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Grouped Delay Initiation Technology Using Industrial
Electronic Detonators in Tunnel Excavation

YANG Yu-yin ,WANG Shao-feng ,ZHAO Su-gang ,ZHANG Hong-nian ,ZHU Guang-miao
(STECOL Corporation , Tianjin 300384 , China)

Abstract; During the excavation of Paishanchong Tunnel of the Quanmutang Reservoir Project in Hunan Prov-
ince, blasting operations were conducted under environmentally sensitive conditions, featuring direct undercrossing of
Provincial Highway S227 at the portal section and adjacent residential structures. To address these safety challenges,
a controlled initiation system utilizing industrial electronic detonators was implemented. Identical category blastholes
were cluster-initiated with precisely calibrated millisecond delays between groups. The cutting hole initiation se-
quence was meticulously designed alongside strict regulation of the advance per blasting cycle. This approach suc-
cessfully contained peak particle velocities to 7. 1722 ecm/s beneath the provincial highway and 1. 6033 c¢cm/s near
residential areas. Field implementation demonstrates that in tunnel excavation and similar underground operations,
cluster initiation of homogeneous blastholes with optimized initiation sequencing and delays effectively mitigates blast
vibrations while maintaining fragmentation efficiency comparable to simultaneous detonation of identical holes.

Key words: grouped initiation; delay timing; initiation sequence; blast vibration control; industrial electronic

detonators ; tunnel excavation
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1 TSR

HELL B A7 T 190 5 A4 B A T ) R B, &
1426. 997 m, JiK ¥t i = 172000, ¥ 11 #E 2 SDO +
606.289 m JFEHR i FE V 236. 320 m; i K BES SD2

+033.286 m JEEM SRV 235.608 m, % i 45
IR TRIE  FFAZWTTR 98 2. 40 ~3.06 m 15 3.20 ~
3.68 m,

ASCAIFFE R AR B, FHE L & s 11 SD2 +
033.286 ~ SD1 +953. 286 m, 1% s 2 [l -0 U
B T 28 [l e, R A2 B 9 3. 06 m = 3. 68
m, AP T AR R R R T ) R
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2.1 FEERE

Hetl vp B% W 5 © SD2 + 021. 850 ~ SD2 +
016.350 m Bt iF /20 A S227 4 i A B, 1A T
P B T T ELPEOES 11. 211 m, BIHT IH)ZE N I T TR BE
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Fig. 1 Site plan of the tunnel portal and its surrounding environment( unit:m)
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102 m® ZE A5 BRI T 42 Wi i =, 22 5% HIAR IR f
[F]— 21 FE R L[] B AR R () M LB i 2 7 12 ~ 20 A,
[ ISR AR 04 V& L 15 ~27 A, [a] i e 4 1) J&1 0 FL K
23k 49 A~ WNEE R EAR M L, RIE 45
FEFLEAFLZG 1L 0.8 kg T FLEAFLZN HE%€ 0.6 kg JA
DAL ALZ % 0.3 ke, g 25 WAE 9.0 ~
16.2 kg o X 7R AR B4 i 225K LA oy 9 &2 4 00 45
SR T, Hm 2 AT BE A SRR Hh T AR R R
LR 275

H A, B Tl B B S A RS TR 2 T i
el il B 24 1 1 O 3 B TS 2 AT R, HLAK
A LUCRIA T 15t «
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TP B S 24 S A T 2, o I 2 AR AR 5 K ) —
Pl 2 i 1 FL ) 0 L R B ) 225 0 4 o) 5 22, 43k
U I R — AR Y AL,
M) 245 455 T 7E AR VF 25 i Ya Bl

(2) F 5 [ 2 b L 18 A8 A2 Fsf BF ] R ) 425
Hi R AR 2 R E A, R S Bl A LR AR A
BoRimzE | 4% 2 HE R LR G . MST B FE i
RZE 13 ms MS3 B AERT iR 2% 20 ms \MS5 Bf 4E A 1%
75 30 ms, {H 3K —JE A 15 22 A DU ) SE B SR AR
SATHAE W R TR B, X U I, S B B[R] OR 25 7
20 ~30 ms W}, I A 52w ] — Bt o7 19 42 A A0SR
I, 7SR FHSE BRG FEAR i 0 Tl L TR I, W) —HE
XS PR AL | [R]— PE 2 A v L 32 L Y 4 4 2 ] ]
R /1N 49 S BB ), ¢ /)N 178 S2E B s 1] 475 8 £ - [
—HEak A — P8 2 A AR RO .

