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Chapter 3 Experimental Program 

became apparent that the brush platen system was not practical for use with 

HPSFRC as used in this programme. Fibres and fine aggregates squeezed 

between the bristles and caused them to bend during a test. The bristles were 

also damaged at high compressive loads due to the explosive nature of failure. 

A reduction of the bristle length did not prevent this continuous damage. 

Therefore solid steel blocks were used instead by placing them into the same 

spherical brackets and block assembly, see Figure 3.12. The overall 

dimensions of the front steel block surface which faced the specimens were 200 

x 50 mm. Friction reducing pads made from 3 mm thick PTFE sheets and foil 

with and without grease between were tried to minimise lateral friction. However 

the high strength concrete specimens were destroying the pads after each test 

and they were abandoned. Also no difference was observed in the results for 

specimens tested with and without these friction reducing pads. 

Figure 3.9 Steel brush platen 
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Bracket and block assembly 

5x5 mm steel bristles 

50mm 

Screws to fix the bracket 

Figure 3.10 Steel brush brackets and block assembly 
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Chapter 3 Experimental Program 

Figure 3.12 Solid steel block assembly 

Tension 

Tests on concrete under tension load have always been very difficult to do. All 

kind of ideas were born in the past such as indirect tension test methods to 

generate comparable test results. Therefore the cylinder splitting test, British 

Standards Institution (1983), tests for specimens in torsion or different kind of 
bending tests on concrete beams, British Standards (1983), RILEM (1985), 

RILEM (2000), The Japan Society of Civil Engineering (1984), ASTM (1984), 

ASTM (1979) were developed and are part of the day to day work in concrete 

test laboratories to control the quality of this material. 

However, direct tension tests are still a challenge for every laboratory. Great 

attention has to be given to the connection between test machine and specimen 

which is more complicated to design than for compressive tests. The tension 
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Chapter 3 Experimental Program 

load has to be transferred to the specimen without introducing any bending 

moment caused by unequal loading. This unequal loading could cause a 
bending failure within the specimen and would no longer present the direct 

tension stress of that material. Several methods were tried in this study. 

One attempt to transfer tension loads into a concrete specimen is by gluing the 

specimen onto the test machine platen system. Very strong glue is necessary 

which can glue concrete together with metal, in most cases steel. In this study 

several glues were tried. A 2-component fast curing adhesive named X 60 

made by the company HBM consisting of a liquid component (B) and a powder 

component (A). Other glues that were tried are the 2-component glue Terokal- 

221 made by Teroson and a 2-component glue called Araldite. Best results in 

terms of highest strength in the connection between concrete and the steel 

platen system were gained with the 2-component adhesive X 60. 

The test procedure and the price of the glue turned out to be impractical and too 

expensive. The specimens needed to be cut, ground and polished very 

accurately at the surfaces to be glued. This was necessary to get a contact 

surface within the concrete matrix of the specimen and not only the cement 

paste on the specimen surface. The machines for doing these preparations 

were not available in the laboratory and the time required for the preparation of 

one specimen was too much overall compared with the solution that was finally 

chosen. Also the problem of small misalignments of the machine platens and 
the not always perpendicular and flat specimen surfaces made this test method 
impractical. 

With pre-tests a peeling-off mechanism between the machine platens and the 

specimen surface was observed. The glue turned out to be strong enough to 

hold on the first layer of concrete matrix to the metal plate of the platen system. 
But the alignment of the machine platen and the specimen was not good 

enough and a major crack occurred close to the steel platen and the glued 

surface. Figure 3.13 shows specimens glued on steel platen and tested in a 

uniaxial test machine. One of the steel plates of each specimen peeled off close 
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to the specimen surface. This happened to almost every specimen whether they 

were notched in the middle like the two on the right or not. Therefore this 

method was discontinued. 

,, _ z.. 

Figure 3.13 Tension specimens glued on steel platen (the two specimen on the right have 

a notch in the middle) 

Another solution of transferring tension loads into concrete was to use dog-bone 

shaped specimens clamped in front of the actuator heads. With this method the 

area where the specimen is going to be connected to the machine is widened to 

allow the clamps a grip onto the specimen and also to resist cracks in that end 

area because of the increased cross-sectional area. 

Figure 3.14 shows two kinds of dog bone shaped specimens. The one with the 

rectangular cross section was cast vertically to the compression testing 

direction. The flat specimen was cast in the same direction as the compression- 

compression specimens before. This would be the preferred type of 

compression-tension specimen for comparison reasons as the dimensions of 
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the middle area and the casting direction would be the same as for the 

compression-compression ones. 

However it was impossible to reduce the air pockets on the top surface which 

arise on the vibrating table between the concrete and the mould surface which 
the specimen was covered with to allow this shape. This can be seen on Figure 

3.15 which shows a dog-bone shaped specimen in the direction in which it was 

cast and the large air pockets on the top surface. Because of the rather large 

elongation of the air pockets continuous thickness of the specimen could not be 

guaranteed. 

Also the difficult part of finding an adequate shape of the curve between the 

wider part and the middle part of the specimen where the crack was suppose to 

happen could not be solved sufficiently. The problem of building adequate 

clamps within the limited machine space could not be solved. The specimen 
became to long and could not fit in between the actuator pistons. 

