






Table 4: Shear forces V for all test series.

Vc0 [kN] Vc [kN] Vf [kN]

Vc0B Vc0T min VcB VcT min

AMh 1 47.6 45.7 45.7 52.1
2 47.5 47.5 47.5 71.4 64.4 64.4 71.4
3 42.0 42.0 58.4 58.4 58.4 58.4
4 60.5 60.5 60.5 60.5
mean (std) 44.8 (3.9) 57.3 (8.1) 60.6 (8.0)

AMc 1 61.0 61.0 64.3 64.3 64.3 64.3
2 48.0 44.4 44.4 49.7 51.3 49.7 63.6
3 45.0 40.0 40.0 51.2 51.2 51.2 52.8
4 49.1 47.7 47.7 54.4
mean (std) 48.5 (11.1) 53.2 (7.5) 58.8 (6.0)

AUh 1 28.6 28.6 59.2 57.6 57.6 59.2
2 51.6 59.0 51.6 60.5
3 55.1 55.1 56.2 56.2 56.2 56.2
4 47.5 54.6 47.5 57.4 57.4 57.4 57.4
mean (std) 43.7 (13.6) 55.7 (2.8) 58.3 (1.9)

ALh 1 50.2 41.5 41.5 53.9 50.2 50.2 58.9
2 43.7 43.7 54.5 52.1 52.1 69.6
3 40.0 40.0 64.8 53.2 53.2 64.8
4 39.5 39.5 57.0 44.6 44.6 69.8
mean (std) 41.2 (1.9) 50.0 (3.8) 65.8 (5.1)

BMh 1 51.9 51.9 61.3 61.3 61.3 -
2 59.4 49.0 49.0 65.7 65.7 65.7 -
3 61.4 56.0 56.0 62.1 62.1 62.1 -
4 48.5 48.5 59.7 68.7 59.7 -
mean (std) 51.4 (3.4) 62.2 (2.5)

CMh 1 20.6 20.6 20.6 27.3 27.3 27.3 27.3
2 24.1 23.3 23.3 24.9 24.9 24.9 29.5
3 23.1 17.9 17.9 24.4 23.1 23.1 25.3
4 24.4 24.4 24.4 27.0 27.0 27.0 27.0
mean (std) 21.6 (2.9) 25.6 (2.0) 27.3 (1.7)

CUh 1 24.0 18.8 18.8 25.3 25.3 25.3 25.3
2 19.0 19.0 23.2 22.5 22.5 25.3
3 20.5 20.5 20.5 23.3 23.3 23.3 23.3
4 16.7 16.7 16.7 22.3 22.3 22.3 22.3
mean (std) 18.8 (1.6) 23.4 (1.4) 23.6 (2.2)

CLh 1 17.5 17.5 23.1 22.3 22.3 26.9
2 19.2 19.2 19.2 23.7 23.7 23.7 29.5
3 21.8 23.4 21.8 24.3 24.3 24.3 25.5
4 21.8 21.8 21.8 24.5
mean (std) 19.5 (2.2) 23.0 (1.2) 26.6 (2.2)

DMh 1 26.0 26.0 26.0 29.1 29.1 29.1 -
2 25.3 25.3 25.3 -
3 23.3 23.3 25.3 25.3 25.3 -
4 25.4 22.6 22.6 26.7 28.1 26.7 -
mean (std) 24.0 (1.8) 26.6 (1.8)
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Figure 11: Shear force V for all test series.
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Figure 12: Mean shear stress τ = V/Anet = V/((H − b)T ) for all test series.
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Figure 13: Deflection δ and deformations d for test series AMh.
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Figure 14: Deflection δ and deformations d for test series AMc.
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Figure 15: Deflection δ and deformations d for test series AUh.
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Figure 16: Deflection δ and deformations d for test series ALh.
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Figure 17: Deflection δ and deformations d for test series BMh.
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Figure 18: Deflection δ and deformations d for test series CMh.
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Figure 19: Deflection δ and deformations d for test series CUh.
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Figure 20: Deflection δ and deformations d for test series CLh.
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Figure 21: Deflection δ and deformations d for test series DMh.
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5 Concluding remarks

Some comments on the test results concerning the influence of the four investigated
design parameters are listed below.

Beam size
The test results indicate a strong beam size effect on the relative strength
as can be seen in Figure 12. Increasing the beam size by a factor 3.5 gave
about 30-35 % reduction in nominal shear stress V/Anet at the instant of crack
development across the entire beam width.

Hole placement with respect to beam height
Slightly lower (approximately 5-15 % considering mean values) crack shear
forces Vc were found for the beams with eccentrically placed holes compared
to the beams with centrically placed holes. There is furthermore another
interesting difference concerning the beams with eccentrically placed holes.
Both among the large and the small beams the tests generally showed a more
sudden crack propagation all the way to the end of beam for the beams with
the hole placed in the upper part of the beam (test series AUh and CUh)
compared to the beams with the hole placed in the lower part of the beam
(test series ALh and CLh).

Material Strength Class
There was no significant difference in the behavior between the material strength
class homogeneous beams of test series AMh and the strength class combined
beams of test series AMc. The results of these two test series are however
comparatively scattered.

Bending moment to shear force ratio
For beams with centrically placed holes, two different bending moment to shear
force ratios where investigated. The beams with holes placed in a position of
zero bending moment (test series BMh and DMh) shows on average slightly
higher (approximately 5-10 % considering mean values) crack shear forces Vc

compared to the beams with holes placed in a position of combined bending
moment and shear force (test series AMh and CMh).

The scatter in the strength between nominally equal tests within a test series is not
very large, the coefficient of variation of Vc being from 4 % to 14 % with an average
of 8 %.

The test results furthermore show that it is more frequent with crack development
across the entire beam width (Vc) at the upper corner T before the lower corner
B than the other way around. The most frequent scenario is however that cracks
develop simultaneously at both corners. The most common place for crack initia-
tion (Vc0) is in the middle of the beam width although some tests showed a crack
initiation all the way to one side of the beam width.
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