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EXECUTIVE SUMMARY 

Nail-Laminated Timber (NLT) and box beam are efficient and economical engineered wood products. 
Although NLT has been used in North America for more than a century, only in recent years it has 
gained renewed interests as they have been seen as the most economical panel products used in 
mass timber buildings. Box beams, on the other hand, are lightweight and generally possess higher 
strength and stiffness than comparable-sized solid timber and are more efficient than solid timber for 
large spans and loads.  
 
In this report, existing design provisions and their limitations for the design and construction of NLT and 
box beam in Canadian standards are reviewed. For NLT, there is a general lack of information related 
to manufacturing, design and construction to ensure consistent manufacturing and installation 
practices. Therefore, it is difficult to research and document with confidence the full range of 
performance that can be achieved with NLT. It is therefore recommended that a North American 
product standard and design information on structural performance, floor vibration, fire resistance, 
acoustic performance, and construction risk mitigation measures (e.g. moisture and fire) be developed.  
 
In CSA O86, design methods are limited to box beams with flanges and webs bonded with glue. As the 
flanges and webs of a box beam can be assembled by either glue or mechanical fasteners, it is 
recommended that design provisions for box beam with mechanical joints be also developed. With the 
information in Eurocode 5 and relevant supporting research papers, it is ready to be implemented.  
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 INTRODUCTION  1.
Nail-Laminated Timber (NLT) and box beam are efficient and economical engineered wood products. 
Although NLT has been used in North America for more than a century, only in recent years it has 
gained renewed interests as they have been seen as the most economical panel products used in 
mass timber buildings.  Box beams, on the other hand, are lightweight and generally possess higher 
strength and stiffness than comparable-sized solid timber and are more efficient than solid timber for 
large spans and loads. 
 
In this report, a literature survey is conducted on NLT and box beam. Existing design provisions for NLT 
and box beam in Canadian codes and standards are reviewed. Limitations and knowledge gaps for the 
design and construction of NLT and box beam are summarized. Recommendations for future code 
implementation are presented.  
 
 

 NAIL-LAMINATED TIMBER 2.
Nail-laminated Timber (NLT) is an efficient and economic panel product, which is created by fastening 
individual pieces of solid sawn lumber (such as 2 x 4, 2 x 6, 2 x 8, 2 x 10 or 2 x 12), stacked on edge, 
into one structural element with nails, as shown in Figure 1. In Europe, this system is used under the 
name of Brettstapel in which individual dimension lumber is connected with hardwood timber dowels, 
nails or screws.  

 
Figure 1 – Nail laminated timber  

 
NLT has been used in North America for more than a century. Traditional industrial heavy timber 
buildings often used NLT as floor decking to span between solid sawn timber post and beams (i.e. 
traditional “mill floors”). In recent years, NLT have been used as floor, wall, and roof assemblies in 
commercial, institutional and residential buildings in which it is often exposed to create a unique 
aesthetic feature. A layer of wood-based sheathing is often mostly added to one side of the nail-
laminated panels to allow the product to be used as a structural diaphragm or a wall panel element 
(StructureCraft, 2015). 
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Below are some of the advantages of NLT:  
• NLT can be easily assembled on site or pre-fabricated in plant due to its simplicity, therefore 

making it the most cost efficient mass timber products available.  
• As fibres are aligned along the panel length, NLT is a more efficient mass timber product. With 

the same panel thickness, NLT can span longer than CLT of equivalent thickness, making it 
ideally suited for large industrial buildings.   

• NLT has a thermal conductivity in the range of 0.10 - 0.13 W/mK, depending on wood species 
(Henderson, 2009). This helps NLT achieve low thermal bridging and high R-values. NLT also 
has good thermal mass which helps maintain a comfortable indoor temperature and reduce 
building energy consumption (Henderson, 2009). 

• NLT can be adopted to improve acoustic properties. By introducing small absorption and 
reverberation voids behind the joints of each lamination, acoustic performance is dramatically 
enhanced (Henderson, 2009). 

• NLT has exceptional fire resistance due to the thickness of the panels and the charring action of 
timber in a fire. A typical 89 mm panel (i.e. 2x4 on edge) has a 30-minute fire-resistance rating 
and a 235 mm panel (i.e. 2x10 on edge) has a 90-minute fire-resistance rating (NRCC, 2010).  

• The simple fabrication of NLT allows complex geometries to be created with a thin structural 
plate made of straight members. The panel sheathing easily conforms to the panel geometry 
(Figure 2).  

 
(Courtesy of Structural Craft) 

Figure 2 – Curved NLT roof  

 
2.1 NLT Panels  
Typically NLT panel sizes are between 2.5 x 6 m and 3.5 x 18 m, with up to 4 m in width and up to 20 m 
in length (StructureCraft, 2015).  
 
