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1 INTRODUCTION 

The man who first thought of the idea to extrude fibres from basalt (commonly known 

as volcanic rock) was Paul Dhé, who in 1923 was granted a U.S patent for this idea on 

basalt fibres. In the 1960’s, investigations were made into the use of basalt fibres for 

military application by the U.S. and Soviet Union (USSR). A research strategy was 

implemented by U.S. glass companies in 1970, which favoured the use of glass fibre 

than to that of basalt fibre. The research done on basalt fibre was only declassified, after 

the breakup of the Soviet Union, in 1991. Georgia, Ukraine, Russia, and China are the 

main countries researching and producing basalt fibre. Today, there is still a vast 

amount to learn about this material and its applications. (Fazio, 2011) 

Non-metallic reinforcement materials are needed for reinforced concrete in highly 

corrosive environments. Due to high costs, it is not possible to produce alkali-resistant 

plastic reinforcement. As a practical solution; continuous high-strength glass fibres are 

used, which are bundled into a monolithic bar using synthetic epoxy resin. In the last 

decade, basalt fibre has been increasingly used in Russia instead of fiberglass as the 

production is less intensive both in time and cost due to the abundance of the raw 

material. (V. F. Stepanova, 2007) 
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2 LITERATURE REVIEW 

2.1 PRODUCTION PROCESS 

Basalt fibre is a readily available raw material and is produced in a similar manner to 

glass fibre, but at a lower energy requirement. (Fazio, 2011) 

The manufacturing of basalt fibre (from which rope, rods, and yarn derive) is a pure 

process such that no additives are added at any of the production stages. This is a major 

advantage in cost, both monetary and environmentally. (Jongsung Sim, 2005) 

The manufacturing process is summarised as follows (Fazio, 2011): 

I. Basalt rock is crushed and washed. 

II. Placed in a furnace at 1,460-1,500 ⁰C. (Because of the less complex 

structure of basalt fibre, this process is less demanding compared to that of 

glass fibre). 

III. Once the basalt has turned into a molten state, it is placed through a 

platinum-rhodium bushing. Hydrostatic pressure is then used to draw the 

fibres from the melt. 

IV. Sizing is applied to the surface of the fibres to ensure resin compatibility, 

lubrication (ensuring fibres stay separated), and impart strand reliability. 

V. Large spools of continuous basalt fibre can now been wound. 

 

 
Figure 1: Apparatus for manufacturing mineral basalt fibres - Brik, Vladimir B 

 

Figure 1, Shows a diagrammatic schematic of the production of basalt fibres. A full 

summary of the machine can be found under: Patent number: 6647747;  

Filing date: Oct 10, 2000; Issue date: Nov 18, 2003; Application number: 09/685,204 
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2.2 PROPERTIES OF BASALT 
 

Table 1: Properties of basalt rods (GuXingyu, 2011); (Aketoma, 2003) [1]; (Hannibal Ólafsson, 2009) [2] 

 Basalt Fibre 

Composite Bar 

Steel Bar 

Properties 

Density (g/cm
3
) 1.9-2.1 7.8-7.9 

Tensile strength (MPa) ≥700 

1200
[1]

 

1000
[2]

 

≥500 

Yield strength (MPa) ≥600 ≥300 

Compression strength (MPa) ≥500 

420
[1] 

- 

Young modulus (Gpa) ≥40 210 

Elongation (%) ≥1.8 ≥18 

Longitudinal Coefficient of 

thermal expansion                     

(×10
-6

/℃) 

9-12 ≥11.7 

Latitudinal Coefficient of    

thermal expansion                                    

(×10
-6

/℃) 

21-22 ≥11.7 
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Table 2 : Properties of basalt fibres (Fazio, 2011); (Aketoma, 2003) [1]; (Hannibal Ólafsson, 2009) [2];                      

(C. Colombo, 2012) [4]; (Group, n.d.)[5] 

 Basalt Fibre Glass Fibre 

Physical Properties 

Filament diameter (µm) 

7 ~ 15 

6 ~ 10
[2] 

6 ~ 17 

Density (kg/m
3
) 

2560 

2800
[4] 

2500 ~ 2600 

Elastic modulus (GPa) 

100 ~ 110 

89
[4] 

89 ~ 93
[5] 

72.4 ~ 85.5
[4] 

Tensile strength (MPa) 

4150 ~ 4800 

3800 ~ 4000
[5] 

4150 ~ 4800 

3450 ~ 4580
[4] 

Residual Tensile strength under 

heat treatment (%) 

20⁰C       100 20⁰C       100 

200⁰C       95 200⁰C       92 

400⁰C       82 400⁰C       52 

600⁰C       76 600⁰C   caking 

Chemical resistance (loss of 

weight) (%) 

2N HCL     2.2 2N HCL   38.9 

2N NaOH     6.0 2N NaOH  2.75 

H2O     0.2 H2O     6.2 

Water absorption, 24 hours 

(%) 0.02 1.7 

Vibro resistance (loss of weight) 

(%) 

200⁰C        0 200⁰C         12 

450⁰C        0.01 450⁰C         41 

900⁰C       0.35 900⁰C       100 

Elongation at break (%) 3.1
[4] 

4.7 ~ 5.6
[4]

 

Thermal Properties 

Working temperature (⁰C) 

-260 ~ 700 

-260 ~ 820
[4] 

-60 ~ 250 

-60 ~ 480
[4] 

Maximum/caking application 

temperature (⁰C) 

1100 

982
[4]

 

600 

650
[4]

 

Thermal Conductivity         

(w/m. ⁰K) 

0.031 ~ 0.038 

 

0.038 ~ 0.042 

 

Acoustic Characteristics 

Sound absorption coefficient 0.95 ~ 0.99 0.8 ~ 0.92 
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2.3 EXTERNAL STRENGTHENING 

2.3.1 Laminated Basalt Sheeting 

Concrete beams (240 cm long, 15 cm wide, and 25 cm high with 200 cm clear span) 

were fabricated and each beam had one third of an equivalent steel ratio. Once the 

specimens were fabricated the basalt fiber sheet was installed, except in the control 

specimens. Three basalt sheets of 0.5mm each were bonded on the exterior of a beam 

element (Figure 2) over 80% of the span. The following experiment achieved both a 

yield and ultimate strength gain of 27% (This value increased proportionally to the 

number of applied layers). Basalt layers debonded at 75% of total deflection. The 

strength gain in this method is attributed to the basalt physically ‘holding’ the concrete 

as the testing is conducted. (Jongsung Sim, 2005) 

 

 
Figure 2: Specimen geometry and location of measuring devices. (Jongsung Sim, 2005) 

 

It was concluded that basalt fibre sheeting can be used as a successful structural 

strengthening material. (Jongsung Sim, 2005) 

Critique: 

 Concern is drawn to the bonding procedure conducted in the experiment.  

 

2.3.2 Confined Laminated Compression Test 

Tests were performed on unconfined specimens as well as confined specimens using 

basalt fibre pre-impregnated in epoxy resin (BFRP) and glass fibre reinforcement 

laminated jacketing (GFRP). A low compression resistance concrete is used to simulate 

existing deficient structures.  

“The specimens are wrapped by using a commercial epoxy resin, and tested 90 

days from casting in compression”. (Fazio, 2011) 
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The results of the tests can be seen in Table 3. 

 

Table 3: Confined Compression Test Results (Fazio, 2011) 

 

 

Critique: 

 An ENEA report has not yet been published discussing the significance of 

these results. No conclusion is deduced, however, it can be seen from Table 

3 that by wrapping the BFRP around deficient members in a structure could 

be a viable option for increasing the compressive strength of the members. 

 

2.3.3 Fibre Matrixes 

Fibre matrixes are added into the concrete during casting, normal to the direction that 

shear cracks develop. The purpose of using fibre matrixes is to prevent shear cracking in 

normally reinforced concrete (Hannibal Ólafsson, 2009) 

 

Figure 3 : Fibre matrix set in the concrete (Wiberg, A., 2003) 

 

Critique: 

 No technical data is provided. No references are cited. The validity of 

placing fibre matrices into reinforced concrete is inconclusive. 

 

 

 

Failure Strength,     [MPa] Axial Strain,   
   

            
 

Unconfined 27,1 0,0041 1 

GFRP 37,3 0,010 1,38 

BFRP 51,5 0,016 1,90 
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2.3.4 Fibre as a Loose Material 

Fibre is introduced into the concrete substrate to enhance: 

I. Flexural-tensile strength 

II. Resistance to splitting 

III. Impact resistance 

IV. Frost resistance 

V. Plastic shrinkage cracking of the mortar 

Basalt fibre is classified as a ceramic fibre, easily disperses when mixed within a 

cement mix. Basalt fibre reinforced concrete possesses the following characteristics: 

I. Maintains volume stability 

II. Good workability 

III. Good stability 

IV. Low-seepage 

V. Crack resistance  

Although the addition of basalt fibre will add to the total cost, the overall improved 

properties will extend the working life of the concrete, subsequently reducing the total 

cost of a project. Basalt fibre hinders early plastic and shrinkage cracking, whilst 

improving cohesion and stability of concrete. (Fibres-Unlimited, 2007) 

2.3.5 Rod/Bar Elements 

The First Experiments conducted on basalt bars are conducted by V. Ramakrishnan and 

R.K. Panchalan. The following paragraphs are the results of their experiments. 

Five phases of testing are conducted, these included: (Hannibal Ólafsson, 2009) 

1. Flexure test on plain basalt bar reinforced concrete beams: 

Testing of six beams is conducted 14 days after curing and all beams experienced 

failure after a single crack, indicating bond slippage failure. 

 

2. Flexure test on concrete beams reinforced with plain basalt bars and 

discontinuous basalt fibres: 

 

I. Four beams reinforced with bars and fibres experienced ductile failure. 

II. One beam reinforced with basalt bars, experienced brittle failure. 
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III. Three non-reinforced concrete beams failed at the presence of the first 

crack. 

 

3. Bond test on basalt bars and cables: 

 

   Analysing data from phase 1 and 2, it was determined that the experimental ultimate 

bending moments of basalt were lower than theoretically indicated. This, however, is 

due to poor bond strength of basalt to the concrete material. New basalt bars are used 

with a 4-slot configuration (no figures were shown, however it is understood these 

slots are used to describe indentations on the bar, similarly to ribs on steel 

reinforcement) which did not slip, however the slotted bars failed under tension with 

a brittle nature. The same test is performed on an 8-slot configuration bar which 

produced similar results. 

 

4. Determination of cracking and ultimate loads for extremely under-reinforced 

beams: 

 

A beam is designed with the minimum amount of steel required according to the ACI 

(American Concrete Institution) code 318. The basalt (4-slot type) failed due to 

shear, but took 88% of the calculated ultimate moment. 

 

5. Determination of  cracking and ultimate loads for five under-reinforced beams: 

 

Five beams are designed to have the normal range of reinforcement as used in 

construction according to ACI. Testing is done after a 28-day curing period. 

 

The First beam, with one corrugated basalt bar of diameter 9mm: 

I. Obtained 95% of calculated cracking moment. 

II. The beam carried 2.7 times the cracking moment, indicating good bond 

strength. 

III. The beam failed at 98% of the calculated ultimate moment. 

IV. Failure is primarily in flexure and secondly in shear. 

The second beam, with two 1524mm cables of diameter 8mm (cables are made from 

twisting three basalt wires into one cable): 

I. Obtained 76% of calculated cracking moment. 
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II. The beam carried 4.9 times the cracking moment, indicating good bond 

strength. 

III. The beam failed at 97% of the calculated ultimate moment. 

IV. Failed purely in flexure. 

The third beam, with three 1041mm cables of diameter 3mm (cables are made from 

twisting three basalt wires into one cable): 

I. Obtained 95% of calculated cracking moment. 

II. The beam carried 2.4 times the cracking moment, Indicating good bond 

strength. 

III. The beam failed at 149% of the calculated ultimate moment. 

IV. Primary failure is flexure and secondly in shear. 

The fourth beam, with two 1219mm bars of diameter 10mm, are provided with 1 Fe-

Mn-Ni Anchors (smart alloys) on each end of the bars to prevent slip: 

I.  Obtained 104.5% of calculated cracking moment. 

II. The beam carried 5.1 times the cracking moment, Indicating good bond 

strength. 