(3) 38 224 384 HE 8] 22 J B (m) . 6 A8 AL 45 HE =2
) 3 7 FL A HEZ 18] 21 P s v L5 R 3 L =z 1), g
A 70 AR R TE] B, DA E R HEFL g 0 e 72 40 T
BEA, O Ja HEFL AR 6] 7 Fe A i 2 T, o i A
TR AT LUAT R0 il e PR R L AR i IR 3 &, sk
B ST s R B RGO
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23T, A RG2S s, RO, SRR R T B R 1 2
i, R, A AR IR B iE EE O T i
K, 5B J W I T) g s ] [ B ol it e i sl 25 7 A=
BN, SRR R, DAL S A 2 R
e 2 F0 48 MS1, MS3 | MS5 B, i [f] [6] f@
50 ms , SR H] Tl HE 75 48 P S 1S At s 9 HE A
JEEFE L) A 5] [ B, AT SR 100 ms i v £L 4%
() 73 7% L. 55 F i1 FL 22 [a] [R)FE ] ISR A 100 ms

4 BEEITAR
MR LA E 30T, HELL pf IR s 1R BT 4557

PR T, A W T 42, R R T B E SR, Jf
FLEAE ¢ 42 mm JMFLIRERGIFE 1.2 m DL, %54
00 FL R FH 432 7 = ) — b o LA 05 79 28 1) oR
FHAE N 22 E SRR AR DT =2 18] SR A K ik 2 i 441
FRA TR — AL AL B e i B 24 e A T s
4.1 BREERM

(1) ¥E2h . 3 5% 11 BB BH = AL A BR 54T 2 7
AR 2 S A FARREZS  HAR ¢ 32 mm HE 300 g,
+ 30 em,

(2) 58 6 H 538 1 e A R =R O I 45
A AP OB VBT L8 5 XQ-A AU Tl FL
TR R —20 C ~70 °C 5 G i) 47 4
i TARSLPRTTZAE 0 ~ 16000 ms AT Z iR E, fe /)
BB E AR 1 ms; AEHART ] <150 ms B, IRZEAN
KT +1.5 ms; FEHAMFE] > 150 ms B, AHRFR 22 A K
F +1% ;AL 0.6 mm BT EAE L R .
4.2 RRBE@HETE

SR 2 i ] e (1) 11

Qe = B ()’ (1)

RN S SRR R R B, m;o
KR X G RE AR Z % 4 LR, em/s 5K .o N
PRI B ARG 18] 5 1 | M A AT S R B
B2 Eisg

AR IR 2 AR ) ) R FI2E TR M, b 36
AT AR A UV TSR B AU 2. 0 em/'s 5 3C
Bk[2 ] 28 d IS AR BIREE S AERIZE T Y
AR A VPR S IR B E R 8.0 em/s, 5 B H| A
TR I TR PURPERE B TR L, T HL
MBI e A SR VF S IR B E N 8.0 em/s, %
T LA 200 5, Jm v i, B K =200« =
1.65, KM REEELER, Wk 1,

4.3 1BEIEIT
4.3.1 AARH

(1) E5FL A% D SR Y128 B F UL 56 7L, &L
FLEAE D =42 mm,

(2) B IRIE R L SRy s sl Bl 9 20, SR FH AL
ANy R T AR A R L = 1.2 m,,

4.3.2 @My Xkt

(1) Haht gy e o 5 T Bl B G | B0
Ik RO, ] R A ks | 18 S SR L Al B
AL

(2) EFIRE LRI AL % T 1B b 4 4, 4
RAE KB AL =20 em,

(3) Bt E SRS FL A FLIR IR ¢ % R S i iR
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Sl T 2L, YRR L D e 2 A BRI R /), FL
JCHE B B HCIME B ¢ =15 em,

