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Aim 

To investigate the behaviour of Basalt Fibre Reinforced 

Polymer (BFRP) bars bonded in to Irish Sitka Spruce 

(Picea sitchensis) using an Epoxy Resin 

 

 Step One: Analytical investigation 

 Step Two: Pull-out Tests to investigate geometric variables 
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Background: 

The use of Irish Sitka Spruce in Construction 
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• Over 10% land area in Ireland is 

covered in Forest 

 

• 1.1 million m3 of natural timber 

was used for construction in Ireland 

in 2003, however only 0.48 million 

m3 came from Irish mills  
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Background: 

Uses of Irish Sitka Spruce 

Residues 
54% 

Palletts 
16% 

Fencing 
10% 

Structural 
20% 

Uses of Irish grown timber (Coford, 2004) 
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Structural use accounted for only 

20% of timber usage in 2004 

whilst fencing and palletts made 

up another 26%.  

However, the majority of timber 

usage was through residues – 

shavings and chips which are used 

to fuel biomass burners etc. 



Background: 

Uses of Irish Sitka Spruce 
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Irish Sitka Spruce has a fast growth time of approximately 30 to 40 years.  

This high turnover rate, as well as low transportation costs relative to imported timber, 

means that Irish Sitka Spruce is a cost-effective building material.   

However due to this high growth rate the resulting cell structure of the wood is less dense 

resulting in relatively poor strength. 

 

Therefore, we need to develop methods of enhancing the 

timber’s natural strength 



Background: 

Basalt Fibre Reinforced Polymer (BFRP) 
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Material 
Density 

(kg/m3) 

Tensile 

Strength 

(MPa) 

Yield 

Strength 

(MPa) 

Young’s 

Modulus 

(GPa) 

Cost  

(£/t) 

Steel 7800 400 275 - 500 200 400 

Aramid 

FRP 
1450 3000 - 135 4900 

Basalt FRP 2700 1000 - 90 1200 

Carbon 

FRP 
1500 1600 - 120 - 300 5400 

Glass FRP 1800 850 - 46 700 

Properties of Bar materials (Aslan FRP, 2011; Balafas 

and Burgoyne, 2012; Magmatech, 2013) 
• More corrosion-resistant than steel  -  

longer service life, less maintenance and 

monitoring required. 

• Even the weakest FRP is stronger in 

tension than steel and they are all much 

lighter  

• Both BFRP and GFRP have a much lower 

modulus of elasticity than steel, closer to 

that of timber 

• Both BFRP and GFRP are viable options 

cost-wise but as BFRP has a higher tensile 

strength and slightly better corrosion 

resistance than equivalent GFRP it is the 

material I chosen 



Background: 

The use of BFRP in Timber 

 Yeboah et al., (2012) Pull-out behaviour of axially loaded basalt fibre reinforced polymer (BFRP) 

rods bonded parallel to the grain of glulam elements 

 Yeboah et al., (2013) Pull-out behaviour of axially loaded Basalt Fibre Reinforced Polymer (BFRP) 

rods bonded perpendicular to the grain of glulam elements 

 Garcí, P.d.l., Escamilla, A.C., Nieves González García, M., (2013) Bending reinforcement of timber 

beams with composite carbon fiber and basalt fiber materials, Composites: Part B 
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Review of Yeboah’s Work 
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• Steel 

• BFRP 

• Embedded Length 

• Rod diameter 

• Parallel-to-grain 

• Perpendicular-to-grain 

 



Review of Yeboah’s Work 
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Relationship between average pull-out load and bonded length of samples bonded a) parallel and b) 

perpendicular to the grain (based on nine tests) (Yeboah, 2012) 

a) b) 

 Yeboah’s principal conclusion was that embedded length was optimum at 

15 times the rod diameter – which is 250mm on each of the graphs above. 



Review of Yeboah’s Work 
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Yeboah used a push-

pull test, as shown 

here.  This method 

means that there are 

no bending forces on 

the bar – as would be 

the case in reality, the 

forces were axial only. 



Pull-bending test 
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Beam Pull-out Test (Sena-Cruz et al., 2012) 

In order to rectify this, a hinge system, developed by 

Roberts (1973) will be used that allows the effects of 

bending force to be taken in to consideration along with 

axial forces in a pull-pull test; the test set-up is shown in 

the figure above.   

This type of pull-out test has been used extensively by 

Sena-Cruz et al. in investigating the bond behaviour 

between glulam elements and GFRP. 

 

This system allows bending strength of the timber to be 

evaluated by removing the timber in the section being 

loaded so that the only resistance is from the BFRP bars 

glued-in to the timber.  It is this system that will be used 

in this research to establish pull-out capacity 



Variables: 

Overview 

In order to create a strong connection, a large surface area of 

the glue around each rod must be in contact with the timber.  