In general, any softwood lumber species or species combinations recognized in CSA O141 and CSA 
O86 can be used as laminations to make NLT. To minimize the dimension change due to change of 
moisture content (MC), it is recommended that the MC of dimension lumber is within 12% ± 3% at time 
of manufacture.  
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For NLT, the laminations can be either continuous or butt jointed in different ways along the length of 
the NLT. Figure 3 shows different joint layouts which are commonly used in NLT. For NLT resisting long 
term loading in bending, it is recommended that shorter laminations be finger jointed to form a 
continuous lamination along the length of the NLT. The finger joints should meet the requirements in 
specific standard, such as NLGA SPS 1 (2014).  
 

 
Alternate layout 

 
Staggered layout 

 
Random layout 

Figure 3 – Different joint layouts 

 
The nails should be long enough to be able to connect at least three consecutive laminations. For 
laminations up to 140 mm in depth, a single row of nails can be arranged in a zigzag pattern, as shown 
in Figure 4.  Laminations more than 140 mm in depth shall be connected together with a staggered 
double row of nails.  
 

 
Figure 4 – Nailing pattern 

 
NLT can be produced to a variety of cross-section profiles. The edges of the laminations are commonly 
chamfered or mitred in exposed NLT to produce a greater aesthetic. Cylindrical voids behind the joints 
of laminations are shaped to achieve superior acoustic performance. Staggering the depth of 
alternative dimension lumber (see plus/minus format below) in NLT can give more space to run 
services within walls (Figure 5). 
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Source:  Henderson, 2009 

Figure 5 – NLT cross-section profiles  

 
2.2 Code Provisions for NLT Design  
In much the same way as tongue-and-groove wood decking, NLT qualifies as “Heavy Timber 
Construction”, per NBCC definition, as long as it is "well-spiked together" and is made of planks 
oriented edgewise of at least 38 mm wide by 64 mm deep for a roofs and at least 38 mm wide by 89 
mm deep for floors (see NBCC 3.1.4.6 4b/6b). Floors in heavy timber construction further require to be 
covered by tongue-and-groove flooring not less than 19 mm thick laid crosswise or diagonally, or by 
tongue-and-groove phenolic-bonded plywood, strandboard or waferboard at least 12.5 mm in 
thickness. 
 
Design provisions for NLT panels are not explicitly covered in CSA O86. In general, the design of NLT 
panels should follow Clause 4.3.2 of CSA O86, which states that:   
 
“New or special systems of design or construction of wood structures or structural elements not already 
covered by this Standard may be used where such systems are based on analytical and engineering 
principles, reliable test data, or both, that demonstrate the safety and serviceability of the resulting 
structure for the purpose intended.”  
 
Where NLT panels are used as floors or roofs, Clause 6.5.11.3 for nail-laminated decking in CSA O86 
can be used for the design of NLT panels if the nailing of NLT panels meets the connection 
requirements specified in Clause 6.5.11.3.1 and the locations of butt joints in NLT panels meet the 
requirements in Clause 6.5.11.3.2. Where NLT floors or roofs are under uniformly distributed load, the 
bending moment and deflection of NLT panels can be determined in accordance with Clauses 6.5.11.4 
and 6.5.11.5 of CSA O86. Excerpt of Clauses 6.5.11.3, 6.5.11.4 and 6.5.11.5 is provided in Appendix I.  
 
Attention should be paid to swelling and shrinkage perpendicular to grain of NLT. To address this issue, 
it is recommended to leave a gap of 38 mm between NLT panels at every 6 m perpendicular to the 
span of NLT. The gap is however to be filled with filler after the construction is completed 
(StructureCraft, 2015).   
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2.3 Research on NLT 
Limited studies have been conducted globally on the performance of CLT. Below is a summary of the 
studies.  
 
 
2.3.1 Structural performance 

Most of the study has been focused on the performance of NLT panels used as floors or roofs. Haller 
and Pannke (1998) and Haller (2000) studied the arrangement of butt joints on the structural behaviour 
of NLT floors under uniformly distributed load and concentrated load. It was found that under the 
uniformly distributed load, NLT panels with butt joints, either regular or random layout, had about 50% 
of the bending capacity and 70% of the bending stiffness of a NLT panel with continuous laminations. 
Under concentrated load, NLT panels with load applied at the edge of the NLT had higher deformation 
than NLT panel with load applied at the center of the NLT, this indicates the lower load sharing capacity 
of NLT panels across the lamination direction than that of other mass timber slabs such as CLT, LVL, 
glulam, etc. This is because the NLT uses mechanical fasteners to bind the laminates, which results in 
lower lateral stiffness and strength than other mass timber slabs.  Figure 6 shows the deformation of 
NLT panel under point load in center.   