III. The beam failed at 112% of the calculated ultimate moment. 

IV. Primary failure is flexure and secondly in shear. 

The fifth beam, with two 1219mm bars of diameter 10mm, are provided with 2 Ti-Ni 

(50/50) Anchors (smart alloys) on each end of the bars to prevent slip. A strain gauge 

is placed on the underside of the beam and a further strain gauge on the bar in the slot 

to measure the bar strain. The following is observed: 

I. Obtained 107% of calculated cracking moment. 

II. The beam carried 5.9 times the cracking moment, Indicating good bond 

strength. 

III. The beam failed at 121% of the calculated ultimate moment. 

IV. Primary failure is flexure and secondly in shear. 

V. The bars did not slip even after the ultimate load is reached. 
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The experiment concludes with the following: (Hannibal Ólafsson, 2009) 

Phase 1: 

The beams reinforced with plain basalt bars failed in flexure due to bar pull out. All 

obtained ultimate moments that are less than calculated values. 

Phase 2: 

The beams reinforced with basalt bars and 3D fibres obtained a ductile failure, and all 

obtained ultimate moments that are less than calculated values. 

Phase 3-5:  

Modified basalt bars proved to have better bond strength and experimental ultimate 

moments which closely matched the calculated values. Deflections are considerable, 

indicating adequate ductility. All beam failures are primarily flexural. No bars 

experienced ‘pull out’, indicating good bond strength between concrete and bars/cables.  

The Authors conclude with: 

“The limited testing conducted indicated the feasibility of using basalt bars to 

reinforce concrete structures in place of steel bars. However the authors are 

conducting additional testing, including durability tests, so that positive 

recommendation could be made” (Hannibal Ólafsson, 2009). 

2.4 NON-STRUCTURAL STRENGTH 
 

2.4.1 Alkali-resistance 

Alkali-resistance of basalt is analysed. A basalt rod is placed in a 1M solution of NaOH 

at 40
o
C. At 7 days the basalt had lost about 50% of its strength and more than 80% of its 

strength at 28 days (Jongsung Sim, 2005). 

 

Figure 4: SEM images of basalt fibres under NaOH solution. (Jongsung Sim, 2005) 
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Critique: 

 Fibre samples are washed in distilled water and dried before subsequent 

testing is performed. This is not indicative of field situations and the results 

must be used cautiously. According to tests conducted on a bridge in 

Canada, no such volumetric reduction is noticed on its glass fibre 

reinforcing. (Hannibal Ólafsson, 2009) 

2.4.2 Temperature Influence 

Basalt is an igneous rock and can endure 600
o
C for 2 hours whilst only loosing 10% of 

its normal temperature strength. At these temperatures glass fibre and carbon fibre both 

lost their volumetric integrity. (Jongsung Sim, 2005) 

Minor effects on mechanical strength have been observed for low variations in chemical 

composition of the basalt rock, whereas major effects on mechanical strength have been 

observed for temperature variations during the manufacturing process which have been 

seen to increase the basalts strength and elastic modulus properties. It has also been 

observed that as the basalt fibre diameter increases by 3~4 µm the strength is seen to 

decrease from 2.8-1.8GPa. (Fazio, 2011) 

“For the same basalt chemical composition, a fibre drawing temperature 

increase of 160 ⁰C (from 1,220 ⁰C to 1,380 ⁰C) increased their strength from 1.3 

to 2.23GPa and modulus of elasticity from 78 to 90GPa”. (Fazio, 2011) 

Critique: 

 Concern is drawn to the accuracy of the manufacturing process. Future 

manufacturing advancements will need to be addressed to ensure an 

acceptable tolerance is met with regard to fibre diameter.  

2.4.3 Static and fatigue characterization of basalt fibre reinforced 

composites 

The following is included to illustrate the effect of resin’s on basalt fibre  

performance. (C. Colombo, 2012) 

 

Panels are manufactured with a fibre volume ratio of 50%, using the same 

reinforcement fibres, but using two different kinds of matrices: 

I. A vinylester resin (Dion Vinylester UN 1866) and its additives; 

II. An epoxy resin (RenLam LY 113 100) with its hardener (Ren HY). 
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Where: BV = Basalt fibre reinforced composite with Vinylester matrix. 

 BE = Basalt fibre reinforced composites with Epoxy matrix.  

 

 

 

Figure 5 : Broken specimens after static tensile tests: (a) BV and (b) BE specimens. (C. Colombo, 2012) 

 

The panels are subjected to tensile and compression static tests, delamination tests and 

fatigue tests. The BE panels showed higher mechanical properties as compared to BV 

panels, in both the tensile and compressive behavior, such as 84.3% increase in ultimate 

compression strength, 29.0% increase in ultimate tensile strength, 13.6% increase in the 

elastic modulus, and a strain at failure increase of 86% (compression). In the 

compression tests, it is seen that the matrices provide the resistance rather than the 

fibres. In the stress vs. strain graph it is noticeable that the BV specimen fails with a flat 

trend in the σ-ε plot, the BE presents a sudden failure, although at a higher load. It is 

shown that despite the manual manufacture of the panels, the experimental results are 

repeatable. It is also found that rapid determination of fatigue behavior of composites 

could be obtained using thermography.  

2.5 EASE OF TRANSPORTATION 

Due to the light weight of the basalt fibre rebar as compared to steel reinforcement, far 

more material can be transported with one load. A broad comparison is shown below: 

Table 4 : Comparison of transportation capacity (Technobasalt-Invest, 2012) 

Steel rebar Basalt rebar 

Diameter (mm) Length per 1 ton (m) Diameter (mm) Length per 1 ton (m) 

8 2 531 8 12 048 

12 1 126 12 5 128 
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2.6 ENVIRONMENTAL IMPACT 

2.6.1 Energy consumption 

The replacement of steel reinforcing bars with basalt fibre rebar, leads to an energy 

saving of 9.12 kWh/kg of basalt used. Steel reinforcement production uses 2.84 times 

the energy used for basalt fibres rebar production. (Fazio, 2011) 

Critique: 

 Concern is drawn to the accuracy of these figures as the methodology used 

to obtain these results is not stated explicitly. 

2.6.2 Inert nature of basalt 

“Unlike some fiberglass applications, basalt fibre products do not release 

chemical elements when heated, since they are completely natural. For the same 

reason, the production process itself is environmentally friendly; moreover, 

basalt can be recycled.” (C. Colombo, 2012) 

2.7 OTHER APPLICATIONS

1) Construction: 

i) Reinforcement of bridges, tunnels. 

ii) External and internal heat and sound insulation. 

2) Road Construction: 

i) Reinforcement of concrete and asphalt pavement runaways. 

ii) Construction of sound-absorbing barriers for highways, railways, and 

underground metro lines. 

3) Engineering Networks: 

i) Pipelines for heating and hot water supply. 

4) Underground construction: 

i) Anchors, pillars, ceilings, vaults. 

ii) Foundations for buildings and construction. 

5) Environmental Safety: 

i) Protection screens against electromechanical radiation. 

ii) Containers for the burial of toxic waste. (Basalt-Net) 
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2.8 GAPS IN RESEARCH 
 

“Currently, the application of basalt fibre is in precede of basic research, in 

order to have a better and more scientific application of basalt fibres, we must 

strengthen the system analysis of the short-term, long-term, static, dynamic, 

extreme environments (high temperature, low temperature, chemical corrosion, 

freezing and thawing, etc.) properties of basalt fibre and its composite materials 

and establish the corresponding theoretical model and design methods to guide 

the practical application.” (Wu Zhishen, 2010) 

Further research needs to be conducted that confirms findings of previous journals 

enabling the development of design codes for the use of basalt in construction.  

There is currently no literature on the following: 

I. Compression tests using continuous basalt rods in column structural 

elements. 

II. Flexure tests using basalt rods in place of steel rods in beams designed 

using steel reinforced concrete design codes. 

III. Using anchorage hooks on the ends of straight basalt bars. 
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3 MOTIVATION 

The literature covered provides the reader with a review of knowledge on basalt as a 

concrete reinforcement. The literature indicates that research into the validity of using 

basalt bars as a replacement for steel reinforcement has not been conducted in depth. 

Basalt is a lightweight and inert material making it a strong candidate for a steel 

substitute in harsh environments. Basalt bar reinforcement has shown encouraging 

results from tests conducted.  

Under the supervision of Professor Mitchell Gohnert, basalt reinforced concrete beams 

will be directly compared to steel reinforced concrete beams.  
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4 ANALYSIS 

To obtain a confident range of data points, fourteen dimensionally identical doubly 

reinforced concrete beams were cast. Seven having top and bottom steel reinforcing 

Y10 bars. The remaining seven having steel reinforcing Y10 bars as top reinforcement 

and 10mm basalt reinforcing bars as bottom reinforcement (see Figure 6). Twelve 

beams were used to obtain true experimental data. In order to establish basic knowledge 

of the testing procedure and the expected loading behaviour of the beams, a single 

basalt reinforced concrete beam and a single steel reinforced concrete beam were cast; 

these beams are referred to as tester beams.  

The beams are loaded under an incrementally increasing uniformly distributed load 

until failure. An in-depth comparison of steel reinforced concrete beams and basalt 

reinforced concrete beams was compiled.  

Additionally six dimensionally identical reinforced columns were cast. Three having 

steel bars as the reinforcement. The remaining three having basalt bars as the 

reinforcement, (see Figure 7). Both the beams and the columns used R8 steel stirrups. 

The columns were loaded under an increase in axial static load until failure.  

Multiple concrete mixes were made in order to ensure that testing was conducted when 

the concrete strength was approximately 30MPa. This strength was chosen as it is one 

of the most widely used strengths in design. 

A tension test was conducted on both basalt and steel bars to obtain a Stress vs. Strain 

graph, from which the Young’s moduli was derived. 

 

  



                    Report on Exploring Basalt as a Steel Reinforcement Replacement 10 August 2012 

17 

 

5 PLANNING OF THE INVESTIGATION 

5.1 BEAM DESIGN 

The design of the concrete beam is conducted in accordance with SABS 0100-1 edition 

2.2 (2000). A cover of 15mm to the stirrups was selected assuming mild conditions of 

exposure and because of the limited space available for reinforcement. Due to the 

relatively low cover and limited space between the two main reinforcement bars, a 

stone size of 6.7mm stone was selected to ensure equal distribution of material.  

The bending schedule of steel was formulated and can be seen in Table 14. Steel for the 

bending schedule was designed in accordance with SABS 82:1997. 

Illustrations of the beams and columns constructed can be seen in (Figure 6 and Figure 

7).  

 

 

Figure 6: Plan and Elevation Views of Steel and Basalt Reinforced Concrete beams 
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Figure 7: Plan and Elevation Views of Steel and Basalt Reinforced Concrete Columns 

 

A theoretical analysis of the steel beams was conducted. This allowed for the 

determination of the neutral axis and the failure load the steel reinforced concrete 

beams could resist. The theoretical value obtained was 213.8kN, using doubly 

reinforced crack section analysis. Refer to appendix (Theoretical Beam design) for 

worked calculations. 

 

Figure 8: Strain and Stress Distribution Curves for Cracked Theory Analysis 

 

 

 

 



                    Report on Exploring Basalt as a Steel Reinforcement Replacement 10 August 2012 

19 

 

5.2 CONCRETE MIX DESIGN 

The amounts of material ordered (inclusive of a Safety Factor): 

I. Cement: 350kg (7 bags) 

II. Sand: 1000 kg 

III. Stone: 1000 kg 

IV. Steel: 107 kg 

A Concrete mix design was carried out using Fulton’s concrete technology Ninth 

edition. The initial mix design can be found in the appendix, (Table 11).  