Figure 3.14 Specimens in dog-bone shape 
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Therefore this method was discontinued because of difficulties of casting and 
the production of moulds which would reduce the air pockets on the top 

specimen surface during casting and the problem of finding an adequate curve 

shape within the limited space of the testing rig. 

Figure 3.15 Dog-bone shaped specimen in casting direction with large air pockets on top 

surface 

The solution which was finally adopted was to cast fourteen M8 threaded rods 

into each specimen on both sides and connect them with bolts to the machine 

platen system. Details of the moulds and the connection system are described 

with more drawings in section 3.2.2 about the Compression-Tension Specimen. 

The rods were cast into the specimen with different length to allow the tension 

force to be transmitted into a more diffuse area within the specimen. This can 

be seen in Figure 3.16 which is a photograph of a cut through this detail. 

The threaded rods will transfer the tension load directly into the specimen by 

resisting pull out. If the length of the rods and the space between them is well 

chosen to allow the concrete matrix a good bond any tension load on the rod 

will be transferred to the central area of the concrete specimen. 
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The advantages for this kind of connection are the low price of the rods and the 

easy and simple way for casting and connecting the specimen with the 

machine. The number of rods per specimen was cheaper than the glue which 

would be used for one specimen. For casting and test preparation no extra skills 

and machines were necessary. The rods were cut from 3m long bars in the 

technical workshop with a simple band saw. No special grinder for preparing the 

surfaces was required and no complicated moulds had to be built. The 

specimens were cast in the same horizontal plane as the compression- 

compression specimens before and the middle area of the specimens had the 

same dimensions. That was important for comparison reasons. The time which 

was used for changing the specimens was probably the same in all test 

methods. However no hardening time for the glue was needed. Overall the 

method with the screwed rods turned out to be successful. Figure 3.17 shows 

one of the failed specimen which was tested under tension loads. 

Figure 3.16 Cut through a plane where the threaded rods had been cast into a specimen 
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Figure 3.17 Failed specimen after tension test with threaded rods cast into 

3.1.4. Control scheme and data compilation system 

One actuator on each axis was under control from either a load cell or a 
displacement transducer using a dual channel controller, selected according to 

test circumstances. The other was a reactive actuator under high gain control 

that responded in proportion to the active actuator. This arrangement ensured 

that actuator pairs moved together so that the centre-line of specimens did not 

translate. 

For the compression-compression specimens both axes were position 

controlled which means that the actuator travelling speed was controlled 

individually. This results in Q2/Q3 ratios for the ultimate stress ratios not always 

being constant. The block diagram in Figure 3.18 shows how the actuators were 

controlled for the compression-compression tests. The control panel of each 

axes was sending the signals to the two actuator in this axes independently to 

the other axes (red and blue lines). The displacements together with the applied 

load information were then recorded through the data logger and stored on a 

PC. 

88 



Chapter 3 Experimental Program 
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Figure 3.18 Block diagram of the closed-loop test scheme for the compression- 

compression tests 

This was improved for the compression-tension specimens so that it was 

possible to control the second axis through an amplifier which converted the 

load output of the major axis into an input signal to the minor axis under a 

constant load ratio. The major axis was under displacement closed loop control 

and the minor axis therefore under load control. A block diagram of this closed- 
loop test scheme for compression-tension tests is shown in Figure 3.19. The 

tension axis was specified as the major loading direction, as this axis gave the 

smaller load readings and therefore needed to be controlled very accurately by 

displacement control. The compression axis followed with multiple load 

increments and inverse readings as compression loads were negative. 
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However after a few tests with specimens from the pre-test series it became 

obvious that this improved control scheme did not lead to successful test 

results. The specimens tended to fail outside the central specimen area where 
the compression loads were applied. This unintentional failure happened 

because of restraint effects caused by friction between the surfaces of the 

compression steel blocks and the specimen. It turned out that the restraining 

effect of the compression steel blocks were greater than the strains caused by 

the tension load. Therefore tests involving tension were loaded first under 

tension load before the compression load was applied. After the tension load 

was increased gradually by hand control until a predefined load was reached, 
the tension axis was switched to a constant load control with a maximum end 
travel position for the tension actuators in case of failure and uncontrolled 

actuator movement. The compression axis was then closed until the 

compression steel blocks were touching the surface of the specimen and 

loaded under displacement control until failure with the tension axis being under 

constant load control. Figure 3.20 shows a block diagram of the used test 

scheme which is also explained in more detail in section 3.6.2 about the test 

procedure for compression-tension tests. 

Data was captured in intervals of one second during a loading sequence. These 

were automatically recorded through an Orion data logger and transferred to the 

computer control system and the software packages win wedge and Excel. All 

data were stored on the hard disk of a PC after every test, followed by 

additional investigations. During each test, load-displacement plots of the two 

axes were displayed with the actual load ratio Q2/Q3 and the actuator travelling 

history. For the compression-compression specimens it was possible to adjust 

the actuator travelling speed with this control scheme when it was foreseen that 

the Q2/Q3 ratio would go too far beyond the accepted limits. For the 

compression-tension specimens this adjustment was not necessary because 

the tension axis was under load control and adjusted itself for a given tension 

load while the compression axis was under displacement control and continued 

loading until the specimen failed or one actuator reached its displacement limit 

which was chosen and set before. 
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