 
Figure 6 – Deformation of NLT panel under point load at the center of the NLT panel 

 
Kramer and Blass (2001) studied the bending moment and deflection of a simply supported NLT panels 
with continuous laminations under central concentrated load (Figure 7). A total of 36 different 
configurations of NLT panels, consisting of different span-to-height ratios, different lamination widths, 
different nail diameters and nail spacing, were studied. The performance of different NLT panels was 
simulated by finite element models. Limited test results were conducted and the numerical simulation 
matched well with the test results. Based on the numerical simulation, the following design equations 
were proposed:  

Maximum bending stress of NLT panel:  
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Maximum lateral load on the nail joint: 
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where F is the concentrated load, l is the span of the NLT panel, t and h is the width and depth of the 
lamination, a1 is the nail spacing.  

 
Figure 7 – Simply supported NLT panels studied by Kramer and Blass (2001) 

 
Using the same numerical simulation method as used in Kramer and Blass (2001), Kramer (2004) 
studied the bending moment and deflection of a simply supported NLT panels with butt joints within the 
span of the NLT panel. It was proposed that the maximum bending stress and deflection is a function of 
effective number of laminations. Based on the results of numerical simulation, the effective number of 
laminations, nef, for different lamination layouts is provided in Table 1. 

Maximum bending stress of NLT panel:  
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Table 1 – Effective number of laminations, nef, and maximum lateral load on nail joint 
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Load condition Bending moment 
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Wolf and Schafer (1999) and Wolf (2000) studied the bending stiffness of NLT panel perpendicular to 
the span of NLT. Based on the force equilibrium of the compressive force in the wood and the tensile 
force of the nails (Figure 8), the transverse bending stiffness of NLT panel is obtained as follows: 
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where hD is the height of compression zone, hN1 is the distance of the lower nail row to the top edge of 
NLT panel, hN2 is the distance of the upper nail row to the top edge of NLT panel, n is the number of 
nails per meter in a nail row, tB is the thickness of the lamination, E⊥ is the modulus of elasticity 
perpendicular to grain of the lamination, Es is the modulus of elasticity of steel, Cm is the withdrawal 
stiffness of a nail.  
 
Limited tests were conducted. It was found that the calculated transverse bending stiffness were 
roughly 60% of the experimental results.  

 
Figure 8 – Assumed strain distribution and internal force in the NLT cross-section  

To improve the stiffness perpendicular to the span of NLT, Widmann (2001) used screws in lieu of nails 
to connect the laminations. Figure 9 shows the arrangement of screws in the screw-laminated deck.  
The screws arranged at 45° to the shear plane were used to transfer shear loads between two adjacent 
boards. The screws placed at the top and the bottom and parallel to the slab plane allowed the transfer 
of tensile forces and therefore the build-up of bending moments perpendicular to the span. Test results 
showed that the screw-laminated timber deck had much higher transverse shear and flexural stiffness  
than nail-laminated timber deck.  

 
Source:  Widmann, 2001 

Figure 9 – Arrangement of connector and assumed transfer of transverse bending and shear loads 
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Limited study has also been conducted on the performance of NLT panels used as walls. Haller and 
Pannke (1998) and Haller (2000) studied the compression load capacity of NLT panels under in-plane 
load. Test results showed that the compression load capacity is influenced by type and size of the nail 
as well as the nailing pattern. The NLT panels were buckled in plane (Figure 10) due to the weakness 
of the nail joints.  

 
Figure 10 – Buckling of NLT panels under compression load 

 
2.3.2 Floor Vibration 

FPI studied the vibration performance of a NLT + concrete composite floor (Hu et al., 2016).  The EI 
values of one meter wide NLT panels and NLT + concrete composite panels were measured.   The test 
results showed that the NLT panel had similar EI to CLT panel of the same thickness in major strength 
direction. The vibration performance of NLT + concrete composite floor (8.4 m in span) was measured 
and subjectively evaluated.   
 
2.3.3 Sound Insulation 

Haller and Pannke (1998) studied the acoustical properties of NLT panels. Although the weight of NLT 
panels has a positive impact on sound insulation, the joints between the laminations present a 
transmission path for airborne sound. Table 2 shows the experimental results of the acoustical 
behaviour of NLT panels. The results show that suitable layers need to be provided to NLT panels in 
order to meet sound insulation standards.  
 

Table 2 – Test results of sound insulation of NLT panels 

No. Wall layers Rw 
1 Uncovered NLT wall (d = 10 cm) 37 dB 

2 
As 1 
+ mineral fibre insulation (2 x 40 mm) 
+ particle board (outside) (19 mm) 

53 dB 

3 As 2 
+ plaster board (inside) (12.5 mm) 54 dB 

Source: Haller and Pannke, 1998   
Note:   STC ≈ Rw 
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An exploratory study was conducted in an acoustic mock-up facility to evaluate sound insulation 
performance of a new NLT elevator wall designs in accordance with standard test procedures (Pirvu, 
2016).  Preliminary test results for the NLT elevator shaft walls are shown in Table 3.  
 

