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Abstract: This paper deals with the material properties of Ultra High Performance Fiber Reinforced Concrete (UHPFRC or UHPC) and especially focuses on bending tests executed for the development of bridge deck segments for an innovative timber-concrete composite bridge system. In the first step, the precast bridge deck segment is designed as a thin slab made of UHPC of a constant thickness, without any ribs and without any reinforcement. Only steel fibres are used as a scattered reinforcement. The bending tests for determining flexural strength of UHPC were executed on the slab strips under similar boundary conditions as by the bridge deck segments. The slab strips of various thickness of 40, 50, 60, 70 and 80 mm were tested in 4-point bending tests with span 1900 mm and in 3-point bending tests with span 600 mm. Half of the test specimens were tested in casting position, other half were tested upside down. The obtained values of the flexural strength were compared with values from reference bending tests of the beams 150 x 150 x 700 mm, 100 x 100 x 400 mm and 40 x 40 x 160 mm. Different size of the tested specimen is discussed. An influence of the positioning of the slab with respect to the direction of casting and the influence of the deck thickness on the flexural strength is evaluated. 
1. [bookmark: _Toc437604712][bookmark: _Toc445711714]Introduction
The Ultra-High Performance Fiber Reinforced Concrete (UHPFRC, further only UHPC) is very promising material and its very favourable material properties allow to design very thin structures. Very subtle and aesthetical structures can be designed by combining timber and UHPC. This paper focuses on bending tests executed for the development of bridge deck segments for an innovative timber-concrete composite bridge system. The main objective was to determine the load-bearing capacity in bending of slabs with different thicknesses made of UHPC. The tensile response of UHPC is not an intrinsic property, and its quantification must account for both material formulation and manufacturing related factors. The bending tests for determining flexural strength of UHPC were therefore executed on the slab strips under similar boundary conditions as by the bridge deck segments. The impact of the casting method and the production process on the final orientation and distribution of the fibers have been experimentally studied through a number of different approaches. This issue is listed in more detail e.g. in (Duque et al. 2016) inclusive a literature review.
1. Experimental program
Currently, the experimental program for development of an innovative technology for the timber-precast UHPC composite footbridges is running at the Klokner Institute of CTU in Prague. The bridge system is designed for span range approximately 10-30 m and is established for pedestrians, cyclists and possibility of passage of vehicles weighting up to 3.5 tones. 
1. Bridge system
The timber-concrete composite structure consists of two glulam beams coupled with precast bridge deck segments made of UHPC, see Figure 1. The precast bridge deck segments are designed as a thin slabs of a constant thickness made of UHPC, without any ribs and without any reinforcing bars, only steel fibres are used as a scattered reinforcement. In the first step, the full slab was chosen because of it’s easy production. By thin slabs with ribs, the problems related to differential shrinkage occur (cracks, distortion).  From the author's experience, full slabs made of UHPC collapse gradually (not immediately) compared to slabs with ribs. The need for bar reinforcement will be verified by further testing of the entire segments. Shear connection is carried out by notches made of steel plates embedded in the timber beams supplemented with welded shear dowels (headed studs). The precast segments are provided with slots for the shear dowels, which are poured with UHPC after placing of the deck segments on the timber beams. The development of shear connection will be soon presented in other paper.    
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Figure 1: Cross-section of the load-bearing structure and ground plan of the deck segment with slots
The bridge deck segments are subjected to the combination of compression and bending in the longitudinal direction and to pure bending in the transverse direction. The transverse direction is crucial for design of the slab thickness. Statically, it is a double sided overhanging beam and the slab is stressed by positive and negative bending moments. 
1. Material
Tested UHPC mixture consisted of the cement CEM II 52,5 N, fine aggregate with maximum size of 2 mm, slag, silica fume and steel fibres. Content of ingredients is listed in Table 1. 
Table 1: UHPC mixture used for experiments
	 
	Ingredients
	Content for 1 m3

	 
	 
	(kg)

	
	Fine aggregate with maximal size of 2 mm
	1230

	
	Silica fume
	100

	
	Slag 
	80

	
	Cement CEM II 52,5 N
	700

	
	Water 
	165

	 
	Superplasticizer 
	40


A fiber reinforcement volume fraction of 2.0 % was used. The steel fibres were used non-deformed, cylindrical, brass coated high tensile strength steel with a diameter of 0.2 mm, a length of 13 mm, and a minimum tensile strength of 2200 MPa. Water to cement ratio was ca 0.24. Some laboratory tests were executed on cubes, cylinders and beams to determine the basic material properties of UHPC at the age of 28 days. UHPC specimens were cured in the moulds for 24 h after casting under polyethylene sheeting, then demoulded and cured for a further period under moist conditions of 95% relative humidity. The material properties are summarized in Table 2.
Table 2: Material properties of UHPC at the age of 28 days 
	Density
	2450
	kg/m3