A test batch of 9 cubes (100x100x100mm) was cast using Strongbuild 42.5N cement. It 

should be noted that this cement was different to the cement used in the final concrete 

design (Afrisam 42.5N).The concrete cubes were cast using the following procedure:  

I. Measure the required masses of each material needed for the batch 

II. Add the dry material to the mixing bowl 

III. Mix the dry mix for 60 sec 

IV. Add the measured volume of water into the mixer for 60 sec 

V. Continuing mixing for an additional 60 sec 

VI. Perform a slump test 

VII. Put slump material back into mixer 

VIII. Mix for additional 20 sec 

IX. Remove concrete and place into oiled cubes 

X. Vibrate cubes for 10 sec 

XI. Add more concrete to top off cubes 

XII. Vibrate for a further 20 sec 

XIII. Store cubes under plastic for 1 day (changed to 3 days air curing in the final      

mix) 

XIV. Move cubes to water bath curing for remainder of 28 days 
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5.3 FORMWORK AND REINFORCING CONSTRUCTION 

Formworks were constructed for twenty beams and six columns. The dimensions of the 

beams (l×h×b) were 1200x200x100mm and the columns were 300x200x200mm 

(hxbxb). Plywood of 18mm thickness was used to construct the formwork. To avoid 

splitting, pilot holes were drilled into the plywood boards using hand drills and the drill 

press. Special screws with a shearing action as well as normal fixing action were used. 

The completed formworks were varnished with two coats, (see Figure 9 and Figure 10). 

 

Figure 9: Completed Formwork 

 

Figure 10: Constructed Formwork Being Transported to Concrete Laboratory 

The basalt reinforcing had right angled anchorage steel hooked bars attached to them so 

as to mimic steel’s anchorage (from the end hooks) with the concrete, as the basalt only 

comes in straight bars unless special orders are placed, (see Figure 11). 
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Figure 11: Right Angled Anchorage Steel Hook Fixed to Basalt Bar 

 

Figure 12: Steel Reinforcement Cut and Bent 

 

 

Figure 13: Reinforcement Cages are Constructed with Fixing Wire 

 

The stirrups needed to remain at 15mm from the base and walls of the formwork. This 

was achieved by fixing two 100mm (in length) bars to the underneath of the bottom 

reinforcement and one 100mm (in length) bar to the top of the compression 

reinforcement. This ensured the required bottom spacing was achieved and that the 

reinforcement cage did not shift laterally during vibration. This configuration was tested 

by vibrating the formwork with reinforcement on a vibration table followed with the 

hand-vibrator. The reinforcement cage for the columns and beams were assembled as 

shown in (Figure 14 and Figure 15). 
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Figure 14: Comparison of Basalt (Left) and Steel (Right) Column Reinforcement 

 

 

Figure 15: Reinforcement in Formwork Ready for Casting 

 

5.4 CASTING 

A third batch of concrete (Tester Batch) was cast to produce a single basalt and steel 

reinforced beam with accompanying cubes. The casting was done using two separate 

pan mixer loads. The maximum volume in the mixer was 51 cubes. This incorporated a 

safety volume of 3 cubes as each beam requires a volume of 24 cubes 

(100x100x100mm) of concrete. This safety volume was to insure that unmixed or 

poorly mixed concrete was discarded. This procedure was used to cast the beams in 

Batch 1 and 2. The slump of the Tester Batch was 75mm. This slump was due to the 

pan mixer having loose mixing blades, which caused the bottom material to not mix 

correctly. The beams, once casting was completed, were vibrated with the hand vibrator 

and levelled off. The beams and cubes were covered by plastic and demoulded after 2 

days. 
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5.5 BEAM PREPARATION 

On three days the cube strength reached 30MPa and testing of the beams was 

conducted. The Tester Batch beams reached a failure load of 188kN and 180kN for the 

steel and basalt reinforced concrete beams respectively. 

5.6 TENSION TEST 

A tension test was conducted in order to obtain the tensile strength of the basalt bar 

(Unknown supplier in China) and the provided steel bar (Diesel Rebar). Three basalt 

and three steel bars of 600mm were clamped and then loaded in the Tinius Olsen 

machine. These bars were loaded at increments of approximately 2kN and 

measurements were taken after approximately 5 minutes of each load increment. A 

single basalt and steel bar were equipped with a strain measuring device (see Figure 16 

and Figure 17). The results are shown in the Appendix (Table 37 and Table 38). 

 

 

Figure 16: Strain Device (with stand) Used in Tension Test 

 

 

Figure 17: Basalt Bar Loaded into Tinius Olsen Machine 
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5.7 KNOWLEDGE OBTAINED 

The Tester Batch beams proved highly valuable information in the affirmation of the 

casting and testing procedure. To measure strain, aluminium buttons were applied using 

a special two part adhesive. The tester beams give an indication of the strength that the 

reinforced concrete beams can resist and that the basalt can be loaded in a similar 

fashion to the steel beams. The results can be found in the Appendix (Table 20). During 

loading of the test beams, the I-beams being used to load the specimens buckled and an 

alternative was found. 

After familiarisation with casting, an adapted final concrete mix design was established 

by manipulation of the water/cement ratio. The water/cement ratio was altered from 

0.55 to 0.59 in the final Batch 1 and 2. The final mix design used for Batch 1 and Batch 

2 can be seen in the Appendix (Table 13). 
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6 EXPERIMENTAL APPARATUS 

I. Wood Workshop 

II. Steel Workshop 

III. Angle Grinder 

IV. Hand Drill 

V. Hacksaw 

VI. Steel Sander 

VII. Amsler machine 

VIII. Concrete mixer 

IX. Tinius Olsen Machine 

X. Sieve machine 

XI. Crane 

XII. Wood cutter 

XIII. Drill Press 

XIV. Hand Vibrator 

XV. Vibration Table 

XVI. Movable Scale 

XVII. Strain Device (for tension test) 

XVIII. Demec Gauge 

XIX. Deflection Gauge 

XX. Circular Jigsaw
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7 EXPERIMENTAL PROCEDURE 

Due to the size of the experiment being conducted, it was decided to split the testing 

into two batches: 

I. Six beams and 11 cubes 

                                           

II. Six beams, Six columns and 16 cubes 

                                                   

7.1 CASTING 

Casting different batches comes with some difficulties; namely, ensuring that the 

identical mixture was achieved. Identicality was achieved by weighing all the dry 

material (Cement, sand and stone) into dustbins prior to casting. Each dustbin holds the 

dry material necessary to cast two beams (see Figure 18 Figure 19) and further holds 

the maximum capacity of the concrete pan mixer. The dry material was now ready to be 

mixed with water (also pre-weighed) in the pan mixer, (see Figure 20). By pre-

weighing and discretising the material into manageable amounts, the total casting 

process was executed rapidly. This rapid casting minimises the variance in strength gain 

between beams or columns of the same batch.  

 

Figure 18: Batch 1 Dry Material Being Weighed 
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Figure 19: Batch 2 Materials Ready for Casting (Oiled Columns Behind) 

 

Batch 1 and Batch 2 required: six beams, and six beams with six columns, respectively. 

This meant that, three and five dustbins were filled with dry material for each batch, 

respectively. Each dustbin weighs 115kg, (See Figure 20). 

 

 

Figure 20: Concrete Pan Mixer with Dry Material (Volume Equalling 51 Cubes) 
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Beam formworks and cube formworks are assembled and oiled before casting 

commenced.  

 

Figure 21: Oiled Cubes on Vibrating Table 

 

 

Figure 22: Oiled Beam Formworks 

 

Once all tools and equipment are set out in user friendly positions, the measured 

materials were emptied into the pan mixer and mixing begins. Slump tests are done for 

each batch and are measured to be 103mm and 101mm for Batch 1 and Batch 2 

respectively. 

Shovelling of the concrete into the beam moulds was conducted as brisk as possible. 

Vibration was done when the formwork was 50% filled and at 90% to ensure air voids 

are minimal. The reason vibration was performed twice was to reduce air voids being 

trapped below the fine aggregates. After reaching a 90% filled volume, the remaining 

10% was then added and levelled off. A further 10 seconds of vibration was done. The 

formwork was then levelled off for a final time and covered with plastic.  
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Figure 23: Hand Vibrator 

 

The Columns were cast and follow the same procedure as the beams described above. 

Demoulding was done after two days. Strain buttons were attached to the mid-span at 

100mm c/c, (see Figure 25). The demoulded beams were left in the air to cure until 

testing commenced at 30MPa (as seen in Figure 24 and Figure 26). 

 

 

Figure 24: Casting and Levelling off of the Completed Concrete 

 

 

Figure 25: Centrally Fixed Strain Buttons on Reinforced Concrete Beam 
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Figure 26: Recently Demoulded Beams (Tops and Sides to be Sanded) 

 

7.2 COLUMN TEST 

A total of six columns were crushed till failure. Three were basalt reinforced concrete 

columns and the remaining three were steel reinforced concrete columns.  Results can 

be found in the Appendix, (Table 39). 

 

7.3 BEAM TEST 

Six beams were tested per session. Three cubes were crushed to ensure an accurate 

concrete strength result of approximately 30MPa. The beams were raised onto the 

Amsler machine with simple supports at a spacing of 1m. Two channel steel sections 

were bolted together to ensure that no buckling of the loading rig occurs. The 

configuration of the loading rig can be seen in (Figure 27, and Figure 28 below). Once 

the loading rig was added the loading dial on the Amsler machine was zeroed, (see 

Appendix Table 33 for self-weights). Load was increased and held constant at each 

interval until creep was accounted for. A single steel and basalt reinforced concrete 

beam was selected per batch and strain buttons were placed on them, (see Figure 28). 

At each loading interval the deflection and strain was recorded using the dial gauge and 

demec gauge; respectively. These readings were recorded until the deflection readings 

became unreadable. The gauge needle would not remain constant and was referred to as 

running, which indicates that the reinforced concrete beams were past the yield point 

leading to imminent failure.  
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Figure 27: Beam with Loading Rig Representation 

 

 

 

Figure 28: Steel Reinforced Concrete Beam Prior to Loading with Strain Buttons 
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8 OBSERVATIONS 

8.1 CASTING 

8.1.1 Slump Test 

It was noticed that after increasing the water:cement ratio to 0.59 the slump increased 

from 75mm to 103mm and 101mm for Batch 1 and 2; respectively. 

8.1.2 Cube crushing tests 

Cubes failed when applied load could not be sustained by the Amsler machine. Due to 

the fine aggregate used and the low strength of concrete being tested, failure occurred 

by ‘crumbling’ of the cubes rather than exploding failure. Cracking exhibits tensile 

failure of the cubes as the criss-cross pattern of cracking is apparent, (see Figure 29). 

 

 

Figure 29: Failed Concrete Cube 
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8.2 BEAM TEST 

8.2.1 Strain 

While recording strain in steel reinforced concrete beams, the neutral axis position can 

be seen to shift upwards slightly, this agrees with theory. 

8.2.2 Failure load 

The failure load was clear as the Amsler Machine could no longer deliver a sustained 

force to the reinforced concrete beams and a decrease in applied load was observed (i.e. 

black needle moved backwards). The failure load of the basalt and steel reinforced 

concrete beams were similar. 

8.2.3 Crack development 

Cracks started at 40kN for steel reinforced concrete beams and 20kN for basalt 

reinforced concrete beams. In the basalt reinforced concrete beams it was noticed that 

the cracks were more centralised to the middle third of the beam’s span. The steel 

reinforced concrete beams developed cracks originating at one of the supports at 100kN 

and the basalt reinforced concrete beams developed support cracks at 90kN at one of 

the supports. During the next loading increment the remaining supports showed 

cracking. The cracks remained relatively straight in the middle third of the span. Cracks 

began inclining significantly as cracks initiated closer towards the supports. Basalt 

reinforced concrete beams produced more cracks that steel reinforced concrete beams. 

Basalt reinforced concrete beams had cracks that intercept each other, usually making a 

wedge like crack pattern, (see Figure 30 and Figure 31 below). 

 

Figure 30: Steel Reinforced Concrete Beam 3 with Strain Buttons 
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Figure 31: Basalt Reinforced Concrete Beam 5 with Strain Buttons 

 

                                

Figure 32: Formation of Cracks in a Reinforced Concrete Beam (Menon) 

 

 

 

Figure 33: Bond Failure Crack Development (Grin: Publish and find knowledge) 
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Figure 34: Basalt Reinforced Concrete Beam with Longitudinal Cracks Underneath (Left) and Steel 

Reinforced Concrete Beam (Right) 

 

8.2.4 Deflection 

Deflection of the basalt reinforced concrete beams were more exaggerated than steel 

reinforced concrete beams. Comparing deflections, of steel reinforced concrete beams 

to basalt reinforced concrete beams which were visually apparent can be seen in (Figure 

35 and Figure 36 below). The dial gauge becomes unreadable after loads reached 

approximately 170kN, as the needle was running. 

