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Abstract: The level of technology used in the building industry is best described as ancient when 
compared to the likes of the boat building and aviation industries. Competitive demands in these 
industries have lead to the development of lighter stronger materials and also construction methods. One 
such material is fibre reinforced plastic (FRP). 
 
One such means of implementing FRP into the building industry is to reinforce timber joints with FRP. 
This paper examines the strength and cost of constructing joints in this manner. The timber joint to be 
tested is a perpendicular connection between a member which is to have a tension load applied to it and 
another larger member that as a consequence will have a bending force applied to it. The fibre reinforcing 
is laminated to one face of the tension member, around the perpendicular member and onto the opposite 
face of the tension member. 
 
It is possible to manufacture strong fibre reinforced timber joints cost effectively. Timber member sizes will 
be reduced because joints can be constructed stronger than the member, benefiting the construction 
industry. With the typical nailed or bolted joint, the timber member has to be oversized because the joint is 
weaker so a larger area was required. 
 
Conference theme: Construction 
Keywords: FRP (Fibre Reinforced Plastic), Composite, Fibre Reinforcement, Timber 
 

INTRODUCTION 
 
The level of technology used in the building industry is best described as ancient when compared to the likes of the 
boat building and aviation industries. Competitive demands in these industries have lead to the development of 
lighter stronger materials and also construction methods. Much development money has been spent developing 
these materials and practices so it only makes sense for the building industry to capitalise on this and adopt these 
materials. 
 
One such material is fibre reinforced plastic (FRP). FRP is a composite, which is “a material made up from two or 
more other substances which give properties, in combination, that are not available from any of the ingredients alone” 
(Aird 1996). In the case of FRP a fibrous material such as, carbon fibre, aramid (Kevlar), Glass fibre, etc which is 
embedded into a thermo set plastic (i.e. the matrix). This paper will focus on a composite material consisting of fibre 
glass fibres imbedded in a matrix of epoxy resin, Glass Fibre Reinforced Plastic (GFRP).  
 
With a range of laminating techniques available a decision as to which is the ideal for reinforcing a timber joint is 
unclear. The purpose of this paper is to evaluate these various laminating techniques using square edged timber 
members. The following laminating methods were chosen to test: 
 

- Butt glued joint 
- Plain hand lay up 
- Plain hand lay up including peel ply 
- Vacuum bagged  
- Cold press moulded 
- Cold press moulded with peel ply 

 
In addition to these laminating techniques, two joints were manufactured incorporating pre made fibre glass 
reinforcement. These reinforcement mouldings were glued to the joint using epoxy glue. 
 
The joints in question were between two perpendicular timber members. The fibres were bonded to one side of the 
member, around the second member and then to the opposite face of the first member. The amount of fibre remained 
the same as did the laminate area for all test samples. The face between the two timber members were glued so that 
the vacuum bag tests did not have the advantage of having a higher bond area due to the resin being pulled through 
the joint by the vacuum. 
 
These joints were all tested to measure their ultimate tensile strength. This was conducted by pressing the member in 
a press using a fabricated pusher to transfer the compressive loading from the press to a tension load on the smaller 
timber member. The larger perpendicular timber member spanned between to large timber posts. 
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It was found that the laminating technique used had a large effect on the strength of the joint.  However, this was not 
because the bond between the timber and the reinforcement was affected greatly but because some laminating 
techniques caused the fibre to take orientations which were detrimental to its strength. 

1. Constructing the Joints 
The timber joint to be tested is a perpendicular connection between a member which is to have a tension load applied 
to it and another larger member that as a consequence will have a bending force applied to it (Fig 1). 
 

 
Figure 1 The timber joint is shaped in a T shape. The smaller member is loaded in tension, the larger member is 
loaded in bending a shear. The Fibre glass reinforcing is loaded in tension to tie the two members together. 
 
The purpose of this paper is to evaluate the various laminating methods for laminating using epoxy resin and fibre 
glass to timber in a practical building situation. These laminating techniques include: 
 
1.1. Glued Joint 
Glue is made by mixing a white powder referred to as glue powder with resin. This has the effect of thickening the 
resin to the consistency required so the glue will hold its form. Glue is applied to both surfaces of the joint before the 
members are pressed together. 
 
