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PREFaCE
 FPInnovations’ Building Systems Research Program has been generating technical data to facilitate: 
	 ■	 Platform Frame Wood Construction
	 ■	 Heavy Timber Frame Construction
	 ■	 Cross-Laminated Timber Construction

 Multi-disciplinary teams working in cooperation with the design and construction community  
and research alliances have contributed greatly to the application of Platform Frame and Heavy Timber  
Frame systems together with hybrid systems in Canada.

 Cross-laminated timber (CLT), an emerging successful system from Europe, has been identified  
by the forest products industry, the research and wood design communities as a new opportunity  
for increasing the use of wood in non-traditional applications.  

 Building on the European experience, FPInnovations has prepared this peer-reviewed CLT Handbook to:
	 ■	 Provide immediate support for the design and construction of CLT systems as alternative solutions  

 in building codes;
	 ■	 Provide technical information for implementation of CLT systems in building codes and standards.

 This FPInnovations CLT Handbook, prepared under the Transformative Technologies Program  
of Natural Resources Canada, provides technical information relating to manufacturing,  
all aspects of design and construction, and environmental considerations.

 Erol Karacabeyli, M.a.Sc., P.Eng., FPInnovations 
Richard Desjardins, M.Sc., Eng., FPInnovations

aCknoWlEdGEMEnTS
The completion of such an exhaustive manual on this new, but very promising technology was a great 
venture that would not have been possible without the contribution of many people and numerous 
national and international organizations.

First and most of all, we would like to express our special thanks to all researchers and technicians 
at FPInnovations who, through their work and knowledge, contributed to the writing of individual 
chapters. To the same extent, special thanks go to all reviewers and collaborators from external sources 
who shared their precious time and expertise in improving this manual. 

We would like to express our sincerest gratitude to Natural Resources Canada for the financing and  
support provided through the Transformative Technologies Program. We also wish to acknowledge the full 
assistance and support provided by FPInnovations’ management: Pierre Lapointe, Jim Dangerfield,  
Alan Potter, Hervé Deschênes, Richard Desjardins and Erol Karacabeyli. 

Our very special thanks to Madeline Leroux, who did very well in transforming ideas and concepts into 
drawings. Thanks also to Norine Young, Marie-Claude Thibault and Bill Deacon for the editing review; 
to Odile Fleury for her help in bibliographic references; and to Richard Gosselin for his appreciated 
experienced advices. The graphic design and layout was performed by Propage (www.propage.com).

 Sylvain Gagnon
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ABstRACt

This chapter provides general information about the manufacturing of CLT that may be of interest to the design 
community. The information contained in this chapter may also provide guidance to CLT manufacturers in  
the development of their plant operating specification document. 

Typical steps of the manufacturing process of CLT are described, and key process variables affecting adhesive bond 
quality of CLT products are discussed. Proposed methods for evaluating panel quality are presented. 

FORIN-Chapitre 2.indd   3 10-12-22   15:46



ChapTER 2  Manufacturing 
  iv

tABLE oF CoNtENts 

Acknowledgements   ii

Abstract   iii

List of Tables   v

List of Figures   v

1 Introduction   1

2 Raw Materials for CLT   2

  2.1 Lumber   2

  2.2 Adhesive   2

3 CLT Manufacturing Process   4

  3.1 Primary Lumber Selection   6

    3.1.1 Lumber Moisture Content and Temperature   6

    3.1.2 Lumber Characteristics Affecting Adhesive Bond Quality   7

  3.2 Lumber Grouping   7

  3.3 Lumber Planing   8

  3.4 Lumber/Layers Cutting to Length   8

  3.5 Adhesive Application   8

  3.6 Panel Lay-up   9

  3.7 Assembly Pressing   9

  3.8 CLT On-line Quality Control, Surface Sanding and Cutting   10

  3.9 Product Marking, Packaging and Shipping   11

4 Product Quality Assurance   12

  4.1 CLT Product and Plant Qualification   12

  4.2 Block Shear Tests   13

  4.3 Tests for Assessing Visual Quality of CLT   13

5 References   15

Appendix 1 Seed Document for Proposed Cross-Laminated Timber Plant Qualification Standard   

Appendix 2 Seed Document for Proposed Cross-Laminated Timber Product Standard   

FORIN-Chapitre 2.indd   4 10-12-22   15:46



ChapTER 2  Manufacturing 
  v

 List of Tables
Table 1 Typical characteristics of adhesives for CLT manufacturing   3 

 List of Figures
Figure 1 The manufacturing process of CLT products   5

Figure 2 Lumber shrinkage relief   9

Figure 3 Proposed delamination specimen   12

Figure 4 Check development in CLT panels   13

FORIN-Chapitre 2.indd   5 10-12-22   15:46



FORIN-Chapitre 2.indd   6 10-12-22   15:46



ChapTER 2  Manufacturing 
  1

1 
INtRoDUCtIoN

Components (lumber and adhesives) selected for cross-laminated timber (CLT) and the design and operation  
of manufacturing processes (adhesive application, panel pressing, etc.) need to be carefully considered to ensure  
a reliable and consistent product. CLT products evaluated for code compliance by a recognized evaluation service, 
or produced and independently certified as meeting a national standard, provide product specifiers with a basis for 
comparing competing product performance and assurance that minimum requirements have been considered in 
the product design. 

In North America, the desire is to support the development of CLT with a single product standard that is 
recognized both in Canada and the United States. While this effort does not prevent individual manufacturers 
from pursuing code recognition through evaluation services, it is felt that efforts specifically directed towards 
developing a bi-national standard will help to accelerate product awareness, and acceptance in the marketplace and 
amongst regulators. At the time of this report, initiatives have been launched to develop a CLT product standard. 
One of these has been the development of two seed documents by FPInnovations, which could after consideration 
by a committee, form the basis of a CLT product standard. Copies of those two seed documents were sent to the 
APA Standards Committee on Cross-Laminated Timber (PRG-320).

In this chapter, we will make reference to these two seed documents (hereafter referred to as the “proposed  
CLT standard”) to facilitate the discussion on CLT manufacturing issues. The seed documents are included  
in Appendix 1 and Appendix 2 of this chapter.  
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2 
RAw mAtERIALs  
FoR CLt 

2.1 Lumber 
CLT is manufactured from a wide range of dimension lumber or boards in Europe, but the first generation of 
Canadian CLT will likely be manufactured primarily from structural dimension lumber or boards that meet 
the requirements of CSA O141 in Canada and PS 20 in the United States. Doing so allows manufacturers and 
designers to utilize design values published in the national codes (CSA O86 in Canada, and the National Design 
Specification in the USA) to derive capacities for CLT panels (see Chapter 3, Structural Design of Cross-Laminated 
Timber Elements, for more information). One advantage is that such lumber will typically be marked as “HT” 
(heat treated), meaning that the resulting CLT product will also meet national and international  
phytosanitary requirements. 

Although any grade with published design values can be used in CLT, in most cases the visual quality requirements 
for lumber stock will be Structural Light Framing No. 2 & Better grade (NLGA, 2003) for the major direction, 
namely, the general direction of the outermost layers of the CLT panel, and No. 3 & Better grade for the minor 
direction perpendicular to the major one. Machine rated lumber grades such as 1650Fb-1.5E may also be specified, 
particularly for the major direction.

2.2 Adhesive
The proposed CLT standard requires that adhesives used in the manufacturing of CLT meet the structural 
adhesive standard CSA O112.10 “Evaluation of Adhesives for Structural Wood Products (Limited Moisture 
Exposure)” (CSA, 2008). Adhesives meeting this specification, while having a high degree of moisture resistance, 
are intended only for products targeted at dry service conditions. Because of the sensitivity of wood stress in 
rolling shear to moisture, dry service is the proposed moisture service class targeted for CLT in the proposed CLT 
standard (see Chapter 6, Duration of Load and Creep Factors for Cross-Laminated Timber, for more information).

Adhesives that traditionally have been used for laminated beam applications in Canada are also suitable  
for bonding CLT. Such adhesives will have met standards for adhesives suitable for exterior exposure, such as  
CSA O112.9 “Evaluation of Adhesives for Structural Wood Products (Exterior Exposure)” (CSA, 2010). 
Although adequate structural and moisture exposure performance of the adhesive are important attributes,  
there are other issues that need to be considered when selecting an adhesive for CLT.

For thick CLT panels, the pressing operation may become a bottleneck if commercial heat cured adhesives, 
such as phenol formaldehyde, are used. Structural cold-set adhesives are preferred to increase the manufacturing 
productivity. Appearance of the bondline and wear on cutting tools used to shape CLT panels are  
other considerations. 
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Classes of structural adhesives that could be used include:

•	 Phenolic	types	such	as	phenol-resorcinol	formaldehyde1 (PRF); 
•	 Emulsion	polymer	isocyanate	(EPI);		
•	 One-component	polyurethane	(PUR).	

PRF is a well-known adhesive for structural use, and commonly used for glued-laminated timber manufacturing  
in North America. EPI adhesive is used for wood I-joist and lamination. PUR adhesive has been commonly used  
in Europe to produce CLT. It should be noted that not all formulations within a class may meet the requirements 
of the structural adhesive standard, and there may be considerable variation in working properties within each class. 
Documentation from independent sources indicating that the adhesive has met the appropriate standards should be 
requested, and the working properties needed by the manufacturing process should be discussed with the adhesive supplier.

In addition to cost and working properties, each class may possess other attributes that may be important. Among 
the three adhesive types indicated above, PRF is dark brown whereas EPI and PUR are light-coloured. PUR is 
manufactured without the addition of solvents or formaldehyde and is moisture reactive. Due to the chemical 
reaction, PUR normally produces slight foaming during hardening. 

Table 1 summarizes the main characteristics of the three types of structural adhesives. 

Table 1  
Typical characteristics of adhesives for CLT manufacturing†

Adhesive
Item Units

PRF* EPI** PUR***

Cured adhesive colour Dark Light Light

Component Liquid, two
components

Liquid, two
components

Liquid, single
component

(isocyanate pre-
polymer)

Solids content (%) 50 43 100

Wood moisture content
(MC) (%) 6 - 15% 6 - 15% > 8%

optimal 12%
 

Target application rate
(single spread) (g/m )2 375 - 400

(75 - 80 lb/msf)
275 - 325

(55 - 65 lb/msf)
100 - 180

(20 - 35 lb/msf) 

Assembly time (min) 40 20 45 

Pressing time (min) 420 - 540 60 120

Applied pressure (psi) 120 120 120 - 200

Cost **** ($/lb) 2.0 3.5 4.8

† More information can be found in the adhesive manufacturer’s technical bulletin. 