Table 3 – Test results of sound insulation of NLT panels 

Design Construction Details 
ASTC Rating1 

Test  Retest * 

1 • 1 layer of 16 mm (5/8  in) GWB 
• 13 mm (1/2 in) RC 
• Solid wall of nail-laminated 2x6s 
• 13 mm (1/2 in) fire-treated plywood 

18 - 

2 • 2 layers of 16 mm (5/8 in) GWB 
• 2x4 wood studs with QuietZone® Pink® Fiberglas® Acoustic 

Insulation in cavities 
• Vapor barrier 
• 13 mm (1/2 in) air gap 
• Solid wall of nail-laminated 2x6s 
• 13 mm (1/2 in) fire-treated plywood 

33 39 

3 • 2 layers of 16 mm (5/8 in) GWB 
• 2x3 wood studs with QuietZone® Pink® Fiberglas® Acoustic 

Insulation in cavities 
• Vapor barrier 
• 25 mm (1 in) air gap 
• Solid wall of nail-laminated 2x6s 
• 13 mm (1/2 in) fire-treated plywood 

32 38 

4 • 2 layers of 16 mm (5/8 in) [GWB 
• 13 mm (1/2 in) RC 
• 2x3 wood studs with QuietZone® Pink® Fiberglas® Acoustic 

Insulation in cavities 
• Vapor barrier 
• 13 mm (1/2 in) air gap 
• Solid wall of nail-laminated 2x6s 
• 13 mm (1/2 in) fire-treated plywood 

35 39 

Source:  Pirvu, 2016 
Note:  * Wall assemblies retested after a screw protruding from the test frame was removed.  

 
Measurements of sound transmission loss through the elevator wall assemblies in one-third (1/3) 
octave band for frequencies ranging from 125 Hz to 4000 Hz revealed lower transmission loss at higher 
frequencies (500 Hz to 4000 Hz).  Measured ASTC1 ratings for the NLT elevator wall designs ranged 
from 18 to 39 depending on their construction details. 
 

                                                
1 Apparent sound transmission class (ASTC) is a single-number rating that classifies airborne sound insulation of a building 
element separating two rooms. ASTC is calculated by applying the classification procedure of ASTM E413 (2010) to apparent 
transmission loss data obtained from field measurements of the airborne sound transmission loss through an assembly 
including flanking. 
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2.3.4 Fire Behaviour 

Haller and Pannke (1998) studied the fire resistance of NLT panels. Table 4 shows the test results of 
fire resistance of NLT panels. As the heating generated from the fire drives the water out of the 
laminations, it causes laminations to shrink and as a consequence opens up gaps between laminations. 
This results in lamination burns at three sides which accelerate shrinkage. The fire propagation within 
the timber section depends strongly on whether hot combustion gazes can pass through the joints. 
Timber concrete floors show an excellent fire resistance due to the impermeability to combustion gazes 
and the large thermal capacity of the concrete so that the temperature is almost constant even after 90 
minutes.  
 
Osborne (2015) evaluated a screw-laminated timber-concrete composite floor assembly for its fire-
resistance and charring behavior. The NLT consisted of 2x8 SPF No.2 lumber boards (38 x 184 mm), 
oriented edgewise and tightly secured together using self-tapping screws, and 89 mm of concrete 
topping connected using conventional steel truss plates. The fire test lasted for 3 hours and 34 minutes 
(214 min) and the NLT was still capable to support its applied load (i.e. did not reach failure). Upon 
closer investigation after the test, most of the wood had charred, with roughly 50 mm remaining with 
minimal charring on the sides of the lumber boards. The overall charring rates were calculated and 
found to be between 0.56 and 0.58 mm/min. As such, it can be suggested that, provided the planks are 
securely and tightly-fastened together, they may be assumed to char as a solid wood slab exposed on 
one face. 
 

Table 4 – Test results of fire resistance of NLT panels 

No. Floor layers Fire resistance 
1 Uncovered NLT floor (d = 11 cm) 23 min 

2 
As 1 
+ insulation (rock wool) (40 mm) 
+ particle board (16 mm) 

35 min 

3 
Timber concrete slab 
- NLT (d = 14 cm) 
- Concrete (d = 8 cm) 

> 90 min 

Source:  Haller and Pannke, 1998 
 
The Technical Report 10 (AWC, 2014) provides a charring model for wood decking. Butt-jointed 
decking should be designed as an assembly of wood beams partially-exposed to fire on the sides and 
fully-exposed on one face. To reflect the partial exposure, it is suggested that the charring rate on the 
sides be reduced to 33% of the effective charring rate. 
 