1.2. Plain laminate of fibre 
Fibre glass is wet out with the Epoxy resin then placed onto the timber joint (Fig 2). The timber has been also wet out 
where the Fibre glass is to be applied. The face between the two bits of timber members is also glued as described in 
the previous example.  

 

 
Figure 2 The wet out Fibre glass has been applied to the timber joint. Note that it will not easily bend around the 

sharp edge of the timber member so the laminate bond area is reduced. 
 
1.3. Plan laminate of fibre with peel ply 
Peel ply is a fabric which has been treated so it does not readily adhere to cured resin (Arid 1996). The purpose of 
applying is so that a second laminate can be applied without the first surface being sanded beforehand. The peel ply 
is applied as if it was the last layer to the laminate being applied. Once the resin has cured the peel ply can then be 
removed by literally peeling off the laminate. 
 
1.4. Vacuum bagged fibre laminate 
Vacuum bagging is a method of applying pressure to the laminate in order to achieve a tighter laminate matrix. The 
vacuum bag is a tough plastic bag sealed around the laminate by a semi adhesive rubber sealer tape (Fig 3). A 
vacuum pump evacuates the bag and applies atmospheric pressure to the laminate. A bleeder layer is placed 
between the peel ply and vacuum bag to absorb excess resin from the laminate. 
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Figure 3 Pressure being applied to the laminate by being vacuumed inside a bag. Figure 4 The steel mould being 

clamped to apply pressure to the laminate. 
 
1.5. Press moulded fibre laminate 
This process is similar to the plain control laminate however, a preformed steel mould is clamped together to presses 
the laminate into the timber (Fig 4). 
 
1.6. Press moulded fibre laminate with peel ply 
As above, however peel ply is added between the fibre glass laminate and the steel press mould. 
 
1.7. Prefabricated reinforcement that is bonded to the joint afterwards 
The prefabricated shoe is made by making a fibre glass moulding. The shape of this mould is determined by the 
shape of the joint. The mould was milled out of a piece of custom wood and coated with a paint product called 
Durotec. At this point a mould release wax is applied so the resin does not stick to the mould (Fig 5). 
 

  
Figure 5 The mould ready for a another laminate to be applied to it Figure 6 The laminate has been applied to the 

mould and the peel ply has been applied to the laminate. 
 

Peel Ply is applied between the mould and the laminate. This is done so that when the reinforcement is glued to the 
timber joint the peel ply can be removed so the reinforcement does not have to be sanded. The fibres are then wet 
out and applied to the mould. Another layer of Peel Ply is laid over the laminate (Fig 6) followed by a layer of bleeder 
cloth. The mould along with the laminate is placed inside a vacuum bag and a vacuum is then applied to press the 
laminate into the form of the mould. 
 
The reinforcement is then released from the mould once the resin is cured. If the mould release wax has been 
applied properly this is a straight forward process of levering the two apart with a plastic bar. It is also helpful to use 
compressed air to blow it apart. The overhanging fibre glass is trimmed off before the reinforcement can be applied to 
the joint. Each joint requires two prefabricated reinforcement mouldings. These are glued to each side of the joint (Fig 
7). The reinforcement then has pressure applied to it by either clamping or having a vacuum applied in a vacuum 
bag. 
 

 
Figure 7 The reinforcement being glued to the joint. 
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Glue powder is mixed into resin to modify the viscous properties of the resin so that it is best for gluing. After the peel 
ply is removed the timber members are placed inside the shoe in the right orientation and then glued. 

2. The Materials Used 
The timber is laminated veneer lumber (LVL) as supplied by Nelson Pine Industries Ltd. The mechanical properties of 
the Nelson Pine LVL are as follows:  
 
“Tension parallel to grain (f’t) 22.0MPa.  
Shear in beam (f’s) 6.0MPa” (Laminated Veneer Lumber Product Specification Sheet). 
 
