly
reducing reverberant noise levels both on and off site. The inclusion of
external walls within the superstructure means that the majority of the
working space is partially enclosed which further limits sound nuisance to

neighboring properties.

Deliveries of the structure are also greatly reduced, often by as much as
80%." The effect of construction site deliveries on the urban environment
in the UK is becoming an increasingly widely discussed issue. Pollution from
engine fumes and tires has been demonstrated to have a major impact on

air quality in the urban areas of the UK.
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HEALTH AND WELLBEING

In 2015, Planet Ark, an Australian not-for-profit, environmental organisation.
published a review of studies analysing the health and wellbeing benefits of

wooden interiors in homes, businesses, schools and hospitals.

“We know that workers are less stressed and more productive, students learn
better, patients heal faster, and people are generally happier and calmer

in indoor areas which contain wooden elements,” says David Rowlinson.*

The review identified that the increased use of wood has measurable
physiological and psychological health benefits. Exposing timber in interiors
has a number of measurable health benefits for inhabitants including
reduced blood pressure, heart rate and stress levels. Studies also show that
living or working in a wooden interior can improve a person’s emotional state

and their level of self-expression.’

In schools, this can include greater levels of attention and receptiveness to
learning. At the Ickburgh School (p.136-137), the head noted that the wood

had a beneficial impact on the stress levels and behavior of the children.

The review identifed studies that show that the presence of wood in offices
can dramatically improve visitor’s impression of the company, conveying
feelings of innovation, energy and comfort. Companies with timber interiors
report higher levels of staff retention, greater levels of productivity and

lower levels of sickness.

In addition to the psychological and physiological effects of timber, the use
of wood has a beneficial effect on air quality through moderating levels of
humidity, absorbing moisture in humid conditions and releasing moisture in
dry conditions. This also reduces discomfort from high humidity that often

accompanies high temperatures.

Another feature of wood is that it does not become electrically charged,
which inhibits the raising of dust, reducing allergens and increasing the

quality of life for those suffering with respiratory problems.”

Timber surfaces and massive timber panels have an acoustic benefit,
absorbing sound and so improving comfort, particularly in more public

environments.
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DESIGN FLEXIBILITY AND
AESTHETICS

A structural system that is entirely timber offers opportunity for new forms
of architectural expression. This provides us with an extensive range of
innovative and distinctive buildings, many examples of which are included

in the case studies in this book.

These illustrate the simple composite action that CLT construction enables,
where walls and balustrades can act as beams above slabs and cantilevers
can be achieved with the straightforward extension of a slab. Multiple load
paths allow engineers to create efficient, well-honed structures, leading to

a range of structural possibilities.

At the mixed-use building on Whitmore Road (pg.192-193) the party walls
between the apartments at the top of the building act as deep beams
holding the roof of the open plan photographic studio beneath. Similarly,
the complex folded roof of the house extension at Hunsett Mill (pg.18o-
181) is designed to be stiff enough to support the first floor which is hung

beneath.

The high strength to weight ratio and the low thermal conductivity make
cantilevers straightforward to form. Examples within the case studies include
the roof of the Queen Elizabeth Olympic Park Timber Lodge (pg.294-295)
and the Wedding Chapel in the Tower of Love pavilion (pg.282-283).

The natural beauty of the raw material provides an attractive internal finish
with the added expedient of not having to line out the structure. Many of the

case studies demonstrate how this advantage has been exploited.

The monolithic Architecture Archive (pg.244-245) exposes almost the entire
structure both internally and externally. Similarly, Barrett's Grove (pg. 206-

207), a development of six homes, exposes all internal walls and ceilings.
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DESIGN FACTORS

As a high quality engineered product, the material cost of CLT is typically
around 30-40% higher by building volume than traditional structural
materials. The cost is determined by a range of factors including the
dimensions, quantity and whether conventional hydraulic pressing or more
specialist vacuum pressing is required (needing more time and labour), the

complexity and scale of the project and the finish or grade or timber used.

While there is a higher apparent cost, a CLT structure provides far more
than a basic structural frame. It will usually include external and internal
walls, stairs and lift shafts. Additionally, there are a number of consequential

savings resulting from the lightness, accuracy and workability of the timber.

A lack of awareness of the potential benefits can result in cost consultants
using a base cost per square foot of floor area for the frame, showing CLT
as a more expensive solution. Working with an engineer, cost consultant and
main contractor experienced in the construction of CLT buildings is key to

ensuring the various possible savings are realized and accounted for.

Image: Architecture Archive, Hugh Strange Architects © David Grandorge
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OPTIMIZING

To ensure an optimized scheme it is essential to design a project as a CLT
structure from the outset. CLT members do not perform in the same way
as concrete and steel. Designing with an appreciation of the benefits
and restrictions of the system will lead to a far more efficient architectural
solution. This approach also ensures that all the associated benefits can be
planned for. While schemes can be adapted for CLT at a later stage this can

result in missed opportunities and diminished savings.

Key to the delivery of a CLT scheme is the appointment of a design team
that is enthusiastic to engage with CLT construction from an early stage
in the design process - this was directly identified by nearly a quarter of
the case study respondents as a key lesson learned. The following section

outlines the ways in which working with the right team can reap rewards.

STRUCTURAL PRINCIPLES

CLT uses a large volume of timber compared with timber frame, which
increases the volume of carbon sequestered. Even as a renewable resource
designers should be considerate and efficient with materials, optimizing the

size of elements.

Typically, a CLT solution up to around four storeys would utlilize more
material than needed to perform the structural work required, however the
same is often true for concrete frames in low rise schemes.' For buildings of
this scale, a timber frame or SIPS structure may be more appropriate, solely

utilizing CLT panels for the floor slabs and core.

While CLT is often not the most structurally efficient solution for low rise
schemes, the other benefits of CLT often merit its use, for example the
simplicity of a CLT structure and the performance of the panels and quality

of construction.
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MATERIAL EFFICIENCY

It is evidently advantageous to optimize panel use to reduce material use
and therefore cost. Further savings can be achieved thorough progressively
reducing the thickness of wall panels up the height of the building which

uses less material, reducing the overall loadings.

In addition, floor build-ups in CLT are typically less than those achievable
using more traditional methods, which can lead to overall reductions in floor
to floor heights. Over a taller building this incremental gain can enable an
additional storey to be built within a height limit, or alternatively allow for

more generous floor to ceiling heights.

CUTTING AND ROUTING

While basic routing of openings will be included within the cost of CLT
panels, more complex cutting can significantly increase costs.? An increase
in the time spent on the cutting bed, particularly complex routing on both
faces, requiring turning or rotating of the panel, will impact the cost of the
panels. In many cases, however, this can be offset by material and time

savings where site work is reduced.

Another primary consideration when planning openings is the lost material.
In most facilities, the off-cut CLT is processed into biomass, however the

costs tend to be based on the volume of the full panel.
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Where particularly large openings are needed it can be more cost effective
to form openings from multiple pieces of CLT. The benefits should be
considered against the additional lifts on site and additional joints that can
increase the construction period and have the potential to reduce accuracy

and structural performance.

For most residential scale openings, a small loss of material tends to be
the more cost effective option. Working with engineers familiar with the
dimensions of CLT panels will ensure openings are designed in the most

efficient way.

On occasion these offcuts can be re-used within the scheme itself. For
example, in Kingsdale School (pg.106-107) and MKao Tower (pg.268-260),
dRMM used the cut-out material as furniture, retaining the value of the

material within the project.