	Compressive strength (cubes a = 100 mm)
	144,2
	MPa

	Compressive strength (cylinder Ø150 mm)
	131,0
	MPa

	Compressive strength (cylinder Ø100 mm)
	141,7
	MPa

	Modulus of elasticity
	49,6
	GPa



1. Experiments for determination of flexural tensile strength
2. Discussion on types of tests used in this study
Based on different valid standards, there are several types of tests to determine the flexural strength of concrete (only in the Czech Republic, it can be applied about 5 different valid test procedures). The tests differ mainly in size of test specimen and in set-up. The tests are usually performed on beams loaded in a 4-point or 3-point bending with or without a notch. The accuracy of application and the interpretability of results of a particular test procedure for fibre-reinforced concrete structures are the subject of numerous debates. There is a fairly poor comparability of tests with each other.
In a four-point bending test, the middle third of the beam is stressed due to a constant bending moment without any shear force. The failure of test specimen occurs at the weakest point of the middle third of the beam. This test is therefore suitable for fibre-reinforced concrete elements due to the random nature of the distribution of the scattered reinforcement. However, it has a disadvantage that the failure occurs always in different places, so this test can’t be exactly reproduced. Another argument against this test is that the occurrence of pure bending moment is not typical for common structures, where the shear force also occurs and affects the failure.
In the case of a 3-point bending test, the failure does not occur at the weakest point of a beam, so the results are usually overestimated. Three-point bending test with a notch has a great advantage that the location of failure is exactly predefined and the crack opening can be measured. Based on this test, an inverse analysis can be performed to determine the stress-strain diagram of the material.
Because UHPC is a very fine-grained material, small test specimens can be used to measure the flexural strength. However, the size of the beam significantly influences the result of the evaluated flexural strength. Thin elements have higher strengths, which is probably caused due to better directed fibres on mold walls. Size effect is very well known factor in this type of heterogeneous material.
By thin elements, the fibres are usually distributed and oriented depending on the pouring of concrete and on the shape of the structural element. The load-bearing capacity of the bridge deck segment supposed to bending is strongly influenced by distribution of fibres. The bending tests for determining flexural strength of UHPC were therefore also executed on special test specimens - slab strips under similar boundary conditions as designed bridge deck segments.
2. Reference tests
Three-point bending tests on specimens with dimensions 100 x 100 x 400 mm and 150 x 150 x 700 mm with notch (according to ČSN EN 14651+A1) and 4-point bending tests on specimens with dimensions 150 x 150 x 700 mm, 100 x 100 x 400 mm without notch (according to ČSN P732452) were used as reference tests, see test set-up in Figure 2. Four-point bending tests had span 600 mm and 300 mm. Three-point bending tests had span 600 mm and 300 mm depth of notch 25 mm and 15 mm. The three-point bending tests with notch are controlled by sensor for crack opening CMOD (Crack Mouth Opening Displacement), which is located at the midpoint of the crack width and detects directly the crack opening. In addition, force and displacement of hydraulic cylinder and vertical displacement of slab are monitored. With respect to fine-grained UHPC, the beams usually used for cement testing of dimensions 40 x 40 x 160 mm (according to ČSN EN 196-1) were also used for 3-point bending test without notch with span 120 mm (according to ČSN EN 12390-5).
[image: ]
Figure 2: Test set-up for reference 3-point bending tests on specimens with dimensions 150 x 150 x 700 mm, 100 x100 x 400 mm with notch and 40 x 40 x 160 mm without notch and 4-point bending tests on specimens with dimensions 150 x 150 x 700 mm and 100 x100 x 400 mm
2. Four-point bending test for slab strips
Slab strips were designed with plan dimensions of 2000 x 250 mm with various thickness of 40, 50, 60, 70 and 80 mm for testing in 4-point bending. The four-point bending tests were carried out with span 1900 mm with load located approximately in thirds of span (630 mm from supports), see test set-up in Figure 3. The loading was controlled by displacement (speed 0.02 mm/s) in order to also obtain descending part of the stress-strain diagram. The force was measured on the hydraulic cylinder and the vertical displacement of slab was monitored with four point sensors. Two sensors were placed in both supports to measure the push of the supports and other two were placed in the middle of span to measure the deflection on both sides of slab (for detection of eventual torsion of slab). The slabs were tested upside as placed during casting (in this paper designated as normal position) in 4-point bending.
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Figure 3: Test set-up for 4 point bending test on slab strips with width 250 mm
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Figure 4: Slab with thickness of 60 mm with bend crack failure near the middle of span
2. Three-point bending test for slab strips
Because the long specimens from 4-point bending tests were broken in the middle third of span and the outer thirds of test specimens remained undamaged, the outer thirds could be further used for 3-point bending tests with span 600 mm. The set-up of the 3-point bending test is shown on Figure 5. Half of the test specimens were tested in normal casting position (N), other half were flipped upside down - in reverse position (R).
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Figure 5: Test set-up and photo of the 3-point bending test on slab strips with width 250 mm 
1. Results and discussion
3. Test outputs
Test outputs of experiments are records of the force measured on the hydraulic cylinder depending on the deflection of the slab. The test outputs are shown in the following figures 6-9. The records of the 3-point bending tests were smoothed to achieve better clarity for comparing of multiple records in one diagram.