Note: *  Represented by Hexion’s LT series; 
        ** Represented by Hexion’s EPI series;
      *** Represented by Purbond’s HB series;
    **** Estimated price which may vary from time to time.

1PRF may be more appropriate for multiple panel pressing where a large number of panels are pressed consecutively in a multi 
opening press. Using PRF with a single panel pressing in a single opening press is not likely to be cost effective because of  
the long pressing times, unless there is a way of applying heat, such as  preheating the lumber.
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Before considering the manufacturing process, it is necessary to establish the panel dimensions of interest,  
as this influences the choice of manufacturing technology and plant layout.

CLT is manufactured according to a wide range of specifications for various structural applications. To simplify 
the range of panel lay-ups available to designers, efforts are underway to establish either target performance classes 
or standard lay-ups for a floor, wall or roof application. Regardless of whether there will be performance classes  
or standard lay-ups, CLT panels will be manufactured in multiple layers consisting of three or more layers of  
the same or different thickness of lumber or boards in a 90° crisscross pattern.

The orthogonal arrangement of layers in CLT adds dimensional stability and two-way action capability to the 
product. In certain cases, two adjacent layers can be aligned in the same direction to meet certain specifications. 
Fundamentally, it is possible to produce any CLT thickness by combining the following layer thicknesses:  
19 mm (¾ in.), 25 mm (1 in.), and 38 mm (1.5 in.) up to maximum 50 mm (2 in.). The final CLT thickness ranges 
from 72 mm to 400 mm. While it is possible to have panels that are not symmetrical through the thickness  
(e.g. top and bottom outer plies with different thickness or mechanical properties), it is likely that most panels  
will be symmetrical except perhaps for the layer designated as the appearance face or for fire-protection.

Panel size is generally dictated by the press size. The width of CLT panels ranges from 0.5 m to 3 m, and may reach 
5 m for certain applications. Some manufacturers produce CLT panels up to 18 m long. 

Figure 1 shows schematically the typical manufacturing process of CLT products, which involves the following 
nine basic steps:

1) Primary lumber selection,  
2) Lumber grouping, 
3) Lumber planing,
4) Lumber or layers cutting to length, 
5) Adhesive application, 
6) Panel lay-up,
7) Assembly pressing,
8) CLT on-line quality control, surface sanding2 and cutting, and
9) Product marking, packaging and shipping.

3 
CLt 
mANUFACtURINg 
PRoCEss

2Surface sanding is optional.
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5 Adhesive application

9 Product marking, 
packaging and shipping   

4 Lumber/layers cutting to length

   

6 Panel lay-up

8 CLT on-line quality control, 
surface sanding and cutting

7 Assembly pressing

 MC check

1 Primary lumber selection

Visual
grading

E-rating
(optional)

MC check

2 Lumber grouping

3 Lumber planing

Figure 1
The manufacturing process of CLT products 
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Each step may include several sub-steps. Step 1 includes lumber moisture content (MC) check and quality  
control (QC). Lumber QC generally involves visual grading with or without E-rating. For a CLT plant with 
an annual capacity below 30,000 m3, Step 3 is to plane (or surface) lumber on all four sides before cutting up 
to length for face-gluing. For a CLT plant with an annual capacity of 30,000 m3 or above, Step 3 could involve 
secondary lumber preparation ( Julien, 2010), which has the following three options: lumber end-joining only, 
lumber edge-gluing only, and both lumber end-joining and edge-gluing. 

The key to a successful CLT manufacturing process is consistency in the lumber quality and control of the 
parameters that affect the quality of the adhesive bond. Much of what is described in this section should appear in 
the Plant Operating Specification document. This document should be in line with the requirements of the CLT 
product and plant qualification standards and specific to each manufacturing facility. 

3.1 Primary Lumber Selection 
In Europe, some manufacturers produce two grades of CLT panels: construction grade and appearance grade. 
Lumber stock may be selected in accordance to the grade of the CLT panel; for appearance grade CLT, the 
outermost layer(s) may have specific visual characteristics for aesthetic purposes. Some European manufacturers 
produce a so-called composite CLT by surface bonding wood composites or engineered wood products such as 
OSB, plywood and laminated veneer lumber to CLT. This composite CLT is outside the scope of this chapter.

Most adhesives require that surfaces be planed prior to adhesive application and pressing to ensure a strong and 
durable bondline. This means that graded lumber, which is usually supplied surfaced on four sides (S4S), will 
need to be re-planed just prior to bonding. Depending on the amount of wood removed, this may alter the grade 
of the lumber so a grade verification step may need to be added. While there may be savings in using rough sawn 
lumber (only planed once, thus resulting in higher fibre recovery), the manufacturing process will more likely have 
to include a lumber grading step (visual grading with or without E-rating) after planing as the amount of wood 
removed will be more than when using S4S lumber. 

3.1.1 Lumber Moisture Content and Temperature

Packages of kiln dried lumber are usually solid-stacked and dried to a MC of 19% or less at the time of surfacing. 
The standard MC specification for lumber may not be suitable for all CLT manufacturing processes. Some 
adhesives are more sensitive to MC than others; it is best to conduct trials with production runs on lumber with 
representative levels of MC, remembering that MC levels may vary from season to season. Lacking information on 
the interaction between the manufacturing process and lumber MC, it is recommended that lumber having a MC 
of 12 ± 2% be targeted for CLT manufacturing to ensure proper bond quality of the product. Another reason for 
limiting the MC variation is to minimize the development of internal stresses between pieces due to differential 
shrinkage which is dependent on differential MC, growth ring orientation and species. It is recommended that the 
maximum difference in MC between adjacent pieces that are to be joined not exceed five percentage points. 

The lumber packages should be wrapped and stored in a warehouse to prevent wetting. Storage facilities of 
sufficient capacity should be available to maintain the required MC and temperature of the lumber. To achieve  
the target MC, the package must be unpacked, stickered by row to allow air circulation and/or re-stacked  
for drying.

A hand-held radio-frequency MC meter (capacitance type) or an electrical resistance moisture meter can be used 
to check the lumber MC. Capacitance based MC meters with sets of metallic plates placed above and below 
the lumber to measure the electric capacitance as the lumber passes transversally at line speed can be used in 
production. Other on-line MC meters using emerging technologies such as a bench-type near-infrared (NIR) 
moisture spectroscopy or a microwave MC sensor may be installed to continuously monitor the MC of lumber 
pieces as they pass by. Note that the former can only measure the MC on the surface while the latter allows  
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a deeper penetration of microwave field into the product, leading to a more accurate MC measurement. More 
research and development is needed to adapt the latter two emerging technologies for on-line measurement  
of lumber.  

Wood temperature will affect the bondline quality, and the adhesive manufacturer’s recommendations should 
be followed. The ambient temperature in the manufacturing facility may also have an effect on some process 
parameters such as the open assembly time and adhesive curing time; therefore it is recommended that the 
ambient temperature be at least 15°C. The wood temperature and MC, as well as the ambient temperature in the 
manufacturing facility may change throughout the year, which points to the need for a QC program that includes 
monitoring these parameters. As the effect of temperature and MC on the bondline and panel quality is better 
understood, revisions can be made to the Plant Operating Specification to better allocate monitoring resources.

3.1.2 Lumber Characteristics Affecting Adhesive Bond Quality

In addition to the lumber MC and temperature, there are other lumber characteristics that may affect the quality 
of the adhesive bond. These either impact on the pressure that is effectively applied to the bondline, or simply 
reduce the available bonding surface. Lumber warp in the form of bow, crook, cup and twist are examples of  
the former. Wane is a common example of the latter.

Standard grades of framing lumber permit these characteristics to varying degrees. While these limits are 
acceptable for wood frame construction, some of these characteristics need to be restricted when manufacturing 
CLT in order to ensure formation of a good bondline.

It is important that the impact of these characteristics, if permitted, be taken into account in the product 
manufacturing and expected bondline performance. In the proposed CLT standards, for example, this is addressed 
by grading to achieve an “effective bondline area3” of a minimum of 80%. Characteristics impacting the bondline 
are then permitted provided that when they are averaged over an area of 1.3 m x 1.3 m, they displace not more 
than 20% of the total area. 

Consider wane, for example. Wane is the presence of bark or a lack of wood at the corner of a square-edged  
lumber piece. It will reduce the bonding area and concentrate the stresses in a CLT panel. However, wane  
cannot be ignored because it is a permitted characteristic in all lumber visual grades. The effect of wane can  
be accommodated by removing pieces with excessive amounts of wane and/or rearranging or reorienting pieces 
with wane. 

3.2 Lumber Grouping 
In production, preparation of lumber for the major direction and minor direction of the CLT may follow 
different steps. In grouping lumber for these two directions, the MC level and visual characteristics of lumber are 
primary considerations. In some cases, E-rating is also performed in conjunction with visual grading. In general, 
for the purpose of establishing panel capacities, all lumber for the major direction will be required to have the 
same engineering properties. Similarly, the lumber for the minor direction (cross plies) will have a single set of 
engineering properties. To ensure aesthetic quality, the exposed surfaces of the outer-most layers may be of a better 
visual appearance.

It may be desirable to place higher quality lumber in designated areas in a panel where fasteners will be installed 
to maximize the effectiveness of fastening (see Chapter 5, Connections in Cross-Laminated Timber Buildings, for 
more information). 

3The effective bonding area is defined as the proportion of the lamination wide face averaged over its width that is able  
to form a close contact bond upon application of pressure.
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3.3 Lumber Planing 
Lumber planing (or surfacing) helps activate or “refresh” the wood surface to reduce oxidation for improved 
gluing effectiveness. Removal of a very thin surface layer ensures better bonding ( Julien, 2010). Lumber planing 
must achieve the required precision to ensure optimal gluing. In most cases, planing on all four sides is required 
to ensure dimensional uniformity. However, in some cases, only face and back planing may suffice if the width 
tolerance is acceptable and lumber edges are not glued. In general, removing 0.1 in. (2.54 mm) from the thickness 
and 0.15 in. (3.81 mm) from the width is recommended ( Julien, 2010). Due to the inevitable variations in drying 
efficiency and wood characteristics, it is possible for recently kiln-dried lumber pieces to exhibit higher-than-
average MC after planing. If this problem is encountered, steps should be taken to remove and recondition those 
pieces. The suitability of those pieces for bonding after reconditioning may need to be assessed.

3.4 Lumber/Layers Cutting to Length
A cutting station rips the lumber (or layers if edge-gluing is used) lengthwise for stacking. Transverse layers may be 
generated from the longitudinal layers by cross-cutting into shorter sections based on the dimensions of the press, 
if the same grade and size of wood is used for both longitudinal and transverse layers.