Often more than one project will be nested on a production run to improve
factory efficiency. An understanding of the manufacturer’s panel nesting

process can therefore also result in savings.

TRANSPORTATION CONSIDERATIONS

Transport costs typically represent around 10% of the overall cost of a
CLT frame. Transporting panels is most cost effective if they are stacked
regularly and compactly with no wasted space and no requirements for wide
or long loads, which may require road closures or police escorts. Large cut-
out openings or complex shapes can reduce this efficiency and increase

transportation costs.
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The light weight and prefabricated nature of CLT construction typically
offers an enormous reduction in the number of deliveries to site, compared
with concrete frame, especially when schemes are designed with an
understanding of delivery parameters. In comparison to in-situ concrete
frames, around 80-85% fewer deliveries are required for a CLT structure,

greatly reducing the impact of site logistics on the surrounding community.3

This is particularly beneficial for tight urban sites. Constraints and restrictions
to delivery or installation should always be considered at an early stage to
ensure the smooth erection of the structure. Parking, loading areas, turning

and over-sailing are all issues that should be addressed.

In some projects the delivery and/or installation of the panels is particularly
constrained by the site. For example at The Garden Museum project
(pg.272-273), the CLT structure had to be erected inside the volume of the
existing church with panels brought in through the door. Understanding and
acknowledging such constraints from the outset can influence the design by

working to a more appropriate ‘typical’ panel width or length.

Even for more conventional schemes, site access can pose issues or restrict
certain delivery vehicles. At Wynch Cottage (pg.156-157), the CLT design
was coordinated with the access constraints of the site, but relied on the
creation of a new, more easily accessible, road between the mature trees.
The CLT delivery strategy then had to be changed considerably when delays
on site meant the new road was not completed in time. To avoid further
delay to the structure, the panels were double handed to arrive on site via a

specialist lorry that could negotiate the tighter route.

Working with a knowledgeable team will ensure these potential issues are

raised early and addressed within the metrics of the scheme.

|
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HYBRID SOLUTIONS

Different building types require different structural solutions. It is essential
to determine early in the design whether a pure CLT structure or CLT panels

combined with other structural materials is the most appropriate solution.

The diagrams illustrate the typical ratio of spans possible where the same
thickness of CLT panel is used, by itself, with glulam beams or with steel
beams of equivalent depth. Multiple options are possible within each of

these structural systems.

Pure CLT solutions create a honeycomb of structural walls and floor slabs
resulting in cellular spaces. Optimizing spans to approximately 15ft with a
maximum of 25ft (4.5-7.5m) ensures a reasonable thickness of CLT is used.
This span is akin to that of most typical domestic rooms making pure CLT
solutions particularly appropriate for residential projects. These schemes
are easier to benchmark in terms of the expected cost for a CLT frame per ft?

as the structures are relatively similar from project to project.
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Hybrid systems can be used to achieve greater spans without requiring thick
timber slabs. Such solutions are typically either CLT with glulam; that is
all timber, or CLT with steel and possibly concrete. Other hybrid solutions
include the use of concrete cores with CLT floors and walls for the habitable
space or glulam and concrete structures. Hybrid solutions using additional
materials can require additional contractors and personnel on site and

increased co-ordination for the interfaces between materials.

Glulam, steel and precast concrete systems all work well with a CLT frame
as they can also be factory produced requiring the same level of detail at
the same stage and achieving high levels of accuracy and tolerances. The
selection of these material combinations ensures that the use of a hybrid
solution does not negatively impact on the time advantages associated with
CLT. Glulam has the additional benefit that it is of the same material and so
reacts to environmental changes in a similar way which can help to simplify

details.

Many CLT suppliers will be able to model and draw steel elements meaning
that they can be signed off and ordered at the same time as the CLT,
however varying lead times and a lack of flexibility to alter these elements

later in the program can be restrictive.

The relationship between structural approach and sector is clear from the
data obtained from the 100 case studies. Commercial projects that require
more open plan adaptable spaces often use hybrid solutions. Similarly,
education schemes typically combine smaller cellular spaces for classrooms,
and larger span spaces, for auditoriums and sports halls which are also
hybrid, while residential schemes tend to be pure CLT. If the high density
residential schemes are separated out from the individual bespoke houses

then the percentage that are pure CLT becomes even higher at 70%.

For lower rise applications such as individual dwellings and schools, the
reduced structural demands on the CLT can enable some unique and clever
approaches to pure CLT frames achieving open spaces of substantial

volume.



MATERIALITY

EXPOSED TIMBER

The aesthetic qualities of the wood are often one of the reasons for selecting
timber as the structure with the potential for cost savings on wall and ceiling
linings adding to the attraction. The visual appeal was reported as a primary
factor in choosing a CLT structure for 52 of the schemes, whilst the timber is

exposed to varying degrees in 88 of the schemes.

Exposed timber is more prevalent in the education and commercial sectors
than other typologies, with it being featured least in mass residential
projects. This results from the need to add acoustic and fire protection
measures which are most easily achieved through lining and encapsulation
of the timber. Furthermore, the onerous provisions for safe escape limit
the possibility of exposing areas of timber. This is not the case in single

dwellings, with 9o% of these case studies featuring exposed timber.

CLADDING

A solid timber structure is just as versatile as a steel or concrete solution and
can be clad in any material with the same considerations for water ingress
and longevity. The key requirement is to include a cavity to ventilate the

panels and keep the timber dry.

In many cases fixing to CLT is more straightforward than fixing to concrete
and steel due to the finer tolerances and the ease of working. However, it
should be recognized that the fixings used for brick ties, cladding rails and
framing systems tend to be bespoke for timber and should be specified as
such. Additionally, fixing zones should be established to avoid screwing into

the end grain of panels.*

The use of a masonry outer leaf such as brick or rendered block, can have
the benefit of further stabilizing the structure by increasing the dead load.
Although for larger scale buildings, the weight of brickwork hanging off the
structure can be considerable and may impact on the overall design and the

volume of timber needed.s
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Given the primary drivers for using CLT tend to be the embodied carbon
and light weight, there is a tendency to use cladding solutions that match
these principles. For example at Whitmore Road (pg.192-193) a British Sweet
Chestnut cladding echoes the core structural material. Of the case studies,
26 use a render or low density cladding board and 47 incorporate solid

timber external cladding.

WATER

The softwood typically used for CLT is factory dried to a moisture content of
12% (+/- 2%)6 at which level it will not deteriorate. However, where CLT is
exposed to sustained high levels of moisture (over 20% moisture content),
decay is likely to occur.” The probability of decay also being influenced by
the temperature and oxygen supply. It is therefore imperative to ensure that
CLT structures are designed, constructed and maintained to ensure that

contact with water is minimized and that any moisture is not trapped.

In order to avoid inherent defects or installation errors, it is essential that
the designers and contractors, including follow-on trades, are made aware
of the specific nature and vulnerabilities of CLT. Inclusion of a specification
giving detail on mitigating weather issues is advisable as part of the

installation contract.

The interface with the ground is of key importance and in most instances it is
advisable to lift the CLT from external ground level by a minimum of é inches
(150mm). While it is possible to design with the CLT sitting straight on the
ground level slab, any failure in waterproofing or in workmanship can lead
to issues with the base of the panel. In detailing the connection between the
timber and the substructure particular attention should be given to ensure

that water is not able to collect at the base.