Figure 6: Load-deflection diagram of 4-point bending tests on slab strips with span of 1900 mm in normal casting position
Experience with UHPC application shows that thinner slabs are significantly more ductile than thicker slabs. This behavior is well evident in records of the 4-point bending tests for the slab thicknesses of 40, 60 and 80 mm (see Figure 6). The failure of the 40 mm thick slabs is achieved by approximately twice greater deflection than by the 80 mm thick slabs. However, some deviations from this trend can be observed by the 50 and 70 mm thick slabs. The ductility of the 70 mm thick slabs is comparable to the 80 mm thick slabs and their load-bearing capacity is only the same or slightly higher than by 60 mm thick slabs. It could be related to the transition from ductile behavior to more brittle behavior. The tests of the 50 mm thick slabs completely deviate from this trend, although the results within pair are very similar. The value of the fracture energy is in this case much lower compared to the other slab thicknesses. It indicates an obvious error in the distribution of the fibres. There was probably a mistake in pouring this batch in molds, because the specimens were concreted in laboratory in more batches over several weeks. In the next step, we plan to perform comparative experiments in the concrete factory under realistic conditions for the production of bridge deck segments, where the quality of pouring in molds should not fluctuate.
The 3-point bending tests on slab strips are more balanced. The load-bearing capacity of the 70 mm thick slabs and of the 50 mm thick slabs in normal position is slightly lower than expected.

Figure 7: Load-deflection diagram of 3-point bending tests on slab strips with span of 600 mm in normal casting position


Figure 8: Load-deflection diagram of 3-point bending tests on slab strips with span of 600 mm in reverse position (upside down)

Figure 9: Stress-deflection diagram of reference 3-point bending tests with notch and 4-point bending tests without notch on beams sizes of 100 x 100 x 400 mm and 150 x 150 x 700 mm 
3. Evaluated flexural strength
The relationship between an evaluated flexural strength of an individual specimen fct and a peak load Fmax for linear-elastic behaviour is given by Equation 1 for the 3-point bending tests and by Equation 2 for the 4-point bending tests. Where L is the span, b is the average width and d is the average depth of the specimen. 
[1] fct = 2 x Fmax x L / (3 x b x d2)
[2] fct = Fmax x L / (b x d2)
The evaluated flexural strength of UHPC from executed experiments were compiled into the following Tables 3 and 4.
Table 3: Comparison of mean flexural strength values from reference bending tests
	Reference bending tests

	Set
	Test and specimens
	Evaluated mean
flexural strength
(MPa)
	Comparison with set 1
(%)

	1
	Four-point load, 150 x 150 x 700 mm without notch
	12,5
	100%

	2
	Three-point load, 150 x 150 x 700 mm with notch
	13,5
	107%

	3
	Four-point load, 100 x 100 x 400 mm without notch
	17,5
	140%

	4
	Three-point load, 100 x 100 x 400 mm with notch
	19,1
	152%

	5
	Three-point load, 40 x 40 x 160 mm without notch
	29,9
	238%


[bookmark: _Toc437604717][bookmark: _Toc445711719]From the comparison of the reference bending tests in Table 3, it is evident, that the evaluated flexural strength is greater with the decreasing size of the test specimens. A smaller size of the test specimen is also corresponding to a shorter span length. The differences in the evaluated flexural strength are considerable, the specimens with dimensions 40 x 40 x 160 mm exhibit approximately 2.5 times greater flexural strength than the specimens with dimensions 150 x 150 x 700 mm. The values of the flexural strength evaluated from the 4-point bending test are approximately 8-9% less than the values from 3-point bending test.
Table 4: Comparison of mean flexural tensile strength values from 3-point and 4-point bending tests for investigated slab thicknesses in normal position (as casted) and in reverse position (upside down)
	 