 

 

Figure 35: Small Visible deflection of Failed Steel Reinforced Concrete Beam 
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Figure 36: Visible Deflection of Basalt Reinforced Concrete Beam 

 

8.2.5 Loading difficulty 

Basalt reinforced concrete beams crept longer than steel reinforced concrete beams. The 

load had to be constantly adjusted with more precision to maintain the applied load at 

constant levels whilst taking readings. 

 

8.3 COLUMN TEST 

8.3.1 Failure load 

Basalt and steel reinforced columns achieved failure at near equal values. However 

basalt reinforced columns failed at a constantly slightly lower load that that of the steel 

reinforced concrete columns (see Table 39, Figure 37 and Figure 38).  

 

Figure 37: Failed Steel Reinforced Column 
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Figure 38: Failed Basalt Reinforced Column 

 

8.4 TENSION TEST 

8.4.1 Failure load 

Steel bars exhibited necking, followed by fracture at failure. 

Basalt bars underwent loading and unloading due to the machine attaining grip of the 

basalt. To attain grip; the basalt was crushed in the clamps, only then did a constant 

loading rate occur. Basalt reinforcement failure was observed at the clamp interface as 

the clamp cuts into the fibres, locally decreasing strength, (see Figure 39 and Figure 40 

below). 

 

Figure 39: Basalt Reinforcement Failed 



                    Report on Exploring Basalt as a Steel Reinforcement Replacement 10 August 2012 

38 

 

 

Figure 40: Basalt Reinforcement Failed in Loading Rig 
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9 DATA PROCESSING 

9.1 REINFORCED CONCRETE BEAM TESTS 

Strength of concrete, 

               
             

    
 

     

            
 

For the dial gauge,  

                   

For the demec gauge, 

                        

                      

Selfweight of the beams and all additional load imposed by the loading rig must be 

added to the loadings recorded on the Amsler machine. The additional load from 

selfweight and the loading rig is 1.38kN. 

9.2 TENSION TEST 

For the dial gauge, 

                   

                          

            
  

  
 

           
  

    
 

       

            
 

For loads recorded,         

               
             

    
 

     
      

 
     

 



                    Report on Exploring Basalt as a Steel Reinforcement Replacement 10 August 2012 

40 

 

10 RESULTS  

10.1 CUBE TESTS 
 

Table 5: Concrete Cube Results for Batch 1 and 2 

Cube Results for Batch 1 Cube Results for Batch 2 

Strength during 
testing (MPa) 

29.6 
Strength during 
testing (MPa) 

29.7 

30.2 28.5 

29.4 30.0 

Average Strength 
(MPa) 

29.73 
Average Strength 

(MPa) 
29.40 

Std deviation 0.42 Std deviation 0.79 
 

 

 

Figure 41: Graph showing Concrete Strength Development 
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10.2 BEAM TESTING 

10.2.1 Failure Load 

 

Table 6: Failure Loads of the Reinforced Concrete Beams 

Steel Reinforced Concrete Beams Basalt Reinforced Concrete Beams 

Test Failure (kN) Test Failure (kN) 

S1 197.38 B1 196.88 

S2 194.88 B2 202.38 

S3 195.38 B3 213.38 

S4 205.38 B4 196.38 

S5 201.38 B5 191.38 

S6 195.38 B6 211.38 

Average 198.30 Average 201.96 

Std deviation 4.22 Std deviation 8.81 
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10.2.2 Deflection 

 

Figure 42: Graph Showing Load versus Deflection of Reinforced Concrete Beams

STEEL 

BASALT 



                    Report on Exploring Basalt as a Steel Reinforcement Replacement 10 August 2012 

43 

 

 

Figure 43: Graph Showing Average Load versus Deflection of Reinforced Concrete Beams 

STEEL 

BASALT 
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10.2.3 Strain Behaviour 

 

 

Figure 44: Graph Showing the Progression of Strain in Steel Reinforced Concrete Beam 

 

 

Figure 45: Graph Showing the Progression of Strain in Basalt Reinforced Concrete Beam 
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Figure 46: Graph Showing Average Micro-Strain in Beams 

 

10.3 COLUMN TESTING 
 

Table 7: Reinforced Concrete Column Failure Loads 

Steel Reinforced Concrete 
Columns 

Basalt Reinforced Concrete 
Columns 

Test Failure (kN) Test Failure (kN) 

S1 1018 B1 980 

S2 1022 B2 970 

S3 1030 B3 946 

Average 1023.33 Average 965.33 

Std deviation 6.11 Std deviation 17.47 
 

 

 

 

 

 

STEEL 

BASALT 
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10.4 TENSION TEST 

10.4.1 Stress vs. Strain 

 

 

Figure 47: Graph showing Stress-Strain Relationship of Steel and Basalt Reinforcement Bars 

 

 

10.4.2 Failure Load 

Table 8: Failure Strength of the Reinforcement Bars 

Steel Reinforcement Bars Basalt Reinforcement Bars 

Test Failure (MPa) Test Failure (MPa) 

1 630.3 1 440.5 

2 637.9 2 415.1 

3 639.2 3 383.2 

Average 635.8 4 399.8 

Std deviation 4.82 5 403.6 

  
Average 408.46 

  
Std deviation 21.26 

 

 

STEEL 

BASALT 
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11 DISCUSSION 

11.1 CONCRETE STRENGTH 

Batch 1: Test day strength was equal to 29.73 ±0.42Mpa  

Batch 2: Test day strength was equal to 29.40 ±0.79Mpa  

This accuracy was sufficient as the allowable test range of 28MPa to 32MPa was met. 

A graph showing the strength development of concrete can be seen in (Figure 41). The 

strength development of both Batch’s 1 and 2 follow the same trend and both reach 28 

day strength of approximately 50MPa. Testing of the reinforced concrete beams in both 

Batch’s 1 and 2 occurred at 60% of the 28 day concrete strength. 

11.2 VISUAL COMPARISONS OF BASALT AND STEEL 

REINFORCED BEAMS 
 

As can be seen in (Figure 48), steel reinforcement has ribs along its length specially 

design for steel-concrete bond. Basalt has more broad and shallow ribs along its length. 

Basalt reinforcement is smoother in texture than the roughness of steel reinforcing. 

 

Figure 48: Visual Comparison of Basalt to Steel Reinforcement 
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11.2.1 Steel Reinforced Concrete Beams 

Steel reinforced concrete beams have on average nine flexural cracks positioned 

equidistantly along the effective span, as seen in (Figure 49 to Figure 54). Cracking in 

the steel reinforced concrete beams has single cracks that propagate up the beam 

towards the closest loading point. 

 

 

Figure 49: Steel Reinforced Concrete Beam 1 

 

 

Figure 50: Steel Reinforced Concrete Beam 2 

 

 

Figure 51: Steel Reinforced Concrete Beam 3 with Strain Buttons 
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Figure 52: Steel Reinforced Concrete Beam 4 

 

 

 

Figure 53: Steel Reinforced Concrete Beam 5 with Strain Buttons 

 

 

Figure 54: Steel Reinforced Concrete Beam 6 

 

Initial vertical cracks develop in the mid-span of the beam due to flexural forces. After 

an applied load of 40kN cracks develop along the entire effective span bar the supports, 

which developed cracks at 90kN. Cracks away from the mid-span of the beam start off 

vertical then propagate at an inclination due to a combination of flexural and shear 

forces, leading to pure shear cracks at the supports.   

A single large dominate crack forms immediately off-center of all steel reinforced 

concrete beams, (seen in Figure 51 above). 
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11.2.2 Basalt Reinforced Concrete Beams 

Basalt reinforced concrete beams have on average seven flexural cracks positioned 

equidistantly along the effective span, as seen in (Figure 55 to Figure 60). Basalt 

reinforced concrete beams have a more irregular and pronounced cracking pattern than 

steel reinforced concrete beams. 

 

Figure 55: Basalt Reinforced Concrete Beam 1 

 

 

Figure 56: Basalt Reinforced Concrete Beam 2 

 

 

Figure 57: Basalt Reinforced Concrete Beam 3 with Strain Buttons 

 



                    Report on Exploring Basalt as a Steel Reinforcement Replacement 10 August 2012 

51 

 

 

Figure 58: Basalt Reinforced Concrete Beam 4 

 

 

Figure 59: Basalt Reinforced Concrete Beam 5 with Strain Buttons 

 

 

Figure 60: Basalt Reinforced Concrete Beam 6 

 

Initial vertical cracks develop in the mid-span of the beam due to flexural forces. After 

an applied load of 20kN central cracks develop along the effective span until 350mm 

from the supports. This was due to the attached steel right angled hook lap-lengths 

providing more resistance to cracking. At loads of 100kN cracks developed at the 

supports.  

Cracks away from the mid-span of the beam start off vertical then propagate at an 

inclination due to a combination of flexural and shear forces, leading to pure shear 

cracks at the supports. More of these types of cracks occur in the middle span of the 

basalt reinforced concrete beams than the steel reinforced concrete beams.           
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Smaller secondary cracks join up with more dominate cracks leading to wedge 

formation at the bottom of the beams (Figure 61). 

 

Figure 61: Wedge Formation 

The cracking was more clustered in basalt reinforced concrete beams, with multiple 

parallel cracks occurring next to one another, as seen in (Figure 60). Cracks are more 

pronounced in the basalt reinforced concrete beams with widths in the mid-span of 

approximately 2 to 3mm, compared to steel reinforced concrete beams of approximately 

1mm average mid-span crack. 

Longitudinal cracks develop on the underside of the basalt reinforced concrete beams. 

The exact load at which these longitudinal cracks initiated is not known, however these 

cracks were not present in the initial stages of loading. These longitudinal cracks that 

form under the beams, indicate debonding of the basalt reinforcement, as shown 

previously in (Figure 34 and Figure 33). A horizontal crack formed on the end face of 

some beams in line with the basalt reinforcement, also suggesting bond failure, see 

(Figure 62).  

 

Figure 62: End Face Bond Failure Crack 
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Removal of concrete at the ends of the basalt reinforced concrete beams shows that 

debonding did occur, (see Figure 63 and Figure 64 below). This slippage of the basalt 

reinforcement is due to poor bond obtained with concrete.  

 

 

 

Figure 63: Basalt Reinforcement Movement from Original Cast Position in the Beam (De-bonding) 
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Figure 64: Zoomed in Image of Basalt Bar Slippage 

 

11.2.3 Basalt and Steel Reinforced Concrete Beam Comparison 

Basalt reinforced concrete beams develop longitudinal cracks and horizontal cracks 

whilst steel reinforced concrete beams mainly exhibit horizontal cracking, as can be 

seen in (Figure 65). On the short side of the beams cracks developed more frequently in 

basalt reinforced concrete beams, as can be seen in (Figure 66). These types of cracks 

indicate debonding has occurred, according to (Figure 33). 

 

Figure 65: Underside Crack Pattern Comparison 
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Figure 66: Side View Crack Pattern Comparison 

 

11.3 FAILURE LOAD 

The failure load reached by both basalt and steel reinforced concrete beams can be seen 

in (Table 6). 

11.3.1 Steel reinforced concrete beams 

The average steel reinforced concrete beam failure load is 198.30kN, which compared 

to theory of 213.8KN has a: 

                 
                                      

                  
     

 
           

     
     

       

This percentage error is deemed sufficiently accurate based on unavoidable 

inaccuracies. This value verifies that the steel reinforced concrete beams are built up to 
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code requirement SABS-0100-1 and thereby the basalt reinforced concrete beams are 

also built with the same standards. 

A standard deviation of 4.22 indicates that the standard variation of the mean was 

4.22kN (i.e.             ). This value demonstrates the consistency to which the 

testing and build quality of the reinforced concrete beams was kept at. 

Steel reinforced concrete beams underwent a soft failure. This was due to the beams 

being under reinforced. A soft failure is characterised by excessive cracking and 

deflection that act as warning signs of impending failure. Soft failure due to under-

reinforcement was guaranteed by ensuring the maximum depth of the neutral axis was 

limited to: 

( 
 

 
      

In the steel reinforced concrete beams,  

( 
 

 
 

     

   
           

This ensures the tensile steel reinforcement will reach its yield stress before concrete 

fails in compression, thus a sudden failure was avoided. 

