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Prediction Model for Blasting Overbreak and Underbreak
based on Drilling Speed of Intelligent Jumbos
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Abstract:  Analysis of intelligent jumbo measurement-while-drilling ( MWD ) parameters reveals that drilling
speed stands as the most scientifically valid and operationally accessible indicator for assessing in-situ rock mass con-
ditions prior to tunnel excavation. Analysis of 3732 peripheral holes across 84 blasting rounds from an intelligent jum-
bo in high-altitude tunneling revealed systematic measurement-while-drilling( MWD ) datasets that quantify correla-
tions between penetration rate, explosive parameters,and excavation overbreak/underbreak. The developed analytical
framework incorporates four key procedures :identification of pilot drilling phases; clustering analysis of steady-state
penetration rates; vectorization and dimensional reduction of charge configurations; all derived by incorporating geo-
metric constraints into the computation of the minimum burden. The extracted parameters comprise peripheral hole

extrapolation angles , hole spacing, minimum resistance line, explosive charge configurations, and drilling speed. The
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MWD characteristics serve as inputs for developing a LightGBM-based excavation-contour prediction system. This
computational framework generates quantitative estimates of design-induced overbreak and underbreak dimensions,
incorporating early-termination protocols and Bayesian-optimized hyperparameters to enhance model convergence and
predictive generalization. Experimental results demonstrate effective model convergence during training, with valida-
tion/testing errors maintained within practical engineering tolerances. The model successfully characterizes over-
break-underbreak variations that are correlated with minimum burden, charging configurations ,and drilling-speed fea-
tures. Field implementation achieved significant improvements; average linear overbreak decreased by 46. 8% ( from

24.8 cm to 13.2 c¢m) ,and the half-cast factor increased by 49. 1% (from 53% to 79% ) , demonstrating enhanced

contour precision and blast fragmentation quality.

Key words:

et H AR B 20 40 60 AFEARCHEA: DIk 7E g
T AT B T M, 28 LR R
JE R AR T Bt 7 AWy A5, (E P8 T M5 BR
BME A MNP AR FBE EMAR,
YT Y 1 P it T AT e A A A AR
RAZEEI G, ¥ AT ™ 00 IR 2% A A
X B TR G TR A B B A St i R o
SRSt BT B, 2 i X B A7 B e B4 A R R RTORG
SEFXT R AZ R (0 T , 3 i X B S B AT B
AS AL FIT A LU B ' T AR (R

Rl B BE M A B AR HE)T I AR A i T
R S EE iz 2R A R R eE . ERlE
S T 75 1T, WANG Hao-teng %5 3 it ¥k G 4 41 11
UCS (i R ) 5 TS (FLhiad ) /Y HeAE 5
FESEAR 2 B0 5 $ T L TRl R 2 5 A
SEE T 3% . WANG Shao-feng %53 13 43 #r L fit
OBEEE RS UCS Z e &Y Hsr T UCS 19
(] AR | [] B 3 o 20 AT AN [ ML 2 ) R 1 0 2
K E 08 T B A 0 2 A o B AT 4 v o0 R
LAKSHMINARAYANA C R #F5¢ % 558 i 55 WL 1
FIHILAE S0 AT LA 2 B UCS, 3 T Rb 4 il
A0 W T 5 22 43 59 8. 51% A1 8. 01% . LIU
Can-can SE0F5Y T AHLALAE BN S S50 5 A5 A
JIEE R Z B2 R AL EE S UCS B¢
Ffo B HUAG IR R B0 A A 12 S 50
FERERE . TR A SEEE ST T K 2 A A o R T A
LT AR T S R R S R T 4 S
B, TEFA 2 BRI 7 T, S Se st | WY AR A f
F SVM 251 g2 SR8 )5 3ot it 2 o0k il A 45
GHAT AR, ARG T B B MERA E . HANSEN T F
S50 LightGBM S 4L 2% 2% > B R 245 5 Bl 4L 2 50
MA AT e R TR T 71

EIRBIETEFE AU TR FLE X B
I ERL e 2B B DB, T OC T L B 5 R AR
Z IR BRI R /b o S i ok % T 4 F 2o AR A A

drill-blast method; overbreak and underbreak; MWD ; drilling speed ; machine leaning; LightGBM

