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Abstract; Researching controlled blasting technology for hazardous rock bodies in complex environments holds
significant theoretical importance and provides valuable reference points for enhancing highway construction efficien-
cy and mitigating potential risks. This study focuses on the Gulin-Jinsha highway construction project, aiming to elim-

inate the dangers posed by hazardous rock bodies during construction. Six scanning stations were established using
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3D laser scanning technology to create a high-precision 3D Digital Terrain Model (DTM ) of the hazardous rock

bodies. Additionally, four object detection lines were deployed using a high-density electrical method to achieve 3D

visualization of the geological features in the hazardous rock area. A fracturing test was conducted based on the high-

precision 3D model. The designed depth of the shell hole was 70% of the height of the hazardous rock body, with

fracturing pipes connected in series and each pipe carrying a total charge of 720 g. The results demonstrated that the

constructed high-precision 3D model accurately reflects the morphological characteristics of the hazardous rock body,

providing reliable information for the blasting design. The fracturing pipes showed effective fracturing performance , fa-

cilitating the removal of the hazardous rock body during subsequent stages. This method offers a viable reference for

similar projects,showcasing the potential for efficient and safe removal of hazardous rock bodies in complex environ-

ments.
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Fig. 2 Maptek I-Site XR3 three-dimensional laser scanner
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4 52 24 B A R e R AR, FE PR AE A
111.9 ~401 Q - m, $EW A2 U ZKG 4 >+, B
1~ 14 m, FHSH BH R, B R AE O 301 ~
4851 Q - m NN —F RZF UL (Plm) KA. Hil
WZE 34 ~37 5 i ARG RH S8, S8 1) B 284 = A
15 864 m Ab,2 MIZE 31 ~35 5 i WAHXHICRH S8, S
] T SEff 2R 850 m Ab,3 2R 18 ~24 5 s WAHXT
IRBHST 7, S8 ) T 2 2245 5 857 m Ak, 4 UL 41 ~
45 55 5 WARXHIRRH S, 55 1) T A 2 bR S 835 m

(a) Z%# 870 m 5 FH X 355 [

(a) Z—-axis 870 m high and low resistance area

Qb N A R B X I E BB/ 20 m,

FE A FEAT = 2 ] AL A P S BRI 1
221 ~44 55 2421 ~44 55 3 426 ~54 5
4219 ~42 55 2 Voxler B4k BEA: BEAS ]
TR B s AR B I S an &l 8 Fr . I AT,
840,850 m 860 m — Br i BH R AH 3 K, HAHH 2 1]
Z RN, PR fE A R TE MR B X 2 i SR 5 K 1
{A870 m Ak H 30 B Gk o I BHL A28, #0052 A b T
WA 30 m,

(b) Z 41 860 m 1= K BHL X 12% &l

(b) Z-axis 860 m high and low resistance area

(c) Z#h 850 m = fER BH X 35

(c) Z-axis 850 m high and low resistance area

(d) Z i 840 m 1= i BH X 12% /&l

(d) Z-axis 840 m high and low resistance area

8 R RH Xk

Fig. 8 High and low resistance area



BALE A

RS, St A P, A BT RO R R A AR T AR BRI 95

3 BRI

3.1 BREEEM

N T AR RBERT A 1 A5 38 10 18 3 [ B
AERRE S AR AR R ZER, 1 U N AL T AL T A BR
N ARG R LA 9 frRt
HE TR RAL RNRIME B Rz 2k
KEGEFRII N G RBANLE, 2E5 8 £
I A K 2 HRIR A R R RE U, T FLBE it i
Ty, SEBUREE B H A, DN A B o e o A G I
AR RO RSV FERD
3.2 mIBH

T IR S BOA BOR , dUE A b B e
B — A I A TR A . PR 30 em R
AERIEAEN 0.25 kg/m’ S T SCBUEUF RO AL

BT RAL IR BE Ry DA 85 B 1) 70% |, PRI I 75 4 B
TS VAT HR B AL i AR 2 i R
FURERE A4, BRI 180 ¢, BT
LB AL g 1 P 10 FioR.

K9 REaigsitr
Fig. 9 Structural diagram of rock-splitting pipe

®1 REEHASH
Table 1 Hole-pattern parameters of rock splitting pipe

2 2 3 =N
T R T N R Ve = R VS I
38 2.5 1.75 1 0.192 0.72 4 x 180 Ak

K10 A fLJ7
Fig. 10  Arrangement of holes

ARBRE A LB R i K 2 AR A Y

Monig
KRR

Ko
"

(a) HBRE

(a) Fractures picture

K 11
Fig. 11

THSFLALEE, fiis £ R A s

IR, TR SN W it £ R B TR , B 2R E0R
TS H A XA AL 38 282 I <
PRIR AL, B (80 RE A0 R 1 G . AR5k
BGRVRELK AT IR AL I ZE | 15 ZE It B B — BLIE
B BEFL S Ab B, T P R IR, B AR AL o2
ik
3.3 BEER

HEABE I R A KA, A B R 2R, ELRPER
)AL, RS HR U 300 m LA WL W] B e o 4RI
IR SE MR TR T 4 255 1 SE MY LB, 5
TR AR, WIS R E 78 TR A
ZRASIRIEL T, 258 BA IR 1 A 1 B
Ao IR A RLBR NP 11 Pr.

o .

(b) BRI

(b) Fractures picture

IR

Blasting cracks



96 b

7 2024 4E 12 A

4 IREEIREN A
4.1 JREHRE YT
I 1 P A S PR A R 9 120-N

(a) B> 2 m AL W A5
(a) Monitoring point at 2 m from

the center of the explosion

(c) BEARC> 6 m ALk WS £
(c¢) Monitoring point at 6 m from
the center of the explosion

RSB IIRA , ZERE B M0 2 m 4 m 6 m 9 m [{{i}
BB VYA AR Bh I IR Bl 0 A A
12 Jirzn o B3R 4 31 DU 4 AR i Ik sh &l , ansk 2
NS

(b) BEAR > 4 mAh W) 5

(b) Monitoring point at 4 m from

the center of the explosion

(d) BEAR L9 m Ak W) f5

(d) Monitoring point at 9 m from

the center of the explosion

12 RSl A

Fig. 12 Layout of vibration monitoring points

* 2 BAIRIVEE
Table 2 Blasting vibration data

X-PPV/ Y-PPV/  Z-PPV/
W ARG/ m (em-+s™) (em-s') (em-s™h)
1 2 0.7039 0.2611 0. 1521
2 4 0.0931 0.0392 0.0541
3 6 0.0760 0.0383 0.0323
4 9 0.0700 0.0276 0.0175
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