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Mike Schlaich, sbp & Univ. Técnica de Berlín 
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José Romo, FHECOR & Univ. Politécnica de Madrid 
Nuevas tendencias en tipología: puentes híbridos, un campo 
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de Brno 
En la búsqueda de la verdadera solución estructural 
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Table 3 summarizes the mechanical properties measured 
in the mechanical characterization campaign. 
 

Table 3. Mechanical properties. 
 

Concrete 
type 

ft  
(2.2 m/s) 

ft 
(22mm/s) 

E 
(GPa) 

 
(-) 

fc 
(MPa) 

A 8.5 11.1 46 0.18 112 
B 14.8 18.9 45 0.17 113 
C 25.3 31.3 46 0.17 114 

 
Note that the concrete mixes succeeded in the objective 
of getting softening behaviours remarkably different. 
Figure 2 shows representative Load-displacement 
curves obtained for the three concretes at the two 
different loading rates used. After the load peak, 
corresponding with the onset of fracture, the concrete 
with the lower content of fibre, A, exhibited a 
progressive decrease of strength as the applied 
displacement increased (softening). Contrarily, the 
concrete with the highest amount of steel fibres, C, 
exhibited higher levels of fracture loads, followed by an 
increase of strength with the displacement up to a 
maximum value after which the strength decreased 
progressively up to complete failure of the sample This 
hardening behaviour is possible through the increase of 
fibre content and, especially, due to the use of long 
fibers in contrast with the A concrete. The behaviour of 
the concrete with the intermediate content of fibre, B, 
exhibited a behaviour in between the two 
abovementioned ones. 
 
For both loading rates, similar behavioural trends were 
observed but obviously with different values due to the 
different strain rate testing velocities. 
 
2.3. Blast test specimens 
 
Square slabs with dimensions of 500x500x50mm were 
casted using the three abovementioned concretes. A 
total of 6 slabs were casted for each concrete, although 
only 4 of each concrete type were subjected to the blast 
test. 
 
3.  BLAST TESTS 
 
3.1. General characteristics 
 
The blast tests were conducted by using the same 
experimental procedure presented in [14]. This 
procedure is based on the use of an experimental test 
bench consisting of a square steel frame (figure 3) that 
allows to test up to 4 concrete slabs with one single 
detonation, ensuring that the 4 samples are subjected to 
the same blast load. Due to the steel frame design and 
dimensions, it can be assumed that the slabs are simply 
supported at their four corners and that the explosive 
pressure load is uniformly applied on the slab plane 
facing the explosive load. 
 
 

        a) 

 
        b) 

 
Fig. 2: Load-displacement curves for: a) loading 

velocity of 2.2 m/s; b) 22mm/s 
 

 
 

Fig. 3: General view of the test bench used in the tests. 
 
The dimensions of the steel frame between columns is 
3.00m, which implies a 1.50m stand-off from explosive 
to the slabs. The distance from the centre of the 
explosive to the ground is 1.70m, avoiding thus 
undesirable interferences between the direct blast wave 
acting on the slabs and the wave reflected from the 
ground. Figure 4 sketches the test bench including its 
dimensions. 
 
The explosive type used in all detonations was Goma-2 
ECO, which is the commercial name of a dynamite class 
explosive manufactured by Maxam company. This 
explosive is provided in cylindrical cartridges 
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containing 151.5 g. of explosive. The TNT equivalent of 
this explosive is approximately equal to 0.9535. 
 

 
 

Fig. 4: Sketch and dimensions of the test bench. 
 
3.2. Testing procedure 
 
For a better comparison of the performance of the three 
concretes tested, it was decided to place one slab of 
each concrete per detonation. Therefore only three slabs 
were tested with each detonation. 
 
In order to check the data acquisition devices and to 
have a preliminary measure of the damage caused by 
the detonations in the concrete slabs, a first test with 17 
cartridges of Goma-2 was conducted. Given that the 
level of damage registered in this preliminary test was 
limited, it was decided to rise the explosive load to 22 
cartridges, making thus 3.322kg of Goma-2. Given the 
usual experimental scatter associated to concrete 
samples and explosive testing, this test arrangement was 
repeated three times in order to have three slabs of each 
concrete subjected to the same blast load. Table 4 
summarizes the explosive loads used during the test 
campaign. 
 

Table 3. Explosive loads and concrete types tested. 
 

Test
# 

Number 
of 

cartridges 

Goma 
2 (kg) 

TNT 
eqv. 
(kg) 

A 
slabs 

B 
slabs 

C 
slabs 

1 17 2.58 2.46 1 1 1 
2 22 3.33 3.18 1 1 1 
3 22 3.33 3.18 1 1 1 
4 22 3.33 3.18 1 1 1 

 
3.3. Blast pressure histories 
 
For numerical analyses to be conducted later, the blast 
pressure histories acting on the plates were registered 
during the tests (see figure 5). Two PCB Piezotronics 
102B piezoelectric pressure gauges were used for that 
aim. It can be observed that the measured pressure 
histories were quite consistent in the three tests under 
3.33kg of Goma-2 ECO. 
 
4.  RESULTS 
 
4.1. Overall behaviour of the slabs 
 
Figure 6 shows a picture of the slabs just after one test, 
with increasing fiber content from bottom to top. The 

preliminary results show a clear influence of the fibre 
content and length on the fracture patterns as well as on 
the structural response of the slabs. Generally speaking, 
while in the case of the concrete with the lowest content 
of fibre, A, the energy released through the crack 
patterns was not able to preserve the structural integrity 
and some concrete fragments were pulled away of the 
slabs, in the case of the concrete C, with the use of 
longer fibers and an overall highest content of fibre, 
crack patterns were hard to see by naked eye in the 
tensioned face of the slab whereas the other one was 
apparently undamaged. The slabs made of the concrete 
with the intermediate content of fibre exhibited also 
intermediate failure behaviour, with crack patterns 
clearly visible but still preserving the slab integrity. 
 
4.2. Failure patterns 
 
After the tests, the failure patterns were carefully 
tracked and registered (see figure 7). Generally 
speaking, a trend towards shear failure (curved cracks 
surrounding the supports) is dominant in these crack 
patterns. 

 

 
 

Fig. 5: Blast pressure histories registered during the 
tests. 

 

 
 

Fig. 6: General view of the slabs after one test. From 
bottom to top, concretes A, B and C are shown 
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containing 151.5 g. of explosive. The TNT equivalent of 
this explosive is approximately equal to 0.9535. 
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