(4) EHMEIL S ¥ F i a: BlA R H R
f=4,ZH3CHk[7 ], B a =70 °,

(5) E¥arlfLK B L L, = (L +AL)/sin « =
148 cm,

(6) EFFEFLILEE o, 28T F MG LN 24 i
BEH IR A /)N, FL IR AN B3k K, = 4 4 L L B
a,; =30 cm,

(7) %l Bh¥E A L - A 8 T 3 P04 L 5 16 30 9 7%
fLz ), 32T 5 M 9 v L LIS 3] 32 $ A L 1Y
FRPTLR A R IR R, AR TR 2L

x1 BARMHERITER

Table 1 Calculation of maximum charge per delay

. N - e SOV T s AR B0 SV 2 i
L BHRPTESY KTEER WSRO A4 - e Jerre
F5 . . : Allowable particle Maximum allowable
Protected Horizontal Vertical Direct 0. . K o
No. : ) ) vibration velocity v/ charge per
structure distance/m  distance/m distance R/m 4
(em-s™) delay Q,,./kg
AS
1 W T2 B 0 11.211 11.211 8.0 200 1.65 4.048
Ground road
A RpE
2 Residential 24.61 16.756 29.773 2.0 200 1.65 6.097
building on the right
4.3.3  pA% 3Lkt

(1) P& FLALIR L, B L, =L =1.2 m

(2) TEFLALEE a, : AR R B L/ 1 4
i, a, =70 ~80 cm,

(3) ARVEALHERE b, :
~80 cm,
4.3.4 JFia3likit

JH DL RS AR B

(1) JAAALR Ly ULy =L =1.2 m,

(2) JAsh LA R E - B v R i 45, AR 4f SCHk
[1],BUE =55 cm,

(3) Fe/ ML OGRS ) W AR SCHERL9 ]
FIRZE TR, AR BITE W= (0.8 ~1.0) E, L

R B AN [R], EH b, =40

W =50 cm,
4.3.5 JaIHE
FEIR DA L AL 2485, 8y Je fL A K, Gkl 2
J7R
4.3.6 EHBHLEMEKT

(1) 22y 250 S TALIR IR, BlA AR
FrGAL i AL R FLEIR ¢ 32 mm FLALSEZY
g2y, Toll i 75 8 S m] i 4%

(2) R B M FLIH R N L AIAE - B 4
FE AR LA ZE R L EOR AT 70 om; fif V5 fLIH 58
K EA/NTF 60 em  JEHFLIEZER FFEC 30 ~35 cm,
4.3.7 ®¥¥HFZHE

AUt SN E T AL AR

(1) EHtE LA 2 Q, Y R EHL n, =50 %
&, Q, =n,,L, =0.74 kg, B Q, =0.75 ke,

" (r| Oms |
c & [T~ E 3
RN — 1. IS
|§ 20 ms | g
s iy
Sl A
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(a) AL B
(a) Layout of blast—hole arrangement
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Fig. 2 Typical blast-hole layout( unit;cm)
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(2) HBh R FLA 255 Q- N 3 (b) iR, 5
EARREFLAH AR I 7% AL AL 2 AR LI
285 cm Mk AT FEMRARITL i A B 1) L, B
THEBRREAL S B R LAITLR W, =45 em fLN
A5 D EZGRIAT B Q, =0.3 kg,

(3) FVEFLAC 2G5 Q, 25 R HHL n, =40 %3t
B0 Q, =n,,L, =0.48 kg, L Q, =0.45 kg,

(4) DAL Q, : Bl g i e, AR 4f SOk
(1], Rl LA 258 FE R g =250 g/m, U B 24
Q, =qlL;=0.30 kg,

