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Abstract: The initiation,delay time is one of the key parameters in engineering blasting and plays an important regulatory role
in blast fragmentatioh. Accurately predicting blast fragmentation under different initiation delay time conditions is of great
significance for guiding blasting engineering. To investigate the influence of initiation delay time on blast fragmentation and to
achieve fragmentation prediction, field blasting tests with different inter-hole delay times were carried out in the grade-fill
material blasting excavation project at the Lianghekou Hydropower Station. The fragmentation size distribution characteristics
under different delay time conditions were obtained. The results show that the influence of delay time on fragmentation exhibits
zone-dependent characteristics: the small size fragments is not significantly affected, while the mean fragment size changes

markedly, showing a trend of first decreasing and then increasing with increasing initiation delay time, with an optimal delay
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per meter of approximately 3.3 ms/m. On this basis, finite element numerical simulations with different inter-hole delay times
were conducted, and damage images under different delays were obtained. Based on the analysis of the damage images,
simulated fragmentation size distribution curves under different delay time conditions were derived. Comparing these results
with the test data, it was found that the fragmentation curves from both approaches show a high degree of consistency in their
variation with delay time. Analysis of the stress wave propagation characteristics under different initiation delays indicates that
the intrinsic mechanical mechanism affecting the mean fragment size is the superposition effect of stress waves caused by inter-
hole delays and reflection from newly formed free surfaces. Finally, based on the blast fragmentation distribution characteristics
under different delay times, mathematical relationships between delay time and both the mean fragment size and the non-
uniformity coefficient were established. A time variable is introduced into the KUZ-RAM model, and a blast fragmentation
prediction model considering delay time is proposed. The modified KUZ-RAM model overcomes the shortcoming of existing
fragmentation prediction models that cannot reflect the influence of delay time on blast fragmentation,sand can improve the
accuracy of predicting blast fragmentation distribution under electronic detonator delay initiation denditiens.
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Fig.1 The construction of rock-fill dam in Lianghekou
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Particle Size Distribution Curve
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Table.1 Blasting parameters of experiments

RIH BN GFE MALE BEfLE HEEK JLEEE dREEE O RAMR B3 B
A 1] B /m 1% /mm F¥/m B /m /m /m Pitk/m  Zi/keg (kg m

3

)

PR 0 10 110 11 2.5 3.6 3 4.5 39 0.36
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5 10 110 11 2.5 3.6 3 4.5 39 0.36
10 10 110 11 2.5 3.6 3 4.5 39 0.36
20 10 110 11 2.5 3.6 3 4.5 39 0.36
30 10 110 11 2.5 3.6 3 4.5 39 0.36
50 10 110 11 2.5 3.6 3 4.5 39 0.36
L3 0 10 110 10.5 2.5 3 3 3.5 37 0.37
5 10 110 10.5 2.5 3 3 3.5 37 0.37
10 10 110 10.5 2.5 3 3 3.5 37 0.37
20 10 110 10.5 2.5 3 3 3.5 37 0.37
30 10 110 10.5 2.5 3 3 Eé 37 0.37
50 10 110 10.5 2.5 3 3 . @7 0.37
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