	Mean flexural tensile strength of UHPC slabs (MPa)

	Test type / Slab thickness (mm)
	40
	50
	60
	70
	80

	Four-point bending test - normal position
	19,5
	11,9
	18,9
	14,3
	16,7

	Three-point bending test - normal position
	22,8
	19,8
	22,1
	17,7
	19,8

	Three-point bending test - reverse position
	19,5
	18,3
	17,4
	14,3
	15,5

	

	Reverse to normal position ratio of 3-point tests
	85%
	92%
	79%
	81%
	78%

	Four-point to three-point bending tests ratio
	85%
	60%
	86%
	81%
	84%


From the comparison of the 3-point bending tests on the slab strips in normal and reverse position (see Table 4), it is evident, that the evaluated flexural strength of tested UHPC slabs in reverse position is approximately 20% lower than slabs in normal position. This difference is caused by distribution of fibres, because more fibres are distributed at the bottom surface in tension zone of N-beam, where they are also better directed due to formwork shape and casting process. In the upper part of cross-section of 2-3 mm thickness, there are almost no fibres in the concrete matrix. 
[bookmark: _GoBack]The values of the flexural strength evaluated from the 4-point bending test are approximately 15-20% less than the values from 3-point bending test in normal position. This confirms the assumption that the results of 3-point bending test are overestimated compared to the average condition of the beam. The span length in the 4-point bending test was ca 3 times greater than in the 3-point bending tests. The difference in evaluated values of the flexural strength between the 3-point and the 4-point bending tests for slab strips was ca 2 times greater compared to the difference in the reference tests with the same span length.
Some trend of the decreasing flexural strength with the increasing thickness of slab can be observed. This trend is marked with dotted lines in the graphical comparison of evaluated flexural tensile strength values in Figure 10. Differences in evaluated flexural strength are approximately 3-4 MPa between 40 and 80 mm thick slabs. This descending trend is best observable in the 3-point bending test for reverse position, where the change in slab thickness by 10 mm corresponds to a change in evaluated flexural strength of about 1 MPa. 

Figure 10: Graphic comparison of mean flexural strength values from 3-point and 4-point bending tests

1. Conclusion
The evaluated flexural strength is significantly different due to the various sizes of the test specimens. The specimens with dimensions 40 x 40 x 160 mm exhibit approximately 2.5 times greater flexural strength than the specimens with dimensions 150 x 150 x 700 mm. The bending tests for determining flexural strength of UHPC were therefore executed on the slab strips under similar boundary conditions as by the bridge deck segments. An influence of the positioning of the slab with respect to the direction of casting and the influence of the deck thickness on the flexural strength was evaluated. Some trend of the decreasing flexural strength with the increasing thickness can be observed. The position of the bridge segment by casting and by placement on site is important. The flexural strength of tested UHPC slabs in reverse position was approximately 20% lower than slabs in normal position. It was also found that the values of the flexural strength evaluated from the 4-point bending test are approximately 15-20% less than the values from 3-point bending test in normal position. This confirms the assumption that the results of 3-point bending test are overestimated compared to the average condition of the beam. The span length in the 4-point bending test was ca 3 times greater than in the 3-point bending tests. The difference in evaluated values of the flexural strength between the 3-point and the 4-point bending tests for slab strips was ca 2 times greater compared to the difference in the reference tests with the same span length.
In the next step, we plan to perform comparative experiments in the concrete factory due to some deviations in the executed 4-point bending tests. The experiments will be further supported by nonlinear numerical analysis, which could help to optimize the bridge deck segments. Parameters for the material model of UHPC will be optimized based on the experiments performed. In parallel, the system for timber and UHPC connection is being developed, and its development is also supported by experiments. 
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F [kN]