F% 1 R O A7 R R, L FL o B2 A O B ke [l e 1
Jo A S DR B AT 5 Al L3 | R I 2 R R A 2
RAEHE 2 1) B4 G 2R, 8 ST B G A AR KA
PRI ASETEY S (10 A A8 1l 2 B 45 5 B 37 4 i 1 oIl L
AHEF L,

1 {&k¥EmHE

AW SEMRAT T = I B T 00 H % 1 S
ALK I, 42K 38,324 km, Hih [T 2 Bl A
450 m MK [F% 29019 m IV A 8260 m V44 [H
595 m, b BTRY 1 AL %, A AE T2 B B 7 B
T KA S 2R R R

L STERANNEE S S DIV r Ll NS Wi B N A
FRER RS I R T B BOA M R L
FRRIRAL B TN S AE R SR AR, HefE] e 72
FBUA B, # OB A T E g E T AR
MARRAFR) ZYS113/G B =R Rl 5 5 45, A&
WFE i B MWD ( Measurement While Drilling, Fi44
D) BAE 4K A4

TR R LT MWD gL B2 5 1Y % 18 4
TR R X 42 TN AR Y 1 A S ok R R R R B A
DK1098 + 565 fIf¥F (1) 51040 i 47 848 Ab BRI |, i 006
I SEBR Bt L A B K i AT A S DL 1

IR 1 A1 A B O 4725 SO0 AR 1) B8 2H sl 5
=R BALE R RS BRI AR . TR
AR ST J T (58 ) DY AT 2R, kB
FLR SR S BT 50 G E 2R AL .

BhiALE ] T S e o AEdL LR e A
H,ZYS113/G B = RE A B 4 B & IEas ]
IR ERE 2 em I ESR—URIAIRR IR E] , 2R J5 1 H450 1
FEBG T 2 em (RS FLER L o 37 B A 10 B 1) 3
fL— ey 48 LA ML B — A 3 ~5 m Z i),
T AL B A% AL 5 Ay KA T 8
T ATEE AR

BRSEON T O B0 TS 0L . RS 5t



H4a3E H2H

XA, s ple, M0, A5 SE TR ARG A O A Bl LB 0 R XA T AR 151

AL RS 2y Sy 4k . I AL = aE
AT LUl A A 5 A LIC S R AL
eSO TSR RS C IR STRUN
THFEER AT IR ERIE 3%

e

B SEBRBL AL B R

Actual drilling positions and numbering

Fig. 1

AR T T S W BOR . (e R IR PR
Ja X Bl AT = 4RO SRR R AR 2 0
TR S R AZ BT R ERZ S L a] 45 B ARG R Y
R IR -

WFEN SR R B BT T8O A g 2R
BRER, WA T 23T 84 MR IAEIA I EibBE . K
t, B TORFE B0 R LR 3T 3732 2%

L5 -114

Hole id-114
35| ——-- AEfLE — FREELR
= 30} Rate of change Smoothed rate of change
E
g
S
e
= &
& F
E
a

BhALIRE
Drilling depth/m

P2 ARG RS X L SR B B iUl

Fig. 2 Comparison before and after smoothing of the change rate and identification of the pilot drilling stage
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Table 1 Parameters of No. 2 rock emulsion explosive
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FEHUE 5 B AL BEX I, IEEACFOEAZ, EAR
RRIZ o JAH AL G 5 x5 B A HA T 58 BR 2 b i it
J, ELAA 5 1) by DT 2 UL R I 1 1], 40
A ] LR 1
3.2 HBEMEIIGER

AR 37 92 PR 5 B RE A FIARRAE , 7 TR
LightGBM #i7Y . S ) FLEE L d5e/DMIRPTLLR e 25 i
BB 2L Rl FLE R D A, BT A S B
AN Ay th AR

RS P i 80% Ry Kk (2986 7% ) 11 S I 2k
£,10% 1Y £ (373 45) VE M ISR, 10% 11 £ 45
(373 ) VR AE o fEVIZREE b LB T4 LA F
T8k, B s i/ MEsiEsE RMSE, fii H]
Optuna i UL AL AT S HUE R R 2]
mr

n_ estimators << 5000, learning _rate € [ 0. 01,
0.3],max_depth e [3,12] ,num_leaves € [ 16,512 ],
min_child_samples e [ 10,200 ] , feature_fraction , bag-
ging_fraction € [0.5,1.0], bagging_freq e [0,10],
lambda_l1 Jambda_12 € [0,10 ],