11.3.2 Basalt reinforced concrete beams 

Basalt reinforced concrete beams also underwent soft failure. The average failure load 

applied to the basalt reinforced concrete beams was 201.96kN with a standard variation 

of the mean being 8.81kN (i.e.              ). This shows a greater variation in the 

load capacity when compared to steel reinforced concrete beams.  A standard deviation 

of 8.81kN was deemed appropriate, demonstrating the consistency of testing and build 

quality of the reinforced concrete beams. 

11.3.3 Comparing basalt and steel reinforced concrete failure loads 

The basalt reinforced concrete beams reached a failure load approximately equal to that 

of the steel reinforced concrete beams. This shows that under these conditions being 

tested, basalt and steel reinforced concrete beams reach similar ultimate failure loads. 
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11.4 DEFLECTION BEHAVIOUR 

11.4.1 Steel reinforced concrete beams 

The steel reinforced concrete beams deflect, at yield, on average 4.01mm. Comparing 

this to theory: 

                                      

                  
     

 
          

     
     

             

This error was sufficiently accurate for the analysis conducted. The value 4.01mm was 

chosen as deflection was a serviceability check. This value was the final point in the 

middle Curve (explained in Section 11.4.2) before the gradient reduces which indicates 

progression from the elastic to the plastic zone. 

11.4.2 Comparison of Steel and Basalt Reinforced Concrete Beams 

Both steel and basalt reinforced concrete beams undergo a tri-linear deflection pattern, 

as seen in (Error! Reference source not found.). The graph shows an initial steep 

gradient until a load of 20kN and then the second trendline follows a more gradual 

inclination followed by a third even more gradual inclination. The second trendline was 

used in the analysis. The middle curve was chosen as it includes the bulk of the linear-

elastic data points. 

Comparing the gradients of the primary curve can be seen in (Table 9).  

 

Table 9: Comparison of Steel and Basalt Reinforced Concrete Beams Deflection 

  
Gradients of Average Applied Load vs. Deflection 

  
Steel RC Beams Basalt RC Beams % Error 

Initial Trendline 76.77 46.64 39.2 

Middle Trendline  32.58 15.42 52.7 

Final Trendline 13.35 9.42 29.4 
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The percentage errors shown in Table 9 indicate that the basalt reinforced concrete 

beams deflect roughly double the steel reinforced concrete beams, in the middle curve 

range, per increase in applied load. 

The coefficient of correlation (R
2
) for the middle trendlines of steel and basalt 

reinforced concrete beams was 0.9916 and 0.9883. These values represent the strength 

of the linear relationship of the data points, as shown in (Error! Reference source not 

found.). 

Basalt reinforced concrete beams deflect more than the steel reinforced concrete beams 

throughout loading by approximately 50% more. 

11.5 STRAIN BEHAVIOUR 

A comparative table between steel and basalt reinforced concrete beams can be seen in 

Table 10 below. 

Table 10: Comparison of Steel and Basalt Reinforced Concrete Beam Strain Distribution 

 
Average Failure Strain Distribution Curve 

 
Steel RC Beams Basalt RC Beams % Error 

Gradient 0.037 0.017 54.1 

Neutral Axis 44.79 43.93 1.9 

Compression strain at the top 
of the RC beam (x10^-6) 

-1211 -2584 113.4 

Tensile strain at the bottom of 
the RC beam (x10^-6) 

4195 9181 118.9 

 

11.5.1 Steel Reinforced Concrete Strain Theory 

In the steel reinforced concrete beams the position of the neutral axis rises along the 

beams cross-section from the centroid (100mm) to a final position 43.94mm from the 

top. Comparing to steel reinforced concrete theory the percentage error of the final 

position of the steel neutral axis was:  
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11.5.2 Comparing Steel and Basalt Strain reinforced concrete behaviour. 

The final position of the neutral axes of the steel reinforced concrete beams and basalt 

reinforced concrete beams differ by a percentage error of 1.9%, (equal). This 

demonstrates the similarity of the interaction between steel and basalt in that the same 

area of concrete had failed in tension at the failure load. It was noted that the steel 

reinforced concrete beam neutral axis rises according to cracked theory; however this 

was not the case for basalt which lowers as loading increases. 

Comparing the gradients of the average strain distributions, a 54.1% error indicates that 

basalt strained twice that of steel reinforced concrete beam. Extrapolation of the strain 

graphs produces the maximum compressive and tensile strains experienced in the steel 

and basalt reinforced concrete beams, as shown in (Table 10). 

11.6 VISUAL COMPARISONS OF BASALT AND STEEL 

REINFORCED COLUMNS 

Both steel and basalt reinforced concrete columns exhibited similar failure. See Table 

39 for comparison of failure loads. Basalt reinforced concrete columns consistently 

failed at lower loads. 

11.7 STRESS VS. STRAIN 

The graph obtained from the tension test which was used to attain the elastic modulus 

can be seen in Figure 47. Steel bars failed at 635.77 ± 4.82MPa, resulting in a Young’s 

modulus of 206.6GPa compared to steel theory: 
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Basalt bars showed signs of grip failure in the tension test, as shown in (Figure 39 and 

Figure 40). The final stress reached by the basalt reinforcing bars was (408.46 ± 

21.26MPa). The young’s modulus given by the tension test was 45GPa, however it 

must be noted the bars did rupture but only at the supports. It was expected that the 

tensile capacity of the basalt is higher than that of steel as per the literature.  
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11.8 AGREEMENT OF EXPERIMENTAL RESULTS TO 

LITERATURE  

I. Steel bars achieved failure strength of 635.77MPa which agrees with 

literature of greater than 500MPa. 

II. Basalt bars achieved failure strength of 408.46MPa which disagrees with 

the literature indicating the failure strength to be in the range of 700 - 

1200MPa. 

III. Basalt bars and steel bars of 600mm in length and 10mm in diameter weigh 

approximately 89g and 364g, resulting in basalt weighing 75% lighter than 

steel. 

IV. The young’s modulus given by the tension test for the basalt bar is 45GPa 

which compared to the literature should be greater than 40GPa. This 

indicates that the test achieved a desirable Young’s modulus result. 

11.9 ERRORS ENCOUNTERED 

I. The method used to achieve grip (flat serrated clamps) of the basalt rods in 

the tension test was not ideal and implicated the results negatively. 

II. The load fluctuates by ±1kN during beam tests while waiting for creep and 

other readings to be taken. 

III. Cube moulds are not perfect and resulted in some cubes having inclined 

surfaces. These inclined surfaces pose a problem when loading.  

IV. Construction of the formwork although near perfect accuracy was achieved; 

some dimensions had a 2mm deviation. 

V. Lack of lateral reinforcement caused bulging at the center of the reinforced 

concrete beams to occur. 

VI. One tonne of unknown (assured it was Andesite) crusher sand was dumped 

on top of the Andesite crusher sand being used presently. This occurred 

before batch 1 and 2 were cast. This was amended by mixing the sand pile. 
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12 FUTURE WORK 

All future testing in the continuous basalt bar reinforced concrete field must ensure that 

an adequately strong bond is achieved with the concrete to allow the basalt to reach its 

tensile failure capacity. 

For future tension tests, grips made from lead cones should be used to grip the basalt on 

either end to ensure the basalt is not affected in any way by the clamping mechanism. 
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13 CONCLUSION 

Basalt reinforced concrete beams were able to sustain equal applied loads to that of 

steel reinforced concrete beams with deflections and strains roughly double.  A 

Young’s modulus of 45GPa was obtained for the basalt bars; this low value allows for 

greater flexibility when compared to steel reinforcement; although adequate grip was 

not achieved during the tension test, enough data points were recorded to obtain the 

Youngs Modulus of the basalt reinforcement. A tensile strength of 408.46MPa was 

obtained; however this result is not an accurate representation of the basalt 

reinforcement as the bars lost grip prematurely. Basalt bars are 75% lighter by weight 

than that of steel reinforcement. 

Attention must be paid to the deflection basalt reinforced concrete beams can sustain as 

this does not conform to steel reinforcement design codes of practice. The general 

public would not feel comfortable in a building under these excessive deflections. The 

debonding that occurred needs to be addressed and solved to allow the basalt to exhibit 

its full strength potential 

The results obtained in this paper show the flexural characteristics of continuous basalt 

bars when used as a reinforcement element. Basalt as a structural element exhibits 

properties that make the application of such a material unique but highly beneficial in 

its purpose. It is recommended continuing the research on the material in the application 

of a continuous concrete reinforcing element. 
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15 APPENDIX 

CONCRETE MIX DESIGN 
Using Fulton’s concrete technology, Ninth edition 

Table 11: Concrete Mix Design 

1 Concrete strength, fcu 40MPa 

2 Stone size 6.7mm 

3 Slump 75mm 

4 Cement type CEM 42.5 

5 Max w:c ratio 0.6 

6 Min cement content N/A 

7 Cement used CEM 42.5 

8 Aggregate type Andesite stone 

9 Sand type Crusher sand 

10 Relative density of cement ±3.14 

11 Stone properties 
CBD = 1859 kg/m

3 

Relative density = 2.97 kg/m
3
 

12 Sand properties 
Sieve analysis, FM = 3.22 

Relative density = 2.97 kg/m
3
 

13 Selected w:c ratio      

14 Water requirement (W) 

For 19mm stone, slump of 75mm  215 l/m
3 

Adjustment to 6.7mm stone, slump of 75mm 245 l/m
3
 

             

15 Calculate cement content 
  

 

   
 

   

    
 

              

16 Calculate stone content 
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Where, K=0.7 

17 Calculate sand content 

For 1m
3
 of concrete, 

     (     
  

  
 

  

  
 

  

 
) 

 

       (     
   

    
 

   

    
 

   

 
) 

 

               

Where, 

Ds = 2.97 kg/m
3 

Mc = 445 kg/m
3
, Dc = 3.14 kg/m

3
 

Ma = 703 kg/m
3
, Da = 2.97 kg/m

3
 

Mw = 245 kg/m
3 

 

PARTICLE SIZE DISTRIBUTION 
 

A sieve analysis was conducted on the andesite crusher sand provided by Afrisam 

Eikenhoff. A fineness modulus (FM) of 3.22 was obtained using equation 1. The 

particle size distribution curve is well graded, seen in Figure 67. 

    
∑                                  

   
            (1) 

The andesite stone of size 6.70 mm is also from the Afrisam Eikenhoff quarry. The 

compacted bulk density (CBD) was determined using the rodding procedure as 

described in SANS 5845:2006 Edition 2.1. A container of known volume 0.00258m
3 

was filled with a layer approx. 1/3 of the total height and then the layer was rodded with 

a tamping rod 20 times. This was repeated for the next two layers with rodding 
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penetrating through to the previous layer. The mass of the aggregate used to fill the 

container was calculated as 4797g. Equation 2 is used to calculate the compacted bulk 

density of the aggregate. 

 

                 
 

 
 

     

        
                             (2) 

 

Table 12: Particle Size Distribution 

Sieve 
size 

(mm) 
mass 

retained 
% 

retained  
% 

passing 
LOG (% 
passing) 

cumulative 
weight of soil 
retained (g) 

Cum % of 
soil 

retained 

9.5 0 0 100 2 0 0 

4.75 3.8 0.76 99.24 1.997 3.8 0.76 

2.36 117 23.4 75.84 1.880 120.8 24.16 

1.18 118 23.6 52.24 1.718 238.8 47.76 

0.6 93.8 18.76 33.48 1.525 332.6 66.52 

0.3 92.3 18.46 15.02 1.177 424.9 84.98 

0.15 63.5 12.7 2.32 0.365 488.4 97.68 

0.075 4 0.8 1.52 0.182 492.4 0 

pan 4 0.8 0.72 -0.143 496.4 0 

       

     
FM 3.2186 

 

 

Figure 67: Graph Showing the Particle Size Distribution of Sand 
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COMPACTED BULK DENSITY (CBD) 
Using, SANS 5845:2006 (Edition 2.1): 

o Rodding procedure: 3 layers, rodding each layer 20 times. 

o Container mass = 8.763 kg 

o Total mass = 13.560 kg 

o Mass of aggregate, M = 4.797 kg 

o Internal diameter of the container = 152mm 

o Height of container = 142mm 

  
      

 
                             

 

 
 

     

       
 

                  

FINAL CONCRETE MIX 
It is decided that the Afrisam 42.5N (Rapid Hardening) Cement would be used, instead 

of Strongbuild 42.5N Cement for casting the beams, columns, and cubes. The 

individual mix proportions are shown below: 

                                                    Table 13: Concrete Mix Design Proportions 

Cement 445.00 
 Water 262.55 
 Stone 703.00 
 Sand 1118.00 
 

 
2528.55 kg/m3 

w/c 0.59 
 Ratios 

Cement : Stone : Sand 

1  :  1.58  :  2.51 
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BENDING SCHEDULE 
Table 14: Steel Reinforcement Bending Schedule 

BAR 
MARK 

TYPE 
and 
SIZE 

No. OFF 
MEMBERS 

No. 
OFF 

BARS 
IN 

EACH 
TOTAL 

No. 

