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Measurement of Overbreak and Underbreak Thickness and
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Abstract: In tunnel blasting operations , inappropriate peripheral-hole design parameters frequently lead to over-
break and underbreak phenomena,adversely affecting excavation efficiency and jeopardizing the structural integrity of
surrounding rock formations. Using a tunnel project at the Guangxi Fozi Lead-Zinc Mine as the case study, this re-
search initially employed a handheld 3D laser scanner to acquire excavation-face geometric data,with multiple tunnel

sections selected for overbreak and underbreak quantification. Subsequently,an LS-DYNA numerical model was de-
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veloped to simulate the contour blasting excavation process with high fidelity. Critical parameters including hole spac-

ing, explosive charge per blasthole ,and smooth blasting layer thickness were systematically optimized. Comprehensive

qualitative and quantitative analyses were performed to evaluate damage zones across various tunnel sections. Field

validation of the optimized design was conducted, incorporating the coefficient of determination R* to quantitatively

assess excavation face smoothness and its engineering significance. The results demonstrate that; (1) The numerical

model effectively captures the damage progression in surrounding rock mass under blasting loads , revealing significant

overbreak primarily in the charged sections and underbreak near the blasthole collar and bottom under current blas-

ting parameters; (2 ) Excessive hole spacing and charge quantity substantially increase average overbreak thickness,

while smooth blasting layer thickness(40 ~60 cm range) exhibits comparatively minor influence; (3 ) Implementing

decked charging structure instead of continuous charging with optimized parameters (60 c¢m spacing,1.5 kg per hole,

40 cm smooth blasting layer) reduces maximum overbreak depth from 38.5 c¢m to 27.4 cm,decreases maximum un-

derbreak depth from 44.5 c¢m to 20.9 ¢m, and improves tunnel contour matching coefficient from 0.339 to 0. 841.

The optimized blasting parameters successfully mitigated overbreak and underbreak in surrounding rock mass while

significantly improving the contour smoothness of the tunnel excavation faces.
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Fig. 2 Overbreak and underbreak conditions at different section Z positions
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Table 1 Primary RHT parameters of rock

W BT YIRL i PUIRGR E2 WY
Density/ Shear modulus/ Compressive Polynomial coefficients
(kg-m™) GPa strength/MPa 4 /GPa  A,/GPa  A,/GPa
2.74 x10° 20.6 127.72 57.17 91.48 49.74
®2 IHBYH
Table 2 Explosive parameters
W ST 1T BAR] 2 TS
Density/ Detonation velocity/ ~ Detonation Specific internal Equation parameters
(kg+m™)  (m-s™')  presswe/GPa energy/(GI-m™) A,/GPa  B/GPa R R o
1. 066 x 10’ 3.4 x10° 5.2 4.19 214.2 18.1 4.2 1. 85 0.15
x3 ZEHBSH
Table 3 Air material parameters
i B g IS
Density/ Volume internal Equation parameters

(kg +m™?) energy/(J - m™) C, C, C, C, C, C,

1.29 2.5x%10° 0 0 0.4 0.4 0

x4 MRERHRSH
Table 4 Parameters of stemming materials
WL THAA L BYIRL MR JREHE R R N EEE )
Density/ Poisson’s Shear modulus/ Cohesion Friction Internal friction

(kg-m™) ratio MPa force/MPa coefficient angle/°
1.68 x 10° 0.35 16 0.018 9.5 37
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