Moreover, fire tests conducted by O’Neil et al. (2001) showed that built-up elements (nailed, screwed 
and bolted) using structural composite lumber (SCL) do not exhibit the same fire behaviour as that of a 
single SCL element of similar initial dimensions. This highlights the need for extra care for fastening 
tightly the lumber boards together to limit air flow through potential shrinkage gaps between boards. 
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Lastly, given that NLT can be produced to a variety of cross-section profiles (Figure 5), there is a need 
to assess the impact from such profiling on the charring behavior, if any. 
 
2.3.5 Moisture-related Performance 

A study on assessing the wetting and drying potentials and measures to on-site moisture protection 
was carried out by FPInnovations (Wang 2016). A group of NLT assemblies, with variations in installing 
plywood sheathing and a protective membrane on the top, were exposed outdoors in Vancouver to 
assess the moisture protection provided by the sheathing or the membrane. In addition, two groups of 
specimens were put into an accelerated laboratory test of severe wetting through controlled spray of 
water, followed by drying in a protected outdoor shed, with or without heating as a purposely-created 
drying force. Plywood and CLT specimens were included in the study as references. The study 
confirms that, without protection, water (e.g., rain) will penetrate and get trapped in NLT easily. Severe 
wetting will lead to elevated moisture content, approaching or exceeding 30%, in the central areas and 
may require a long time (e.g., months) for drying. Wetted NLT should always be dried before further 
assembly or enclosure, which further reduces the drying rate. Space heating is confirmed to be able to 
dry plywood, a thin panel even under reversed temperature differential conditions. It took about six 
weeks for severely wetted plywood, covered with an impermeable membrane on the top and with 
heating provided underneath, to reach moisture content of around 20% in the winter season. However, 
it is much less effective in drying NLT, being large built-up members. But heating (e.g., blowing hot air) 
remains probably the most practical solution to dry NLT once severe wetting occurs at a construction 
site. On the other hand, the best practice when working with NLT is to avoid wetting by providing on-
site moisture protection methods. 
 
 
2.4 Code barriers and knowledge gaps for design and construction of 
NLT panels  
Information related to manufacturing, design and construction of NLT panels is limited. Following 
information needs to be developed. 
    
2.4.1 Structural Performance 

Limited information is available for NLT floors/roofs under uniformly distributed load. No information is 
provided on the design of NLT walls, NLT floors/roofs under concentrated load, diaphragm and shear 
walls made of NLT panels with plywood or OSB sheathed on one side as well as its creep behavior 
(i.e., long-term structural performance). Seismic force modification factors need to be developed for 
buildings where NLT shear walls are used as SFRS. There is also no information with respect to the 
impact of the fasteners (nail, screw, dowels, etc.) on the overall structural performance. 
 
2.4.2 Floor Vibration 

Design method for controlling vibration of NLT floors (with or without topping) needs to be developed. 
The applicability of current CLT floor design method for NLT Floors needs to be verified.   
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2.4.3 Fire Resistance  

Methods for calculating the structural fire resistance of NLT panels need to be developed, but also for 
determining the separating function (limit flame-through) due to potential shrinkage gaps. The effect of 
fasteners also needs to be investigated. 
 
2.4.4 Acoustic Performance  

NLT assemblies meeting the code required sound insulation rating and the various occupants 
expectations need to be developed. Currently FPInnovations is developing solutions for NLT walls. 
 
2.4.5 Product Enhancement 

The joint in the longitudinally direction along each laminate currently is splice joint.   Producer is aware 
of the weakness of such joint and is looking for better and cost-effective solutions.   
 
2.4.6 Product Standard 

Product standard for the manufacturing of NLT panels, the quality control and assignment of design 
values for the products need to be developed.   
 
2.4.7 Construction 

Research is still needed to identify and develop efficient and cost-effective on-site moisture protection 
methods for NLT construction. The methods may include pre-installing sheathing, pre-installing a 
vapour-permeable or vapour-impermeable membrane, or temporary roof/shelter. Guidelines on 
moisture management of NLT panels during construction need to be further developed to ensure the 
durability performance of NLT assemblies.  
 
2.5 Recommendations 
It is our understanding that a North American NLT Handbook is being prepared under a contract 
awarded by the Softwood Lumber Board. It would be prudent to review that document before 
recommending further research and development activities for NLT. 
 
 

 BOX BEAMS  3.
Like I-beams, box beams are structurally engineered composite members comprising flanges made 
from solid timber, LVL or glulam and webs made from OSB or plywood. As the name implies, the 
flanges and webs are glued or mechanically fastened together to form a box-section member. Figure 
11 shows typical section and different parts of a box beam.  
 
Box beams are economical and versatile structural elements in which the geometry permits efficient 
use of material by concentrating the timber in the outermost areas of the cross-section where it is 
required to resist the stresses. The flanges are commonly designed to provide the moment capacity of 
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the beam and the web to predominantly carry the shear force. Vertical stiffeners between the flanges 
act as shear splices at panel butt joints, distribute concentrated loads and end reactions, and resist web 
buckling. The bonded surfaces or fasteners transfer the stresses between the flanges and webs. 
 

