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Design and Engineering Application of New Energy Concentrating Tube

TIAN Jia-xuan ,ZHANG Chang-suo ,LI Ze ,LIAO Lin
(School of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024 , China)

Abstract: Smooth blasting is generally used to control tunnel formation,which requires managing the density of
the line charge. Conventionally , air-spaced axial uncoupled charges are used and connected by detonating cords. How-
ever, detonating cords require a large amount, are expensive and difficult to approve,and cannot achieve uniform dis-
persion of charges. Currently, bottom-concentrated charging structures are used without using detonating cords in the
surrounding holes of tunnel excavation, leading to serious over-excavation and under-excavation. To address this is-
sue,a new type of energy-gathering tube has been designed. This new tube combines a PVC half tube and energy-
gathering cover with a fixed ring, enabling precise control of explosive amounts , simplifying the charging process,and
ensuring the stability of the entire device. It is not limited by the water environment, providing efficient energy trans-
mission and effectively controlling tunnel over-excavation and under-excavation. To evaluate the blasting effect of the
new energy-gathering tube, it was first verified through a sacrificial explosion test. The test showed that with the new
tube ,multiple sections of the detonated explosive can be stably transmitted at 30 cm intervals with a dosage of 60 g.

Numerical simulations also demonstrated the good cutting effect of the new tube. This new energy-gathering tube was
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applied in the Dongshan Tunnel of the Fenyang Shilou Expressway, achieving smooth blasting without detonating

cords with a line charge density of 200 g/m and a half-hole trace rate of 90% , effectively reducing over-excavation

and under-excavation.
Key words :

analysis

H Hagthorpe 21 T OGTHAR B R AR, E R Fb
2 AW AT A 2 SR A R T T A
o WMAKREF3E Pageau S54GRS BN BEIt
FrifE' ! s Smith (K G Hinzen 4351 5 FH 50 A5 400 K 30
Gy > RIS T O R P 2 BE R O B RE K
IO 1AL RE AL . {EL A BRI 4 U LA A
AR BRI 25 R RS R A v e 24 25 4, AN AN L4 R il
b6 T P I T R BN ASCR , 38 2 5 i i 36 B A e
TP R M AR B TR B TR
52 M b Bl i s A ) ol 2 24 o B R BB 1 AR A
il o A5 2 B 7 A0 iR 0 P T AR A
I T AR A . B IH 25 500 A [7] 2 /< R s 25 254
FE A BEAT T BE 0T S5 BUE IR, & B AL
RE R Ul ) AN Y50 43 A 5 G B A6 3 2 450 A 0L
SE T ORIR TR I8 A 1) s 25 0 = (AfE
TR, Tk 2536 S R 3 B4 — 5 1R B 4 7E
R b T A AL AP FERCRAR A = TP 2%
SRt , HOSRR AR A P, A A LRI
T TRERSA

SR T T 7 B DA B R AR A R AR 15 4
S T8 104 2 245 45 R T 1) 5 ) AR 1) L e 24 4
FR0, FE e R IO U M L A K A SRR,
WAL R T R AR LY, IR R AR R AR EAL IR & 2
A1, AT SE B S50 0% o PRIGBILAERIF 9 T L %
AR RO S 2 st B B s,
PUAHE A B0 K5 K 25 90 B 2 W 2 R s 250
FAERITFE T 4% 1) SURS B RE A o R 2 st kg i s
S IR BE S AL AR 5 A% MR U 2R P R0 K
TR XR AR SE AR T  h RAERE + A
A2 Bl b 2607 K020 I R B T B
RS, G R B LSRR T R R S K A
AR T AR,

PO B RIS B N A — RN R Z
A T ] R A T A B K R RE AN |
REAEE M N eE R [ S BU R IR B
PHRCASE 2 2y 0o A S LT B A s ) B A
AN 30 47 % e LA K Bl 1) SR 8 ) s A 3iE — B
S SN R BRI T HAE L bR TR TR AR AT
I o

smooth blasting; sympathetic detonation; numerical simulation; cumulative cutting blasting; stress

FIPVC 40 T R B Re g, LAy BH 2 47 4
RN AR LB O TR B B (AR 5 B
% AR SS BB ST T B e 5 250 2 e A5 e R Ot
TR P I A T AT 1, O A B4 1 T AR
R