3.5 Adhesive Application4

In a typical glue application system used in a through-feed process, which is generally seen for PUR and PRF 
adhesives, the extruder heads move and apply parallel lines/threads of the adhesive in an air tight system with 
direct supply from an adhesive container. The layers may be lightly wetted with water mist (about 15-20 g/m2)  
to help the curing reaction when PUR adhesives are used. The production feed speed is generally around  
20-60 m/min. 

If the CLT layers are formed in advance, the glue applicator will consist of a series of side-by-side nozzles installed 
on a beam, and will travel longitudinally over the layers. The typical speed takes about 12 seconds for 16 m long 
layers ( Julien, 2010).

Adhesive application should occur within 24 hours of planing to overcome such issues as surface oxidation, ageing 
and dimensional instability of the wood, and improve wettability and bonding effectiveness. 

The actual adhesive application rate (or glue spread level) must be checked against that specified by the adhesive 
manufacturers. The desired rate is affected by the quality of the wood and the application system. The amount of 
adhesive applied must ensure uniform wetting of the wood surface. Proper application rate is evidenced by very 
slight but even squeeze-out along the entire bondline. The adhesive applicator and application rate are generally 
adhesive dependent.

The bonding surfaces of surfaced lumber must be clean and free from adhesive-repellent substances such as oils, 
greases or release agents, which would have a detrimental effect on bond quality. Prior to gluing, the layers should 
be cleaned with a compressed air jet to remove any debris.

Disruptions in the manufacturing process may be caused by issues related to adhesive application, such as 
exceeding the maximum allowed assembly time, which may result in adhesive pre-cure. Procedures should be 
in place to promptly resolve the cause of such disruptions. Such procedures should be included in the Plant 
Operating Specification. 

4 This chapter refers to CLT manufactured with glued laminations. However, aluminum nails or wooden dowels may also be 
used to assemble the laminations, although such products are not covered in the CLT Handbook.
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Edge gluing of wood pieces that make up the CLT layers is not a common practice among manufacturers due  
to the added manufacturing cost. In order for edge-gluing to be effective, edge planing must be done in advance. 
As a trade-off between cost and improved product performance, edge-gluing only the surface layer lumber could 
be adopted. 

3.6 Panel Lay-up
In general, CLT panel lay-up is similar to plywood with adjacent layers aligned perpendicular to each other, 
with the only difference being that each layer of the CLT panel consists of multiple lumber pieces. A minimum 
“effective bonding area” of 80% is recommended, although the target level may be increased or decreased 
depending on the structural demands placed on the panel. While there are a number of wood characteristics that 
may affect the available bond area, the producer is ultimately responsible to find the most effective way of meeting 
the requirements. In the case of wane, this may be accomplished by orienting lumber pieces such that the bark  
and pith faces of adjacent pieces face up. Doing this also has the advantage of reducing the tendency for  
the panel to warp. 

The assembly time is defined as the time interval between the spreading of the adhesive on the first piece of lumber 
or layers and the application of target pressure to the assembly. The manufacturing process and any restart after 
a temporary disruption should ensure that the assembly time does not exceed the maximum target set out in 
the adhesive specification.  In some cases, these may need to be more restrictive than the adhesive manufacturer 
specifications if ambient conditions are not ideal.

If the CLT layers are formed with edge-gluing in advance, the layers are generally stacked in a crisscross pattern 
with a vacuum gripper ( Julien, 2010).

3.7 Assembly Pressing
Pressing is a critical step of the CLT manufacture accounting for proper bond development and CLT quality. 

Two main types of press are used for CLT manufacturing: vacuum press (flexible membrane) and hydraulic 
press (rigid platen). A vacuum press generates a theoretical maximum pressure of 14.5 psi (0.1 MPa). Such a low 
pressure may not be sufficient to suppress the potential warping of layers and overcome their surface irregularities 
in order to create intimate contact for bonding. To address this deficiency, lumber shrinkage relief can be 
introduced to ease pressing and dissipate potential stress resulting from uneven swelling and shrinkage. Lumber 
shrinkage reliefs can be introduced by sawing to release the stress and in turn reduce the chances of developing 
cracks when CLT panels lose moisture (Figure 2). However, the relief kerfs cannot be too wide or too deep 
because they may reduce the bonding area and affect the panel capacity. 

Figure 2
Lumber shrinkage relief
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A rigid hydraulic press can generate much higher vertical pressure and side pressure than a vacuum press.  
To minimize the potential gaps between the lumber pieces in the main layers, application of a side pressure  
in the range of 40 to 80 psi is recommended concomitantly with vertical pressing. 

A side pressure is sometimes needed to ensure that gaps between laminations in the major direction are not too 
wide. CLT product specifications may have a maximum permitted gap between adjacent laminations in the outer 
and inner layers. To effectively apply the side pressure to the assembly, the length of the cross plies must be less 
than the total width of the main laminations. 

If the CLT layers are formed via edge-gluing in advance, a vertical press without side pressure would suffice.  
Some vertical presses allow for multiple panels to be pressed simultaneously at high pressures up to 870 psi  
( Julien, 2010). A lateral unloading device is generally used to un-stack multiple CLT panels loaded in a single 
opening press. The assembly should be pressed within the specified assembly time. Both assembly time (time 
between when the adhesive is applied and when the target pressure is applied) and pressing time (time under  
the target pressure) are dependent on the ambient temperature and air humidity. If the assembly time is shorter 
than the minimum recommended by the adhesive manufacturer, the pressing time may need to be increased  
to compensate.

During pressing, it is recommended that the ambient temperature be higher than 15°C because some adhesives 
may take longer to cure at low temperatures.  

3.8 CLT On-line Quality Control, Surface Sanding5 and Cutting
As a means of on-line QC, an automated visual grading system may be installed to monitor the surface quality 
and appearance of CLT. Advanced camera vision technologies are currently used for on-line QC of veneer and 
plywood; however, additional research and development is needed to adapt such technologies to on-line QC of 
CLT. The combination of advanced equipment and regular external and internal quality surveillance would ensure 
that CLT products are fit for the intended applications.

An industrial sanding machine designed for wood composite products such as plywood may be used to sand one 
CLT panel at a time to the target thickness with a tolerance of + 0.1 mm. Typically, the speed is about 2 m/min. 
Note that the material removal is generally limited to 0.5 mm in total, namely 0.25 mm per surface ( Julien, 2010). 
The permitted tolerances of CLT products will likely be specified in design standards; however, tighter tolerances 
may be specified by building project.

After sanding, CLT panels are then conveyed to a machining station where a multi-axis numerically-controlled 
machine cuts out openings for windows and doors, splices and other required parts. Cutting is performed under 
strictly controlled conditions for maximum accuracy. Minor repairs are carried out manually at this stage of  
the manufacturing process. 

5Surface sanding of CLT products is optional.
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3.9 Product Marking, Packaging and Shipping
Product marking ensures that the correct product is specified, delivered and installed. It is also an important part 
product conformity assessment by providing the information to allow designers, contractors and the authority 
having jurisdiction to check the authenticity of the product. In the proposed CLT standard, the following 
information is indicated to be placed on CLT products: manufacturer’s logo or mill code, reference to the CLT 
standard to recognize the product has met the standard’s requirements, lamination grade, species and thickness 
to derive the capacity of CLT elements, adhesive service class (e.g. Limited Moisture Exposure, Heat Resistant 
Adhesive), and evidence of third-party conformity assessment (Agency’s logo). Additional markings on the  
panels may show the main direction loading of the panels in the structure and, possibly, the zones designed  
to receive connectors. 

Because CLT panels are intended for use under dry service conditions, the panels should be protected from 
weather during transportation, storage and construction on the job site.    
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As there are a number of process-related issues that would affect the integrity of the bond line, there should be 
a process in place to qualify a plant to ensure that it has the means to assess and control the quality of the input 
components and the final product.

Industrial mass production of CLT panels requires an in-plant quality control (QC) program. It is proposed that 
the product quality assessment consists of a product pre-qualification step and an initial plant qualification of 
full size production. This is followed by an ongoing quality program to maintain this qualification. The plant’s 
quality program, which includes ongoing QC testing, is required to be described in detail in the Plant Operating 
Specification and builds on the requirements of the applicable standard. 

The surface quality of the CLT panels may need to be controlled if the panels are used for appearance applications. 
If the panels are to be exposed, the quality of visible surfaces should meet the appearance criteria of the specifier, 
which may include, for example, considerations such as knot quality, surface smoothness, and absence of surface 
gaps between lumber pieces. A somewhat lower appearance quality can be tolerated on construction grade panels 
if agreed with the client ( Julien, 2010).

4.1 CLT Product and Plant Qualification 
The proposed CLT standard uses delamination testing as a means to assess quality of the bond line. In the 
delamination test, a core specimen (see Figure 3), extracted from a pre-qualification or production panel, is 
saturated with water and then dried to evaluate the adhesive bond line’s ability to resist the wood shrinkage and 
swelling stresses. The test also assesses somewhat the ability of the adhesive to withstand moisture degradation. In 
the delamination test, separation in the wood adjacent to the bond line, as opposed to separation in the adhesive, 
is not considered delamination. 

Figure 3
Proposed delamination specimen

4 
PRoDUCt QUALIty 
AssURANCE
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The proposed CLT standard specify limits on the amount of delamination permitted in an individual bond line, 
in a delamination specimen consisting of several bond lines, in a small area of the panel evaluated using several 
delamination specimens, and for the overall panel. When all these requirements are met, the manufacturing 
process is deemed to be producing CLT with bond lines of acceptable quality.

4.2 Block Shear Tests
Preliminary tests carried out at FPInnovations suggest that wood failure results from block shear specimens tested 
under vacuum-pressure-dry conditions could be used to assess the bond quality. A block shear test may be useful 
for QC assurance in lieu of, or in addition to, delamination tests for assessing the bond quality of CLT products. 
For additional information on this topic refer to the report on block shear testing of CLT (Casilla et al., 2010b).

4.3 Tests for Assessing Visual Quality of CLT
Wood shrinkage is not equal in all directions due to the anisotropic nature of wood. As a result, drying checks  
may develop in CLT panels during storage and use if the MC of the wood at the time of manufacture is 
significantly different from equilibrium MC of the ambient conditions (Figure 4). The shrinkage can develop 
tensile stresses which could exceed the local wood strength perpendicular to the grain causing checks or cracks. 
Although the checks may partially or fully close if exposed to higher humidity environment, they will reappear 
when the panel is re-dried. 