CUT 
LENGTH 
OF BAR 

mm 
SHAPE 
CODE 

A           
mm 

B           
mm 

01 Y10 13 2 26 1380 38 130 1170 

02 Y10 8 4 32 1380 38 130 1170 

03 Y10 15 4 60 405 37 130 300 

04 R 8 20 6 120 650 60 170 70 

05 R 8 8 3 24 850 60 170 170 

06 Y10 4 4 16 270 20     

Using SABS 82:1997 
      

Checks  

Cover: Dia. of largest bar (mm) = 10 

 Size of aggregate (mm) = 6.7 

Therefore, cover = 15mm (to stirrups, 23mm cover to main reinforcement) 

Lap length: (SABS 0100-1, page 98, 4.11.6.6.2 Minimum laps) 

Greater of: 15 x Dia. Bar = 150mm, or 300mm 

Therefore, lap length = 300mm (for the basalt tensile reinforcement) 

Flexural steel: Minimum and Maximum Steel requirements, OK 

THEORETICAL BEAM DESIGN 
Using doubly reinforced cracked section analysis: (Bennet, 1973) 

   

 
   

                        

     

 
 

     

 
 (

   

  
  )        
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For a simply supported beam, 

   
   

 
 

  
        

  
            

The beam has a simply supported span of 1m, 

                       

 

  
   

 
   

                          

  
          

 
 

     

 
 (

   

  
  )             

     

 

 
   

  
             

                 

 

Figure 68: Load Distribution 
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Design of shear reinforcement: 

1. Shear stress,   
 

  
 

          

    (
  

 
    )

         √           , OK 

2. Shear Capacity, 

   
    

  
(
   
  

)

 

 

(
     

  
)

 

 

(
   

 
)

 

 

 

 

   
    

    
(
  

  
)

 

 

(
        

       
)

 

 

(
   

   
)

 

 

          

3. Spacing requirements, 

                

 

          

4. Required area of steel (if v >vc), 

    
         

       
 

 

    
                  

        
        

 

5. Check  minimum steel requirements, 

                          

 

6. Using R8-125 spacing c/c,             

 

7. This was assumed to be adequate as there is a safety factor in the required 

area equation for shear reinforcement and shear capacity of the beam. It 

should also be stated that the lap lengths extend past halfway of the stirrups, 

adding to the shear resistance. 

 

8. The vibrator spacing was ignored as vibration of the beams and columns 

will be performed by vibrating the cage and formwork. 
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THEORETICAL ANALYSIS 

 

Figure 69: Theoretical Shear Force Diagram 

 

Figure 70: Theoretical Bending Moment Diagram 

 

Figure 71: Theoretical Deflection 
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TRIAL CUBE TEST RESULTS 

Strongbuild Cubes 

Slump = 50mm 

w:c = 0.55 

Table 15: Trail Cube Test Results 

(Cast cubes on the 21/04/2012) 

Date Day no. Density (kg/m3) Strength (MPa) 

22/04/2012 1 - 9.9 

24/04/2012 3 2442 17.1 

26/04/2012 5 2522 23.8 

28/04/2012 
 

7 
 

2519 
2540 

25.0 
26.8 

02/05/2012 
 

11 
 

2512 
2531 

29.2 
31.8 

08/05/2012 17 2475.4 35 

19/04/2012 28 2430 42 
 

 

Figure 72: Graph Showing Trail Mix Strength Development (Strongbuild Cement) 
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Afrisam 42.5N Cement Cubes (1st mix test) 

Table 16: First Concrete Mix Design with Afrisam Cement 

(Cast cubes on the 14/05/2012) 

Date Day no. Density (kg/m3) Strength (MPa) 

17/05/2012 3 

2477 27.8 

2522 29.5 

2481 28.3 

2380 30.2 

18/05/2012 4 2442 33.6 

31/05/2012 17 2453 45.1 
 

 

Figure 73: Graph Showing Strength Development of First Mix Design with Afrisam 42.5N Cement 
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Tester Batch (Tester Beams using Afrisam 42.5N cement) 

These beams were made so as to observe not only how to best vibrate and cast the 

beams, but also to gain an understanding of what failure loads are expected, thus 

making sure enough readings were taken. 

w:c = 0.55 

Table 17: Concrete Strength for Tester Batch 

Batch no. Tester 
    Date Cast 15 June 2012 
    Time 11:00 AM 
    Slump 75 mm 
    

      
Date Day Time Density (kg/m3) Load (MPa) 

Curing 
Method 

17-Jun 2 12:15 PM 
2611 28.8 

Air 

2640 27.2 

18-Jun 3 09:00 AM 

2516 35.3 

2634 37.0 

2585 33.2 

22-Jun 7 11:00 AM 2590 46.5 
Water 

29-Jun 14 11:00 AM - 56 

 

 

Figure 74: Graph Showing Strength Development of Tester Batch Concrete 
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ACTUAL CUBE TEST RESULTS 

Batch 1 (Afrisam 42.5N cement) 

w:c = 0.59 

The water: cement content was adjusted so as to make the concrete more workable. 

This observation was noted during casting of the Tester Batch. 

Table 18: Batch 1 Concrete Strength Development 

Batch no. 1 
    Date Cast 19 June 2012 
    Time 03:00 PM 
    Slump 103 mm 
    

      

Date Day Time Density (kg/m3) Load (MPa) Curing Method 

21-Jun 2 12:00 PM 2542 21.4 

Air 

22-Jun 3 
08:00 AM 

2510 25.9 

2585 25.3 

09:30 PM 2516 28.1 

23-Jun 4 09:00 AM 
2429 29.6 

2560 30.2 

2441 29.4 

26-Jun 7 03:00 AM 2584 34.8 

Water 03-Jul 14 01:00 PM 2576 41.9 

17-Jul 28 11:00 PM 2525 49.7 
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Batch 2 (Afrisam 42.5N cement) 

w:c = 0.59 

Table 19: Batch 2 Concrete Strength Development 

Batch no. 2 
    Date Cast 22 June 2012 
    Time 08:00 PM 
    Slump 101 mm 
    

      

Date Day Time Density (kg/m3) Load (MPa) Curing Method 

24-Jun 2 12:00 PM 
2539 17.3 

Air 

2513 18.4 

25-Jun 3 
01:30 PM 

2506 27.4 

2516 25.7 

10:00 PM 2546 29.0 

26-Jun 4 02:00 AM 
2430 29.7 

2551 28.5 

2529 30.0 

29-Jun 7 11:00 AM 2544 35.3 

Water 

06-Jul 14 11:00 AM 2506 41.2 

20-Jul 28 08:00 AM 

2647 49.3 

2565 50.2 

2514 50.4 
 

Batch 2 calculations (Showing the method of weight batching): 

1 cube = 0.001m
3
 

Dustbins 1, 2 and 3 

51 cubes each = 0.051m
3
 

Cement:  0.051 x 445 = 22.70 kg 

Water:  0.051 x 262.5 = 13.39 kg 

Sand:     0.051 x 1118 = 57.02 kg 

Stone:     0.051 x 703 = 35.85 kg 
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Dustbins 4 and 5 

48 cubes each = 0.048m
3
 

Cement:  0.048 x 445 = 21.36 kg 

Water:    0.048 x 262.5 = 12.60 kg 

Sand:     0.048 x 1118 = 53.66 kg 

Stone:     0.048 x 703 = 33.74 kg 

A safety factor (i.e. extra cubes are added for volume) was added as the concrete at the 

bottom of the pan mixer should not be used as it may not have mixed properly and was 

thus discarded later. 
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TESTER BEAM RESULTS (TESTER BATCH) 
Table 20: Tester Beams Results 

Beam TS 
   

Beam TB 
  Mass 

(kg) 63.20 
   

Mass 
(kg) 63.12 

  

Date 
18 June 

2012 
   

Date 
18 June 

2012 
  

         Reading 
No. 

Load (kN) 
Defl. 
(div.) 

Deflectio
n (mm)  

Reading 
No. 

Load 
(kN) 

Defl. 
(div.) 

Deflectio
n (mm) 

 0 0 0 0 
 

0 0 0 0 

1 10 22 0.22 
 

1 10 14 0.14 

2 20 40 0.4 
 

2 20 51 0.51 

3 30 64 0.64 
 

3 30 154 1.54 

4 40 95 0.95 
 

4 40 202 2.02 

5 50 129 1.29 
 

5 50 270 2.7 

6 60 158 1.58 
 

6 60 340 3.4 

7 70 206 2.06 
 

7 70 422 4.22 

8 80 238 2.38 
 

8 80 500 5 

9 90 272 2.72 
 

9 90 610 6.1 

10 100 299 2.99 
 

10 100 755 7.55 

11 110 332 3.32 
 

11 110 855 8.55 

12 120 368 3.68 
 

12 120 970 9.7 

13 130 417 4.17 
 

13 130 1110 11.1 

14 140 466 4.66 
 

14 140 1222 12.22 

15 150 540 5.4 
 

15 150 1350 13.5 

16 160 593 5.93 
 

16 160 1480 14.8 

17 170 683 6.83 
 

17 170 1670 16.7 

18 180 766 7.66 
 

18 180   Failure 

19 188   Failure 
  

Explosion (concrete pop-out) 
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Figure 75: Exposed Basalt Reinforcement After Concrete Blow-out in Trail RC Basalt Beam 

 

 

Figure 76: Failed Trail Basalt Reinforced Concrete Beam 

 

 

Figure 77: Piece of Exploded Concrete (Basalt Bar Indent is Visible, but No Bond is Evident) 
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ACTUAL BEAM TEST RESULTS (BATCH 1 AND 2) 

SIX STEEL REINFORCED CONCRETE BEAMS 
 

Table 21: Results of Steel Reinforced Concrete Beam S1 

     
1 div 

 Beam S1 
 

Strain gauge (U) 8.05 x10-6 

Mass (kg) 63.84 
 

Deflection dial gauge 0.01 mm 

Date 23 June 2012 
     Time 10:00 AM 
 

Additional load from rig 1.38 kN 

       Reading 
No. 

Load (kN) 
Deflection 

(div.) 
Actual Load 

(kN) 
Deflection 

(mm)   

  0 0 0 1.38 0 
  1 10 16 11.38 0.16 
  2 20 30 21.38 0.3 
  3 30 53 31.38 0.53 
  4 40 92 41.38 0.92 
  5 50 122 51.38 1.22 
  6 60 154 61.38 1.54 
  7 70 188 71.38 1.88 
  8 80 218 81.38 2.18 
  9 90 252 91.38 2.52 
  10 100 281 101.38 2.81 
  11 110 310 111.38 3.1 
  12 120 341 121.38 3.41 
  13 130 376 131.38 3.76 
  14 140 419 141.38 4.19 
  15 150 465 151.38 4.65 
  16 160 524 161.38 5.24 
  17 170 607 171.38 6.07 
  18 180 713 181.38 7.13 
  19 196   197.38 Failure 
   

Comments:   
*Starts cracking at 40kN 
*Cracks at a support at 90kN 
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Table 22: Results of Steel Reinforced Concrete Beam S2 

Beam S2 
   Mass (kg) 62.80 
   Date 23 June 2012 
   Time 12:40 PM 
   

     
Reading No. Load (kN) Deflection (div.) Actual Load (kN) Deflection (mm) 

0 0 0 1.38 0 

1 20 9 21.38 0.09 

2 40 57 41.38 0.57 

3 60 103 61.38 1.03 

4 80 153 81.38 1.53 

5 100 210 101.38 2.1 

6 110 232 111.38 2.32 

7 120 268 121.38 2.68 

8 130 292 131.38 2.92 

9 140 333 141.38 3.33 

10 150 370 151.38 3.7 

11 160 412 161.38 4.12 

12 170 490 171.38 4.9 

13 180 607 181.38 6.07 

14 190   191.38 running 

15 193.5   194.88 Failure 

 

Comments:   
*Cracks at a support at 110kN 
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Table 23: Results of Steel Reinforced Concrete Beam S3 

Beam S3 
             Mass (kg) 63.48 
             Date 23 June 2012 

             Time 03:00 PM 
             

               Reading 
No. 