40 mm, normal	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	3.2012877	6.1690750000000003	7.6632347000000003	8.4441147000000001	9.1245698999999991	9.6051120999999995	9.6999999999999993	9.8875980000000006	6.4052695999999996	3.6747510000000001	2.1408794000000002	1.2037074999999999	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	3.1651696999999999	6.1411189999999998	7.1037169000000002	7.9117354999999998	8.4590721000000002	8.8939667	9.9579401000000001	9.5922041	5.5135012000000003	2.9511576000000002	1.8400741	50 mm, normal	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	4.8348594	8.3000000000000007	10.604549	11.722344	12.236390999999999	12.876113999999999	13.458847	13.703795	7.1069193000000004	3.8	1.8118722	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	5.6635717999999997	8.8755769999999998	10.584771	12.086002000000001	11.973613	12.553648000000001	13.205348000000001	13.395852	7	3.7160766000000001	1.6	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	5.8858465999999998	9.2456808000000006	10.818842	11.558273	12.612425	12.691172	13.232275	12.762877	6.2036014000000002	4.3230095000000004	2.1336838999999999	60 mm, normal	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	10.688151	15.220129	17.677403999999999	19	20	20.399452	17.873280999999999	15.904779	7.8935656999999999	3.5140935999999998	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	11.999883000000001	16.413761000000001	18.550432000000001	20.170560999999999	21.196949	22.077494000000002	21.107821000000001	19.435535000000002	9.9008102000000004	5.4170655999999999	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	12.418672000000001	16.964903	18.055997999999999	19.299382999999999	20.5	21.515764000000001	22.751919000000001	21.156544	11.025353000000001	5.8763699999999996	2.0178375000000002	70 mm, normal	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	6.0480837999999997	15.211667	18.993328000000002	20.804822999999999	21.9	22.042390999999999	20.232361000000001	18.635985999999999	9.6627703	4.5141568000000003	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	18	22.971062	24.369479999999999	23.802347000000001	22.716671000000002	20.838297000000001	17.899999999999999	16	7.7285452000000001	3.7654301999999999	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	16.055389000000002	20.986183	23.494007	24.393274000000002	24.524061	24	22	18.982849000000002	7.3354697	80 mm, normal	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	22.207581000000001	32.735568999999998	35.639133000000001	37.416420000000002	38.926758	37.542862	32	26.903921	10.151871999999999	3.5	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	22.751201999999999	29.931784	31.658691000000001	31.521894	30.667380999999999	28	22	18.146082	7.0638436999999996	2	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	20.073332000000001	27	32.123035000000002	33.299999999999997	33.370106	31.663070999999999	27.687232999999999	24.051822999999999	10.794536000000001	3.6755056000000002	30 mm, normal	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	1.5006957000000001	2.5643802	3.3637668999999999	3.8303628000000001	4.1472477999999997	4.4411148999999996	4.6497808000000003	4.4927811999999996	2.9086668000000002	1.778966	1.1389984	0.62787687999999997	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	1.3966750000000001	2.3839511999999998	2.8224170000000002	3.1708660000000002	3.4534956999999999	3.7101030000000002	3.9592339999999999	4.1234798000000001	3.1243791999999999	2.0753423999999998	1.4336983000000001	0.96300684999999997	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	1.4590225000000001	2.7045070999999998	3.4231341	3.9284867999999999	4.2765354999999996	4.5986380999999996	4.9928869999999996	5.92	4.6706500000000002	3.1207204000000002	1.8016924999999999	1.3806413	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	1.7783561999999999	2.8768593999999998	3.4050199999999999	3.6891747000000001	4.0321651000000003	4.1850041999999998	4.4839044000000001	4.786994	1.2972896	0.80358021999999996	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	3.2012877	6.1690750000000003	7.6632347000000003	8.4441147000000001	9.1245698999999991	9.6051120999999995	9.6999999999999993	9.8875980000000006	6.4052695999999996	3.6747510000000001	2.1408794000000002	1.2037074999999999	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	8.9734049000000002	16.652916000000001	18	20.989031000000001	20.845499	20.659590000000001	20.718813000000001	18.904478000000001	10	4.3	2.6	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	7.7465754000000002	15.258266000000001	16.834489999999999	18.810300999999999	18.166039000000001	17.141746999999999	15	13	6.1563300999999999	2.4	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	12.265905999999999	16	20.702074	23.908104000000002	23.3	22.888407000000001	21.424506999999998	19	9.0304508000000006	3.8431169999999999	1.7	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	8.0297660999999998	15.490694	18.590944	18.867484999999999	18.380119000000001	17	14.3	11.8	4.2597588999999996	2.1379142	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	19.067240000000002	27.609949	29.534658	28.635355000000001	27	25.089131999999999	22	19.084911000000002	8.3163184999999995	3	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	21.026748999999999	31.038115000000001	32.641041000000001	34.582152999999998	34.938811999999999	34.5	28	22	10	4.2660913000000003	1.1437227999999999	u [mm]