          

Figure 4
Check development in CLT panels
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Checks affect the aesthetic value of the surface, and could thus lower the product’s market acceptance. Checks 
and gaps at the unglued edges of adjacent laminations normally will not have a significant impact on strength 
properties; however, some of the panel’s physical properties, such as thermal conductivity and moisture diffusion 
may be affected. These properties may have an impact on energy performance and durability of the building 
assembly. The severity of checking could be used as one of the parameters in classifying the product into different 
“appearance” grades (Casilla et al., 2010a).

In addition to limiting the MC of the lumber at the time of manufacturing, surface checking can potentially be 
minimized by using quarter-sawn lumber and by laying up the outer layers in such a way that their growth rings  
are concave from the bond line. A disadvantage of this arrangement is that it will not help minimize panel 
warping. As for gaps forming between lumber pieces, this can be minimized or prevented by edge-gluing,  
but this will likely increase the development of checks.

Simple tests may be carried out on small 2 ft. x 2 ft. (approximately 600 mm x 600 mm) panels to assess check and 
gap development under the temperature and relative humidity conditions expected in-service. These tests would 
provide an indication of the appearance of these products after long-term exposure in service to dry conditions,  
or the effectiveness of steps taken to minimize checking.   
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0 Introduction
Cross-laminated timber (CLT) is a wood panel product made by glue or nail laminating solid wood, composite 
wood, or structural wood sheathing products to a thickness corresponding to the minimum dimension for heavy 
timber. Components in a layer are typically arranged so that the principal axis of the components in one layer is 
orthogonal to the principal axis of adjacent layers. The principal axes of the outer layers are usually parallel to  
the long axis of the panel.

1 scope
This Standard covers the evaluation of manufacturers producing CLT that meet the requirements of the Cross-
Laminated Timber Product Standard (hereafter referred to as the Product Standard).

The Standard does not establish capacities for CLT panels. Guidance is provided in Appendix B.

2 Reference Publications
cSa (canadian Standards association) 
CSA O112 Series Standards for Wood Adhesives 
   O112.7-M1977 (R2006) 
   Resorcinol and phenol-resorcinol resin adhesives for wood (room- and intermediate-temperature curing)

   O112.9-10 
   Evaluation of adhesives for structural wood products (exterior exposure)

   O112.10-08 
   Evaluation of adhesives for structural wood products (limited moisture exposure)

national Lumber Grades authority 
Standard Grading Rules for Canadian Lumber, 2007
SPS 1 
Special Products Standard for Fingerjoined Structural Lumber, 2010

SPS 2 
Special Products Standard for Machine Graded Lumber, 2010

SPS 6 
Special Products Standard for Structural Face-Glued Lumber, 2005

national institute of Standards and technology 
PS 20-10 
American Softwood Lumber Standard
aStm international (american Society for testing and materials)
D 4444-08 
Standard Test Methods for Laboratory Standardization and Calibration of Hand-Held Moisture Meters
D 7438-08 
Standard Practice for Field Calibration and Application of Hand-Held Moisture Meters
D 6782-05 
Standard Test Methods for Standardization and Calibration of In-Line Dry Lumber Moisture Meters
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3 Definitions

adhesive – a substance capable of holding materials together
adherend – a body held to another body by an adhesive 
agency – an independent body that is competent to evaluate a manufacturer’s ability to meet the requirements  
of this Standard and to operate a certification system in which the interests of all parties concerned with  
the functioning of the system can be represented
assembly time – the time interval between the spreading of the adhesive on the adherend and the application  
of the target pressure to the assembly
note: For assemblies involving multiple layers or parts, the assembly time begins with the spreading of  
the adhesive on the first adherend.

closed assembly time – the time between completion of assembly of the laminations for bonding  
and the application of the target pressure or heat, or both, to the assembly
open assembly time – the time between the spreading of the adhesive on the adherend(s) and  
the completion of the assembly of the parts for bonding

bondline – the layer of adhesive which attaches two adherends
face bondline – the bondline joining the wide faces of laminations in adjacent layers
edge bondline – the bondline joining the narrow faces of adjacent laminations within one layer

cross-laminated timber (cLt) – the wood product made by bonding, under pressure, graded laminating stock 
the grain of which is essentially parallel in each layer and is produced in accordance with the requirements of  
this Standard
delamination – the separation of layers in a laminate due to failure of the adhesive either in the adhesive itself  
or at the interface between the adhesive and the adherend

bondline delamination – the length of delamination observed in a single bondline of a delamination 
specimen expressed as a percentage of the total length of that bondline
Specimen delamination – the average delamination across all face bondlines in a delamination specimen
Zone delamination – the average of the specimen delamination of specimens sampled within  
a pre-qualification panel, or the area defined by the grid overlaid on a full-size panel
Panel delamination – delamination within a full-size panel based on the average of the zone 
delamination results

edge (panel edge) – the narrow face of a panel that exposes the ends or narrow faces of the laminations
finished edge – the panel edges that have been trimmed or machined to a specified quality  
and tolerance after pressing
unfinished edge – the panel edges that are neither specified as finished or as meeting the tolerances 
provided in this Standard

effective bonding area – proportion of the lamination wide face averaged over its length that is able to form  
a close contact bond upon application of pressure
face – one of the four longitudinal surfaces of a piece or panel

Lamination (or lumber) narrow face – the face with the least dimension perpendicular  
to the lamination (or lumber) length
Lamination (or lumber) wide face – the face with the largest dimension perpendicular  
to the lamination (or lumber) length
Panel face – the wide face of a panel

finger joint – a joint between two pieces, the ends of which have been formed into a series of mating  
fingers through either the wide or narrow faces of the pieces
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Grade – the designation of the quality of a piece of wood
Glue skip – absence of adhesive on one or both adherends
Lamination – lumber, including stress rated boards, that has been prepared for laminating
Layer – all laminations on one side of a bondline

outermost – the laminations on the panel’s wide face and all adjacent layers with laminations having  
the same grain orientation (e.g. parallel to the major direction)
outer – the layer adjacent to the outermost layer and all adjacent layers with laminations having  
the same grain orientation (e.g. parallel to the minor direction)
inner – the laminations between the outermost layers

Lay-up – the number and thickness of laminations, combination of grades and species, and orientation  
of laminations
Length –

cLt length – dimension of the CLT panel or specimen parallel to the major direction
Lamination length – dimension of the lamination parallel-to-the-grain after planing
Lumber length – dimension of the lumber parallel-to-the-grain at the time of stress grading 
note: The lamination and lumber may include finger joints provided the finger joints are manufactured  
to a recognized specification that retains the lumber grade.
bondline length – dimension of a single adhesive layer along the edges of the panel
total bondline length – dimension of all adhesive layers along the edges of the panel

Lumber – 
machine evaluated lumber – structural lumber that has been graded by means of a non-destructive test 
and visual grading, conforming to the requirements for machine stress-rated lumber, with the exception 
that the process lower fifth percentile modulus of elasticity (MOE) equals or exceeds 0.75 times the 
characteristic mean MOE for the grade
machine stress-rated lumber – structural lumber graded by means of a non-destructive test and visual 
grading, in accordance with the requirements of CSA O141
Sawn lumber – the product of a sawmill not further manufactured other than by sawing, re-sawing, 
passing lengthwise through a standard planing mill, and cross-cutting to length
Structural lumber – lumber in which strength is related to the anticipated end use as a controlling factor 
in grading or selecting
visually stress-graded lumber – structural lumber that has been graded in accordance with the 
provisions of the National Lumber Grades Authority Standard Grading Rules for Canadian Lumber

major direction – general direction of the grain of the outermost layers of the CLT panel
minor direction – perpendicular to the major direction
Species – the commercial name of the wood species or species combinations that are used to formulate lumber 
grading rules for the purposes of assigning common design properties
note: Unless otherwise specified, the species of a panel is the species of the exposed face or the appearance face. 
Specimen – a part, item, or the whole of a sample, taken as representative of a whole or a collection of items
Stress grade – a classification of CLT where combinations of laminating grades are arranged so they are suitable 
for resisting the type and magnitude of stress assigned to the grade
Thickness –

cLt thickness – dimension of the CLT panel or specimen perpendicular to the plane of the panel
Lamination thickness – dimension of the lamination perpendicular to the wide face after planing
Lumber thickness – smaller cross-section dimension of the lumber at the time of stress grading
Specified thickness – dimension of the CLT panel perpendicular to the panel for purposes  
of design calculation
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visual grade – 

cLt (panel) visual grade – the visual grade of one or both of the outermost layers
Lumber visual grade – the visual grade at the time the lumber is grade marked
Lamination visual grade – the grade of the lamination just prior to bonding

Width – 
cLt width – dimension of the CLT panel or specimen perpendicular to the major direction
Lamination width – dimension of the lamination between unglued edges of the wide face
Lumber width – larger cross-section dimension of the lumber at the time of stress grading
note: The lamination and lumber may include edge bonds provided they are manufactured  
to a recognized specification that retains the lumber grade

4 Quality system
4.1 General
4.1.1  CLT shall be manufactured under a quality system that is audited by an independent 
 third-party agency (hereafter referred to as the “Agency”).

4.1.2  Manufacturers shall be qualified by the Agency to manufacture and to mark CLT conforming 
 to the Product Standard.

4.1.3  Manufacturers shall establish a quality control program with appropriate control limits 
 for maintaining the manufacturing process within the Specification Limits.

4.1.4  Manufacturing parameters with Specification Limits shall include, at a minimum, 
 those parameters listed in Clause 5.2.

4.2 Plant Operating Specification
4.2.1 Operating Procedures and Records

Recordkeeping and the operating procedures necessary for ensuring the proper manufacturing of CLT shall be 
described in a Plant Operating Specification.

4.2.2 Specification Limits

4.2.2.1 Specification limits for manufacturing parameters including those evaluated under this Standard (see Clause 5.2) 
 shall be listed in the Plant Operating Specification.

4.2.2.2 The quality control program and basis for the control limits shall be described in the Plant Operating Specification.

4.2.3 Product Marking

The product shall bear durable and legible markings and/or provided with a certificate that indicates,  
at a minimum, the following:

(a)  A reference to this Standard
(b)  Manufacturer’s logo, or a manufacturing facility code known to the Agency
(c)  Laminate grade, species and thickness in sufficient detail to derive the capacity
(d)  Adhesive service class (e.g. HRA, Limited Moisture Exposure)
(e)  Evidence of third-party conformity assessment (e.g. Agency logo)
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5 tests for Facilities Qualification
5.1 General
5.1.1 Qualification tests shall be performed under the supervision of the Agency to demonstrate the capability of the 
 manufacturing process to produce the desired product. Such tests shall be repeated should any method or material 

be changed.