The fibre is supplied by High Modulus (NZ) Limited. There are two different types of Fibre glass reinforcement used. 
A 440g unidirectional fibre and a 125g fibre glass cloth. The tensile modulus of fibre glass is 2Gpa.  However, 
because the fibre glass mat has fibres running in two perpendicular directions it takes up twice the volume and adds 
no strength. Therefore the tensile modulus of this fabric is effectively 1GPa in either direction. The unidirectional fibre 
has a tensile modulus of 2Gpa parallel to the fibres and a tensile modulus close to zero perpendicular to the fibres. 
The thickness of the unidirectional fibre is .44mm; the thickness of the cloth is .12mm. 
 
The resin is supplied by Adhesive Technologies Ltd. This is an ADR series of laminating epoxies that has been 
developed by Adhesive Technologies. This range of resins and hardeners developed with unique chemistry makes 
them suitable for building simple room temperature curing E glass structures along with high temperature post cured 
carbon laminates (www.adhesivetechnologies.co.nz 2/11/2005). The shear strength of epoxy resins is typically 
50MPa (Hull, Clyne 1996). The tensile modulus of the resin is 600MPa. 

3. Engineering the Materials 
To keep the load down it has been decided to test a relatively small sample.  The tension member size chosen is 
40mm x 45mm. The load required to fail the member in tension is found using the following formula: 
 
F = A 
   = 22 x 1800 
   =39600N 
   =39.6kN 
Where  is the tensile stress required to break the member in MPa 
Where A is the effective area of the member in mm2 
 
Since the resin shear strength is higher than the timber shear strength the bond area of the laminate is calculated 
using the shear failure properties of the timber. The shear value of the timber is 6 MPa. To calculate the required 
laminate bond area the following formula is used: 
 
A = F/G 
    = 39600/6 
    = 6600mm2 
Where G is the shear value of the timber. 
 
As can be seen the laminate bond area is roughly 3.6 times the size of the section area of the tension member. This 
makes sense as the tension modulus is roughly 3.6 times the shear modulus of the timber. 
 
This laminate area works out to be 80mm up the 40mm face of this section. On each side of the section there is 
3300mm2 of bond area. 
 
Perpendicular to the grain timber has a much lower shear value. Nelson Pine does not publish nor test the shear 
value of their LVL product so the shear value perpendicular to the grain of normal pine is used. This value is 2MPa. 
To find the laminate bond area of the perpendicular member the following formula is used: 
 
A = F/G 
    = 39600/ 2 
    = 19800 mm2 
 
This member is a 75mm x 45mm section and the load spread over the two large faces and one small face. The 
length of the bond area along this member then should be 90mm. 
 
High Modulus recommends a resin fraction of 55% for a typical wet laminate. The tensile modulus of the FRP 
composite is 1100MPA. This is lower than the fibre only tensile modulus because there is resin present in the 
composite. The composite area required to resist the load is expressed by the following formula: 
 
A = F/ 
    = 39600/1100 
    = 36mm2 
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Since the composite has a tensile failure stress 50 times greater than the timber member the area is roughly 50 times 
less. The thickness of the laminate when applied to the 40mm timber member is 0.9mm. This would indicate 2 layers 
of 440g/m2 of unidirectional fibre glass will be needed. 
 
The final laminate schedule is 2 layers of 440g/m2 of unidirectional fibre glass running completely around the 
perpendicular member and bonding to the side of the tension member to form a staple shape. In total this is four 
layers of fibre jointing the two members. The laminate bond distance on the tension member is 80mm up both 40mm 
faces. Since the fibres completely wrap around the base of the perpendicular member the bond area on this member 
is irrelevant. I have included a light 125g/m2 layer of fibre glass mat wrapped around the tension member to avoid 
point failure of the bond to the timber on the tension member. 
 
4. Producing FRP reinforced joints for the Building Industry 
The laminate for the pre fabricated reinforcement mouldings consists of five layers of 125g/m2 glass cloth reinforced 
in key areas with four strips of 40mm wide 440g/m2 unidirectional fibre glass. The main part of the laminate which 
resists the tension force is the unidirectional reinforcement. Since two mouldings are required for one joint eight of 
these unidirectional strip are used for one joint. The area therefore that is resisting the applied force is 140mm2.  
 