Load (kN) 
Strain Readings (div.) Deflection 

(div.) 
Actual Load 

(kN) 
Strain ( x 10^-6 ) Deflection 

(mm) 1 2 3 4 5 1 2 3 4 5 

0 0 0 0 0 0 0 0 1.38 0 0 0 0 0 0 

1 20 -8 -4 1 4 16 30 21.38 -64.40 -32.20 8.05 32.20 128.80 0.3 

2 40 -12 -1 18 25 62 84 41.38 -96.60 -8.05 144.90 201.25 499.10 0.84 

3 60 -13 8 36 52 94 138 61.38 -104.65 64.40 289.80 418.60 756.70 1.38 

4 80 -15 15 54 83 131 202 81.38 -120.75 120.75 434.70 668.15 1054.55 2.02 

5 90 -20 18 64 95 147 230 91.38 -161.00 144.90 515.20 764.75 1183.35 2.3 

6 100 -20 20 68 107 162 257 101.38 -161.00 161.00 547.40 861.35 1304.10 2.57 

7 110 -26 22 70 119 184 290 111.38 -209.30 177.10 563.50 957.95 1481.20 2.9 

8 120 -31 23 75 131 201 326 121.38 -249.55 185.15 603.75 1054.55 1618.05 3.26 

9 130 -35 27 89 148 221 367 131.38 -281.75 217.35 716.45 1191.40 1779.05 3.67 

10 140 -42 29 104 168 260 426 141.38 -338.10 233.45 837.20 1352.40 2093.00 4.26 

11 150 -43 37 123 199 294 476 151.38 -346.15 297.85 990.15 1601.95 2366.70 4.76 

12 160 -48 51 151 247 378 542 161.38 -386.40 410.55 1215.55 1988.35 3042.90 5.42 

13 170 -55 74 204 333 483 628 171.38 -442.75 595.70 1642.20 2680.65 3888.15 6.28 

14 180             181.38           running (7.9) 

15 194             195.38           Failure 

 

Comments:     

*Cracks at a support at 110kN 
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Table 24: Results of Steel Reinforced Concrete Beam S4 

Beam S4 
   Mass (kg) 64.06 
   Date 25 June 2012 
   Time 11:00 PM 
   

     
Reading No. Load (kN) Deflection (div.) Actual Load (kN) Deflection (mm) 

0 0 0 1.38 0 

1 20 23 21.38 0.23 

2 40 72 41.38 0.72 

3 60 135 61.38 1.35 

4 80 184 81.38 1.84 

5 100 238 101.38 2.38 

6 110 268 111.38 2.68 

7 120 294 121.38 2.94 

8 130 334 131.38 3.34 

9 140 370 141.38 3.7 

10 150 416 151.38 4.16 

11 160 462 161.38 4.62 

12 170 526 171.38 5.26 

13 180 620 181.38 6.2 

14 190   191.38 running 

15 204   205.38 Failure 
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Table 25: Results of Steel Reinforced Concrete Beam S5 

Beam S5 
             Mass (kg) 63.60 
             Date 26 June 2012 

             Time 02:40 AM 
             

               Reading 
No. 

Load (kN) 
Strain Readings (div.) Deflection 

(div.) 
Actual Load 

(kN) 
Strain ( x 10^-6 ) Deflection 

(mm) 1 2 3 4 5 1 2 3 4 5 

0 0 0 0 0 0 0 0 1.38 0 0 0 0 0 0 

1 20 -5 -2 0 -1 5 31 21.38 -40.25 -16.10 0.00 -8.05 40.25 0.31 

2 40 -10 -6 16 24 20 100 41.38 -80.50 -48.30 128.80 193.20 161.00 1 

3 60 -14 -6 29 55 85 166 61.38 -112.70 -48.30 233.45 442.75 684.25 1.66 

4 80 -19 -1 42 78 114 231 81.38 -152.95 -8.05 338.10 627.90 917.70 2.31 

5 90 -22 -1 47 88 130 268 91.38 -177.10 -8.05 378.35 708.40 1046.50 2.68 

6 100 -25 2 53 100 148 300 101.38 -201.25 16.10 426.65 805.00 1191.40 3 

7 110 -29 6 62 113 167 337 111.38 -233.45 48.30 499.10 909.65 1344.35 3.37 

8 120 -32 7 68 123 176 369 121.38 -257.60 56.35 547.40 990.15 1416.80 3.69 

9 130 -32 9 75 136 197 405 131.38 -257.60 72.45 603.75 1094.80 1585.85 4.05 

10 140 -35 14 85 153 221 454 141.38 -281.75 112.70 684.25 1231.65 1779.05 4.54 

11 150 -39 26 100 176 255 503 151.38 -313.95 209.30 805.00 1416.80 2052.75 5.03 

12 160 -40 33 117 203 291 565 161.38 -322.00 265.65 941.85 1634.15 2342.55 5.65 

13 170 -40 48 147 253 362 651 171.38 -322.00 386.40 1183.35 2036.65 2914.10 6.51 

14 180             181.38           running (7.75) 

15 200             201.38           Failure 
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Table 26: Results of Steel Reinforced Concrete Beam S6 

Beam S6 
   Mass (kg) 63.64 
   Date 26 June 2012 
   Time 05:45 AM 
   

     
Reading No. Load (kN) Deflection (div.) Actual Load (kN) Deflection (mm) 

0 0 0 1.38 0 

1 20 30 21.38 0.3 

2 40 79 41.38 0.79 

3 60 128 61.38 1.28 

4 80 168 81.38 1.68 

5 100 243 101.38 2.43 

6 110 281 111.38 2.81 

7 120 322 121.38 3.22 

8 130 366 131.38 3.66 

9 140 405 141.38 4.05 

10 150 451 151.38 4.51 

11 160 514 161.38 5.14 

12 170 611 171.38 6.11 

13 180 729 181.38 7.29 

14 194   195.38 Failure 
 

Comments:   
*Cracks at a support at 110kN 
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SIX BASALT REINFORCED CONCRETE BEAMS 
 

Table 27: Results of Basalt Reinforced Concrete Beam B1 

     
1 div 

 Beam B1 
 

Strain gauge (U) 8.05 x10-6 

Mass (kg) 63.50 
 

Deflection dial gauge 0.01 mm 

Date 23 June 2012 
     Time 11:00 AM 
 

Add. load from rig 1.38 kN 

       
Reading No. Load (kN) Deflection (div.) Actual Load (kN) Deflection (mm) 

  

  0 0 0 1.38 0 
  1 10 17 11.38 0.17 
  2 20 42 21.38 0.42 
  3 30 132 31.38 1.32 
  4 40 186 41.38 1.86 
  5 50 241 51.38 2.41 
  6 60 301 61.38 3.01 
  7 70 367 71.38 3.67 
  8 80 440 81.38 4.4 
  9 90 516 91.38 5.16 
  10 100 601 101.38 6.01 
  11 110 696 111.38 6.96 
  12 120 800 121.38 8 
  13 130 910 131.38 9.1 
  14 140 1025 141.38 10.25 
  15 150 1147 151.38 11.47 
  16 160 1268 161.38 12.68 
  17 170 1400 171.38 14 
  18 180 1556 181.38 15.56 
  19 195.5   196.88 Failure 
   

Comments:     
*Cracks larger than steel at 30kN   
*Cracks at a support at 105kN   
*Load uneasy 120kN 

 
  

*Bulging at 150kN 
 

  
*Deflection looks double that of steel 
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Table 28: Results of Basalt Reinforced Concrete Beam B2 

Beam B2 
   Mass (kg) 62.16 
   Date 23 June 2012 
   Time 01:40 PM 
   

     
Reading No. Load (kN) Deflection (div.) Actual Load (kN) Deflection (mm) 

0 0 0 1.38 0 

1 20 26 21.38 0.26 

2 40 193 41.38 1.93 

3 60 302 61.38 3.02 

4 80 451 81.38 4.51 

5 100 633 101.38 6.33 

6 110 736 111.38 7.36 

7 120 832 121.38 8.32 

8 130 940 131.38 9.4 

9 140 1052 141.38 10.52 

10 150 1153 151.38 11.53 

11 160 1275 161.38 12.75 

12 170 1411 171.38 14.11 

13 180 1572 181.38 15.72 

14 190   191.38 running 

15 201   202.38 Failure 

 

Comments:     
*First crack starts at 20kN (middle)   
*Cracks form in the middle third only and only 
   later form near the supports (approx. 350mm 
   from end of the beam)   

*Cracks at a support at 100kN   
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Table 29: Results of Basalt Reinforced Concrete Beam B3 

Beam B3 
             Mass (kg) 63.38 
             Date 23 June 2012 

             Time 04:00 PM 
             

               Reading 
No. 

Load (kN) 
Strain Readings (div.) Deflection 

(div.) 
Actual 

Load (kN) 
Strain ( x 10^-6 ) Deflection 

(mm) 1 2 3 4 5 1 2 3 4 5 

0 0 0 0 0 0 0 0 1.38 0 0 0 0 0 0 

1 20 -5 -5 0 2 7 36 21.38 -40.25 -40.25 0.00 16.10 56.35 0.36 

2 40 -18 22 64 96 129 174 41.38 -144.90 177.10 515.20 772.80 1038.45 1.74 

3 60 -24 37 99 153 209 277 61.38 -193.20 297.85 796.95 1231.65 1682.45 2.77 

4 80 -33 59 141 221 314 405 81.38 -265.65 474.95 1135.05 1779.05 2527.70 4.05 

5 90 -44 67 168 258 370 477 91.38 -354.20 539.35 1352.40 2076.90 2978.50 4.77 

6 100 -42 80 192 303 420 556 101.38 -338.10 644.00 1545.60 2439.15 3381.00 5.56 

7 110 -50 88 214 338 475 637 111.38 -402.50 708.40 1722.70 2720.90 3823.75 6.37 

8 120 -58 90 234 374 526 726 121.38 -466.90 724.50 1883.70 3010.70 4234.30 7.26 

9 130 -69 98 259 414 586 829 131.38 -555.45 788.90 2084.95 3332.70 4717.30 8.29 

10 140 -71 102 284 454 645 928 141.38 -571.55 821.10 2286.20 3654.70 5192.25 9.28 

11 150 -80 109 302 487 693 1011 151.38 -644.00 877.45 2431.10 3920.35 5578.65 10.11 

12 160 -93 120 321 525 744 1111 161.38 -748.65 966.00 2584.05 4226.25 5989.20 11.11 

13 170 -111 119 344 563 800 1235 171.38 -893.55 957.95 2769.20 4532.15 6440.00 12.35 

14 180 -122 129 370 601 856 1366 181.38 -982.10 1038.45 2978.50 4838.05 6890.80 13.66 

15 212             213.38           Failure 
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Table 30: Results of Basalt Reinforced Concrete Beam B4 

Beam B4 
   Mass (kg) 63.54 
   Date 26 June 2012 
   Time 12:30 AM 
   

     
Reading No. Load (kN) Deflection (div.) Actual Load (kN) Deflection (mm) 

0 0 0 1.38 0 

1 20 74 21.38 0.74 

2 40 251 41.38 2.51 

3 60 369 61.38 3.69 

4 80 511 81.38 5.11 

5 100 674 101.38 6.74 

6 110 763 111.38 7.63 

7 120 859 121.38 8.59 

8 130 947 131.38 9.47 

9 140 1042 141.38 10.42 

10 150 1161 151.38 11.61 

11 160 1273 161.38 12.73 

12 170 1390 171.38 13.9 

13 180 1515 181.38 15.15 

14 190 1655 191.38 16.55 

15 195   196.38 Failure 
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Table 31: Results of Basalt Reinforced Concrete Beam B5 

Beam B5 
             Mass (kg) 63.04 
             Date 26 June 2012 

             Time 04:00 AM 
             

               Reading 
No. 