Variables that can be altered to increase surface area include: 

 Rod diameter, d 

 Embedded length, lb 

 End Distance, a0 

 Glueline thickness, t 

 Number of rods, n 

 Rod Spacing, a1 
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Variables:  

Embedded length 
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(Harvey and Ansell, 2000) (Yeboah, 2012) 

Several steps: 

80mm – 220mm  

 

Yeboah found the optimum embedded length was 15d i.e. 15 times the hole diameter with no 

further increase in bond strength beyond this length.  However, the pull-out testing set-up that 

Yeboah only considered the effects of axial stress using a push-pull testing system which may 

have given an artificially high pull out capacity as bending effects were neglected 



Variables:  

Edge/End Distance 
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• 2.5d = 30mm 

 

• 5d = 60mm 

(Steiger et al., 2006) 

 

A minimum edge distance must be prescribed in 

order to prevent the timber from splitting 

prematurely and it has been stated that small edge 

distances can result in a lesser bond strength and a 

decrease in average pull-out capacity.   

Most of the latest design approaches use an edge 

distance of 2.5d - However, there has not been a 

significant amount of research in this area 

particularly at different grain angles.  



Variables:  

Glueline Thickness 
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Failure load with increasing Glueline 

Thickness (Harvey and Ansell, 2000) 

(Broughton and 

Hutchinson, 2001) 

• 2mm 

 

• 4mm 

It has been stated that a 

connection’s strength depends on 

the strength and durability of the 

glue-line.   

It has been found that a larger 

glue-line thicknesses results in an 

increase in ultimate load.   

Pull-out capacity of the joint was 

also found to increase with 

increasing glue-line thickness 

beyond a minimum thickness of 

2mm. 



Variables:  

Number of Bars and their Spacing 
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• 1 bar 

• 2 bars 

(Broughton and Hutchinson, 2001) 

Increasing the number of rods will 

increase the bond area and the 

applied load will be more evenly 

distributed, resulting in a greater 

pull-out capacity.   

 

The rods must be spaced 

sufficiently far apart so that they 

act individually rather than acting 

together as a bar group with a 

lesser strength capacity.   



Pull-Bending Test: 

Timber 
 

o 75mm x 225mm cross-section 

o C16 

o Irish Sitka Spruce 

o Sawmill: Balcas, Co. Fermanagh 
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Pull-Bending Test: 

BFRP Bars 
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Magmatech Rockbar: 

o 12mm diameter 

o Tensile Strength: 1000+ Mpa 

o Youngs Modulus: 50+ Gpa 

o Sanded Finish to aid bond to mortar 

o 10-30% higher bond strength than ribbed stainless steel rebar in 

pull out tests from Cast Stone 

 



Pull-Bending Test: 

Adhesive 
o Rotafix Engineering Adhesive – Two-part 

thixotropic epoxy gap filling adhesive 

o Glued same day as timber was drilled 

o Part-filled the hole and twisted the bars in 

slowly to expel any trapped air 

o Cured for 7 days at room temperature 
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Compressive 

Strength 

(N/mm2) 

Tensile 

Strength 

(N/mm2) 

Tensile 

Modulus 

(GPa) 

Flexural 

Strength 

(N/mm2) 

Bond 

Strength 

(N/mm2) 

68 38 3.7 70 ~ 6-10 

Table: Mechanical Properties as stated by Manufacturer (Rotafix) 



Pull-Bending Test 

 12mm diameter BFRP Rods 

 2mm Glueline Thickness 

 180mm embedded length i.e. 15.d 

 30mm End Distance – i.e. 2.5.d 

 Glued-in parallel to the grain 
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Pull-Bending Test: 

Test Set-Up 

Caoimhe O'Neill 

The specimen was made up of two natural timber blocks of equal 

dimensions (75 x 225 x 800 mm3) connected by a BFRP bar 

bonded in to each block of timber at the bottom and a steel 

hinge at the top. 

 

The specimen was loaded through a spreader bar that in turn 

transmits half the force on to two bearing plates which were 

positioned 300mm each side of the pivot point 



Pull-Bending Test: 

During Testing 
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Pull-Bending Test: 

After Loading 
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Hinge wasn’t strong enough – the two sections slid in to each other 

and locked.  Also, the beam bent so much that it was hitting the 

spreader bar on one side so we had to stop loading and re-think the 

test set-up.   

 

We stopped loading around 24 kN  



Pull-Bending Test: 

Results 
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Thank-you for your attention 

 

Any comments/suggestions? 

 

Caoimhe O’Neill 

Queen’s University Belfast 

coneill86@qub.ac.uk 
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