F [kN]




40 mm, reversed	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	4.4041547999999997	6.3969398000000002	7.3	7.6018324000000002	7.9348216000000003	8.1713304999999998	8.4076614000000003	8.1	4.6894584000000004	3.0068511999999998	1.7948383999999999	1.2371403000000001	50 mm, reversed	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	5.8352633000000003	9.2238693000000005	10.711593000000001	11.224539	11.74513	12.3	12.636265	11.4	5.5	2.8770207999999999	1.3	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	6.3304720000000003	8.4567232000000008	10.3	11	11.5	12	12.2	10.8	4.4126563000000001	2.6402294999999998	1.3526001000000001	60 mm, reversed	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	9.3850136000000006	12.046797	13.416086	14.439265000000001	15.212521000000001	16.104213999999999	16.913077999999999	16.083148999999999	9.8570662000000002	4.9331788999999997	1.3401139	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	10	12.899899	15	16.3	17.124281	17.537690999999999	18.25	18.347605000000001	11.529208000000001	6.2801603999999998	3.7507986999999998	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	10.025722999999999	12.958394	14.597745	15.3	15.537421	15.5	15.183773	14.627190000000001	8.2560072000000009	4.2225146000000002	2	70 mm, reversed	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	13.401236000000001	16.283106	17.475414000000001	17.729496000000001	17.795168	17.534399000000001	15.5	13.774991999999999	7.9369607000000002	4.1523895	2.7	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	12.190694000000001	18	19.5	20	20.260000000000002	20.283663000000001	19	17	9.5	4.3053222	1.5	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	13.186470999999999	16.733051	18.329599000000002	18.878511	19.087499999999999	19.110109000000001	18	16.209375000000001	8.5	4	1	80 mm, reversed	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	13.002122	18.708369999999999	21.5	22.562871999999999	22.876583	22.419938999999999	20.668731999999999	18.534521000000002	8.7880669000000005	4.7714381000000001	2.7	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	10.128633000000001	19.018011000000001	22	23.5	23.978773	22.776337000000002	20.501335000000001	17.833839000000001	8.2802229000000001	4.7286472000000002	2.5	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	20.089706	25	26.653713	26.8	26.732244000000001	25.702836999999999	21	18	10	4.5713619999999997	1.3	30 mm, reversed	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	2	2.8	3.2	3.4207999999999998	3.6636511999999999	3.7785267999999999	3.8624580000000002	3.9122341	3	1.9001760000000001	1.2	0.79269051999999995	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	1.9096394999999999	2.4901626000000001	2.82	2.8417751999999998	2.8858147000000001	2.9275410000000002	2.9369543	2.7184984999999999	1.9412780000000001	1.2717320999999999	0.85607314000000001	0.52130299999999996	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	8.0661258999999994	14.165905	16.925968000000001	18.541677	19.5	20.204537999999999	21.154322000000001	21.398137999999999	12.674685	7.0355138999999998	3.7151070000000002	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	7.6145101000000004	11.142631	13.074560999999999	14.5	15.187701000000001	15	14.3	13	7	3.5	1.5	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	13	14.715277	15.23024	15.2	14.934566	14.3	12.8	11.487412000000001	5.9955654000000003	3.2333474	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	15.395599000000001	19.930558999999999	20.399999999999999	20.5	19.8	19.064738999999999	17.069613	14.679565999999999	6.3025365000000004	3.1391208000000002	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	10	14.886317	16	16.425561999999999	16.2	15.7	14.4	12.922413000000001	7.0372319000000001	3.8231134	0	0.5	1	1.5	2	2.5	3	4	5	10	15	20	25	0	13.381154	19.49436	21.835798	21.623080999999999	21	20.2	18.415286999999999	17.103773	9.0835065999999998	5.1552867999999998	2	u [mm]


F [kN]
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 Bending stress σ [MPa]


Four-point, normal	40	50	60	70	80	19.5	11.9	18.899999999999999	14.3	16.7	Three-point, normal	40	50	60	70	80	22.8	19.8	22.1	17.7	19.8	Three-point, reverse	40	50	60	70	80	19.5	18.3	17.399999999999999	14.3	15.5	Thickness of slab [mm]


Mean flexural strength [MPa]
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