(5) JEM AL R AL FELE Q- ] Q, =0Q, =
0.45 kg,

BARBEL R0, WK 2,

xR 2 HEORERE H OR R ARREIZITT S

Table 2 Typical blasting design parameters for the paishanchong tunnel portal section

g fLKE

2yt

1L 44 PR HIEEN Hole  Hole LA fLER HEFE 5L Charee LR A2
Blast hole Detonator diameter/ 1 l};/ Number Spacing/  #kHizk di lg y Charge per Total
iameter/ len; iameter,
type delay/ms ameterr eng of holes cm burden/cm amete hole/kg  charge/kg
mm cm mm
-
ﬂ?ﬁTE?L 0~40 42 148 10 30 / 32 0.75 7.5
Main cut hole
ﬁﬂj?ﬁfgﬂ‘ 140 42 125 4 60 45 32 0.30 1.2
Auxiliary cut hole
HATEAL
Breakage hole
Ja AL
Perimeter smooth- 540 ~ 600 42 120 16 55 50 32 0.30 4.8
blasting hole
JRAAL 700 42 120 3 76.5 65 32 0.45 1.35
Floor hole
Jefil 750 42 120 2 / 65 32 0.45 0.9
Floor corner hole
A
ait
47 21.15
Total

T FEEE WA T AR 10. 42 m®  MEZGRAFE 21, 15/(10.42 x1.2) =1.69 kg/m’,

Note ; Excavation cross-sectional area is 10. 42 m’, and the specific charge ( explosive consumption per unit volume) is:21. 15/

(10.42x1.2) =1.69 kg/m’

4.3.8  ATHR W B E A A %0

B R B ] 15 4 i 0] < BB 22 A SO 5 iR 0 o R 4
TSR R B2 R F Al A o s [l — P8 2 i £ LR
AL BACR . PR RO, ALY i
RG] o A AR S 2 A WA HE i A BN H A L[] s
AL , {H 3K 0 PT FE i S 1 o o R 2 ok o o e A
FEVHE" PRI, 625 JH 43 4 A S0 e 43 7 =X, an
2(a) Fro , fdi B —2H 09 o S Bk 3 B2 2 I E A /raie
BN . A T PRIER B RCR , (0 O $h Al L 5 W] — Rl
JZ V&AL A LS T R R IR B AR, I {8 ] —HE
(ol [a]— P8 2 ) J FLAS 53 AL 4[] — T ] L e 4%, -
K HHE /N B 25 [E) By, LAGE B HE T [R] e A R A 3R o

(1) e . MR 1 RirmoR s 2y &1t
BEE R, AR BT f U B KB e 2 45 L (E DA
4.048 kg A 3 3 i KL 2 i e 48

FEERAL 0. 75 kg/FL, PR I 4% 4 L AR 0 44 Bt 4 L —
A, B iy 3.0 ke <4.048 kg, By 1L EAN,
PRz 4 HAAM LR IR 2 ~ 4 FL—4.

(2) &y S IE AT (L T, o AR AR PR A AL
JRTEFL JE 3 FLAE ST SRR, TRl —HEFL A 53 4]
IO A B /NP 0 A B () Sy 6 4365 BHRL ) B B (1]
TE [FVRE AR 4321 | TRIRE A BRfL 25 1 S5 T L T
AN () S A B () AR A 7 i i 6, A5 S FL 2R e
0L, LR 2 (a) , ELARBE SN, D3R 2. X061 Bt
YEPEAEFEITIA 11 SD2 +030. 80 ~ SD2 +21.20 m
B R PR shi 07 B 15 i IR 10 A ) e R R B
Bk 1) 5 AT T SL , 3 AL SE DT B ] 43 3% T, =10 ms
T, =20 ms.T, =30 ms. T, =40 ms [UFh 7 &, BFpJr
LTRSS . IR R, WLk 3,