5.1.2 Except as permitted in Clause 5.2.1, qualification samples shall be manufactured using the press, 
 adhesive formulation, and adhesive application system from the facility to be qualified.

5.1.3 Except as required in Clause 5.2.2, the input component (lumber and adhesive) and the manufacturing parameters
  (clamping pressure and time, adhesive spread, etc.) shall be representative of that to be used by the facility.

5.1.4 The method used to measure the moisture content of laminations used in the qualification samples shall 
 be similar to that to be used in production.

5.1.5 Moisture content shall be measured using a handheld moisture meter calibrated in accordance with Method
  D 4444 and used in accordance with Practice D 7438, or an in-line meter calibrated in accordance with  

Method D 6782.  

5.1.6 Ambient conditions under which qualification samples are manufactured shall be representative of operating 
 conditions.  Otherwise, additional qualification testing for parameters to be used for the range of ambient 

conditions shall be undertaken.

5.2 Pre-Qualification
5.2.1 General

5.2.1.1 Specification Limits to be specified in the Plant Operating Specification shall be pre-qualified using full thickness
 qualification test panels of not less than 60 cm in the major direction, 45 cm in the minor direction, or more than 

90 cm in either direction (hereafter referred to as “Pre-qualification Test Panels”).

note: A Pre-qualification Test Panel of more than 60 cm is recommended, particularly for thicker CLT products.

5.2.1.2 Pre-qualification Test Panels shall be prepared at the facility or at an alternative facility acceptable to the Agency.

5.2.1.3 All Pre-qualification Test Panels shall be:

(a)  Of the same approximate length and width at the time of pressing;
(b)  Pressed individually; and
(c)  Taken from approximately the geometric centre of the larger panel, if applicable.

5.2.2 Sample Preparation

5.2.2.1  Application of pressure to manufacture pre-qualification test samples shall be by a platen that has similar rigidity
 as that to be used in the facility to be qualified. The applicability of the results shall be documented by the Agency.

note: For example, Pre-qualification Test Panels for facilities using a vacuum press should be clamped using  
a vacuum press or an air bag inserted between the sample and the rigid platen.

FORIN-Chapitre 2.indd   9 10-12-22   15:46



ChapTER 2    I-10

dr
af

t
5.2.2.2  Adhesive shall be applied to the laminations in a manner similar to that to be used in the facility to be qualified.

note: In addition to considering the amount of adhesive applied, sample preparation facilities should distinguish 
between, for example, roller versus curtain coating and single spread versus double spread, which vary in the 
uniformity of the adhesive spread.

5.2.2.3  Except as permitted in Clause 5.2.2.4, the factors specified in Table 1 shall be prepared in the combinations 
 specified in Table 2.  Each panel shall be labelled to indicate the factor and measurement.

Table 1 
Factors to be evaluated with the pre-qualification sample

Deviation Δ from Nominal †

Factor Parameter
 - (Below Nominal) + (Above Nominal)

A Total assembly time § 0 minute 0 minute

B Moisture content 2 MC PP ‡ 2 MC PP ‡

C Adhesive spread 90% of nominal 110% of nominal

D Clamping pressure 90% of nominal 100% of nominal

E Wood surface temperature -0°C +5°C

† The minimum and maximum levels to be evaluated shall be the greater of the deviation Δ in the Table or  
the permitted deviation stated in the Plant Operating Specification and monitored on an ongoing basis.

‡ Moisture content percentage points.
§ Total assembly time is the sum of the open and closed assembly time. Ambient conditions (air temperature and 

relative humidity) to be within the range anticipated during production. Otherwise, the adhesive formulation 
or assembly times evaluated should be adjusted to accommodate the anticipated ambient conditions.

Table 2 
Combination of factors for pre-qualification testing

Measurement A B C D E Replicates

1 + + + - + 2

2 - + + + - 2

3 - - + + + 2

4 + - - + + 2

5 - + - - + 2

6 + - + - - 2

7 + + - + - 2

8 - - - - - 2

note: Table contents adapted from ASTM E 1169, Standard Guide for Conducting Ruggedness Tests.
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5.2.2.4 (a) Where two or more lay-ups with the same number of layers differ by only the thickness of the 
 laminations, only the lay-ups with the minimum and maximum overall thickness need to be evaluated.
(b)  Where lay-ups have identical outer and outermost lamination species, grade and thickness, only the lay-up  

with the greatest overall thickness need to be evaluated.
(c)   Where lay-ups differ only by the nominal width of the laminations in one or more layers, only the lay-ups 

with the minimum width laminations and with the maximum width laminations need to be evaluated. 

5.2.3 Sample Conditioning

Samples shall be stored in an environment maintained at 20±2°C/65±5% RH until the adhesive has cured 
sufficiently to permit evaluation.

note: For panels larger than the specified pre-qualification panel size, it is permissible to trim the panels  
to the specified size to facilitate conditioning.

5.2.4 Specimens

5.2.4.1  Three delamination specimens shall be extracted from each Pre-qualification Panel as shown in Figure 1 
 and labelled to indicate the panel number and the specimen position within the panel.

5.2.4.2  Where the panel is larger than the specified Pre-qualification Test Panel size, the pre-qualification sampling 
 area shall be 60 cm to 90 cm square located at the geometric center of the panel.

Figure 1
Delamination core specimen locations (a = 10±2 cm, L1 = 60 to 90 cm, L2 = 45 to 90 cm)
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5.3 Qualification of Effective Bond Area
5.3.1 General

5.3.1.1  The manufacturer shall establish visual grade rules for the bonded faces and limit the average glue skip 
 to maintain an average effective bond area of 80% or more.

note: Alternatively, glue skips may be treated as delamination.  See the Product Standard  
for additional information.

5.3.1.2  The manufacturer’s visual grade rules established to achieve the target effective bond area shall include, 
 at a minimum, limits on the characteristics listed in Table 3.

Table 3 
Visual characteristics reducing the effective bond area

Characteristic Subcategories to be Included and Limited

Knots Knots generally classified as to quality:
loose knots, knot holes, unsound knots, burls, or equivalent

Holes Very large hole (greater than 1 inch in diameter)

Pitch streaks All

Pockets All

Pitch or bark seams All

Shake Limit as wane

Wane All

Decay (unsound wood) All

Compression wood Limit as skip

Size See size tolerances in the Product Standard

Eased edges Exceeding the standard radius

Skip All

Manufactured holes Limit as wane

Grain Chipped, torn, loosened or raised grain

Planing Knife marks, wavy dressing, machine bite, machine gouge shall 
be limited

5.3.1.3  The bond area displacement shall be based on characteristic measurements consistent with the NLGA 
 Standard Grading Rules.

5.3.2 Sample Selection and Inspection

5.3.2.1  Samples shall be drawn from representative production of laminations meeting the manufacturer’s visual grade
 rules and positioned in accordance with the Plant Operating Specification.
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5.3.2.2  The layer formed by the laminations shall be verified by the Agency to provide an effective bond area of 80% 
 or more over any randomly selected area not more than 1.3 m x 1.3 m.

note: A mask with a square opening of 1.3 m may be used to facilitate inspection.

5.3.2.3  All pieces within the layer shall be rotated and the opposite faces inspected.

5.4 Initial Plant Qualification
5.4.1 General

Following pre-qualification, a representative sample of the largest panels to be manufactured for each lay-up  
shall be subjected to qualification testing.

5.4.2 Sample Preparation

5.4.2.1 Two qualification panel samples shall be prepared from a representative sample of laminations following 
 the procedures outlined in the Plant Operating Specification.

5.4.2.2  From each grade, species, and width used to fabricate the panel, a total of 30 pieces of laminations shall 
 be randomly selected and the following recorded for each piece:

(a) Moisture content (see Clauses 5.1.4 and 5.1.5)
(b) Lamination thickness to the nearest 0.05 mm

5.4.3 Sample Conditioning

Panel samples shall be stored under the conditions and for the duration as specified in the Plant Operating 
Specification to allow the adhesive to cure.

5.4.4 Specimens

A 1.3 m x 1.3 m or smaller square grid shall be overlaid onto each panel.  Three delamination cores shall be 
randomly taken from within the boundary of each square.

note: A scheme that generates a random number pair for positioning of the delamination cores within each  
square is recommended.

5.5 Subsequent Plant Qualification
5.5.1 General

Material changes to the manufacturing process or facilities shall be subjected to subsequent qualification testing.

The requirements of Clauses 5.2, 5.3 and 5.4 shall be reapplied for material changes listed or equivalent  
to that listed in Table 4.
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Table 4 
Subsequent qualification in response to material changes

Category Applicable 
Clause(s) Material Change (Examples) Notes

A 5.2, 5.3, 5.4 • Press equipment

Adhesive formulation class

Addition or substitution of species from
a different species group

Changes to the visual grade rules that
reduce the effective bond area or the
effectiveness of the applied pressure
(e.g. warp permitted)

•

•

•

Excludes replacement with
identical press

B 5.2, 5.3 • Other changes to the manufacturing
process or component quality not listed
above.

Adhesive composition (e.g. fillers 
and extenders)

•

Additional evaluation in
accordance with Clause 5.4
is at the discretion of the
Agency†

C 5.4 • Increase in panel width or length of
more than 20%

Table 5,Category D items when the 
production process is not under Level II
sampling as defined in the Product 
Standard

•
 

† It is recommended that changes involving two or more manufacturing parameters be subjected to evaluation  
in accordance with Clause 5.4. 

5.5.2 Reduced Level of Qualification Testing

Reduced qualification testing is permitted for the material changes listed or equivalent to that listed in Table 5.

Table 5 
Reduced qualification testing in response to material changes

Category Applicable
Clause(s)

Material Change (Examples) Notes

D Product
Standard - 
Level I
sampling

• Increases in width or length of not 
more than 20%

Increase in panel thickness of a 
currently qualified lay-up by two
lamination thickness

•

Production shall be at or
eligible for Level II sampling
under the Product Standard
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5.6 Delamination Resistance Test
5.6.1 General

The delamination test shall be used to assess the quality of the bondlines.

5.6.2 Sample

The test specimens shall be taken from each panel prepared as described in Clause 5.2 or sampled as described  
in Clause 5.4.

5.6.3 Specimens

Specimen height shall be equal to the thickness of the panel from which it is sampled.  Specimen diameter shall be 
between 80 and 90 mm.  Sawn end-grain and side-grain surfaces are permitted to be sanded prior to conditioning 
to remove blemishes such as burn marks and facilitate inspection of the bondlines provided the overall diameter is 
not reduced to less than 80 mm.