In many cases the CLT is built on a podium level constructed from concrete.
As well as lifting the timber off the ground, this concrete podium can assist
in transferring loads across the ground floor where the program, particularly
in residential developments, requires a very different internal arrangement

to the floors above, due to a difference in use.

In general, the CLT structure should be designed to be warm - that is, any
external elements should be outside of the insulation layer. This ensures that

the dew point does not occur within the material.

For internal wet areas, such as bathrooms, additional consideration should
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be given as to how to avoid water traps where minor leaks could create

sustained moisture build-up over time.

VENTILATING THE TIMBER

CLT is designed for use in dry, internal environments only - it is only suitable

for external use where protected in a thermal envelope and kept dry.8

When designing for airtightness, it is essential to ensure that all elements
of the timber structure are able to breathe to allow them to dry out should
any moisture get into the panels through rain during construction, humidity

variations or leakage of services.

Ventilation is also advisable above roof panels and completely flat roofs
should be detailed carefully to avoid surface water pooling and vulnerability

from failures.

If the timber is in contact with free-flowing air it will tend to revert to the
ambient moisture content. If the timber itself forms the airtightness line then,
assuming there is a ventilated cavity, this is not an issue as the panels are

exposed to fresh air to absorb the moisture.

If o membrane is used it is vital that a vapor permeable membrane is
specified to prevent locking in moisture. In traditional construction a vapor
control layer to the internal face forms the air tightness line whilst with CLT
construction this is not typically required as the panels can form the air
tightness line when taped externally. This is supported by the large number
of respondents that indicated the air tightness line to be on the outer face

of the CLT.

INFESTATION

CLT is generally considered to be invulnerable to insect attack, as noted
within European standard DIN 688c0-2 (6.3b), which states that "... the
exclusive use of glued laminated timber, cross laminated timber, artificially
dried building timber or wood-based panels with a moisture content u>20%

in service is sufficient to avoid structural damage by insects".

Many suppliers provide panels with a treatment to resist against a wide
range of potential species. However, consideration should always be given
to the suitability and robustness of these applied treatments where local

conditions, or legislation, may necessitate a specific solution.
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PROCESS

FINALIZING THE DESIGN

In comparison with more traditional forms of construction, the procurement
of CLT requires a greater level of coordination earlier in the design process
including the full coordination of the mechanical and electrical services.
This upfront coordination means that all openings can be cut in the factory,
avoiding the need to make changes to panels on site. While amendments
on site are possible, this can be costly, may reduce the benefits of factory

precision and can require re-calculation of the structure.?

Prefabrication of panels in the factory offers accuracy and quality, optimizing
material use whilst vastly reducing site waste. The ability to accurately route
various joints, profiles and openings enables easy assembly of complex
forms and sufficient certainty of structural opening dimensions to pre-order

elements such as windows, doors and grilles.

To ensure sufficient coordination, it is important to allow both time and
budget for a front-loaded design period which is likely to require a larger
draw down of fees for architects, engineers and consultants early in the
program. Furthermore, capital input can also be required earlier in the
project in order to purchase the CLT package and other prefabricated

elements.

Typicaly for the UK market, the final coordinated drawings and structural
model need to be completed 6-12 weeks before the first panels are
scheduled to arrive on site. Within this lead-in period the first 3-6 weeks will
allow for checking and production of manufacturing drawings, with the latter
3-6 weeks set aside for production and delivery.” The length of lead-in time
can vary due to the complexity of the project, the supplier and the time of

year.

Accounting for this, the site mobilization and ground works can be completed

within the lead-in period and be ready for the arrival of the first panels.
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BUILDING INFORMATION MODELLING

With the increased uptake of Building Information Modelling (BIM),
the typical design workflow on projects is changing, with design freezes
occurring in earlier stages of the work. This is primarily a result of the
increased collaborative design work, with the principal disciplines working
on a common model allowing the integration of structure and services with
the architecture as the design develops. This ‘front-loading’ of design suits
the procurement of CLT very well as it is advantageous to be able to sign
off the superstructure design to allow for the lead-in for fabrication and to

maximize the program advantages.

Through the use of a shared BIM model by the various consultants involved,
the coordination of all openings required is made considerably more
straightforward, enabling the completion of the fully coordinated design in

time for the panel production.

A number of CLT producers are in the process of making their building
systems available as digital objects for download. These will generally
include wall and floor components as well as the wall and floor structural

panels.

The current process of procuring panels does not yet take full advantage of
the possibilities that further BIM levels offer. With the panels being cut by
CNC (computer numerical control) routers there is no technical reason that
the model created by the design team cannot be used as the basis for the

fabrication.

In practice, however, the CLT manufacturer will normally produce their own
model within the CNC software, taking account of the panelization and

optimizing to minimize waste.
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COMPETITIVE TENDERING

Currently, there are no universal parameters for CLT panels, with each
manufacturer supplying a slightly different product range. This can create
issues for competitive tendering as schemes should be designed to suit a

particular manufacturer’s panel sizes to optimize the system.

To ensure the best price is obtained it is beneficial to work with an
experienced structural engineer with specific knowledge of CLT construction
and an understanding of the various products available. This knowledge can
inform the production of an outline design based on structural parameters,

which will enable multiple suppliers to bid for the work.

At tender it is common for each manufacturer to propose two quotes: the
first is based on the generic design received, the second on an optimized

scheme if the supplier can identify possible further efficiencies.

The successful tenderer can then be identified to the principal contractor
and allowances for program and cost made within the main contract.
Once appointed under the main contract the CLT provider works with the

construction team to refine the design and finalize connection details.

This approach can add an additional step to the tender process but it
ensures that competitive prices are received by the client and should
avoid any redesign that can be required should a different CLT supplier be

appointed to construct the scheme.

On the Dalston Works scheme (pg. 228-229), the engineer, Ramboll,
produced a tender information set that identified the characteristics of each
panel based on the specific systems of the three main manufacturers. Color
coded drawings were issued with a key to identify the panel type of every
wall and floor panel. To our knowledge, this was the first time that a CLT

structure was able to be competitively tendered on a full structural design.
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MATERIAL
PERFORMANCE

Being a wood product, cross-laminated timber is often associated with
timber frame construction, however the performance characteristics of CLT

are very different.

As a panelized form of construction, CLT has more in common with
prefabricated concrete panel construction, albeit with improved workability,

flexibility and weight.

While there have been a wide range of tests on the behavior of CLT in fire
and the thermal and acoustic characteristics, much of the performance data
of a material comes from in-use testing. Clearly, as a relative newcomer
to construction, there are fewer precedent CLT buildings however this is
changing rapidly as more schemes are completed and the industry as a

whole is working to accelerate testing to be able to best inform designers.

Image: Hayes Primary School, Hayhurst and Co. © Kilian O’Sullivan
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FIRE

As wood is combustible it leads to an inevitable concern about the fire
performance of timber buildings. However it is important to understand that
all materials have their limitations when exposed to a fire. No construction
method or material is immune to fire so this should not be a constraint
particular to building in timber, but an important design parameter for all

construction.

While CLT is now well established and there is significant standard test data
on which to base fire mitigation design, continuing research is required to
ensure that these assessment methods reflect the risks posed by engineered

timber.’

In many cases, specialist fire engineering is essential to minimize risk and
ensure the structure and linings present an appropriate solution. The key
principles for design are to devise the appropriate fire strategy at the early
stages, clearly establish the responsibility for who implements each part and

to make sure that the construction stages are included.

