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Influence of Material Elastic Modulus on Blasting Effect

YAN Si-ying ,DUAN Wei-dong ,WANG Zi-kang ,JIANG Pei
( College of Science, Wuhan University of Science and Technology , Wuhan 430065 , China)

Abstract: In rock blasting engineering, optimal explosive-to-rock mass ratios must be determined based on geo-
mechanical properties to achieve superior fragmentation outcomes. For low-compressive-strength rock masses(e. g. ,
red sandstone ) , characterized by high tensile strength and low elastic modulus , conventional approaches relying solely
on strength coefficient-based primary explosive ratios often yield suboptimal blasting outcomes. To identify the critical
factors influencing blasting performance in low-strength ,low-modulus rock masses,rubberized concrete was employed
as an analogous material to simulate blast-induced fracture propagation under controlled conditions. The concrete
samples with varying elastic modulus were prepared by incorporating rubber powder at different percentages (0% ,
2% ,4% ,6% ,8% ) and particle sizes (20 mesh,60 mesh). The blasting tests systematically investigated and ana-
lyzed the effects of the material’s elastic modulus on blast performance. The experimental results demonstrate that the
mass fraction of large fragments increases proportionally with rubber powder content for a given sieve size,and the

powder factor of explosive exhibits a positive correlation with tensile strength but an inverse relationship with elastic
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modulus under conditions of reduced concrete compressive strength. Meanwhile , experimental evidence reveals an in-

verse correlation between elastic modulus and explosive powder factor when compressive and tensile strength values

are comparable. Notably, in low-modulus media, compressive strength alone fails to predict the energy required for

material fragmentation reliably. The decreased elastic modulus enhances medium toughness. For intact, low-modulus

media, the determination of explosive powder factor should account for elastic modulus effects beyond compressive

strength alone,as modulus reduction substantially increases the energy required for medium fragmentation. Conse-

quently, reduced elastic modulus directly increases the powder factor of explosive needed for effective medium frag-

mentation. For practical engineering applications, the powder factor of explosive can be determined comprehensively

according to the compressive strength and elastic modulus of the medium.
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Table 1 Rubber powder content of blasting specimens

Blasting specimen

WIS BIERHEZ/H BRIk

Serial Fineness/ Addition Added mass/

number mesh amount/ % kg
1 0 0 0
2 20 2 0.36
3 20 4 0.71
4 20 6 1.07
5 20 8 1.42
6 60 2 0.36
7 60 4 0.71
8 60 6 1.07
9 60 8 1.42
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Table 2 Mechanical properties of each specimen

¥ Brhsm PR AR
Serial Tensile Compressive Elastic
number strength/MPa  strength/MPa  modulus/GPa

1 1.90 40. 15 3.68

2 2.19 38.76 3.33

3 2.31 35.15 2.80

4 2.49 34.21 2.57

5 2.67 32.91 2.13

6 2.25 36. 66 3.44

7 2.36 35.95 3.05

8 2.51 34.02 2.73

9 2.74 33.07 2.56
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Table 3 Performance parameters of the emulsion explosives
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Fig. 2 Blasting effect of plain concrete with 4 g of explosive
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Fig. 3 Blasting effect of 20 mesh rubber concrete with 4 g of explosive
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Fig. 4 Block grading curve of specimens No.1 ~5
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Table 4 Fragment weight of specimen #1 ~ #5
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Table 5 Blasting effect of specimens No.1 ~5