 
 

a) Box beam section  
b) Box beam components 

Figure 11 – Typical timber box beam sections and components   

 
Box beams are lightweight and generally possess higher strength and stiffness than comparable-sized 
solid timber, resist shrinkage, warping, splitting and checking, and are more efficient than solid timber 
for large spans and loads. Compared to l-joists, box beams have much higher torsional rigidity, which 
makes it more able to resist lateral torsional buckling or stresses due to eccentric loads. 
 
3.1 Design of box beams  
In CSA O86, design methods are provided to box beams in which the flanges and webs are bonded 
with glue. Eurocode 5 provides design methods for box beams in which the flanges and webs are either 
be glued or mechanically fastened to form a box-section member.  
 
Design provisions for box beams with flanges and webs bonded with glue are based on the assumption 
that no slip will arise between the elements of the section at any of the joint positions. Assuming that 
the cross sections of box beam remain plane under bending, the strains at any given cross section are 
directly proportional to their distance from the neutral axis of the beam, see Figure 12. With the 
assumption of elastic behaviour, the stresses at any given distance from the centroid of the cross 
section are proportional to the modulus of elasticity of the materials present at that location.  
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Figure 12 – Stresses and strains of box beam with flanges and webs bonded with glue 

 
For box beams with flanges and webs connected with mechanical fasteners, slip occurs between the 
flanges and webs under bending, as shown in Figure 13. Because of this slip, the classical bending 
theory of beams is no longer valid for mechanically jointed elements.  
 
Design provisions for box beams with flanges and webs connected with mechanical fasteners are 
provided in Annex B (Mechanically jointed beams) of Eurocode 5. A copy of Annex B is reproduced in 
Appendix II of the report. Calculations of moment carrying capacity, shear capacity and deflection are 
based on the concept of effective stiffness of the beam (EI)e. Derivation of the effective stiffness of the 
composite beam are provided in Article 21 of Timber Engineering (Thelandersson and Larsen, 2003).  

 
Figure 13 – Behaviour of composite section with semi-rigid connection  

 
 
3.2 Recommendations 
The use of mechanical fasteners to connecting flanges and webs has many advantages. Compared to 
box beams with flanges and webs bonded with glue, box beams with mechanical fasteners are easy to 
fabricate and usually do not require the same level of quality control to ensure that sound jointing is 
achieved. They may be the only choice in the case of in situ assembled elements when gluing-in-place 
would be difficult to control.  
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Currently design provisions for box beam with mechanical joints are not available in CSA O86. The lack 
of design provisions in CSA O86 limits the application of this type of box beams. In collaboration with 
Canadian Wood Council, design provisions for box beam with mechanical joints need be developed. 
With the design information in the Annex B of Eurocode 5 and relevant supporting research papers, it is 
believed that design provisions for box beam with mechanical joints are ready to be implemented in 
O86. 
 
 

 SUMMARIES AND CONCLUSIONS 4.
• In this report, existing design provisions and their limitations for the design and construction of 

NLT and box beam in Canadian standards are reviewed. In general, information related to 
manufacturing, design and construction of NLT is limited. At the time of preparing this report, a 
North American NLT Handbook is being prepared by Fast + Epp Structural Engineers under a 
contract awarded by the Softwood Lumber Board. Recommendations on research and code 
development for NLT will be made once the new CLT Handbook is reviewed. One of the 
challenges for the design and construction of NLT is the lack of consistent manufacturing and 
installation practices. This makes it difficult to research and document with confidence the full 
range of performance that can be achieved with NLT. The following information needs to be 
developed to facilitate the use of NLT in Canada: Product standard for the manufacturing of NLT 
panels, the quality control and assignment of design values for the products  

• Guidelines on moisture management of NLT panels during construction 
• Design guidelines and provisions for NLT panels under concentrated load 
• Design guidelines and provisions for diaphragm and shear walls made of NLT panels with 

plywood or OSB sheathed on one side 
• Design method for controlling vibration of NLT floors 
• Methods for calculating the structural fire resistance of NLT panels 
• NLT assemblies meeting the code required sound insulation rating 

Design provisions for box beams with flanges and webs bonded with glue are already included In CSA 
O86. As the flanges and webs can be assembled by either glue or mechanical fasteners, it is 
recommended that design provisions for box beam with mechanical joints be also developed. With the 
information in Eurocode 5 and relevant supporting research papers, it is ready to be implemented.  
 
 

 BENEFITS TO FPINNOVATIONS MEMBERS 5.
By identifying the code barriers and knowledge gaps, this project aims to improve the design and 
construction of NLT and box beam in Canadian standards. The use of NLT and box beam will make the 
building systems more competitive in residential and commercial construction.   
 
