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Abstract: In loess region blasting operations , the fragmentation and compaction effects on surrounding loess sig-
nificantly influence both construction quality and blast design optimization. Field blasting experiments were conducted

to examine these effects, utilizing digital image processing techniques to extract cavity surface crack and clod charac-
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teristics for loess fragmentation analysis. Concurrent measurements of blast cavity profiles and peripheral cracks were

combined with laboratory testing to determine blast-affected soil zoning boundaries. Numerical modeling was imple-

mented in LS-DYNA based on field data,with explosive length variations simulating different charge weights for loess

blasting scenarios. The experimental results demonstrate that the post-blast loess exhibits five distinct elliptical

zones ; cavity zone, crushed zone, cracked zone, compacted zone, and elastic deformation zone. Within the crushed

zone , the soil develops both wide fractures and short, thin cracks, predominantly interconnected through T- shaped

nodal intersections. The resulting clods primarily display irregular quadrilateral morphology with complex geometries

and extensive internal cracking networks. In contrast, the cracked zone predominantly develops elongated, narrow

cracks interconnected through Y-shaped nodal intersections, exhibiting irregular pentagonal and hexagonal morpholo-

gies. Experimental analysis reveals a hyperbolic correlation between explosive weight and both the radial dimensions

of the blast cavity and its influence range. In contrast,axial dimensions demonstrate linear proportionality to explosive

mass.
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Table 1 Quantization parameters and

definitions of cavity crack network

x4 URCE =54 GiRe2 A Yl
Quantifiable object Parameter Symbol Formula Explanation
B E L L, AT 2 0] R BT A A i
Crack length ‘ L, is the crack trace length between two nodes
i AR L AR
S U c . . .
Cz\z kJ ';}1 W, W, =7 A, is the area of a single crack,and L, is the length of a
rack wi .
single crack.
R ® PN AH S 2R ) B4 £
Crack intersection angle The angle between two intersecting cracks
Ao FBLB BT, A Sy DR TR
2R EEiES Aoun o :
Crack Surf \ rati R, R, = A Ay 1s the total area of cracks,and A is the total area of
racks urface crack ratio
the region.
o R v N A SRR,
Number of nodes N, N, = /I" N, is the number of nodes,and A4 is the total area of the re-
per unit area gion.
B TR L B BOER N N, HEBTBE A X TR
Number of crack N e Ny = ;"' N, is the number of crack segments,and A is the total are-
segments per unit area a of the region.
Sl 24 K S B Ty
BT L Lo WP L N, BB
A leneth of L Ly cang = # L, is the total length of cracks,and N is the number of
verage length of cracks s
i £ ¢ crack segments.
— L A WEBRRTRLL,, BRI
71N >) U, csum . .
A = il J?X K L e =7 A, 1s the total area of cracks,and L, is the total length
verage width of cracks esum
& of cracks.
Pelkin % ZF P AT A ) 2R B K
Number of clod edge Number of crack segments forming the enclosed clod.
PN AR T PR N N, A HHAKLA g X TR
Number of clods N, N, = A” N, is the number of clods,and A is the total area of the re-
per unit area gion.
T 85 /N S TR A A BT R Y B KA
Clods Maximum clod area o Maximum area of clods.
iﬁ%ilz‘ji]ﬁfu A A(,s,l,,li%iﬁ%,é\ﬁfﬂ 7N,, %iﬁ%/l\ﬁo
A f/i d A e g = ]‘G”m A, is the total area of clods, and N, is the number of
verage area of clods o
& clods.
FRTp Pl ¢ NERCA, AL, P, ALK
Fractal di o f clod Dy c= Au,/z c is a constant, A, is the area of a single clod, P, is the per-
ractal dimension of clods .

imeter of a single clod.
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