WOOD VS STEEL:LOSS OF
STRENGTH IN FIRE

Percent

5 10 15 20 25 30 35

Time - minutes Wood
Steel
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LEGISLATION

Until the early twentieth century most UK fire legislation was made in
response to catastrophic events that resulted in substantial loss of life.
Typically ‘stable door’ legislation is aimed to prevent recurrence of such
events and is therefore targeted at the conditions that led to the incident.?
In the UK, for example, the Great Fire of London, in 1666, resulted in a
number of statutes relating to building materials, architectural form and
the separation between buildings. These and much of the legislation over
the next 200 years related to prevention of the ignition and subsequent

spreading of fires.3

In the USA, the Great Chicago Fire of 1871 led to sweeping reforms both
statewide and across the continent and subsequent fires have led to further
updates in legislation leading to the Federal Fire Prevention and Control Act

of 1974.4

To a large extent, local fire codes across the world tend to be highly
prescriptive, with limits to the use of combustible materials, such as timber,

for building structures over a certain height or for elements such as stairs.

In contrast the UK building regulations, part B of which covers fire, set
a series of requirements that must be met. This allows a certain degree
of interpretation and a system will be approved if it can be demonstrated
to meet the objectives of the regulations. This ability to assess the site,
building system performance and occupancy conditions on a per project
basis allowed the first tall timber buildings to be constructed without a

change to the legislation and has contributed to the rapid expansion of CLT

use in the UK.

As CLT use develops and taller structures become more widespread, more
codes are being adapted to accommodate modern engineered timber

although this is a slow process and restrictions still apply in many locations.

DEALING WITH FIRE AUTHORITIES

As long as CLT is still perceived as a novel material, early engagement with

local fire authorities is strongly recommended.

In most situations, those who enforce fire codes have been front line fire
fighters so they have an implicit understanding of how fire behaves. When a
fire officer is given an opportunity to view a CLT structure under construction,

many concerns are quickly allayed.
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There is an ongoing effort globally to expand the knowledge base of how
engineered timber structures behave in fire through testing. While tests will
most usually be required within the jurisdiction of the authorities, data from
other territories can help designers to understand the characteristics of fire
petformance and to identify the nature of any new tests required. Additional
consideration specific to the design of an individual building may also
be necessary, such as smoke modelling to predict the potential maximum
temperatures that would occur and therefore whether individual surfaces

would need protection to prevent charring or ignition of the timber.

FLAMMABILITY / PYROLYSIS

The energy required to ignite a large timber panel is significantly higher

than that required for a plank or stud meaning that fires are unlikely to start

with the CLT.

The behavior of CLT is that it will begin to char once it is exposed to
temperatures of 570°F (300°C) and above.5 As the face of the timber chars,
the zone of wood inside is heated, known as the pyrolysis zone in which the
wood starts to undergo thermal decomposition. A ‘zero strength layer’ of
heated wood exists behind the charwhich has lost any structural performance.

Beyond this the wood is unaffected and will function structurally as normal.

i1 Outline of timber beam
Bl Socrificial (char) layer
[ Pyrolisis zone (heated wood)

[] Residual section - structural capacity retained

Typical spruce CLT panels char at a average rate of around % inch in ten
minutes (o.7mm/min), with the initial rate on each layer exceeding this

temporarily.® By oversizing elements to allow for a sacrificial zone, the
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relevant fire performance can be met. The structural stability can then be
maintained through no additional coatings or covers. If several layers of
the CLT panel are predicted to burn off within the fire integrity period then
a modified charring rate is used to allow for the increase in charring rate
when burning between the layers, at which time the initial layer may fall off
or catch alight, known as de-lamination. It is, however, preferable to deal
with this by using thicker boards for the outermost layers that are sufficient

for the char of the entire fire integrity period.

Beyond this, additional fire performance is achieved through encapsulation,
that is by adding fire protective barriers such as plasterboard or fire-board.
Typically, a high degree of fire separation, such as 9o minutes or above,
will be achieved through a combination of both sacrificial timber and fire-
board.” When using this approach, it is essential that heat degradation of
the timber behind the board is considered and calculated as the CLT will

initially char at a higher rate once the board fails.

FIRE PERFORMANCE

The timber was said to have contributed to the building’s fire performance

in 60 of our 100 schemes.

It is noteworthy that several of the responses indicated the timber's
performance could have further contributed to the fire integrity had the
consulting fire engineer allowed the fire performance to be provided through

a combination of partial encapsulation and partial charring.

Of the 100 schemes, 65 employed a fire engineer to advise on the best
approach to fire protection of the structure. The proportion was higher for
large commercial and residential schemes. However, a similar percentage
of large scale building projects would involve a fire engineer within the
construction industry as a whole. The results of our study, therefore, show
that building in timber does not appear to have increased the involvement

of these specialists.

SPREAD OF FLAME

Where the timber structure is exposed, designers need to consider the
potential for fire to spread rapidly by tracking across large flammable
surfaces. Untreated, CLT is defined as class D-s2,do (Class Ill surface
lining) under European regulations, as it produces low levels of smoke and

no flaming droplets despite being a combustible material.®
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A number of chemical retardants are commonly available to reduce or
prevent the spread of flame, however these may have a wider environmental
impact both in their production and in limiting the timber's re-use at the end
of the buildings life. They also need to be maintained or reapplied every

few years.

Of the schemes with exposed timber 84% required treatment for spread
of flames, of those that didn't most were small low-rise schemes. This
indicates the importance of escape times, travel distances and the number

of occupants as required by the UK building regulations.

CONNECTIONS

The connections between the timber panels are of critical consideration.
While the timber panels themselves may perform well under fire, if the

connections fail then the stability of the building will be quickly undermined.

Most connectors are fabricated from steel and the performance of steel in
high temperatures deteriorates. Typically the connectors will be protected
within fire board as part of the overall encapsulation strategy. If the
connectors are visible, detailing of the interface between the connector, the
fixing and the CLT should be considered to prevent heat transmission into

the timber which could cause adverse charring and failure of the fixing.

SPRINKLERS AND OTHER SUPPRESSIVE SYSTEMS

The International Fire Sprinkler Association (IFSA) asserts that automatic fire
sprinkler systems are the most effective fire protection measure available,
as to date there has never been multiple loss of life due to a fire that has
developed in a building with a properly designed, installed and maintained

sprinkler system.®

However, it is important to note that no suppression system is guaranteed
to function all of the time and therefore designs must consider the
potential that a sprinkler system could malfunction or be out of service for
maintenance.” Equally it must be recognized that sprinklers will only slow
down the rate of fire growth and are not intended to extinguish it. Sprinklers
should be considered as an additional measure following consideration of
escape distances, sufficient structural performance in the event of charring

or encapsulation and spread of flame.
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Sprinklers were only used in 10 of the schemes, of which 7 were educational.
This is unsurprising as fire strategies for schools are usually very thorough
regardless of the structural material due to the need to evacuate such a
large number of vulnerable children. It appears, therefore, that sprinklers
do not seem to have been an essential mitigating addition for engineered

timber structures.

It is interesting to note that for the Hastings Pier scheme (pg.304-305),
by dRMM, sprinklers were incorporated due to the location of the building
(being in the middle of a pier, 500ft (150m) from the shore) as opposed to

the use of a timber structural system.”

00

Education Residential

Commercial Public and civic

. Building is sprinklered
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THERMAL PERFORMANCE

CONDUCTIVITY

Timber has a low thermal conductivity, which reduces the risk of thermal
bridging, which is a common concern in steel or concrete buildings. This can
simplify detailing and assist with structural design. For example, in some
cases an internal floor slab can be continued outside to form a balcony

without a thermal break.

