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Abstract: To reveal the blasting-induced damage and cracking characteristics of water-saturated frozen sandstone under in-situ

stress, the radial and circumferential dynamic stress histories induced by explosive loading in the rock mass at different
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temperatures were first calculated based on elastodynamic theory, Laplace transformation, and the Stehfest numerical inversion
method. The effect of temperature on the blasting-induced dynamic stress field was then discussed. Meanwhile, the static stress
distribution around the blasthole under in-situ stress and its influence on blasting-induced rock breakage were
analyzed.Subsequently, the parameters of the Riedel-Hiermaier-Thoma (RHT) damage constitutive model for water-saturated
frozen sandstone at different temperatures were calculated and calibrated, and the calibrated parameters were validated against
blasting tests on water-saturated frozen sandstone. On this basis, a single-hole blasting model incorporating in-situ stress
loading was established to analyze the distribution and evolution of blasting-induced damage in water-saturated frozen
sandstone under in-situ stress. The Hough transform was further used to quantitatively investigate the effect of in-situ stress on
free-face crack propagation and orientation distribution.Finally, a full-face numerical model of blasting excavation for a deep
freezing shaft was established. Smooth blasting and pre-splitting blasting were compared in terms of damage to the rock mass
to be excavated, blasting-energy input, fragment-size distribution, and frozen-wall response.Thefesults,show that temperature
has little effect on radial dynamic stress but significantly affects circumferential dynamic styess/As témperature decreases, the
peak circumferential tensile stress in the near-blasthole region increases, whereas the peak gireumferential compressive stress
decreases. Under hydrostatic in-situ stress, the stress field surrounding the blasthole exhibits,i8otropy.Under nonhydrostatic in-
situ stress, both radial and circumferential stress fields exhibit pronounced directionalydependence. Increasing in-situ stress or
decreasing temperature slows the growth of the damage volume and inhibits damage.deyv€lopment, with an interaction effect
between the two factors. Hydrostatic in-situ stress restricts overall crack ptopagationtand reduces the dominance of the primary
crack. Nonhydrostatic in-situ stress promotes crack propagation along the maxjmum principal stress direction while suppressing
crack growth along the minimum principal stress direction. Low tefapegature yeduces the crack propagation range and weakens
both the directional effect of in-situ stress and the disparity Befween primary and secondary cracks. In-situ stress impedes
blasting-energy input, thereby increasing fragmentation nonyniforiity ‘and the proportion of oversized blocks during freeze-
shaft blasting excavation. These findings provide theoreticaland”engineering support for optimizing blasting parameters and
improving the efficiency and safety of deep freeze-shaft cofistpiction.
Keywords: water-saturated frozen sandstone; blasting; damage-induced cracking characteristics; in-situ stress; numerical
simulation
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Fig.1 Theoretical analysis model of single-hole blasting under in-situ stress
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Table 1 Rock parameters at different temperatures
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20 2.75 26.1 3.2 0.36 2177.6
-5 2.75 42.1 5.8 0.31 2425.7
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-10 2.75 51.2 7.6 0.23 2441.7
-20 2.75 61.8 123 0.21 2452.4
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Fig.2 Dynamic stress time-history curves at different distances“from the blast center excited by blast loading. (T = -10°C)
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Fig.11 Blasting damage gindition of water-saturated frozen sandstone

T —

B

T
X |

—4—P =P ~0MPa—e—P~P~5MPa =P =P,~10MPa

X

—4—P =P ~OMPa —e— P =P =5MPa —#— P =P, ~10MPa
——P~P,~0MPa —e— P ~P =5MPa —=—P ~=P,~10MPa
—4—P~P,~0MPa—e— P ~P ~5MPa —=—P ~P,~10MPa

P 12 BB (A AR B I T ) i Ak

Fig.12 Evolution of blasting-induced damage volume in rock mass over time

12



wmOoE 5 &
Explosion and Shock Waves

| Damage volume

1.6+10°
1.4-10°
1.3+10°
1.2¢10°
1.0410°
9.1-10°
7.8410°
6.5+10°
5.210%
3.9-10%

2.6-10

B 13 453 AR i 52

Fig.13Damage volume response surface

3.4 RN D3RR HSET REVF

K 25N S 7™ A IR L e AE TV ) ER T SR R, e B ey T ey e 1 14 Sk 7 AN
W L AT UL I )R TO0HS I H TR R SR FERFE . SR Hough 8 MBI R SR AN [F) 7 (o243 A
PO EE LR AT s R AL, WP 15 P BREUTT 03 AR B LI ASE A BE X TR W RELK L2 A
EERRREUE KRS, Gt X RIRE A 5°. IR EANGDACF T B AT SR a0 e
Fl L A0 L, & 16 TR

ZREF 14~16 AT, JRALR )RR FEX RS0 FRARIE R . 5 i . T SR 2 g AT, L, A
L BRSSOk RN T, A 6 Fl e ARG LU R . B BALS R, R
PRI W77 Ik, IR PEREUA B K 3 B3 77 s foe /N2 775 [ RS0 e N 32 21 1l . i
FEXS AU & S JRALIE A FURCR R R BT B, RN ) — ey, e IREFRIL, ROy R
B /N o RIS S E B A K BRI ) S BT [ R R Vi Z2 B ), IR SR S e P P
B, A7 1A RS0 AR EL I SR R R 1 B, SR UEREM A ELI ) 22 5308/, e BRI I 85 17 i
KR35 R REUGE 1A TR I RE R ALY R B9 5] ETREHR A, AR IF R O3 SR AL 5%
RO D7 M EEA A, T2 E M B R EUR B REE, (L E T AR A I IR R e, ANE
BE, METHIERE, -SCHERSKEZERERD, 20 RE R, KRS E R —E 1
ETEASAE, A A TROFIEIIRE o

13



wmOoE 5 &
Explosion and Shock Waves

T—-10°C

Damage

Casel:
P =0MPa
P =0MPa

Case2:
P =5MPa
P,=5MPa

Cased:
P =5MPa
P,=0MPa

CaseS5:
P=10MPa
P,=0MPa

K14 8 i Rak gR
Fig.14 Crack developmient eirthe free face
T=-5°C =-10°C
90° 401,

90°10%

602 120° 60°

300 1507

A
| 0°180°
|

P,=0MPa
i 210°
240°
Case2:
P =5MPagp° -
P,=5MPa |
: 210 /330“
300°
240 %goz.,
1202 S
: 15%
Cased: ' / 3y \ -
PESMPa 1800 '\o 180° {_——%—7J == |07180°
PANIPA_o\ / ] /
2[(\ /330 210 // 30° 2 330° 210 330°
B 300° = —300° ° 240° 300°
0 A o %)(7)0:0 90"\0”
1200 —020% 1200 —235%¢ e ——=60° 1200 ——_60°
150 m‘J\w 15(/ 10‘\30“ 300 1509 6%
Case5: f |
] g | pEm—prhl o 150-

P =10MPa 150" gl | ° | 50° | pmmm—— \
P,~0MPa J |
' 210° 330° 210 /330" 210° 330° 210° 330°
° 240 300° 240° . 300° 240° 3000

240" 3700 270° 270°

15 1R85 24000 A IR AL bR B ER I

Fig.15 Polar rose diagrams of blasting crack distribution
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Fig.16 Crack propagation extents along the horizontal and vertical directions under diff onditions
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