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Estimation of Uniaxial Compressive Strength of
Underwater Rock and Prediction of Powder Factor Using
Blast Hole Drilling Parameters
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Abstract; To address the challenge of real-time adjustment for unit explosive consumption in underwater drilling
and blasting operations, this study proposes a predictive approach for estimating the uniaxial compressive strength
(UCS) of rock and determining the optimal explosive unit consumption based on borehole drilling parameters. Utili-
zing drilling pressure ( F') ,rotational pressure (N) ,and drilling rate( V) as principal borehole drilling parameters, a
linear regression analysis was performed to derive a predictive equation correlating these variables with the rock’s
UCS. Based on the correspondence between explosive unit consumption and rock firmness coefficient,and incorpora-
ting depth correction factors,the analysis reveals consistent consumption patterns under identical water depth condi-

tions. For sandstone and shale formations, explosive consumption remains consistent across different depths:0. 65 ~
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1.00 kg/m at O meters,0.88 ~1.36 kg/m at 10 m,0.93 ~1.43 kg/m at 20 m,and 0.94 ~1.45 kg/m at 50 m.
Similarly, siltstone and mudstone exhibit identical consumption rates:0.25 ~0. 65 kg/m at 0 m,0.34 ~0. 88 kg/m
at 10 m,0.36 ~0.93 kg/m at 20 m,and 0.36 ~0.94 kg/m at 50 m. The proposed real-time adjustment method fa-

cilitates dynamic optimization of explosive specific charge, offering practical guidance for minimizing explosive con-

sumption and enhancing blast efficiency in underwater drilling and blasting operations.
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Table 1 Drilling test and indoor test results

R i Btk [ 5% Ik g BB R R S
Specimen Drilling rate Drilling pressure Rotation pressure Uniaxial compressive
type V/(m-s™") F/MPa N/MPa strength R_/MPa
0.0135 2.3402 9.5192 45.50
=
v 0.0124 1.8920 10.2513 50.22
Sandstone
0.0124 3.9236 10.7420 51.74
0.0155 3.2747 10. 1333 42.33
U
0.0162 2.8747 9.9914 41.31
Shale
0.0161 1.2758 10. 1006 35.50
0. 0246 7.0118 10. 3217 25.12
ST 1L
%@E 0.0248 1.5538 7.9896 18.20
Siltstone
0.0249 5.4131 9.5220 24.03
) 0.0281 5.3506 10.2511 14.17
il 0.0257 4.2927 10.2997 12.56
Mudstone
0.0258 1. 8496 10. 2084 13.09

= -2388.52V +78.92,R* =0.94 (1)

R, =-2720.25V +2.08F - 1.95N +97.83,
* =0.98 (2)

(1) A (2) AT, 3R(2) LG BE (R?

0.98) KT (1) A (R =0.94) , BIxL(2) 1Y
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Table 2 Powder factor and rock soundness

coefficient of explosive !

f ¢/ (kg -m™?)
0~4 0.25~0.65
4 ~8 0.65 ~1.00
8 ~10 1.00 ~1.60
10 ~ 15 1.60 ~2.60

>15 >2.60
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Table 3 Corresponding table of water

depth and correction coefficient

K H/m
Water depth H/m

BIERE u

Modification coefficient

0 10 20 50

1.00 1.36 1.43 1.45

MG 1.3 2 fdk 3, MBS 2R KR &4
T E BN USRI TUZEA AT RN 2 HAE,
W4,

R4 AELBEREAREKREGETHELRRE
Table 4 Powder factor of different types of

rocks under different water depth conditions

EvCE S KT KEZyHLFE
Specimen Water depth  Explosive consumption
type H/m K/(kg+m™)
0 0.65~1.00
b 10 0.88 ~1.36
Sandstone 20 0.93 ~1.43
50 0.94 ~1.45
0 0.65 ~1.00
i = 10 0.88 ~1.36
Shale 20 0.93~1.43
50 0.94 ~1.45
0 0.25~0.65
H T 10 0.34 ~0.88
Siltstone 20 0.36 ~0.93
50 0.36 ~0.94
0 0.25 ~0.65
P 10 0.34 ~0.88
Mudstone 20 0.36 ~0.93
50 0.36 ~0.94

2% 4 m] L M RDKIR AR Bb A Ao 1) A
i HFEA ], 7E KR H 539128 0 m (10 m 20 m %
50 m I, MEZG B35 8 0. 65 ~1.00 0. 88 ~1.36 .
0.93 ~1.43 F10.94 ~1.45 kg » m > ; BHRb £+ FIR 44+
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