Timber also has a relatively high thermal storage capacity, given it's density,
which ensures it not only insulates against cold ingress in winter months
but can protect against summertime overheating. Timber naturally regulates
heat and moisture, creating high quality internal environments, especially

where the surface is exposed.

The low thermal conductivity of timber also allows a reduction in the quantity
of insulation. This can help reduce quantities of high-embodied carbon
materials, however more essential to ensuring excellent thermal performance

is good detailing - building in CLT does not guarantee a thermally efficient
building.

The standard method of calculating thermal transmission is via R-values,
measured in ft2°Fh/Btu.* Timber elements give low psi values, a factor
used in thermal bridging calculations. This helps within SAP calculations to
reduce the R-value needed to achieve specific targets aimed for in the UK

energy accreditation system BREEAM and other codes.

Under many certification regimes, including BREEAM, credits are given
for exceeding the base thermal performance. Higher levels of thermal

performance were targeted in 27 projects.
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MASS

If exposed, the thermal mass of traditional concrete and masonry structures
is excellent at regulating temperature change and reducing the heating
or cooling loads through passive thermal storage. CLT panels are not as
thermally massive as concrete so they are less able to perform this role,
however there are alternatives to creating thermal mass. At the Woodland
Trust Headquarters (pg.240-241), concrete ‘radiators’ were bolted to
the underside of the CLT panels to work structurally with the timber and
to provide the additional thermal mass required for night cooling. Where
the structural material is not exposed, its ability to perform this function is
greatly reduced in which case the comparative performance of CLT is not
as significant. The use of ‘phase change’ materials can also replicate the

beneficial effects of thermal mass.

Thermal Efficiency

Wood |

Concrete

Steel

© Yugon Kim

Notwithstanding this, changes in the internal temperature of timber lag
behind changes in the external temperature. This ‘phase shift delay’ that
occurs naturally helps reduce summertime overheating from high external
temperatures and can also aid in levelling out daytime and night time
temperatures by transmitting heat from the middle of the day through the
night.

DYNAMIC RESPONSE

Standard R-values assume a steady-state flow of heat through the element
and do not take into account the thermal buffering of the material through
thermal mass. More research is necessary to establish how timber performs

against other materials such as masonry.

By using a static model, the timber’s performance is often underestimated

resulting in most CLT structures outperforming their design parameters.
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If the true performance of timber could be accurately calculated, this could
be taken into account, reducing the volumes of additional insulation products
needed along with reduced cost and thinner walls. While monitoring the
performance of timber based facade systems to obtain data would assist in
refining the understanding of their behavior, most efficiency accreditations
are based on calculations only, which diminishes the incentive to monitor

completed buildings.

As CLT is a solid material there is no room within its structural depth for
the use of conventional infill insulation to supplement its performance. As
a result of this, the increased performance offered by CLT is not necessarily

reflected in reduced wall thickness.

AIR TIGHTNESS AND ACCURACY

Another advantage of CLT in terms of thermal performance is the high level
of airtightness that can be achieved. The accurate cutting means the panels
fit together well, with tape applied at the connections between panels and
penetrations all sealed appropriately. Most panels can be used to create an

airtightness layer to the building envelope.”

This is reflected in the 65 schemes in which the timber was noted as

contributing to the buildings air tightness.

Many schemes exceeded the airtightness targets, some by a considerable
margin. Of the schemes investigated, 46 used tape alone to achieve
airtightness, indicating how many designs are taking advantage of this
additional performance, while only 27 used a membrane in addition to the
panels. Accuracy of prefabrication was a primary factor in choosing a CLT

structure in 15 of the schemes.

65%

Timber contributes to air
tightness
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ACOUSTICS

Most acoustic design relies on data from a multitude of similar historical
installations. Thus, there is a wealth of knowledge of the performance of
traditional construction details. This allows acoustic engineers to design
efficiently and be certain that their designs will perform at the level required.
The lack of data for CLT significantly impedes this process. However, we
found that in post completion testing, the acoustic performance of many of

the schemes exceeded the design levels, often by a considerable margin.

Making the walls from solid timber as opposed to the metal or timber
stud walls found in concrete frame construction, can offer significant

improvements to the acoustic performance.

For a typical internal wall of an apartment, a CLT wall will offer noticeable
improvements over a stud framed counterpart. For acoustic separation
between apartments, it is possible to create high levels of insulation by
using two panels seperated by an air gap, however, it is materially more
efficient to use one or two layers of plaster boarding on either side of the

CLT, mounted on acoustically insulating brackets.

When designing in CLT, flanking sound is an important consideration. While
the density of CLT is an asset both thermally and structurally, the continuity
between walls and floors in a CLT structure provides acoustic pathways
that could transmit sound over large distances across a building if not
insulated. For this reason, acoustic breaks should be used to prevent the
transmission.”> These can be layers of compressible insulating material in the

joints between walls and floors, or adjacent floor slabs.

An alternative or complementary approach is to prevent the sound getting
into the structure through acoustic build-ups between the habitable spaces
and the structure. For walls, this is achieved through using multiple layers of

plasterboard, separated from the primary structure.

Impact sound on floor slabs should also be considered. A common solution
is to include a layer of concrete screed above a resilient mat laid onto the
CLT slab.® This can also be a good vehicle for underfloor heating and can

help with providing additional thermal mass.



As with any acoustic design, the performance relies on the correct installation.
The solidity of CLT construction and the workability of the material assist in

limiting the scope for failure of acoustic measures.

As more buildings are completed and tested, this will allow acoustic
engineers to design more knowledgeably with CLT. The industry would also

benefit from investment in prototype testing to build up the amount of data.”

Of the 100 projects, consultants from 60 stated specifically that the timber

contributed to the acoustic performance.

The usual thickness of CLT panels across the 100 schemes was 4%z inches
(1170mm) for walls and 6% inches (16omm) for floors. Based on the typical
approaches to detailing and typical details across the schemes that we have
looked at most added some form of acoustic insulation rather than increase
the thickness of the CLT for the acoustic performance. This was certainly
the case within all the residential buildings; largely a reflection of the more

stringent acoustic requirement in residential buildings.

60%

Timber specifically identified as
contributing to acoustic performance
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VIBRATION

CLT offers benefits in terms of strength to weight ratio, but the relatively
lightweight nature and stiffness of the material can make it more susceptible

to vibration.

Vibration in structure is classified according to the response factor and is
based on human perception. The principal source of vibration is footfall with
acceptable levels depending on the use of the space; for example within a
residential development these might be relatively high within corridors with

a far lower requirement from bedrooms.®

Other considerations are the size of the span or the use - for example a gym

would generate a significantly increased frequency and scale of impact.

Vibration is dealt with through increasing the mass of the slab and adding

dampening at junctions.

Typically two solutions are found over the CLT floor slab. These are a
lightweight concrete screed or other mass laid on an acoustic insulation
and underlay above the slab, or a “dry” solution with chipboards on battens

sitting on acoustic cradles with dry insulation between.

Acoustic linings and insulation to ceilings and walls will also help the

situation but are more effective for airborne sound than vibration.

The additional mass of the floor build-up will increase the inertia of the
floor, which is more difficult to excite by foot-fall. The added materials also
distribute the load over a wider area of the CLT, and provide additional

damping by the interaction of the CLT panels and build-up.