[EV I - %

SR R PR KR

- 9is B Average Maximum  ( >6 kg)
9 WA Serial  Addition fragment fragment Boulder
Sen}j‘l Fragment weight/kg number amount/%  weight/kg weight/kg  yield/%
number
1 0 5.72 7.81 33.26
0.65 0.92 1.13 1.21 1.51 2.12 ) ) 450 15.00 61.11
3.09 3.24 3.56 4.59 5.11 5.32
3 4 2.45 8.77 39.20
1 5.71 7.55 12.21 6
4 3.20 7.86 48.14
NT0.5 kg I BTERATTAG (2924 1. 48 kg) s g 4.9 18,61 20, 60
Fragment weights less than 0.5 kg are . . .
not counted ( approximately 1.48 kg) ) .
x6 1~5SHHERESMIUSHE
2' 61 ; (2)2 2. :; 2. Z;é 45 (;1 4.33 Table 6 Block size distribution fit function of specimens 1 ~5
11 . 7. 7. 15.33
. - - . ) Serial Fragmentation distribution Goodness
Fragment weights less than 0.5 kg are number fttine function of fit
not counted (approximately 1.95kg) &
1 y=1.33x-1.75 0.97
0.61 0.65 0.73 0.95 1.19 1.53 5 1. 205 -1.94 0.97
177 2,50 2.54 3.2 3.50 3.6 X y_1'24x s 0 o6
3 4.62 575 6.89 7.63 8.77 e ‘
= . 4 =1.28x-1.79 0.96
INT 0.5 kg BT RER AL (200 2.94 kg) ) o1 oo
Fragment weights less than 0.5 kg are y=0.94x - 1. 61 -9
not counted ( approximately 2. 94 kg) ar
0.69 0.98 1.06 1.21 1.67 2.53
311 3.29 3.56 4.58 5.71 6.10
4 7.31 7.55 7.86

/NT0.5 kg BYBTEARTT AGETH (290 2. 19 kg)
Fragment weights less than 0.5 kg are
not counted (approximately 2. 19 kg)

0.69 1.60 1.67 4.29 6.31

8.38 14.58 18.61
5 /INT 0.5 kg BB RTE AT (2128 0.94 kg)

Fragment weights less than 0.5 kg are

2.33

1.0 1.5 2.0 2.5 3.0
x

BlS5 1 ~5 SAkPFHRBEE A U5 R

Fig. 5 Fragmentation distribution
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Fig. 6 Blasting effect of 60 mesh rubber concrete with 4 g of explosive
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Table 7 Fragment weight of specimens 6 ~9

x8 6~9 SINHBEWMEIRISIT
Table 8 Blasting effect of specimens No. 6 ~9

I - o
. T o i
Serial .
Fragment weight/kg
number

0.53 0.69 0.74 0.8 1.02 1.12
.22 1.30 1.37 1.42 1.44 1.51
1.54 1.99 2.12 2.53 3.11 3.47
6 4.01 5.52 5.81 6.8 7.11
/INT 0.5 kg BIBTEEARTEAZE (2978 2. 10 kg)
Fragment weights less than 0.5 kg are
not counted ( approximately 2. 10 kg)
0.51 0.57 0.63 0.79 1.11 1.38
1.78 2.21 2.31 2.68 2.76 3.51
3.56  3.89 4.31 4.383 5.89 6.43
7 7.72
INT0.5 kg B BTHEARTEAGETH (2904 2.98 ke)
Fragment weights less than 0.5 kg are
not counted ( approximately 2. 98 kg)
0.54 0.56 0.71 0.98 1.23 1.38
1.86 2.39 2.52 3.17 3.41 3.98
8 4.77 5.77 6.79 7.98 8.52
/INF 0.5 kg BIBTEARTFASGE (290 2. 84 kg)
Fragment weights less than 0.5 kg are
not counted ( approximately 2. 84 kg)
0.52 0.55 0.90 1.26 2.54 2.7
3.74  4.35 5.28 538 6.20 6.45
9 7.49  9.47
/INF 0.5 kg BT ARTEASEH (29 2. 57 kg)
Fragment weights less than 0.5 kg are
not counted ( approximately 2. 57 kg)
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Fig. 7 Block grading curve of specimens No.6 ~9

9is B Average Maximum  ( >6 kg)
Serial  Addition fragment fragment Boulder
number amount/%  weight/kg weight/kg  yield/%

6 2 1.50 7.11 23.40

7 4 2.48 7.72 23.82

8 6 2.92 8.52 39.20

9 8 3.74 9.47 49.84
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Table 9 Fragmentation distribution fit

function of specimens 6 ~9

Wi PR o3 A 055 R L AL
Serial Fragmentation distribution Goodness
number fitting function of fit
6 y=1.47x-1.36 0.91
7 y=1.31x-1.47 0. 96
8 y=1.19x-1. 44 0.97
9 y=1.06x-1.54 0.94
3 -

K8 6 ~9 Sk i 5 PR AL
Fig. 8 Fragmentation distribution

fit function of specimens 6 ~9
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