Load (kN) 
Strain Readings (div.) Deflection 

(div.) 
Actual 

Load (kN) 
Strain ( x 10^-6 ) Deflection 

(mm) 1 2 3 4 5 1 2 3 4 5 
0 0 0 0 0 0 0 0 1.38 0 0 0 0 0 0 
1 20 -5 -1 12 1 2 50 21.38 -40.25 -8.05 96.60 8.05 16.10 0.5 
2 40 -12 30 85 115 163 214 41.38 -96.60 241.50 684.25 925.75 1312.15 2.14 
3 60 -17 56 144 195 262 351 61.38 -136.85 450.80 1159.20 1569.75 2109.10 3.51 
4 80 -23 68 182 251 366 470 81.38 -185.15 547.40 1465.10 2020.55 2946.30 4.7 
5 90 -29 82 209 286 406 548 91.38 -233.45 660.10 1682.45 2302.30 3268.30 5.48 
6 100 -32 96 212 319 448 624 101.38 -257.60 772.80 1706.60 2567.95 3606.40 6.24 
7 110 -36 100 245 352 520 701 111.38 -289.80 805.00 1972.25 2833.60 4186.00 7.01 
8 120 -41 112 271 382 567 788 121.38 -330.05 901.60 2181.55 3075.10 4564.35 7.88 
9 130 -38 116 293 427 632 889 131.38 -305.90 933.80 2358.65 3437.35 5087.60 8.89 

10 140 -57 134 326 475 705 997 141.38 -458.85 1078.70 2624.30 3823.75 5675.25 9.97 
11 150 -68 139 354 523 749 1125 151.38 -547.40 1118.95 2849.70 4210.15 6029.45 11.25 
12 160 -89 155 377 567 832 1255 161.38 -716.45 1247.75 3034.85 4564.35 6697.60 12.55 
13 170 -92 163 401 574 858 1390 171.38 -740.60 1312.15 3228.05 4620.70 6906.90 13.9 
14 180 -103 172 430 653 962 1537 181.38 -829.15 1384.60 3461.50 5256.65 7744.10 15.37 
15 190             191.38           Failure 

 

Comments:           
*Central cracking as steel "L" adds resistance 

 
  

*Consistency in strength is harder to obtain 
 

  
*Horizontal (underneath beam) crack at 185kN(possible debonding) 



Table 32: Results of Basalt Reinforced Concrete Beam B6 

Beam B6 
   Mass (kg) 64.38 
   Date 26 June 2012 
   Time 07:30 AM 
   

     
Reading No. Load (kN) Deflection (div.) Actual Load (kN) Deflection (mm) 

0 0 0 1.38 0 

1 20 26 21.38 0.26 
2 40 181 41.38 1.81 

3 60 348 61.38 3.48 

4 80 481 81.38 4.81 

5 100 624 101.38 6.24 

6 110 709 111.38 7.09 

7 120 791 121.38 7.91 
8 130 888 131.38 8.88 

9 140 1013 141.38 10.13 

10 150 1136 151.38 11.36 

11 160 1248 161.38 12.48 

12 170 1390 171.38 13.9 

13 180 1530 181.38 15.3 

14 190 1631 191.38 16.31 

15 210   211.38 Failure 
 

Comments:     
*Cracks at a support at 100kN   
*When unloading there is a large elastic 
   reduction in deformation   
        

 

ADDITIONAL DATA 
 

Table 33: Loading Rig Masses 

  
 I-beam no. Mass (kg) 
 1 28.12 
 2 20.86 
 3 20.90 
 sum 69.88 
 

additional 
7.4 due to half rounds 

63.5 due to reinforced concrete beams 

 
1.38 kN (needs to be added) 
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Table 34: Average Strain Distribution Data for the Steel Reinforced Concrete Beams 

Strain Button Distance (mm) 
 

Average Strain positions (1 to 5) ( x 10^-6 ) 

 
1 2 3 4 5 

1 28 
 

0 0 0 0 0 

2 65 
 

-52 -24 4 12 85 

3 100 
 

-89 -28 137 197 330 

4 135 
 

-109 8 262 431 720 

5 172 
 

-137 56 386 648 986 

                                   From top down 
 

-169 68 447 737 1115 

   
-181 89 487 833 1248 

   
-221 113 531 934 1413 

   
-254 121 576 1022 1517 

   
-270 145 660 1143 1682 

   
-310 173 761 1292 1936 

   
-330 254 898 1509 2210 

   
-354 338 1079 1811 2693 

   
-382 491 1413 2359 3401 

 

Table 35: Average Strain Distribution Data for the Basalt Reinforced Concrete Beams 

Strain 
Button 

Distance (mm) 
 

Average Strain positions (1 to 5) ( x 10^-6 ) 

 
1 2 3 4 5 

1 28 
 

0 0 0 0 0 

2 65 
 

-40 -24 48 12 36 

3 100 
 

-121 209 600 849 1175 

4 135 
 

-165 374 978 1401 1896 

5 172 
 

-225 511 1300 1900 2737 

                           From top down 
 

-294 600 1517 2190 3123 

   
-298 708 1626 2504 3494 

   
-346 757 1847 2777 4005 

   
-398 813 2033 3043 4399 

   
-431 861 2222 3385 4902 

   
-515 950 2455 3739 5434 

   
-596 998 2640 4065 5804 

   
-733 1107 2809 4395 6343 

   
-817 1135 2999 4576 6673 

   
-906 1212 3220 5047 7317 
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Table 36: Average Defection Data for both the Steel and Basalt Reinforced Concrete Beams 

 

Steel Reinforced 
Concrete Beams 

Basalt Reinforced 
Concrete Beams 

Load (kN) Average Deflection (mm) 

1.38 0 0 

11.38 0.16 0.17 

21.38 0.26 0.42 

31.38 0.53 1.32 

41.38 0.81 2.00 

51.38 1.22 2.41 

61.38 1.37 3.25 

71.38 1.88 3.67 

81.38 1.93 4.60 

91.38 2.50 5.14 

101.38 2.55 6.19 

111.38 2.86 7.07 

121.38 3.20 7.99 

131.38 3.57 9.01 

141.38 4.01 10.10 

151.38 4.47 11.22 

161.38 5.03 12.38 

171.38 5.86 13.69 

181.38 6.67 15.13 
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TENSION TEST RESULTS 

Steel Reinforcing Bars 

Table 37: Steel Reinforcement Tension Test Results 

  
1 div 

   Strain gauge (2U) 0.01 mm 
  Area of bars (10mm) 78.54 mm2 

  Original Length 203.2 mm 
  

      
          Load 

(kN) 
Strain (div.) Strain (x10-6) 

Stress 
(MPa) 

  0 0 0 0 
  2 -4 98.4 25.46 
  4 -9 221.5 50.93 
  6 -14 344.5 76.39 
  8 -19 467.5 101.86 
  10 -24 590.6 127.32 
  12 -29 713.6 152.79 
  14 -34 836.6 178.25 
  16 -39 959.6 203.72 
  18 -44 1082.7 229.18 
  20 -49 1205.7 254.65 
  22 -54 1328.7 280.11 
  24 -59 1451.8 305.58 
  28 -68 1673.2 356.51 
  30 -73 1796.3 381.97 
  32 -80 1968.5 407.44 
  34 -85 2091.5 432.90 
  36 -90 2214.6 458.37 
  38 -97 2386.8 483.83 
  40 -104 2559.1 509.30 
  42 -112 2755.9 534.76 
  44 -127 3125.0 560.23 
  46 -149 3666.3 585.69 
  48 -218 5364.2 611.15 
  49.5 Failure     
  

      

 
Load (kN) Load (MPa) 

 
Comments:   

Test 1 49.5 630.25 
 

* Loads continuously 

Test 2 50.1 637.89 
 

* Starts failing by firstly 

Test 3 50.2 639.17 
 

   necking, and then by fracture 

Average 49.93 635.77 
 

   of the bar   

St. dev. 0.38 4.82 
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Basalt Reinforcing Bars 

Table 38: Basalt Reinforcement Tension Test Results 

  
1 div 

 Strain gauge (2U) 0.01 mm 

Area of bars (10mm) 78.54 mm2 

Original Length 203.2 mm 
 

 
    

Load (kN) Strain (div.) Strain (x10-6) Stress (MPa) 

0 0 0.0 0 

2 0 0.0 25.46 

4 0 0.0 50.93 

6 -15 369.1 76.39 

8.5 -38 935.0 108.23 

10 -55 1353.3 127.32 

12 -78 1919.3 152.79 

14 -100 2460.6 178.25 

16 -119 2928.1 203.72 

21 -175 4306.1 267.38 

25.5 -237 5831.7 324.68 

28 -263 6471.5 356.51 

30 -290 7135.8 381.97 

34.6 Failure   440.54 

    

 
Load (kN) Load (MPa) 

 Test 1 34.6 440.5 
 Test 2 32.6 415.1 
 Test 3 30.1 383.2 
 Test 4 31.4 399.8 
 Test 5 31.7 403.6 
 Average 32.08 408.46 
 St. dev. 1.67 21.26 
 

    Comments:       
* 15.8kN load drops 

 
  

* Load goes back and forth after cracking, leading to 
   crushing of the basalt bar at 17kN   
*This is not the true failure load, as the support 
   clamping method is not correct   
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COLUMN TEST RESULTS 
Table 39: Basalt and Steel Reinforced Concrete Column Results 

    Steel Reinforcing bars 
 

    Basalt Reinforcing bars 

     Date 26 June 2012 
 

Date 26 June 2012 

Time 09:00 AM 
 

Time 09:00 AM 

     Column S1 
 

Column B1 

Mass (kg) 30.32 
 

Mass (kg) 29.96 

Load (kN) 1018 
 

Load (kN) 980 

  
 

  Column S2 
 

Column B2 

Mass (kg) 30.52 
 

Mass (kg) 29.70 

Load (kN) 1022 
 

Load (kN) 970 

     Column S3 
 

Column B3 

Mass (kg) 30.40 
 

Mass (kg) 29.60 

Load (kN) 1030 
 

Load (kN) 946 
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PHOTOGRAPHS OF BEAMS TESTED 
  

Steel Reinforced Concrete Beams 

 

 

Figure 78: Steel Reinforced Concrete Beam 1 

 

 

Figure 79: Steel Reinforced Concrete Beam 2 

 

 

Figure 80: Steel Reinforced Concrete Beam 3 with Strain Buttons 

 

 

Figure 81: Steel Reinforced Concrete Beam 4 
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Figure 82: Steel Reinforced Concrete Beam 5 with Strain Buttons 

 

 

Figure 83: Steel Reinforced Concrete Beam 6 

 

 

Basalt Reinforced Concrete Beams 

 

 

Figure 84: Basalt Reinforced Concrete Beam 1 

 

 

Figure 85: Basalt Reinforced Concrete Beam 2 
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Figure 86: Basalt Reinforced Concrete Beam 3 with Strain Buttons 

 

 

Figure 87: Basalt Reinforced Concrete Beam 4 

 

 

Figure 88: Basalt Reinforced Concrete Beam 5 with Strain Buttons 

 

 

Figure 89: Basalt Reinforced Concrete Beam 6 
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PHOTOGRAPHS OF TENSION TEST 
 

 

 

 

 

 

 

 

 

 

FORMWORK DESIGN 
 

Each Beam 

Base: 100 mm x 1200 mm 

Long side: 218 mm x 1236 mm 

Short side: 218 mm x 100 mm 

 

Each Column 

Base: 200 mm x 200 mm 

Long side: 236 mm x 318 mm 

Short side: 200 mm x 318 mm 

Figure 90: Steel Reinforcement Failure 