1 FHEREESN

FIRIREEE 45 A T PVC L4 R pE B A
PR, 5B T AR 0] SR BE LAl ) BE i B4 e 8 G R B A
i, IR O 1 K2 F R al Pt

PVC MPRLEA R A4RB K Mba e PR RE, L F
UL R AT LUAT 5 B 1k KR S Wy itk A 24 40 22 T
WEGR TR AU o [ AE, PVC A PN A 1) 4 ik 31
P m R BERVE I , i BE 1 i A8 BE S A T T Bl
Ry, R B ORAP R BOME D, XK 2448 0 I A
AR I R A — R 2 SR D, 8 T A Tl 1) £ 4
s ol PERE L, 2E— 2D AR TR 256
R IR RERE

RAEE N B HEE G Jm 4, fEXE 2 AR S , M
BRI 2 BRI AT ER R T, BRI ek | e g
o P P 45 JA SO o 3Rl 4 i S U i 24 B 4 f
Ja , RERE 51 A 5 ZU A itk , DA T 52 B0 A e A1) J 1
3% o

18] 5 BRANA BE A T D 3R 8 e 1 2 24 i oS 1
(B I ORI B, (A5 2R AESE L IO S5 A AR E Il 5
1117 LI 1o [ PR A S A5, AR PV C A8 TR 4%
T —A P UI 48 A9 A AR 1A 1(b) R KE2h 4K
[ 78 0 AT LA ) 8] B HE S A 285 5 AR IE T
K2 A n] P2sbh o i B2 [ S 3 67 8 vl LAAR 3
LYt SRV B K 245 i e AR

TREAERE B SR G ZE M ANIAT 1 PR

2 FRALRE

YT A £ e R SCRR [ 1L ], 2508 Al 3L
BB 17 em (170 ) 2" A1 FLALKE 251 JE4E
HER KGRI O 105 em, AT 255 KRR TP AN IE
BN TOCTR R 2454 . B LR REAE S 2 451
A2y 60 g, AHE 60 g 27 A AT FLALAEZS + B
REELAOFARIE B, B3t 1 — R 55 ka5 DL g6 U5t



BA2E H1W

HIZHE, SR BB, 2 7% ORTBURREA BT M TR 161

AT BN E B0 52 A R SRR S o e 0] Sk A
[5e] 2¢ WH AN [RI R 1 28 B L BN [R) SR 2 T ot A
BEAFAEW R, 22 PRI I 2 e B AL AR
i 40 mm, BT LCR AR N 40 mm B33 WIE 58
J1%E PVC A S ICEE WA A AN TR 9 R 2 ARl
FLA SRR RS

PVCHE 2%

El 2 2R b

(a) B BIZR AEAE A ERG5 14

(a) Internal structure of new energy—gathering tubes

kS

(b) B EUR BB
(b) A new type of energy—gathering tube

(c) RHEE

(c) Energy concentrating hood

Bl RAERE A MR 4 R B A

Schematic diagram of energy concentrating

Fig. 1

device and charging structure
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Table 2 Parameters of air

%E/ ( kg -m”™’ ) Co Cl Cz Ca C4 Cs C6 ﬁ{ﬁﬁ:ﬁ:{ ﬁE *ﬁﬂ'ﬁ:*ﬂ
1.290 0 0 0 0 0.4 0.4 0 2.5 1
x3 KHBH

Table 3 Parameters of explosive

BWE/(kg-m>®)  D/(m-s"") Pg/GPa B R, R, o RAARRNEE
1000 3400 5.73 0.55 6.5 1  0.35 3.51
x4 PVCSH

Table 4 Parameters of PVC

HE/ (kg - m™)

SAPERLEE/GPa JAFALL  JEHIRIY T3/ MPa AR AR G AL 1

DRSPS

1300 3 0.25

22 252 5.96
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Table 5 Parameters of rock

W/ (kg - m ™)

RPN F1/MPa PiIEREE/MPa  BUHIREE/GPa  JE HTELIE B N B D, HiGwE D,

2300 6 80

14.86 0.61 0.04 1
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