ARSI R B ILE 8, WK 8 Hilt, &
SRAF I RIS R M RMSE WSk 34 i, e &
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ALK RMSE 25 0. 137 m, 5 2 TR K. &
LA RBN R PBSET

‘n_estimators’ ; 793, ‘ learning _rate’ : 0. 01870
6308668326236, ‘ max _depth’ .7, *
136, ‘ min_child_samples’ :34,  feature_fraction” ;0.5

num _ leaves ’ :

892848253476178, ‘ bagging _ fraction’ : 0. 61642367
30465142, ‘ bagging _freq’ :5, ‘lambda_11" 0. 864
5891191669577, ¢ lambda _ 127, 3. 719143147595
8807,

& 3 DK1098 +565 {&I a4y B ih FLEHE
Table 3 Partial peripheral hole data of cycle DK1098 + 565

o SMEA e HeALE A 5 B T
ETRE) o fLEE R/ R .
extrapolation Drilling speed/ Overbreak/Underbreak due to
. Space/m  Burden/m Charge o L
angle/ (m + min~") design factors/m

o ol [0.53, [0.05,-0.60, . [2.052.052.052.05,2.05, [0.311,0.225,0.161,0.078 , =0.003,

’ 0.57] -0.01] ’ 2.05,2.05,2.05,2.05,2.48] 0.011, -0.008, -0.008, -0.112, —-0.386]
0 6.35 [0.57, [0.26, -0.67, 5 984 [1.91,1.91,1.91,1.91,1.91, [0.241,0.203,0.199,0.151, -0.041,

' 0.55] 0.04] ’ 1.91,1.91,1.91,3.15,3.15] 0.046,0.033,0.036,0.055,0.004 ]
o 5 50 [0.55, [-0.12,-0.71, = [1.87,1.87,1.87,1.87,1.87, [0.313,0.221,0. 128.,0.056,0.024 ,

’ 0.63] -0.06] ’ 1.87,1.87,1.87,2.61,2.61] 0.022,0.014, -0.014, -0.011, -0.014 ]
o 5 05 [0.63, [-0.15,-0.73, = [1.93,1.93,1.93,1.93,1.93,  [0.159,0.176, ~0.094, ~0.020, ~0.083,

' 0.50] -0.07] ’ 1.93,2.55,2.55,2.55,2.55] -0.099, -0.074, -0.059, -0.025, -0.103 ]
g5 3.77 [0.50, [ -0.19,-0.82, 3. 574 [1.82,1.82,1.82,1.82,1.82, [0.114,0.080, -0.011, —0.008, -0.031,

: 0.56] 0.03] : 2.46,2.46,2.46,2.46,2.46]  —0.059, —0.060, —0.045, —0.094 , —0.078]
o . [0.56, [-0.02,-0.85, = [1.85,1.85,1.85,1.85,1.85, [0.121,0.086,0.026,0.012, —0.025,

’ 0.49] -0.07] ' 2.64,2.64,2.64,2.64,2.64] -0.036, -0.026, —0.079, -0.062, —0.053 ]
40 4.00 [0.49, [0.04,-0.91, 1.659 [1.87,1.87,1.87,1.87,1.87, [0.212,0.058,0.043, —0.009, -0.027,

' 0.52] -0.08] ' 1.87,2.54,2.54,2.54,2.54] -0.019, -0.046, —0.059, -0.063, -0.088 ]
Al 3 87 [0.52, [0.17,-0.85, 0.9%7 [1.86,1.86,1.86,1.86,2.58, [0.152,0.017, -0.038, —0.054, -0.070,

: 0.52] 0.05] : 2.58,2.58,2.58,2.58,2.58]  —0.098, —0.137, —0.173, —0.223, —0.226]
0 374 [0.52, [ -0.00,-0.72, 6.961 [1.84,1.84,1.84,1.84,1.84, [0.246,0.102,0.001, —0.014, -0.022,

’ 0.53] 0.04] ’ 1.84,2.66,2.66,2.66,2.66 ] -0.076, -0.111, -0.164, -0.148, -0.247]
4 385 [0.53, [0.13,-0.73, 1.292 [1.77,1.77,1.77,1.77,1.77, [0.210,0.074,0.079,0.037,0. 024,

’ 0.51] -0.25] ’ 1.77,2.77,2.77,2.77,2.77] -0.032, -0.026,0.015, -0.088, —0.068 ]
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Fig. 10 Comparison of blasting effects

before and after optimisation
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