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Application of Casing Pipe Charge and Double-layer
Perimeter Holes on Controlled Contour Blasting in
Soft Fractured Surrounding Rock
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Abstract: In traditional smooth blasting construction, soft cracked surrounding rock is prone to a series prob-
lems , such as difficulty to control the amount of overcutting and undercutting, serious damage of surrounding rock , and
low half-hole preservation rate. Based on the blasting construction of Xiaobaiyan tunnel in Guizhou Province,a casing
pipe charge blasting design with double-layer perimeter holes was designed for soft fractured surrounding rock. In this
study , starting from the causes of overbreak and underbreak ,the perimeter hole layout,charge structure and blasting
sequence were optimized. The charge structure of the outermost auxiliary holes was adjusted to the same uncoupled
charge as that of the perimeter holes,and a protection casing pipe was added to the side of the reserved rock mass in
each perimeter hole. The perimeter holes in were designed to initiate first and then followed by the inner layers of
holes. Through numerical simulation and field tests, it is determined that the circumferential spacing of the double-
layer perimeter holes is 500 mm, and the radial spacing is 650 mm. The initiation delay interval of the inner and outer
layers is 50 ms. After applying the presented blasting design,the amount of over-excavation in the field test section
has been reduced by 40% to 60% compared with conventional smooth blasting, and the half-hole preservation rate
has increased to 89%. Finally,22 kg explosive consumption is saved per cycle advance and the economic benefit is

significantly improved ,which has a good popularization and application value.
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Fig. 1 Tayout diagram of blasting holes upper steps(unit;cm)

s H#1:2021 -09 - 08

EER T BRI (1971 - ) 3B 2R W, RN T 55 1T
T M5, (E-mail ) h_zhq@ qq. com,

BWESE EEFT1997 - ), B L5k, FENFRBHIEE
TS, (E-mail )3085103975@ qq. com,,

E R : HK A AR 54 (42007241)

N SRR A7 TR /IR AR Sl B
S R, i T s R i T AUR AL, AR
JEl A ALOR B S A — DN A T 4 B S ELR R 1A
SR NP3 31105 N G SR T BUBE LRt VI G ER A )



H39% A1

BURER, BEIET X F A UZ S 1 LA BE R RS s R R 1 I 5 77

SETTIERAAKRBE SR, I 45 5 B 14 s D0 S
FrEaE.
2.1 A mEMRK

HISCHRL 6 ] TR, SE PR o2 T, e fh 2
S B ALE e T A i FLAR AR i HLRe 2 R T AL,
il B AL A B N e 22 B N B 22 et A A 2R
PRI TR S, IO R AR E 2
RAAE . BERAT AT, SR 2R A

_ q,
W, = cEl, ()

Keg, ML i1, LI ¢ M FNLIA
BURKEZGHFE R, BT b R i = AL T i 22 0
T REALRIRAT R o S PR b R f LR KR A
2T &2 R IR, R R LR BT ARG
PN EAZNG OUATH SR E LA ], T of$id 473 280 7 7 5K 55
BB [ 5 o

WRAE LA EDFTE, N T A AR 98N s
JERHBIFLXTEHR 2 B0 IR , N 5 R IR SN =
B LA 2R . PSR 1 AR i LI LR
5 13#HESLANIR B 25450, TE B T U2 S 1AL, X
A AT LRI 1k P92 S FL AL 2 it KRB 5
JEREIZ , DT/ R S BE A5
2.2 REEHMRNL

KUZ JE 1 FLI R 2 45 A 2 0 ARG 3 25, ih T
BRI AL 4 4 A SRR B A 2
BF TR, A GG UOAZ T OU B, X T KAz o
AT AR, X [l A5 O S e LA o AT
FEHIERANZ DAL BCE 1 I BEE AP BE 2 e
HA D ER R vh o B BE RS 28 1B BE A TN 25 R4 R
(XU BELFR , S8 5 A T E BE L R g B A
9 ST S P e B8 o PR — 00, 72 D A B 2 1Y
[ RER S NG Py [ RV - S

P2 g RUZ A 1D AL BE R s T et L5
FERISS SR AR A AL, 74P BE A A T IO 0 98
Sl s T — U £ v AL 4%, 55 R A I LR
AR A3 7= A B INAONE , TR T B o 3 9h,
HIZJH 1 AL R o ke 2L A e T B A A LB £
FH AP BEAE T S A0 T BT OB A g A A
TEABE b7 A SRR g {6l [ o 7= 2R RS, 2 A1M)2 A
W1 FLIRI IR AL A 52 B AL RE 1 28 4% B0, T LR AR 1Y

RUZ DAL 2 25 25 el 3 FiE 4 Fros,
HMNZ SR AL O 2 S A B AR A 2N, T A2 A 4
FLITE PR B B ) — 0 3 BE AR, 5 3P BEAS 15 2
BYRFLAE— &, AL R0 [ 5 P BE R J5 17, e K

T 3t Dol N [ 5 B

Bl — )

W W S1 21 1L

o io |ig.
R TE
\ / \ /
\ / \ /
\ / \
A\ /

\
- %V\]Eﬁﬂiﬂﬂ
Bl 2 XUZJE LA BERR A )~ T

Fig. 2 Blasting mechanical model of
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Fig. 3 Chart of charge structure of outer perimeter hole
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Fig. 4 Chart of charge structure of inner perimeter hole
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Fig. 5 Layout of double-layer perimeter Holes
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Fig. 6 Schematic diagram of casing pipe smooth blasting
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Fig. 9 Position diagram of double-layer perimeter hole
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Fig. 12 Excavation contour monitoring schematic(unit:cm)
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Table 2 ZK49 +980 Section detection results( unit: m)

5 w5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Bt — 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 —
S —  6.48 6.45 6.50 6.51 6.44 6.52 6.45 6.49 6.50 6.49 6.45 6.46 6.45 —
TR — 0.25 0.22 0.27 0.28 0.21 0.29 0.22 0.26 0.27 0.26 0.22 0.23 0.22 —

3 YK49 +980 HTEIH L5 R (B AL:m)
Table 3 YK49 +980 Section detection results( unit: m)

=%/ 7R= 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
wil — 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 —
S — 6.40 6.39 6.38 6.39 6.40 6.41 6.38 6.39 6.39 6.38 6.40 6.40 6.39 —
= — 0.17 0.16 0.15 0.16 0.17 0.17 0.15 0.16 0.16 0.15 0.17 0.17 0.16 —
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Table 4 Comparison of blasting effect
SRR YEZE i kg FORMIZE/m M/ (em - 71 BRERKE/m BME S /m fLR/ %
WL TR 192 0.29 4.1 24 1.6 72
KUZ JH 1135 i AR FR 170 0.17 3.9 20 1.8 89
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Table 5 Comparative analysis of consumables per cycle
EEEAS BRI R A BUZ A IR 6 T WA %
PEFFER/m 1.2 1.5 0.3 25
T IR A% 222 212 -10 -4.5
Y2/ (kg »m™") 42.15 33.20 -8.95 -21.00
EE/(K-m) 40.0 25.0 -15.0 -37.5
PRES/(m - m™") 0 55.5 55.5 100.0
B/ (m® - m™) 3.52 2.16 -1.36 -38.60
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