A3 % 3 R, EAE, RN, BERITZ Tl d 75 8 0 dUE R R HR 247

* 3 BUHRZINRER
Table 3 Results of blasting vibration test

. &1 %2 %3 % 4
IJ\ Option 1 Option 2 Option 3 Option 4
tem T, =10 ms T, =20 ms T, =30 ms T, =40 ms
51 IR 1st test 0.5435 em/s 0.5002 em/s 0.7128 em/s 0.7566 cm/s
252 K 2nd test 0.5539 em/s 0.5136 em/s 0.6917 ecm/s 0.7899 em/s
SEAAI{E Average 0.5488 cm/s 0.5069 cm/s 0.7050 cm/s 0.7733 em/s
TR Bt SD2 +030.80 ~  SD2 +028.40 ~  SD2 +026. 00 ~ SD2 +023.6 ~
Test tunnel section SD2 +28.40 m SD2 +26.00 m SD2 +23.60 m SD2 +21.20 m

N 3 AHETR T L b BRI AR E
A PEARAER R B A AR IR Sh a4 SR 2/
TREARVFUSIRSERL 1.5 em/s, {H24 734 SE
i Ta] Ty =20 ms i, AR5 E Ik sl BE AT, PR A
BT, =20 ms,

(3) HEIRIAE S AT T, o S PRAIE R HEFL R
R Ji HEA LA 3t 5 ) 22 TR, 251 ) 17 2 OB R Y
ST E], At Al T, =100 ms,

(4) AT BCE . LA 4lE A BT
TELEELKRE s il e AL B N R AR BT T SR T
H 5 S0 L2 A 355 0 A 5 2 1) e A 5 SR AL ARG
BfL, fJm AR IR M AL

HAAEL R SE I FIE RIS D0, WL 2 Fik 2.

5 RUBIERBRRITLL

5.1 RUBRBNRE

TR Tl F 75871, 2024 4F 12 A 31 HilF
M2k TS AR i Z 8084, i Tk
2R A B A PR, JC IR AT B A BRI 2
TlHE Y, R T TRl —HE ot P £L | [ — R )2 A fL ]
EE AR 9 7 3, b L R] B AR 24 i K, e 2 1 17
T T TR EE 1 5 T 1 3 ™ EE T 2L s, AR TR
5~15 mm, W 3 Frzs, i [ TREE L S0 5T 5 Pk 30
HRFIAF] 11,50 em/s,

B3 B T IR EE T2 7 B B
Fig. 3 Cracking and spalling of tunnel

portal concrete after blasting

5.2 RULBEBHURE

TERESE R FEFE SR T Tl R4, IR T
T EaRegn oy 04 Bk 2025 454 A 12 H,
HE 1Ly vl %S OB SE AL SD2 + 033. 286 ~ SD1 +
953.286 m i B 4%, % B A2 W], 2R R
LS-20 UM PR A A T AR e iR s W, 2 H 23 H
FHZ B MRS FEIE T 5, S R Ko f IR sl i i Ry
7.1722 em/s, WLE 4(a) ;3 A 5 HIFE EIEA N E R
PRI, SR R PSR B Ry 1. 6033 em/s,
TLE4(b) o FATHZERE, IR A AR H 30T 34
WEIRING , AR5 ) b AW AB 175 A7 O s B K
b LA BRSO 2R, R B R 1k it
T,

JIROBE"

N:120 525286 2026-11-16 06:59:09]
Hn&x-zwn @ O O ‘ |
(a) H 2\ B Wl

(b) A Ja: Bkt

(a) Road surface monitoring  (b) Residential building monitoring

Pl 4 o sl

Fig. 4 Monitoring of particle velocity

A X AT HY < 2R Tl A AR 3
it B R A R B 2, A R S R sl i
FEFERITE ALVRE N o Tl L7~ 4 B HT AR AR
RO T AR R A B AN AL ] S 2
IR F) ) A

6 it

(1) FERR A 55 b TARE T, 1l /e 42
FUVF I A PR B8 BE BEK, AT AR 0 2k 1) 8 1
Jrike

(2) AR TR FH 52 e W ] — HlE R} i
L R —F8l2 i v L TR — Rl J 122 £L , 4% 20 2 ) S 20
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BRI T 20 ms B, AT 42230 [ B A B ) R A 3SR o

(3) Bl 425 5 10 [ — HE 0T S 1L | (7] —

JZ AV AL TR — Pl 0 LR FH 3 A AL AR I 7 4 1R[]

—Jr
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