 



Literature Survey on Nail-Laminated Timber and Box Beam 
  Project #: 301011232 
 
 

FPInnovations  Page 17 of 23 

 REFERENCES  6.
1. ASTM 2014. ASTM E413-10. Classification for Rating Sound Insulation. ASTM International. 

West Conshohocken PA, USA. 

2. AWC. 2014. Calculating the fire resistance of exposed wood members – Technical Report 10. 
American Wood Council, Leesburg (VA). 

3. Haller, P., Pannke, K., 1998. Structural and physical behaviour of nailed laminated timber 
elements, Proceedings of World Conference on Timber Engineering, Montreux-Lausanne, 
Switzerland, vol. 2., pp. 230-237.  

4. Haller, P., 2000. Experimental and numerical study of nailed laminated timber elements for in 
plane and transverse loading, Proceedings of World Conference of Timber Engineering, 
Whistler, BC.  

5. Henderson, J., 2009. Brettstapel: An Investigation into the Properties and Merits of Brettstapel 
Construction, Master thesis, Department of Architecture and Building Design, Faculty of 
Engineering, University of Strathclyde.  

6. Hu, L. et al. 2016. Design method for controlling vibrations of wood-concrete composite floors 
systems.  Proceedings of World Conference on Timber Engineering, Vienna, Austria.  

7. Krämer, V., Blass, H.J., 2001. Load carrying capacity of nail-laminated timber under concentrated 
loads, Proceedings of 34th CIB W18 Meeting, Venice, Italy, CIB W18/34-12-5. 

8. Krämer, V., 2004. Load carrying capacity of nail-laminated timber loaded perpendicular to its 
plane, Proceedings of 8Th World Conference on Timber Engineering, Lahti, Finland.  

9. NRCC.  2010. National Building Code of Canada – Volume 2. National Research Council of 
Canada, Ottawa. 

10. NLGA. 2014. SPS 1 – Special products standard for fingerjoined structural lumber. 
http://www.nlga.org/. 

11. O'Neil, J., Carradine, D., Moss, P. J., Fragiacomo, M., Dhakal R. & A. H. Buchanan. 2001. Design 
of Timber-Concrete Composite Floors for Fire Resistance. Journal of Structural Fire 
Engineering, vol. 2(3), pp. 231-242. 

12. Osborne, L. 2015. Fire Resistance of Long Span Composite Wood-Concrete Floor Systems 
(Project No. 301009649). FPInnovations, Quebec City. 

13. Pirvu, C., 2016. Sound Insulation Performance of Elevator Shaft Walls Built with Nail-Laminated 
Timber Panels – Exploratory Tests and Preliminary Results. FPInnovations.  

14. StructureCraft, 2015. Nail-laminated Timber Design Guide.  

15. Thelandersson, S., and Larsen, H., 2003. Timber Engineering. John Wiley & Sons Ltd. 

16. Wang, J. 2016. Wetting and drying performance and on-site protection of nail-laminated timber 
assemblies. Report to Natural Resources Canada and the Homeowner Protection Office, 
Branch of BC Housing, FPInnovations, Vancouver. 



Literature Survey on Nail-Laminated Timber and Box Beam 
  Project #: 301011232 
 
 

FPInnovations  Page 18 of 23 

17. Widmann, R. 2001. Screw-laminated timber deck plates. Innovative Wooden Structures and 
Bridges, IABSE Conference, Lahti, Finland.  

18. Wolf, T., Schäfer, O., 1999. The bending stiffness of nail-laminated timber elements in transverse 
direction. Proceedings of 32th CIB W18 Meeting, Graz, Austria, CIB W18/32-12-1. 

19. Wolf, T., 2000. Determination of transverse bending stiffness of nail-laminated timber elements. 
Proceedings of World Conference of Timber Engineering, Whistler, BC. 

 

  



Literature Survey on Nail-Laminated Timber and Box Beam 
  Project #: 301011232 
 
 

FPInnovations  Page 19 of 23 

Appendix I  Excerpt of Clauses 6.5.11.3, 6.5.11.4 and 6.5.11.5 in CSA O86 - 2014  

 
6.5.11.3 Nail-laminated decking 

6.5.11.3.1  Connection requirements 
Materials shall be 38 mm or more in thickness, 64 mm or more in width, laid on edge, and 
spiked together. Nails used to spike the laminations together shall be at least 4 in long for 
38 mm thickness laminations and 6 in long for 64 mm thickness laminations. Decking 140 
mm or less in depth shall be spiked together with a staggered single row of nails at 
intervals of not more than 450 mm in the row. One nail shall be placed not more than 100 
mm from the end of each lamination. Decking more than 140 mm in depth shall be spiked 
together with a staggered double row of nails at intervals of not more than 450 mm in 
each row. Two nails shall be placed not more than 100 mm from the end of each 
lamination. Each lamination shall be toe-nailed to each support with not less than 4 in 
nails. 