5.6.4 Test

5.6.4.1 The weight of each test specimen prior to conditioning shall be recorded to the nearest gram.

5.6.4.2  The test specimen(s) shall be placed in an autoclave or pressure vessel, weighted down, and covered in water at a
 temperature of 18 to 27°C. All test specimen(s) shall be separated such that all bondlines are exposed to the water.

5.6.4.3  A vacuum of between 70 and 85 kPa shall be drawn and held for 30 min. The vacuum shall then be released and 
 a pressure of 480 to 550 kPa shall be applied for 2 h.

5.6.4.4  The test specimen(s) shall then be removed from the pressure vessel and placed in a drying oven. The test
 specimen(s) shall be dried in air at 65 to 75°C. During the drying period, the test specimen(s) shall be placed 

approximately 50 mm apart and oriented with their bondlines parallel to the flow of air. The airflow rate and 
relative humidity shall be such that the specimen(s) are dried to within 10 to 15% above their original test weight 
within a period of 10 to 15 h.

5.6.4.5  When the test specimen(s) have returned to within 10 to 15% above their original test weight, delamination 
 shall be measured and recorded.

note:  Delamination should be measured immediately after removal of the specimens from the oven.  
If measurement is delayed, areas of poor bond can close up because the block core dries out to a state of 
equilibrium with the outer block surface, or the surface can pick up moisture.

5.6.4.6  Clauses 5.6.4.2 to 5.6.4.5 shall be repeated as required for an additional delamination exposure cycle if 
 the observed delamination exceeds the limit (“maximum permitted delamination”) after one (1) cycle but less  

than the limit after two (2) cycles (see Table 6).

5.6.5 Measurements

5.6.5.1  Delamination is measured along the glue lines and shall exclude knots, grade defects, and wood failure 
 in the bondline area. 

note:  After all delamination exposure cycles are completed, the specimen may be chiselled apart at the bondline 
to further evaluate the quality of the glue bond.

5.6.5.2  Glue skips on bondable surfaces if not counted as delamination shall be averaged from all specimens from a panel
 and shall not exceed the maximum permitted glue skip established in Clause 5.3.1.1. 
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5.6.6 Requirements

5.6.6.1  Delamination specimens meeting the requirements of Table 6 for one (1) delamination exposure cycle 
 as described in Clauses 5.6.4.2 to 5.6.4.5:

(a)  Need not be subjected to a second cycle; and
(b)   The results from the single delamination exposure cycle shall be used for the bondline delamination  

and specimen delamination assessment.

note: See Appendix C for sample delamination calculations for a bondline, and for the average delamination  
in a specimen, zone and panel.

Table 6 
Maximum permitted delamination

Bondline Specimen†

‡ Panel§

1 cycle 2 cycles 1 cycle 2 cycles 1 cycle 2 cycles 1 cycle 2 cycles

25% 30% 20% 25% 15% 20% 10% 15%

Zone

Average of Specimens

† Result from delamination averaged across all bondlines in an individual specimen
‡ Result from delamination averaged across all specimens within the zone 
§ Result from delamination averaged across all the specified zones within the panel

5.6.6.2  If the requirements of Table 6 are not met, specimen re-sampling and re-evaluation of delamination is permitted 
 as shown in Table 7.

Table 7
Delamination re-sampling and re-evaluation

Sampling Stage Delamination Deficiency Re-sampling Permitted

Pre-qualification panel Specimen or zone Replacement panel shall be prepared
and evaluated.

Specimen A replacement specimen shall be randomly
selected from the same zone to replace
the specimen.

Zone Up to two additional specimens shall be
randomly selected in sequence from the
same zone and combined with the original
samples for computing the average 
delamination.

Full-size panel

• Initial qualification

Subsequent
qualification

•

Panel The zone with the highest average
delamination shall be re-sampled as noted
above for a zone deficiency.

5.6.6.3  If glue skip is noted, the average glue skip observed shall not exceed the maximum permitted glue skip established
 in Clause 5.3.1.1.
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6 Records
Sufficient records shall be maintained to enable the Agency to verify that testing in accordance with this Standard 
has been carried out.

appendix a Structural Properties cLaSS for cLt Panels [to be completed] 
    Classification of floor, wall and roof panels

appendix b calculating design capacities for cLt Panels [to be completed] 
    Flexural capacity and stiffness

appendix c Sample delamination calculations [to be completed] 
    Bondline delamination 
    Specimen delamination 
    Zone delamination 
    Panel delamination
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0 Introduction
Cross-laminated timber (CLT) is a wood panel product made by glue or nail laminating solid wood, composite 
wood, or structural wood sheathing products to a thickness corresponding to the minimum dimension for heavy 
timber.  Components in a layer are typically arranged so that the principal axis of the components in one layer is 
orthogonal to the principal axis of adjacent layers.  The principal axes of the outer layers are usually parallel to the 
long axis of the panel.

Manufacturer must be qualified in accordance with the companion Cross-Laminated Timber Plant Qualification 
Standard (hereafter referred to as the Plant Qualification Standard).

1 scope
This Standard covers the evaluation of CLT made by bonding solid wood lumber components with a structural 
adhesive.  Although beyond the scope of this standard, the principles of this Standard may be applied to CLT 
made by bonding composite wood components. 

This Standard does not establish capacities for solid wood lumber component or for CLT panels.  See Appendix F 
for guidance on computing CLT panel capacities.

Fingerjoining, edge-gluing, or face-gluing of CLT panels is not permitted under this Standard.

2 Reference Publications
cSa (canadian Standards association) 
CSA O112 Series Standards for Wood Adhesives 
   O112.7-M1977 (R2006) 
   Resorcinol and phenol-resorcinol resin adhesives for wood (room- and intermediate-temperature curing)

   O112.9-10 
   Evaluation of adhesives for structural wood products (exterior exposure)

   O112.10-08 
   Evaluation of adhesives for structural wood products (limited moisture exposure)

CSA O141-05 
Softwood lumber

CAN/CSA-O86-09 
Engineering design in wood

national Lumber Grades authority
Standard Grading Rules for Canadian Lumber, 2007

SPS 1 
Special Products Standard for Fingerjoined Structural Lumber, 2010

SPS 2 
Special Products Standard for Machine Graded Lumber, 2010

SPS 6 
Special Products Standard for Structural Face-Glued Lumber, 2005
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national institute of Standards and technology

PS 20-10 
American Softwood Lumber Standard

american forest & Paper association, inc.

National Design Specification (NDS) for Wood Construction Supplement: Design Values for Wood 
Construction 2005 Edition

aStm international (american Society for testing and materials)

D 4444-08 
Standard Test Methods for Laboratory Standardization and Calibration of Hand-Held Moisture Meters

D 7438-08 
Standard Practice for Field Calibration and Application of Hand-Held Moisture Meters

D 7247 – 07 
Standard Test Method for Evaluating the Shear Strength of Adhesive Bonds in Laminated Wood Products  
at Elevated Temperatures

D 7374 – 08 
Standard Practice for Evaluating Elevated Temperature Performance of Adhesives Used in End-Jointed Lumber

3 Definitions
adhesive – a substance capable of holding materials together
adherend – a body held to another body by an adhesive 
agency – an independent body that is competent to evaluate a manufacturer’s ability to meet the requirements  
of this Standard and to operate a certification system in which the interests of all parties concerned with  
the functioning of the system can be represented
bond – the attachment at an interface between adhesive and adherends or the act of attaching adherends together 
by adhesive
bondline – the layer of adhesive which attaches two adherends

face bondline – the bondline joining the wide faces of laminations in adjacent layers
edge bondline – the bondline joining the narrow faces of adjacent laminations within one layer

cross-laminated timber (cLt) – the wood product made by bonding, under pressure, graded laminating stock 
the grain of which is essentially parallel in each layer and is produced in accordance with the requirements of  
this Standard
curing – converting an adhesive into a fixed or hardened state by chemical or physical action
delamination – the separation of layers in a laminate due to failure of the adhesive either in the adhesive itself  
or at the interface between the adhesive and the adherend

bondline delamination – the length of delamination observed in a single bondline of a delamination 
specimen expressed as a percentage of the total length of that bondline (the circumference of the 
delamination specimen)
Specimen delamination – the average delamination across all face bondlines in a delamination specimen
Zone delamination – the average of the specimen delamination of specimens sampled within  
a pre-qualification panel, or the area defined by the grid overlaid on a full-size panel
Panel delamination – delamination within a full-size panel based on the average of the zone 
delamination results

edge (panel edge) – the narrow face of a panel that exposes the ends or narrow faces of the laminations
finished edge – the panel edges that have been trimmed or machined to a specified quality and 
tolerance after pressing
unfinished edge – the panel edges that are neither specified as finished or as meeting the tolerances 
provided in this Standard
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effective bonding area – proportion of the lamination wide face averaged over its length that is able to form  
a close contact bond upon application of pressure
face – one of the four longitudinal surfaces of a piece or panel

Lamination (or lumber) narrow face – the face with the least dimension perpendicular  
to the lamination (or lumber) length
Lamination (or lumber) wide face – the face with the largest dimension perpendicular  
to the lamination (or lumber) length
Panel face – the wide face of a panel

finger joint – a joint between two pieces, the ends of which have been formed into a series of mating  
fingers through either the wide or narrow faces of the pieces
Grade – the designation of the quality of a piece of wood
in-control – is when the production continues to meet the process requirements of this Standard
item –panels produced in sequence with the same lay-up, regardless of the panel length or width
Lamination – lumber, including stress rated boards, that has been prepared for laminating
Layer – all laminations on one side of a bondline

outermost – the laminations on the panel’s wide face and all adjacent layers with laminations having  
the same grain orientation (e.g. parallel to the major direction)
outer – the layer adjacent to the outermost layer and all adjacent layers with laminations having  
the same grain orientation (e.g. parallel to the minor direction)
inner – the laminations between the outermost layers

Lay-up – the number and thickness of laminations, combination of grades and species, and orientation  
of laminations
Length –

cLt length – dimension of the CLT panel or specimen parallel to the major direction
Lamination length – dimension of the lamination parallel-to-the-grain after planing
Lumber length – dimension of the lumber parallel-to-the-grain at the time of stress grading 
note: The lamination and lumber may include finger joints provided the finger joints are manufactured  
to a recognized specification that retains the lumber grade.
bondline length – dimension of a single adhesive layer along the edges of the panel
total bondline length – dimension of all adhesive layers along the edges of the panel

