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1. Appendices 
 

10.01 Basalt Rebar Tensile Test 
 

 

Photo 1 – BFRP Rebar Sample Ends Sheared Off During Tensile Strength Test. 

 

 

 Photo 2 – BFRP Rebar Pulled Out from Aluminium Encasement. 



 

 

Photo 3 - Extensometer BFRP Rebar Inside The Testing Machine 

 

 

Photo 4 – BFRP Spiral Sanded Off at Each End. Test Failed by one end crushed. 

 

 

 



Damaged “teeth” on the left-hand side. 

 

Photo 5 – Damaged Upper Tensile Strength Testing Machine Clamp. 



10.02 Concrete Cubes Class C40/50 Mix 
 

Concrete mix design was based on BS 8500-1-2005+A1 and “Design of Normal 
Concrete Mixes” design manual (refer to list of references). 

 



10.03 Class C28/35 Concrete Design Mix 
 

Concrete mix design was based on BS 8500-1-2005+A1 and “Design of Normal 
Concrete Mixes” design manual (refer to list of references). 

 



 

Photo 6–Aggregate Quantities for Concrete Mix. 

 

 

 

Photo 7 – Plasticiser “MasterPolyheed” 







 

10.04 Bar Bending Schedule 
 

 



BFRP Rebar COSHH Assessment Form 

 

Material Safety Data Sheet Vulkan- Europe  B.V.  

Basalt Continuous Filament 
Fibres  

Continuous Basalt Fibre 
Distributor  

Date of print :  21-11-2016  

 

1) Identity and Distributor information. 
 
 
 
 
 
Identity of the Distributor. 

Basalt fibre components :                                                                
yarns , rovings , chopped strands , fabrics , 
non-woven mats , nets .                                                                   
With epoxy  : rebars of different diameters ,   
wall ties  and composite mesh. 

 

Raesbergenstraat 47 

2804TJ  Gouda 

The Netherlands. 

Tel: +31 182 535520 

Mob: +31 6 54 907 214 

E-mail : j.dewit@vulkan-europe.com 

Web site : www.vulkan-europe.com 

 

 

4. Emergency and First Aid Procedures. 

Inhalation : 

 

 

 

Skin Contact: 

 

Eye contact : 

 

 

Ingestion : 

 

No specific treatment is necessary as this 
material is not likely to be inhaled, unless the 
material is in dust form :  see infra 8. 

 
Wash with soap and running water . 

 

Immediately flush with plenty of water .                             
Get medical attention if problem develops. 

 

Ingestion of this material is unlikely.                                
If it does occur , get medical attention . 

mailto:j.dewit@vulkan-europe.com


6. Accidental Material Release or Spillage. 

Personal protective equipment : 

 

Environmental protection : 

 

 

Cleaning procedures  : 

 

See infra 8. 

 

Prevent spread of basalt fibre dust and 
avoid dust-generating  conditions . 

 

Vacuum clean dust. If sweeping is 
necessary , use a dust suppressant . 

8. Exposure Limits and Personal Protective 
Equipment . 

Fibrous basalt ( Fibrous basalt dust ) ,                                 
CAS  No 65997-17-3 . 

Basalt fibre continuous  filament : 

 

 

 

 

 

 

 

 

Size ( µm) 

Personal protective clothing and equipment. 

Respiratory protection : 

 

 

 

 

Protective gloves : 

Eye protection : 

Body protection : 

OSHA PEL                      ACGIV TLV 

( 8 h TWA )                    ( 8 h TWA) 

5 mg/m3                         5 mg/m3 

( respirable dust )         1 fibre /cm3 

15 mg/m3 

(total dust ) 

1 fibre /cm3 

( suggested ) 

 

N/A                                     N/A 

 

When , through mechanical processing , 
basalt dust is produced and when the dust 
levels  exceed the recommended levels , 
use an approved respirator and local 
exhaust for processing machines . 

Impervious gloves are recommended. 

Impervious glasses are recommended. 

Protect skin as much as possible by 
clothing. 

11. Toxicology. The basalt continuous filament has a 
diameter   > 5 µm and does not split 
longitudinally.            Only when , through a 
mechanical process,             the filaments 
are broken into dust particles ,     is  the 
OSHA standard for nuisance dust of 



application . ( if the respirable fraction of                       
5 mg/m3 is reached ) 

12. Ecology. N/A.          Basalt has its origin in nature. 

16.  Other Information . All data in the MSDS are based on the 
current state of knowledge , however they 
do not certify product properties and they  
do not justify legal liability.                                                                 
Vulkan- Europe bv. as the distributor cannot 
control the use of the end-product, the 
consumer has to determine under which 
circumstances the product can be used 
safely,  This Material Safety Data Sheet is 
exclusively intended for professional 
use. 

 

 

Raesbergenstraat 47 

2804TJ  Gouda 

The Netherlands. 