Another key measure to prevent transmission between apartments is to have
discontinuous floor to wall panel junctions, avoiding continuous spans over

party walls.
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SITE FACTORS

While there are many benefits on site from using CLT, engaging with the
differences in process at an early stage is the best way to maximize these.
While many of the schemes reported program advantages as a key driver
for the selection of CLT, there has not been any comprehensive guidance for

ensuring that all the potential benefits are realized.

It is also essential to ensure that those tasked with constructing the building

fully understand the differences in process and material characteristics with

CLT.

Many common mistakes that have been reported in the course of this study
could be avoided with more comprehensive briefing of the construction team

at the outset of site operations.

With CLT entering the mainstream and procurement of the material becoming
standardized, more contractors are gaining experience enabling the

improvements to build speed and quality to be more readily accomplished.

Image: Wildernesse Restaurant, Duggan Morris Architects © Mark Hadden
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OPTIMIZATION

SEQUENCING

In order to take the best advantage of the potential time savings, the
programming of the various packages and subcontractors on site has to
be approached in a non-conventional manner. A main contractor with
experience building with CLT will understand how CLT impacts follow-on
trades. They can therefore maximize this saving, instructing subcontractors
to ensure they are mobilized in good time. This scheduling should not be

based on experience of traditional builds.

GROUND WORKS

The lighter weight of the CLT frame generally requires reduced or shallower
foundations than a traditional building. This typically leads to a shorter
program for ground works, involving less excavation, reduced piling and
concrete volumes. These time savings should be factored into the site

delivery schedule for the CLT.

INSTALLATION

The direct install speed of the structure itself is faster than conventional
construction methods. Delivered just-in-time, the panels are often directly
craned from the truck and fixed into place using hand held tools. The

panels are immediately ready for the subsequent floors to be built on top,

20%
QUICKER
OVERALL

PROGRAM

—_—
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requiring no scaffolding for erection and no formwork prior to installation.
In comparison reinforced concrete requires setting out, formwork, laying and
tying of reinforcement, pouring, curing and striking of the formwork before
the next floor can be started. As a result concrete frames can be erected
at a rate of around 5,400 ft* (500m?) per week,? whereas CLT is typically

installed around 25-45% faster.3

As CLT forms full walls rather than just a structural frame the period required

for the secondary structure is also reduced.

As a result of these factors and others, the number of operatives required for

erection is substantially reduced.

"
i

PROGRAM OVERLAP

50 -70%
FEWER SITE
STAFF FOR

FRAME

_>

Follow-on trades can begin work on a CLT structure as assembly of the frame
continues. This program overlap can significantly shorten the critical path,
and is where the greatest program savings can be achieved. Maximizing this
opportunity relies on the sequencing arrangement and ensuring the relevant
subcontractors are ready and on site to begin earlier than would ordinarily

be expected.

BACK-TO-BACK PROCESSES

The prefabrication of CLT panels in a factory and the high precision
CNC routing/cutting make for an extremely accurate product, with typical
tolerances of +/- 1/8 inch (+/- 3mm).# This precision allows for the pre-
ordering of other factory made products, such as windows and doors. By
using these back-to-back processes, fittings can also be delivered just-in-

time, potentially reducing the construction period further.
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MATERIAL SAVINGS

LIGHTWEIGHT

Although CLT is a solid structural material, with a similar structural
performance to concrete, it is comparatively lightweight, weighing
approximately 35lbs/ft3 (480-500kg/m3),5 which is around 20% of the weight

of the same volume of concrete.®

This reduced weight can enable construction on sites with ground constraints,
or facilitate an increased accommodation provision where weight is an issue.
Similarly, it can enable construction on rooftops and even within existing
structures. At Dalston Works (pg.228-229), a restriction on piling due to
transit tunnels beneath the site required a raft foundation. For a concrete
frame building, a maximum of 86 flats could be built, however in CLT the
same loading would be imposed by 121 flats - a significant advantage for

the developer.

While the requirement for foundations depends on both the superstructure
loading and the ground condition, the lower density of a CLT frame tends to
result in a saving in groundworks and reduction in foundations as compared
to traditional builds. The related cost saving is generally in the region of 10%.
Savings of up to 20% can be achieved if ground conditions are favorable

and a mobile crane can be used.

80%
LIGHTER BY
VOLUME
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86 FLATS 121 FLATS

35 additional apartments were possible at Dalston Works as a result of the weight savings from

using CLT.

PRIMARY STRUCTURE

In most cases, the floor build-ups for a concrete frame structure are greater
than those that can be achieved in CLT. This can reduce building heights,
leading to savings in external cladding, with no loss of internal height.
Where height limits are imposed by local building codes or fire protection,
there are situations where the cumulative gain can lead to being able to

include an additional storey.

EXPOSING CLT

While exposing CLT canreduce the cost of applying finishes, a more expensive,
higher visual grade CLT is often chosen. Typically most manufacturers offer
various grades: Non-Visual Quality (NVQ), Industrial-Visual Quality (IVQ)
and Visual Quality (VQ) grades, with the cost rising with the level of finish.

In some instances the intermediate IVQ can be used as an exposed surface
minimizing the cost increase. The step up to IVQ from NVQ typically
increases the cost of a 4 inch (10omm) wall panel by 18%, whilst for VQ this

increase is around 35%.

As the increased cost for an upgrade in visual finish is usually consistent, for
a thicker panel of 6 inches (16omm) the cost increase is less, at 12% for IVQ
and 22% for VQ. In addition, more careful handling of panels and quicker
erection can be required where a higher visual finish is desired, this can add

additional expense.”
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MITIGATING COMMON ISSUES

DELAYS

Delays are common in construction. The UK Construction Key Performance
Indicator Reports, for the period 2005 to 2016, show that on average there
are significant program delays in 43% of all construction projects.® While
delays to CLT buildings will occur, only 7 of the case study projects reported
a delay directly resulting from the CLT.

DELIVERIES

The just-in-time delivery process avoids unnecessary storage on site and
double handling of the panels. The CLT provider, with a good understanding
of the assembly rate and delivery issues, should schedule this in conjunction
with the main contractor. However, with no buffer of stored panels, in the
event that a delivery is delayed the full assembly has to stop. In the 100
buildings two responses mentioned a direct delay from the panel deliveries
and site access, indicating that the time savings achieved through avoiding

double handling appear to outweigh any risk.

WEATHER

While it is preferable to build during the dryer months of the year, CLT
structures can be erected in any season and are less vulnerable to wet
weather than in-situ concrete. Unpredictable weather can, however, cause

delays on site, particularly on exposed sites.

The safety of assembling large format panels during high winds needs to be
considered. Two of the case studies reported delays due to high winds that

halted the panel assembly.

CLT frames require protection from prolonged exposure to standing water

following rain. Failure to provide this can lead to the issues discussed on

page 54.
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Where the CLT is to be exposed, a lack of sufficient protection can lead to
staining. In most cases water mark stains can be removed by sanding down
the surface of the panels. However, in the worst case, panels would have to

be replaced or the design changed to include linings.

Careful programming and procurement is required to ensure that covering-
up trades directly follow on after the installation. It is also essential to clearly
delineate whether the subcontractor or main contractor are responsible for

brushing off standing water.

WATER

Consideration of the sequencing should be given at the early stages to
minimize the time between delivery and installation of the panels. The CLT
should be protected during storage and, once installed, particular attention
given to sealing the end grain to the edges of the panels, which is the

principal vulnerability.