As established above the tensile modulus of fibre glass with a resin fraction of 55% is 1100 MPa the load this joint will 
resist can be calculated using the following formula: 
 
F = A 
   = 1000 x 140 
   = 154000N 
   = 154kN 

  
The bond area between the timber and the reinforcement has been doubled because the joint now encapsulates all 
four faces not just two in the case of the first sample. The bond height remains the same. This will mean the bond 
strength should be twice the strength of the timber member as the bond area was sized to be of equal strength to the 
timber in the first example.  
 
This all suggests the timber member will fail first.  However, as shown below in the results there are inefficiencies 
which weaken the bond strength and the fibre strength. 
 
To have these joints constructed in the exact manner described in this paper by a commercial fibre glassing company 
will cost $40. (Carboglass Ltd) This is for the two prefabricated reinforcement mouldings required to make one joint. 
There is very little capital cost required to manufacture the joints in this manner. 
 
If these joints are to be manufactured in a large quantity a more economic method of manufacture is by using a 
process called Hot Press Moulding. This is when two heated steel moulds are pressed together with pre-impregnated 
fibre in between. Pre-impregnated or pre preg fibre is regular fibre such as fibre glass which has resin impregnated 
into it. This resin is activated or cooked at high temperature. The hot press mould may only need to be in place for 5 
to 10 minutes before the resin is cured. These reinforcement mouldings manufactured by the hot press moulding will 
cost $15 for a pair. This is for one joint. (Carboglass Ltd) 
 
5. Methodology for breaking joints 
The samples were tested for strength by being loaded in a constant load press. It was necessary to make a pusher in 
order to transfer the force from the press to the tension member. 
 
A pin was placed through the pusher and through a piece of Carbon Fibre tube which was laminated to the end of the 
smaller member (Fig 8). This was laminated on using 10 layers of 400g glass uni-directional fibre. This at the time 
was considered satisfactory to break the joints. 
 

   
Figure 8 Hooks laminated to smaller timber members so that the pusher can be connected for testing. Figure 9 The 

Test rig showing, the timber supports, the fabricated steel pusher, the test sample and the hydraulic press. 
 
The larger member spanned between two pieces of timber. This span was approximately 250mm. The size of these 
members was 125 x 75mm (Fig 9). 
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The load applied was calculated by measuring the hydraulic fluid pressure behind the plunger in the ram of the press. 
This pressure was then multiplied by the surface area of the plunger to calculate the eventual force applied to the 
member. I.e. F = P x A. 

6. Results 

Tensile load required to break fibre reinforced joints
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Testing these joints yielded some interesting results. The above graph presents the tensile force required to fail the 
joint laminated in the various manners. 
 
6.1. Glued joints 
All three test samples that were only glued together required the same force to fail them. This force was 100kg. It can 
therefore be assumed that because all other laminating techniques utilised a glue bond that 100kg off the required 
force to fail them is attributed to this glue bond. 
 
6.2. Plain Laminate 
The force required to fail the joints that were reinforced with a plain laminate was between 1100kg and 2300kg. This 
is a very large split. It was interesting to note that the joints reinforced in this manner had three points of failure. This 
means that the joint has to fail three times before it ultimately fails and there is no contact between the two timber 
members. The first two failure points were the bond between the larger timber member and the reinforcement failing 
(Fig 10 and 11). The load required to fail the joint in the first mode was between 1000kg and 1700kg. The load 
required to fail the joint in the second mode was in all cases lower than the first mode. The load required was 
between 900kg and 1100kg. 
 

     
Figure 10 The joint after the first two failure modes have occurred. Note that the fibre is pulled tight around the 
timber. Figure 11 As load was applied the fibre crushed the timber to the radius the fibre glass had hardened to. 
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The third mode of failure happened when one part of the reinforcing pulled out of the bond between it and the small 
timber member (Fig 12).  The remaining reinforcing then failed at the sharp edge of the larger timber member. At this 
point the joint had totally failed. The load required to fail the joint at this final mode was between 1100kg and 2300kg. 

