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Abstract: In the field of mining engineering, the drill-and-blast method is a prevalent excavation technique. The
structural planes of the rock mass directly influence the propagation and attenuation of blasting stress waves , thereby
rendering the precise and efficient determination of rock layer interface positions essential for the operational efficien-
cy and safety of drill-and-blast operations. This study leverages a self-developed indoor digital drilling test platform to

conduct cutting and drilling experiments on layered rock-like specimens, obtaining drilling operational parameters and
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vibration response signals. A prediction model for identifying layered rock mass interfaces is established using the

GA-K-means algorithm,with the CH index employed as a fitness metric to enhance the model’s global search capa-

bility. A comparative analysis demonstrates that the cumulative errors for drilling vibration response and drilling oper-

ational parameters are 2.02 mm and 6. 08 mm, respectively, indicating that the former exhibits greater sensitivity to

variations in rock layers and provides more accurate interface identification outcomes. Drilling parameters are prone to

significant deviations due to uneven rock breaking by the drill bit, while changes in these parameters notably influ-

ence vibration response signals in rock layer strength. Predicted interface positions often occur ahead of actual inter-

faces , revealing their potential for early prediction. This paper proposes a method based on feature weighting and clus-

ter analysis to improve the accuracy and efficiency of rock layer interface identification. Compared to the K-means al-

gorithm , the GA-K-means algorithm achieves over 31% higher identification accuracy. The results demonstrate that

the GA-K-means rock layer interface identification model can effectively extract key rock layer information from com-

plex drilling parameters, providing valuable references for geological exploration.
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Table 1 Mixing ratio and uniaxial compressive strength
HAKA ki i A K BTG 5 /M Pa
Rock type Cement Sand Gypsum  Water Uniaxial compressive strength
Zstb A (LS) Sandstone-like 1.2 1.0 0.8 0.5 16.57

249 K (SH) Limestone-like 1.0 0.7 0 0.4 29.11
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Table 2 Rock interface recognition statistics based on the drilling work parameters
SN S ERZE/mm B 2 $RZE/mm B4 Xf 12 2%/ mm
7 Dats
B Data type Interface 1 error Interface 2 error Cumulative absolute error
. %ﬁﬂ:%g 9.12 2.81 11.93
Drilling rotation speed
%‘Eﬁi:)fjj -8.96 2.38 11.34
Drilling pressure
?ﬁ_ﬁf:ﬂi%ﬁ 6.07 2.70 8.77
Drilling torque
N P
it LAES s 4.92 1.16 6.08

Integration of drilling operation parameters
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Table 3 Drilling vibration response based rock interface identification statistics

BimZE A Data type

S 1 ERZE/mm

Interface 1 error

FH 2 BR22/mm

Interface 2 error

R X R 22/ mm

Cumulative absolute error

R 4.31 ~2.70 7.01

Vibration displacemen
. ﬂ:ﬂj]ﬁf; . -2.24 -2.56 4.80

Vibration velocity

. %Zjﬂmﬁg . -1.48 -2.41 3.89

Vibration acceleration

SEHE Zhe i mh A
RS ~1.69 -0.33 2.02

Integration of drilling vibration response
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