Where CLT is allowed to get wet, it can swell leading to thickening of the
panels. If the source of moisture is removed quickly and adequate airflow
is maintained, the CLT will revert to its manufactured moisture content and

original dimensions.

Minor exposure is not usually an issue, however where parts of the structure
have been subject to significant prolonged water exposure, they should be

allowed to dry before further CLT is added to avoid any dimensional issues.

Most importantly, the CLT must be dry in any situation where waterproof
membranes are applied. Where this is not ensured, the moisture can be

trapped and this could cause long term deterioration of the timber.

As in all construction, workmanship is a key consideration to ensure the
building performs as designed. For example, gaps in insulation layers can

cause a condensation risk.

SUNLIGHT

Where CLT is designed to be exposed, consideration should be given to the
effect of UV light as certain woods can darken fairly rapidly when exposed
to the sun. In particular, spruce can tend to redden which can have an
impact on the desired tones or cause marks where some parts of the board

have been exposed more than others.
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FIRE

ON SITE

The risk of fire during construction is a key factor for consideration. As
previously explained, CLT panels themselves will not easily catch alight and
start a fire. However on construction sites there are many other sources
for the potential initiation of a fire, from stored and waste materials to

construction equipment.

Keeping the site clean and clear of rubbish is essential, as is ensuring
all protocols are followed. A fire strategy should be produced during
construction on all building sites, not just those for CLT, as the storage of
materials and use of many different forms of equipment make construction a
high-risk period. In our 100 schemes 40 had a specific fire strategy produced
for the construction period. This was more common for large-scale buildings

where the risks, complexity and time on site make this more involved.

An example of a fire strategy on a tight urban CLT site is at Pitfield Street
in Hackney (pg.232-233). This is bounded on three sides by residential and
commercial buildings, and a detailed strategy is in place to protect staff,

visitors and neighbors as well as the timber structure and adjacent premises.

Fire safety coordinators were appointed to be responsible for this, and for
reassessing the changing escape routes and risks with every floor of the
timber structure as it was erected. This includes a radiant heat timber risk
analysis and consultation with external fire consultants and local fire station
staff.

A secure and tidy site, with adequate escape routes, firefighting points,
detection and emergency lighting are essential. A system with call points,
sirens and heat detection as well as smoke detection was used in this case,
with a maximum 8oft (24m) escape distance from any one point, and careful

management of any flammable liquids or combustible materials kept on site.
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The UK's Structural Timber Association first published “16 Steps to Fire
Safety’ in 2008.9 This guidance note specifically addresses the prevention
and suppression of fire on timber frame construction sites. The note was

updated in 2014 to include all structural timber construction.”

The 16 steps were followed in 28 of the projects, of which 18 were undertaken
since the publication of the more comprehensive guidance in 2014,
demonstrating an increasing number following these essential guidelines

each year.

Only one of the projects reported an on-site fire, the GSK Centre for
Sustainable Chemistry (pg.158-159). In 2013, when the building was
approximately two-thirds complete, a fire started with a faulty generator
and caused substantial damage. There was no loss of life and the building
was reconstructed almost exactly as per the previous design. The review that
followed the event found no fault with the design team, the design or the

mitigation measures installed.”

OFF-SITE

In any urban site, consideration should be made to mitigate the risk of fire
spread should it occur — the ‘off-site’ fire risk. The 2014 STA publication,
‘Design guide to separating distances during construction’ deals with this
issue by providing minimum safe distances between exposed CLT surfaces
on a construction site and adjacent buildings. Where it is not possible to
achieve these minimum distances, the guidance advises that fire protection

to the external surfaces be included to reduce the potential for heat transfer.

In most cases where the site is in close proximity to other buildings a specialist
consultant will be required to advise on necessary measures. Such measures
might include temporary infilling of services penetrations, windows and door

openings in party walls.
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INSURANCE

Insurance companies assess necessary risks and codify them . Key issues in
using CLT center around fire safety and durability, particularly in regard to

moisture.

CLT is a softwood product and is not intended to be permanently exposed to
the elements. If sufficiently protected and well detailed there is no reason the
material should deteriorate over time. The manufacturer KLH has obtained
a Durability Report from the BRE (Building Research Establishment) for a
6o-year lifespan, but there is no reason CLT should not exceed this. In some
countries durability concerns are addressed with chemical treatments; in
Australia to address termite damage risk, and in France where Boron is used

to mitigate against risk of rot resulting from long term leaks in bathrooms.

Treatment with chemicals can reduce the opportunity to reuse or recycle the
timber at the end of life so it is generally considered preferable to address
the cause through good detailing and correct installation as opposed to

mitigating the result.

Insurance policies taken out by contractors and/or clients which cover risk of
damage to the building during construction covers any number of risks and
factors, however the most common query raised in relation to CLT structures

relates to fire risk.

Periodic devastating conflagrations on timber frame construction sites lead
to a predictable concern, however the risks on CLT sites are not the same
as for timber frame. As more CLT buildings are completed, the knowledge
and experience of how to mitigate fire in CLT construction has grown. Over
recent years the UK guidance on fire risk during construction for timber
framed structures has been extended and adapted to cover CLT. The UK
Timber Frame Association and subsequently the STA have worked with fire
engineers to produce guidance that covers all aspects of fire safety during

construction. These are covered in more depth in the chapter on fire.
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The majority of CLT building projects reported no issues with obtaining
insurance during construction if the guidance was followed. Where space
restrictions or other considerations prevented meeting the guidance, a

specialist fire engineer would be commissioned to devise specific strategies.

A principal contractor, Jerram Falkus, (pg.192-193) reported both lengthy
discussions with their insurers and a small premium for their first CLT project
but indicated that for subsequent projects these dropped away once their
insurers had greater knowledge of the product and had witnessed it under
construction. The key being to work through the issues to address any

concerns, with backup evidence provided by engineers and manufacturers.™

Another large contractor, Mace, (pgs.246-247, 250-251 & 278-279)
reported a small insurance premium of £6,000 (equivalent to $8,000) on
the CLT element of their Highpoint scheme, plus some additional costs in
instigating fire safety measures on site, such as addressing fire spread risk
to neighboring bui|dings with fire rated scaffold sheeting. However, they
chose CLT over concrete for this building due to it's overall cost and time

benefits.

Lendlease, an international contractor and developer, reported no increase
in insurance premiums for CLT projects, however additional fire safety
measures were required during construction, for instance metal scaffold

boards rather than timber were required to reduce fire load.”
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POST
COMPLETION

There is a perceived resistance from lenders and insurers to back CLT which
can result in clients' reluctance to adopt the material. From the case studies

in this book this perception is shown to be false.

The overwhelming feedback from visitors and users of completed CLT
structures is highly positive in terms of aesthetic and comfort but also how

warm and quiet people find the spaces.

At Woodberry Down, Berkeley Homes have reported fewer overheating
events in the common parts, due to the lower thermal mass of the structure,
and substantially less movement resulting in reduced cracking to the internal

finishes.

A number of formal post-occupancy evaluation studies are now under way

which should provide more empirical data to add to the anecdotal evidence.

Image: Barretts Grove, Groupwork + Amin Taha © Tim Soar



MORTGAGES & SALEABILITY

In the UK, there have been no reported issues in obtaining mortgages for
homes constructed from CLT. This includes single family dwellings and mid-

rise multi-home schemes.