Tel: +31 182 535520 

Mob: +31 6 54 907 214 

E-mail : j.dewit@vulkan-europe.com 

Web site : www.vulkan-europe.com 
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10.06 Reinforcing Cage Photos 

 

 

Photo 8 – BFRP and Steel Reinforcement Setup in Beams B2 andB4. 

 

 

 

Photo 9 - BFRP and Steel Reinforcement Setup in Beams B1, B2 and B4 

 

 



10.07 Concrete Cube Curing 

 

Photo 10 – Concrete (C28/35) Concrete Cube Curing Inside the Water Chamber. 

10.08 Location of external displacement gauge. 

 

Photo 11 – External Vertical Displacement Gauge Location 1. 



 

Photo 12 - External Vertical Displacement Gauge Location 2. 

 

10.09 Crack Propagation 
 

10.09.1 Beam B1 (Control Beam) 

 



10.09.2 Beam B2 

 

 

 

 

 



10.09.3 Beam B3 

 

 

 

 

 

 

 

 

 



10.09.4 Beam B4 
 

 

 

 

 

 

 

 

 

 

  



10.10 Steel Ultimate Load Calculations 
 

 

163 mm

L= 1.5 (m)

h= 200 (mm)

Cnom= 25 (mm)

Ø= 8 (mm)

1.00

d=200-25-8-(8/2)=

T= Area of Steel Reinforcement x Allowable Stress= 50.5 (kN)

Area of 

Reinforcement=
101

Allowable Stress= 500

1.00Materials Factor(Concete)= Materials Factor 

(Steel)=

FOR EQUILIBRIUM COMPRESION MUST BE EQUAL TENSION
50.5 (kN)

C=0.8*X*(materials factor*Fck/materials factor) --> X = (C*10^3)/(fck*b) X= 15.02976 (mm)



 

45.30

BM Capacity = T*(d-0.8*X/2)

Statistical Factor= 1

Fck= 28

Section Width (b)= 150

lambda 0.8

X < 0.45d

0.45d= 73.35

BM Capacity = 7.93 (kNm)

BM=PL/3 MB max=Pa

(kN)

PTotal in (kN)= 31.71 (kN) PTotal in (kN)= 45.30 (kN)

P in (kN)= 15.86 (kN) P in (kN)= 22.65

δ Uncracked(Max)= 0.25 (mm)

a(m)= 0.35

E=
210000000

I=
0.00005625



10.11 BFRP Ultimate Load Calculations 

 

163 mm

L= 1.5 (m)

h= 200 (mm)

Cnom= 25 (mm)

Ø= 8 (mm)

d=200-25-8-(8/2)=

T= Area of Steel Reinforcement x Allowable Stress= 101 (kN)

Area of 

Reinforcement=
101

Statistical Factor= 1

Allowable Stress= 1000

Materials Factor= 1

FOR EQUILIBRIUM COMPRESION MUST BE EQUAL TENSION (kN)

C=0.8*X*(materials factor*Fck/materials factor) --> X = (C*10^3)/(fck*b) X= 30.05952 (mm)

101

Fck= 28

Section Width (b)= 150

lambda? 0.8 0.8



 

87.13
87.13 (kN)

X < 0.45d

0.45d= 73.35

BM Capacity = T*(d-0.8*X/2)

BM Capacity = 15.25 (kNm)

δ max= 2.8 (mm)

a(m)= 0.35

E=
50000000

I=
0.00005625

BM=Pa

P in (kN)= 43.57 (kN)

PTotal in (kN)=



10.12 Bending Moment and Shear Force Calculation (Beam B4) 

 



 







10.13 Un-cracked Section Deflection Calculations 
 

 

 

 

 

 



10.14 Cracked Section Deflection Calculations 

 



 



10.15 Transverse Steel Beam Deflection 
 

Analysis undertaken using Two-Frame Structural Analysis software. 

(Deflection Units in mm; External Load in kN) 

 

 



10.17 Tensile Strength Test Modulus of Elasticity 
 

 

Graph 1 – Experimental Steel and BFRP Rebar Modulus of Elasticity. 

 

Basalt Rebar Modulus of Elasticity: 

𝐸 =
𝑆𝑡𝑟𝑒𝑠𝑠

𝑆𝑡𝑟𝑎𝑖𝑛
=

400

. 0.0081
= 49383 𝑀𝑃𝑎 = 𝟒𝟗. 𝟒 𝑘𝑁/𝑚𝑚2 

 

Steel Rebar Steel Modulus of Elasticity: 

𝐸 =
𝑆𝑡𝑟𝑒𝑠𝑠

𝑆𝑡𝑟𝑎𝑖𝑛
=

290

. 0.0014
= 207143 𝑀𝑃𝑎 = 𝟐𝟎𝟕. 𝟏 𝑘𝑁/𝑚𝑚2
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