Lumber – 
machine evaluated lumber – structural lumber that has been graded by means of a non-destructive test 
and visual grading, conforming to the requirements for machine stress-rated lumber, with the exception 
that the process lower fifth percentile modulus of elasticity (MOE) equals or exceeds 0.75 times the 
characteristic mean MOE for the grade
machine stress-rated lumber – structural lumber graded by means of a non-destructive test and visual 
grading, in accordance with the requirements of CSA O141
Sawn lumber – the product of a sawmill not further manufactured other than by sawing, re-sawing, 
passing lengthwise through a standard planing mill, and cross-cutting to length.
Structural lumber – lumber in which strength is related to the anticipated end-use as a controlling factor 
in grading or selecting
visually stress-graded lumber – structural lumber that has been graded in accordance with the 
provisions of the National Lumber Grades Authority Standard Grading Rules for Canadian Lumber

major direction – general direction of the grain of the outermost layers of the CLT panel
minor direction – perpendicular to the major direction
moisture content – the weight of moisture in wood expressed as a percentage of its oven-dry weight
out-of-control – is when the process no longer meets one or more of the process requirements of this Standard
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Package – one or more panels pressed together for curing
Panel – a single CLT structural element formed by bonding laminations with a structural adhesive
Piece – a single board or plank, one or more which may be used in a lamination
Sample – one or more units of product taken from a lot or batch or a portion of material taken from a panel,  
in order to represent that lot, batch, or panel for inspection purposes
Setting – the initial stages of curing of adhesives
Shift – that portion of production represented by the Level I or Level II quality control sample
Species – the commercial name of the wood species or species combinations that are used to formulate lumber 
grading rules for the purposes of assigning common design properties
note: Unless otherwise specified, the species of a panel is the species of the exposed face or the appearance face. 
Specimen – a part, item, or the whole of a sample, taken as representative of a whole or a collection of items
Stress grade – a classification of CLT where combinations of laminating grades are arranged so they are suitable 
for resisting the type and magnitude of stress assigned to the grade
Stress rated board (Srb) – lumber less than 2 inches in nominal thickness and 2 inches or more in nominal width 
that has been graded using the same grade-limiting specifications as those applied to structural dimension lumber
Structural composite lumber – the wood product that is either laminated veneer lumber (LVL), parallel strand 
lumber (PSL), laminated strand lumber (LSL), or oriented strand lumber (OSL), as defined in ASTM D 5456  
and manufactured for use in structural applications
Thickness –

cLt thickness – dimension of the CLT panel or specimen measured perpendicular to the plane  
of the panel
Lamination thickness – dimension after planing of the lamination measured perpendicular  
to the plane of the panel
Lumber thickness – smaller cross-section dimension of the lumber at the time of stress grading
Specified thickness – dimension of the CLT panel perpendicular to the plane to be used for purposes  
of establishing the panel capacity by calculation

visual grade – 
cLt (panel) visual grade – the visual grade of one or both of the outermost layers
Lumber visual grade – the visual grade at the time the lumber is grade marked
Lamination visual grade – the grade of the lamination just prior to bonding

Wane – the presence of bark or a lack of wood, for whatever cause, at the corner of a square-edged piece
Warp – any deviation from a true or plane surface, including crook, bow, cup, twist, or any combination  
of these (see NLGA Standard Grading Rules for additional details)
Width – 

cLt width – dimension of the CLT panel or specimen perpendicular to the major direction
Lamination width – dimension of the lamination between unglued edges of the wide face
Lumber width – larger cross-section dimension of the lumber at the time of stress grading
note: The lamination and lumber may include edge bonds provided they are manufactured  
to a recognized specification that retains the lumber grade.

Wood failure (per cent) – the area of wood fibre remaining at the bondline following completion  
of the specified shear test
note: Wood failure is determined by means of visual examination and is expressed to the nearest 5%  
of the test area.
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4 Panel Classification
4.1 General

Panels shall be classified and marked to indicate their lumber grade composition, appearance and panel thickness.  
Panels shall be further specified by their length and width, or any suitable description of their size.

4.2 Stress Grade
The stress grade shall be determined by acceptable engineering analysis or by the applicable design standard based 
on the panel composition.

note:  See Appendix F of this Standard for the recommended engineering analysis.

4.3 Appearance
Panel appearance shall be as agreed to between the buyer and seller.

note: See Appendix D for guidance on specifying panel appearance.

5 Panel tolerances
5.1 General
5.1.1  Panel and component dimensions shall be specified at a reference moisture content of 15% (See PS20 or O141 
 for shrinkage coefficients).

5.1.2  Textured or other face or edge finishes are permitted to alter the tolerances specified in this section. The designer
 shall compensate for any loss of cross-section and/or specified strength of such alternations.

5.2 Bondline Position
The actual bondline position within the panel thickness shall not deviate by more than 5% of the overall specified 
thickness from the bondline position based on the specified lamination thickness.

5.3 Panel Length and Width
Where panel length or width are specified and no tolerances are provided, the tolerance for both length and width 
shall be +0 mm, -4 mm and shall be applied to the specified width and length.

5.4 Squareness
Unless specified otherwise or designated as “unfinished”, panel face diagonals shall not differ by more than 3 mm.

5.5 Straightness
Unless specified otherwise or designated as “unfinished”, deviation of edges from a straight line between adjacent 
panel corners shall not exceed 2 mm. 
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6 materials
6.1 Lumber
6.1.1 General Requirements

Lumber shall be obtained from structural lumber complying with the requirements of CSA O141 in Canada,  
or PS 20 in the United States.

6.1.2 Grading

Lumber shall be graded in accordance with the National Grade Rule and have design properties specified in  
either CSA O86 or the National Design Specification

6.1.3 Edge-glued and Fingerjoined Laminations

6.1.3.1  End and edge-glued joints in grade marked laminations shall meet the applicable standard for the stress grade
 of the lumber.

note: Structural glued lumber meeting Standards conforming to the latest edition of the American Lumber 
Standard Committee Glued Lumber Policy are acceptable (e.g. NLGA SPS 1 and SPS 6).

6.1.3.2  Adhesive used for end and edge-glued joints shall meet the requirements of CSA O112.10.

6.1.4 Visual Quality

Lumber visual grade quality in each layer shall meet the visual requirements in Table 1.

Table 1
Lumber grade requirements and proportions

Grain Direction
of Layer Primary Grade Secondary Grade Maximum Proportion

of Secondary Grade

Major No. 2 or higher No. 3 10%

Minor No. 3 or higher N/A N/A

note: Other structural grades such as machine graded lumber or light framing grades are permitted provided  
their visual grade requirements are no less restrictive than specified in this clause.

6.1.5 Minimum Sizes (lumber after surfacing)

6.1.5.1  Cross laminations shall have a width-to-thickness ratio of 3.5 or more, and a thickness not less than 17 mm.

6.1.5.2  Cross laminations (lumber after surfacing) with a width-to-thickness ratio of less than 3.5 shall be assigned rolling
 shear strength and modulus values developed in accordance with Appendix B.

6.1.6 Maximum Sizes (lumber after surfacing)

Laminations shall not exceed 50 mm in thickness.

note: See the definition of lamination thickness.
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6.2 Adhesives
6.2.1  The base adhesive shall meet or exceed the requirements of CSA O112.10.

6.2.2  The specific formulation(s) to be used in production shall meet the requirements of the Plant 
 Qualification Standard.

6.2.3  Where panels are intended for the conditions specified in Table 2, the adhesive used shall meet the additional
 requirements shown in Table 2 and the panels shall be marked to indicate the requirements met.

Table 2 
Optional adhesive requirements for special exposure conditions

Condition Adhesive Standard and/or Designation §

Wet service conditions - wood moisture content
to exceed 19% while in service †

CSA O112.9 -  Exterior
ASTM D 2559 - Class B

Unprotected fire exposure - panels to be
designed as heavy timber elements ‡

ASTM D 7374 - HRA (Heat Resistant Adhesive)
ASTM D 7247 - Elevated temperature test of 
                       adhesive bond

† Preservative treatment of the panel or laminations may be required. 
‡ Other requirements such as minimum panel and outermost lamination thickness may apply. 
§ Information on Adhesive Service class to appear on the product mark.  See the Plant Qualification standard.

7 manufacturing
7.1 General

Only panel lay-ups qualified in accordance with the Plant Qualification Standard are permitted to be qualified  
for production under this Standard.

7.2 Lumber Preparation
7.2.1 General

The lumber surface quality and variation in thickness within and between pieces of lumber shall be limited  
to ensure a consistent bond.

7.2.2 Surfacing

Surfaces of laminations to be bonded shall be machine-finished to a uniformly smooth surface, but shall  
not be sanded.
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7.2.3 Lamination Thickness

The tolerance on lamination thickness shall meet the requirements of Table 3.

Table 3 
Laminate thickness variation

Layer Under Over

Outermost plies 0.0 mm 1.0 mm

Other plies 0.0 mm 0.5 mm

7.2.4 Reworked Lumber

7.2.4.1 General
Laminations that have been re-manufactured or re-sawn shall be re-graded, except as permitted below.

7.2.4.2 Shrinkage relief
In laminations, longitudinal kerfs provided to relieve shrinkage stresses shall not be more than one-half  
the lamination thickness, and shall not displace in total more than 10% of the lamination cross-section or more 
than 5% of the lamination width.

7.2.4.3 Planing Prior to bonding
The lumber shall be visually re-graded when planing prior to bonding results in the removal of more than 3%  
of the original thickness from either face.

note: The final thickness or width should be used in determining the panel capacity.

7.2.5 Moisture Content

Lumber moisture content shall be within the range qualified and specified in the Plant Operating Specification.

7.3 Panel Orientation Marking
If applicable, panels shall be clearly marked to ensure correct orientation of the panel in the structure  
or of any special zones in the panel specifically designed to receive connectors or treatment.

7.4 Panel Protection
Panels shall be protected from weather and mechanical damage while in the care of the manufacturer.

note: Instructions on the care and protection of the product during transport and construction should  
be provided.

7.5 Repairs
7.5.1 From Delamination Sampling

7.5.1.1 General
Plugs shall be laminated and bonded using an adhesive with equal or better bond performance as that used  
for the panel.

note: Laminated plugs with grain parallel to the axis of the plug are permitted to be used to repair panel holes 
from delamination sampling.  
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7.5.1.2 Plug Locations
The use of the panel shall consider the location of repair plugs.  Panels with repair plugs located near points  
of high concentration of loading (for example, hold down connectors or reduced area such as lintel areas)  
should be avoided.

7.5.1.3 Plug material
The moisture content of the plug material shall be less than the average moisture content of the panel being 
repaired.  Consideration shall be given to the potential differential shrinkage between the plug and the panel  
being repaired.