 
6.5.11.3.2  Butt joints 

In bridges, each lamination shall extend over at least one support. In roofs and floors, 
laminations not extending over at least one support in any span shall be flanked by 
laminations that rest on both supports of that span, and shall be separated by at least six 
laminations in that span, each of which extends over at least one support. 

 
6.5.11.4  Deflection calculations 

For uniform design loads, decking deflections for the laying patterns described in Table 
6.5.11.4 shall be calculated using the formulas given in Table 6.5.11.4. For other loading 
conditions or laying patterns, deflections shall be calculated using recognized engineering 
formulas. 
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Table 6.5.11.4  Laying patterns and deflection formulas for decking 

 Pattern Description Deflection formula* 

Simple span All pieces bear on two supports only 

IE
lw
s ⋅⋅

⋅⋅
=∆
384
5 4

1  

Controlled random Decking continuous for three or more spans 
End joints staggered in adjacent planks not less 
than 610 mm 
Joints in same general line separated by at 
least two intervening courses 
End joints in first half of end spans avoided 
Requirements of Clause 6.5.11.2.2 or 
6.5.11.3.2 shall be met 

12 77.0 ∆=∆  

Continuous over two 
spans 

All pieces bear on three supports 
13 42.0 ∆=∆  

*where 
 ∆ =  deflection, mm 
w  = uniformly distributed specified load, kN/m2 
ℓ = span, mm 
ES = modulus of elasticity, MPa 

I =  moment of inertia of the decking, mm4 per m of width 
 
6.5.11.5  Bending 

Bending moments for plank decking laid in a controlled, random pattern, as described in 
Table 6.5.11.4, shall be calculated on the basis of simple span moments. For other deck 
patterns, bending moments shall be calculated on the basis of recognized engineering 
formulas. 
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Appendix II  Excerpt of Clauses in Annex B of Eurocode 5 

 
B.1 Simplified analysis 
 
B.1.1 Cross-sections 
 (1) The cross-sections shown in Figure B.1 are considered in this annex. 
 
B.1.2 Assumptions 
 (1) The design method is based on the theory of linear elasticity and the following assumptions: 

− the beams are simply supported with a span l. For continuous beams the expressions 
may be used with l equal to 0.8 of the relevant span and for cantilevered beams with l 
equal to twice the cantilever length 

− the individual parts (of wood, wood-based panels) are either full length or made with 
glued end joints 

− the individual parts are connected to each other by mechanical fasteners with a slip 
modulus K 

− the spacing s between the fasteners is constant or varies uniformly according to the 
shear force between smin and smax, with smax < 4 smin 

− the load is acting in the z-direction giving a moment M = M(x) varying sinusoidally or 
parabolically and a shear force V = V(x). 

 
B.1.3 Spacings 
 (1) Where a flange consists of two parts jointed to a web or where a web consists of two parts 

(as in a box beam), the spacing si is determined by the sum of the fasteners per unit length 
in the two jointing planes. 

 
B.1.4 Deflections resulting from bending moments 
 (1) Deflections are calculated by using an effective bending stiffness (EI)ef determined in 

accordance with B.2. 
 
B.2 Effective bending stiffness 
 (1) The effective bending stiffness should be taken as: 

∑
=

+=
3

1

2 )()(
i

iiiiiief aAEIEEI γ  (B.1) 

using mean values of E and where: 

iii hbA =  (B.2) 
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where the symbols are defined in Figure B.1; 
iseri KK ,=  for the serviceability limit state calculations; 

iui KK ,=  for the ultimate limit state calculations. 
For T-sections 03 =h  
 

B.3 Normal stresses 
 (1)  The normal stresses should be taken as: 

ef

iii
i EI

MaE
)(

γσ =  (B.7) 

ef

ii
im EI

MhE
)(

5.0
, =σ  (B.8) 

 
B.4  Maximum shear stress 
 (1)  The maximum shear stresses occur where the normal stresses are zero. The maximum 

shear stresses in the web member (part 2 in Figure B.1) should be taken as: 

V
EIb

hbEaAE

ef)(
5.0

2

2
2223333

max,2
+

=
γτ  (B.8) 

 
B.5  Fastener load 
 (1)  The load on a fastener should be taken as: 

V
EI

saAEF
ef

iiiii
i )(

γ
=  (B.8) 

 
where: 
i = 1 and 3, respectively; 
si = si(x) is the spacing of the fasteners as defined in B.1.3(1). 
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Key: 
(1) spacing: s1 slip modulus: K1 load: F1 
(2) spacing: s3 slip modulus: K3 load: F3 
 
Figure B.1 – Cross-section (left) and distribution of bending stresses (right). All 
measurements are positive except for a2 which is taken as positive as shown.  
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