Lenders will generally rely on the approval of the Council for Mortgage
Lenders (CML) in order to provide mortgages for any particular construction
type. The CML in turn wants to see that warranty providers are willing to
provide warranties. Lendlease reported that this was their route to satisfying

mortgage lenders on behalf of their purchasers; by obtaining approval from

the NHBC.

At Murray Grove (pg.178-179), the developer was keen not to overstate
the timber structure however the agents reported no reduction in value or
desirability in the flats. Indeed, the flats retained their value through the
housing downturn of 2009-2012. With more CLT structures being completed
and more public knowledge of the material, the quality benefits are more
widely appreciated, especially where some CLT is exposed. For many buyers

the carbon credentials of the material are also seen as a positive.
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INSURANCE

As well as there being no reported issues with obtaining insurance cover
during construction, there have been no problems with buildings insurance,
which is taken out by the building owner and covers the completed property
against damage or loss. Lendlease have reported no issues in insuring CLT
buildings post completion, and there was no additional premium for insuring

a CLT building over other construction types.

BUILDING WARRANTIES

There is often a benefit to developers obtaining a third party, insurance-
backed warranty for the completed building from a specialist insurer.
These sit above specific product or installation warranties provided by
manufacturers or subcontractors and any contractual warranty from
consultants. Warranty providers' standards are extensive and rigorous with
reviews of construction details and strategies through the design stages
and regular inspections through construction. These largely follow building
control guidance, but individual insurers can have specific areas of interest

where their requirements exceed the Building Regulations.

Sectors tend to operate differently. New build housing is often sold with
a 10 year warranty. The National House Building Council (NHBC) were
the first to offer this, and there are now other providers in the UK market.
These warranty providers have technical teams with construction industry
experience who can engage with the consultants at design stages and
help agree solutions that meet their criteria. In this sense CLT is treated no

differently to any other ‘non-standard’ construction technology.

NHBC provided a warranty for Murray Grove in 2008; (pg.178-179), their
first pilot residential scheme constructed entirely from CLT panels above
first floor slab. Whilst they advised that subsequent schemes would still
be assessed by them on a case-by-case basis, the details developed and
the knowledge obtained has informed their response in subsequent CLT

residential projects.
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MAINTENANCE AND REPAIRS

Where CLT has been damaged, for example by fire or water penetration,
repair is possible, either by replacement of the damaged timber or

reinforcement of the affected area.

In the first instance, where any damage is encountered, a structural appraisal
should be carried out to establish whether urgent action is required to restore
stability. Repairs to damaged elements can often be performed by cutting
out the effected area and scarfing or splicing in new material. Where the
damage is close to a junction, it may be necessary to reinforce the area with

steel brackets to ensure robustness.

In cases of severe damage, whole panels may need replacing. In these
cases, the surrounding structure should be propped, the panel cut out and

a new pcme| or pcme|s fixed in p|ace.

FIRE

In many CLT structures, the timber provides part of the fire resistance so
there is a degree of structural redundancy. In the case of a minor fire, where
charring has occurred, it is therefore likely that the load-bearing section of

the element is still intact.

In this case it would usually not be necessary to reinforce the structure,
however, the fire protection should be restored, either by replacement of
the effected timber or by addition of a fire resistant lining. Where larger
fires have occurred and one or more structural elements have been severely

damaged, it may be possible to remove and replace the entire element.
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WATER

Long term exposure to high levels of moisture can lead to decay of the
timber. Even small amounts of moisture, if allowed to penetrate the timber,
can cause detrioration if not allowed to evaporate away, which is why it is

essential to ensure the timber is dry before roof membranes are laid.

Where water damage is discovered, it is essential to ensure that all effected
areas are identified as water can traverse CLT structures and build up in

areas some distance from the original source.

Where long term damage has occured, testing core samples to ensure
structural integrity may be a less expensive solution than replacing entire

panels.

Once structural integrity has been ensured, all areas should be allowed
to dry out before the damage is cut away and replaced through gluing,
screwing or nailing additional timber. An engineer will be required to ensure

structural integrity.

If the water penetration is a result of an inherent vulnerability, such as in a

roof gulley, chemically protecting the repaired timber should be considered.
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MONITORING AND EVALUATION

Incorporating monitors within the fabric of a CLT building can be useful to
measure movement of the structure or moisture levels which can give early
warnings of any failures and mitigate issues such as leaks. Moreover, data
collected from monitoring devices can help improve our ability to accurately
design for key factors such as thermal and acoustic performance, through
expanding our as-built database for CLT. Relying on monitors, which tend to
be buried behind finishes and therefore not easily maintained, can be a risk

if this is the only measure to ensure performance.

Several of the case studies reported a desire to incorporate some form of

monitoring however few were implemented.

Data from the select studies currently under way will help us to understand

and assess the longer term behavior of CLT in a range of situations.

The Architecture Archive (pg.244-245) is currently undergoing environmental
monitoring and, particularly as a pure/solid CLT build up should produce

easily extrapolated data on this materials true dynamic performance.

Similarly, at Woodberry Down (pg.218-219), a monitoring program is currently
being established for both the CLT case study scheme and an adjacent
traditional new-build block, which will aim to generate useful comparative

data for designers, covering a number of areas:

Energy Use - comparing the energy used per apartment between the two

schemes.

Humidity - testing to what extent the natural hygroscopic performance of CLT
regulates the internal humidity, especially in bathrooms. Also to measure
whether moisture builds up in the structure or is able to migrate to outside

air.

Vibration - measuring the building’s deflection at roof level to compare with
the design assumptions. Also monitoring vibration at slab level from live

loads.
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Thermal Performance - taking measurements to monitor the comfort levels
within different units and through comparison with the adjacent concrete
building, to determine to what extent the timber affects these comfort

indicators.

Resident Satisfaction - while there are number of reports of high levels of
resident satisfaction in CLT buildings, a formal feedback process will be

helpful to benchmarks these..
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CASE STUDIES

The following section contains the 100 case study projects, categorized into

four broad sectors: Residential, Education, Commercial and Public & Civic.
The 100 case studies comprise:

32 Education buildings

32 Residential buildings (13 of which are Private)

15 Commercial buildings

21 Public & Civic buildings

The uneven spread across the sectors is indicative of the tendency to use CLT
for certain applications with the vast majority built to date being residential

and education buildings.

The embodied carbon figures listed for each project indicate the net carbon
saved within the timber superstructure only. This considers both the carbon
sequestered in the timber (expressed as negative emissions) and the carbon
produced in the manufacture and delivery of the panels. It is important to
note that in a full embodied carbon calculation this aspect of the building
would only form part of the overall carbon cost of the construction, evaluated
alongside the foundations, other structural materials within hybrid schemes,
finishes and cladding, however to indicate the significance of the timber

itself we have focused on this aspect alone.

The above ground structures have been categorized as ‘Pure CLT' (CLT
alone), ‘Pure Timber' (CLT combined with other timber elements such as
glulam), or ‘Hybrid’ (CLT combined with other structural materials such as
steel or concrete). These categories give an indication of the significance of
the timber’s carbon savings as in ‘Hybrid’ schemes the emissions from steel/

concrete will also have an impact.

Some carbon savings quoted for engineered timber structures include the
mitigated carbon that would have been emitted were the same scheme to
have been built traditionally. Whilst this saving is very real and does affect
overall carbon emissions from the industry it was not possible to confidently

quote this for all schemes without complex structural analysis.

Image: Curtain Place, Waugh Thistleton Architects © Ben Clarkson
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