 

        
Figure 12 The thin fibre glass stands that pulled out of the bond to the timber can be seen. Once this occurred the 

remaining fibre failed at the sharp edge. 
 
6.3. Plain Laminate including Peel Ply 
The joint constructed in this manner failed in a similar manner to the plain laminate. In this case however, the 
member only failed in two modes. Both sides of the laminate happened to fail at the same time. This has nothing to 
do with the use of peel ply, it happened because the laminate length was very similar. In saying that however, the 
peel ply allowed the fibre glass to form a tighter radius so allowed a larger bond area. The load require to fail the joint 
in this mode was 2400kg. 
 
6.4. Plain laminate vacuum bagged 
This joint was expected to perform very well because the laminate area was very high. This was further from the fact. 
This joint performed very badly. The load required to fail these joints were 500kg and 1100kg. These joints only failed 
once. This failure mode was the fibre failing on the sharp edge of the larger member (Fig 13). This resulted in the 
laminate bond failing as well (Fig 14). 
 

   
Figure 1 A very tight radius is formed as a result of the fibre being bent around the sharp form of the larger timber 

member by the vacuum. Figure 14 The Fibres have failed on the sharp corner of the larger timber member. 
 
The joint that required a larger load to fail it had a lower level of vacuum applied to it so the radius the fibre took 
around the sharp corner was larger. It then appears that below a critical value the tightness of this radius has a 
detrimental effect on the strength of the joint. 
 
6.5. Press Moulded 
The Press Moulded samples failed once only and then the joint was completely broken. The two joints constructed in 
this way failed at 2100kg. These samples failed when the bond between the timber and the reinforcement failed (Fig 
15). It is interesting to note that the radius on this joint was larger than the vacuumed joint. 
 

 
Figure 2 The press moulded samples failed when the fibre pulled away from the timber. 
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6.6. Press Moulded with peel ply 
There is very little difference between this joint and the above joint. The load required to fail this joint was 2200kg. 
 
6.7. Pre-formed Reinforcement Glued to Joint 
This joint type performed much better than was expected. It performed so well in fact the hook on the opposite end of 
the small member failed so the ultimate strength of this joint could not be measured. These joints where loaded to 
5100kg and 5200kg. This is very near the failure load of the timber. 

CONCLUSIONS 
 
It is entirely possible to manufacture a fibre reinforced timber joint to be very strong as well as cost effective to 
manufacture. These joints could be of great benefit to the construction industry as timber member sizes can be 
reduced because a joint can be constructed stronger than the member. With the typical nailed or bolted joint the 
timber member had to be oversized because the joint is weaker so a larger timber area was required to joint to. 
 
There where great differences in the force required to fail the joints constructed using different laminating techniques. 
These differences are influenced however, by the physical alignment of the materials rather than the bond between 
the reinforcement and the timber. The results obtained highlight the pit falls over reinforcing using fibrous materials in 
this manner. 
 
These pit falls are as follows: 
 
Fibres pulling out of the bond individually between the reinforcement and timber suggest that amount fibres 
orientated at 90 degrees to the direction of load need to be increased. This will have the effect of tying the working 
fibres together so the bond has to fail as a whole and not as a part. 
 
Fibres weaken as they are forced around a very tight edge. The timber edge is too tight so if forced around this radius 
the fibre strength is reduced. The pre fabricated joints used in this paper have a slight radius applied to this edge so 
not to weaken the fibres to a detrimental level. Again this point was highlighted by the cold pressed example. 
 
Imperfections in the fibre weaken the fibre. During laminating of one of the test samples the fibres were damaged and 
as a result the joint was very weak. Care must be taken not to use damaged fibres or to damage fibres during 
laminating. 
 

 
Figure 16 This joint has failed where the fibres were damaged during laminating 

 
These pit falls all lead to the need for safety factors and good joint preparation to be implemented when engineering 
fibre reinforced joints. This is standard in all forms of construction no matter what the medium is that is being worked 
with. 
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