7.5.2 Other Repairs

Repair of flaws in panels shall be carried out under the supervision of a structural engineer familiar with panels 
and the end-use conditions for the panel.

8 Process Requirements
8.1 General

The manufacturer shall ensure that the correct size and grade of material are used in the lamination process,  
and that a durable and effective adhesive bond is formed between layers.

8.2 Bonding Surface Quality
8.2.1 target effective bonding area

Lumber meeting the visual grade requirements of Table 1 shall be further graded and pieces laid up to maintain  
an effective bonding area of 80% or better on surfaces to be bonded.

8.2.2 Lumber Growth ring orientation
If required to maintain the minimum effective bond area, laminations in cross-plies shall be oriented such that  
the bark and pith faces of adjacent pieces generally alternate.

8.2.3 Lamination Grade Limits
Grade limits intended to limit the amount of lamination warp that will not be corrected upon application  
of pressure shall be qualified using the Pre-qualification provisions of the Plant Qualification Standard.

8.2.4 Glue Skip in the face bondline
The average glue skip in a face bondline shall not exceed the level established to maintain the minimum  
effective bond area.

8.3 Resistance to Delamination
Bondline resistance to delamination shall meet or exceed the levels established under the Pre-qualification 
provisions of the Plant Qualification Standard.
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9 Quality Control
9.1 General
9.1.1  Ongoing evaluation of the process properties listed in Clause 8 shall be performed to confirm that the quality 
 of the manufactured product remains consistent.

9.1.2  Separate quality control records shall be maintained for each lay-up regardless of panel width and length.

9.1.3  The sampling method and control forms shall be approved by the Agency.

9.1.4 Production shall be held pending results of the Quality Control testing specified in Clauses 9.2 and 9.3 
 on representative samples.

9.2 Quality Control Sampling
9.2.1 Increased Sampling Following Initial Plant Qualification (Level I)

9.2.1.1 General
Level I sampling shall apply after initial or any subsequent qualification as defined in the Plant  
Qualification Standard.

9.2.1.2 Panel Sampling
The first and last panel from each item produced in a shift shall be selected for testing.

9.2.1.3 Specimen Sampling
A uniform square grid, 1.3 m x 1.3 m or smaller, shall be overlaid onto each panel from which:

(a)  Two square grids, one from first half and the second from the second half length of the panel length, shall  
be randomly selected for delamination specimen sampling; and

(b) Three delamination cores shall be randomly taken from within the boundary of each square.

note: A computer generated random number pair for positioning the delamination cores within each square  
is recommended.

9.2.2 Reduced Sampling Following Initial Plant Qualification (Level II)

9.2.2.1 General
Level II sampling is permitted with the approval of the Agency and following at least 7 consecutive shifts of in-
control production under Level I sampling.

9.2.2.2 Panel Sampling
A panel representative of the held production of each item shall be selected.

note: It is recommended that the panel be selected at the end of the last shift in which each item is produced, 
provided the number of shifts does not exceed three.  If the number of shifts exceeds three, the sampling should 
be made every three shifts.  Consideration should be given to scheduling or increasing the frequency of sampling 
around start-up and shut-down of the production line for maintenance or shift changes.
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9.2.2.3 Specimen Sampling
A uniform square grid, 1.3 m x 1.3 m or smaller, shall be overlaid onto each panel from which:

(c) Two square grids shall be randomly selected for delamination specimen sampling, and
(d) One delamination core shall be randomly taken from within the boundary of each square.

note: A computer generated random number pair for positioning the delamination cores within each square  
is recommended.

9.3 Delamination Resistance Testing
9.3.1 Specimen Preparation

Specimen length shall be equal to the thickness of the panel from which it is sampled.  Specimen diameter shall be 
between 80 and 90 mm.  Sawn end-grain and side-grain surfaces are permitted to be sanded prior to conditioning 
to remove, for example, burn marks to facilitate inspection of the bondlines, provided the overall diameter is not 
reduced to less than 80 mm.

9.3.1.1  The weight of each test specimen prior to conditioning shall be recorded to the nearest gram.

9.3.1.2  The test specimen(s) shall be placed in an autoclave or pressure vessel, weighted down, and covered in water at 
 a temperature of 18 to 27°C. All test specimen(s) shall be separated such that bondlines are exposed to the water.

9.3.1.3  A vacuum of between 70 and 85 kPa shall be drawn and held for 30 min. The vacuum shall then be released 
 and a pressure of 480 to 550 kPa shall be applied for 2 h.

9.3.1.4  The test specimen(s) shall then be removed from the pressure vessel and placed in a drying oven. The test
 specimen(s) shall be dried in air at 65 to 75°C. During the drying period, the test specimen(s) shall be placed 

approximately 50 mm apart and oriented with their bondline parallel to the flow of air. The airflow rate and 
relative humidity shall be such that the specimen(s) are dried to within 12 to 15% above their original test weight 
within a period of 10 to 15 h.

9.3.1.5  When the test specimen(s) have returned to within 12 to 15% above their original test weight, delamination 
 shall be measured and recorded.

note:  Delamination should be measured immediately after removal of the specimens from the oven. If 
measurement is delayed, areas of poor bond can close up because the block core dries out to a state of equilibrium 
with the outer block surface, or the surface can pick up moisture.

9.3.1.6  Clauses 9.3.1.2 to 9.3.1.5 shall be repeated as required for each additional delamination exposure cycle 
 if the observed delamination exceeds the limit after 1 cycle (see  Table 4).

9.3.2 Measurements

9.3.2.1  Delamination is measured along the glue lines and shall exclude knots, grade defects, and wood failure 
 in the bondline area.

9.3.2.2  Glue skip is permitted to be assessed as delamination.

note:  Once the test cycle is completed, the specimen may be chiselled apart at the bondline to further  
evaluate the quality of the glue bond.  The bondline separation assessed here may be separated into glue skips  
and delamination.

9.3.2.3  Glue skips on bondable surfaces if not assessed as delamination shall be averaged from all specimens from a panel.
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9.3.3 Requirements

9.3.3.1  Delamination of a specimen meeting the requirements of Table 4 for one (1) delamination exposure cycle 
 as described in Clauses 9.3.1.2 to 9.3.1.5:

(a) Need not be subjected to a second cycle; and
(b)  The results from the single delamination exposure cycle shall be used for the bondline and specimen 

delamination assessments.

note: See Appendix G for sample delamination calculations for a bondline, and for the average delamination  
in a specimen, zone and panel.

Table 4 
Maximum permitted delamination (and glue skips)

Bondline Specimen†

‡ Panel§

1 cycle 2 cycles 1 cycle 2 cycles 1 cycle 2 cycles 1 cycle 2 cycles

25% 30% 20% 25% 15% 20% 10% 15%

Zone

Average of specimens

† Result from delamination averaged across all bondlines in an individual specimen
‡ Result from delamination averaged across all specimens within the zone 
§ Result from delamination averaged across all the specified zones within the panel

9.3.3.2  If the requirements of Table 4 are not met, re-sampling and re-evaluation of delamination are permitted 
 as shown in Table 5.

Table 5 
Re-sampling and re-evaluation for delamination (or glue skip)

Sampling Stage Deficiency Re-sampling Permitted

Specimen A replacement specimen shall be randomly
selected from the same zone to replace the
specimen.

Zone Up to two additional specimens shall be
randomly selected in sequence from the
same zone and combined with the original
samples for computing the average
delamination (or glue skips).

Full-size Panel

• Level I sampling
Level II sampling•

Panel The zone with the highest average
delamination (or glue skips) shall be 
re-sampled as noted above for a zone
deficiency.

9.3.3.3  If assessed separately from delamination, the average glue skip expressed as a percentage of the bond area observed
 shall not exceed the limit established for the plant.
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10 Records
Sufficient records shall be maintained to enable the Agency to verify that testing in accordance with this Standard 
has been carried out, and that the requirements of this Standard have been met prior to the release of production.

11 Re-inspection
11.1 General

Panels shall be reassessed on the basis of their visual quality and, if required, resistance to delamination.

11.2 Visual Inspection
11.2.1 Visual Grade of Outer Faces

The visual grade of the lumber on the outermost layer shall be in accordance with the specified grade  
of the lamination and the provisions of Clauses 11.2.1.1 to 11.2.1.2

11.2.1.1  Seasoning checks need not be considered.

11.2.1.2  The specified grade limits are permitted to be adjusted to account for planing as permitted in Clause 7.2.4. 

11.2.2 Growth Ring Orientation of Cross-Plies

Where cross-ply laminations are not all edge-glued, cross-ply laminations that do not have alternating growth  
ring patterns with adjacent laminations shall not exceed on average 10% of the total area for each bondline.

note:  The growth ring orientation of the exposed ends of laminations at the edges of panels can be surveyed.  
Because changes in growth ring orientation may occur along the length of a lamination due to end-jointing, 
opposite edges may need to be examined.

11.2.3 Bondline Separation

11.2.3.1  Except that excluded in Clause 11.2.3.2, the total length of bondline separation along the finished edges 
 of the panel shall not exceed 10% of the total length of the bondline along the same edges.

11.2.3.2  The following are permitted to be excluded from the total length of bondline separation:

(a) Separation at the bondline not exceeding 20 mm in depth as determined by a 0.1 mm (0.004 in.) feeler gauge;
(b)  Separation around characteristics other than warp that are limited by the manufacturers to achieve  

the minimum bond area; and
(c) Separation in wood away from the bondline.
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11.3 Delamination

Random sample or cores subject to delamination testing

Requirements for the average (no check for the maximum)

appendix a  test methods [to be completed]

    Modifications to ASTM test methods for properties of interest to users of this Standard

•		ASTM	D	4761,	Standard	Test	Methods	for	Mechanical	Properties	for	Lumber	and	 
Wood-Base Structural Material

•	 ASTM	D	2718,	Standard	Test	Methods	for	Structural	Panels	in	Planar	Shear	(Rolling	Shear)
appendix b evaluation of rolling Shear Properties [to be completed]

Practice for establishing the rolling shear modulus and strength of wood using ASTM D 2718

appendix c Glued Lumber requirements [to be completed]

Glued lumber conforming to the American Lumber Standard Glued Lumber policy  
are permitted for use with this Standard

appendix d visual Quality class for cLt Panels [to be completed]

Provisions for assessing checks in CLT panels used under low moisture content conditions

appendix e Structural Properties class for cLt Panels [to be completed]

Classification of floor, wall and roof panels

appendix f calculating design capacities for cLt Panels [to be completed]

Flexural capacity and stiffness

appendix G Sample delamination calculations [to be completed]

Bondline delamination

Specimen delamination

Zone delamination

Panel delamination
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