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Optimization and application of smooth blasting parameters based on the

radial decoupling coefficient

YANG Tengtian**
(1. China Railway Construction Bridge Engineering Bureau Group Co. ,Ltd. , Tianjin 300300, China;
2. School of Civil Engineering, Xi'an Univ. of Arch. & Tech. , Xi'an 710055, China)

Abstract: To the challenge of selecting reasonable blasting parameters, a calculation method for smooth blasting
parameters based on the radial decoupling coefficient was proposed according to the mechanism of rock fracture
between holes under explosive load. Then, the optimal blasting parameters were obtained through numerical analysis
and comparison. Finally, these parameters were successfully applied to actual engineering projects. The results show
that, under the condition of ensuring the cracking and interconnection of rock between holes while avoiding excessive
crushing of the rock wall, the reasonable range of the radial decoupling coefficient K, at the DK96+4 152 section of the
Tongchuan Tunnel is calculated to be 1.60~2.92. Four blasting schemes with K values of 1.6 to 1.94 were
proposed. Through numerical analysis of the four blasting schemes, considering both the damage to the surrounding
rock and the construction cost, it was found that when K;is 1.7 and L is 0. 5 m, the damage to the surrounding rock
is lower and the construction cost is optimal. The optimized smooth blasting parameters were applied to the
construction site of the Tongchuan Tunnel, where the actual measured maximum overbreak distance was reduced by
0.27 m (64%), the overbreak area was reduced by 2. 82 m? (57% ), and the investment was saved by about 3 902
yuan per cycle. An ideal smooth blasting effect was achieved, which can provide a reference for the reasonable
selection of smooth blasting parameters in related engineering projects.
Key words: smooth blasting; radial decoupling coefficient; parameter optimization; numerical simulation;
engineering applications

B 20 i B MU B AR O BB TARAERS BT ik H TR 2 0k AN A B i A )
WLREPE S WE PR E . ERE TREEREY 7H AR EEORIE AR B 2R B, &
o, PP RO ) Ae R T A S SRR R TR R BUEBORR SRR S TR E A B L

BOCEEN L HET, O R 0 A R E TS ) 32 PSR IT 7, k™ Feng % MR 462 £ 5
s B H . 2024-07-04 &5 HH#A: 2026-04-03

ESTHE: P EE RN LR 2 5 ERRE(P2018G048) 5 i [ £kt K TR 5 42 14 BR 2> wl BHE BF 58 IF % i %1 (2020-B07)
E—1EE: BIBIR(1989—), B Wt e TRV, Wi A2 S0, 32 38 N SRR i K i T TR BHIF 4. E-mail: 737412033@ qq. com



54

WG TR - 25T AR 10 AR & R B e 28t tb B iz 551

i HL B, A 5 HS AR L D) R R O 0% )2 R RE Y 1 SR
T s T I ST LR B 4547 3 L1 A 44 A X 5 ) ke T
RO SHOR T R B T 8L L Tt
ST IR O] S A S T TR R
B Z PN & RECE A G TO0 T FEZ
LI I I L L BE ) 5 25 05 VR AR R T — R
JEE R PR A o B W D), 32 1 2% v 32 N AR [
N7 7 5 0 i) BB Ry B DX T i IR TR T AR
X G 5 Zhao %5 WF 5T F WH AE A< AH SR A LI 22 62
I [ BE % 42 v FLIH) R L% B

I BT 7T, F i R ORI AL
R IR 25 & 09 J7 15 | P i S A8 4 b T VR L AR ¥ 1
{14 g5 Bt HE 1) [i) B BF 1) 5 A A 562 52 T M FL 2 B
55 Vo v v RR A AH SV L IR 4 T L R A
W5 Uenishi 58 BRI AR S5l i 20 AL IUE 9T T
M SO0 A A FLTE) ALY 0 5 e B S e
S5 I BB AL, I I T A A X e L )
137 oAb ) |l 5 55 0 BT 1 AS () A i MR 1k 28
T B [ A R B R T A RN T, g Y — R b
GIERRE N S E A TTE

LA WEIT BRI AR LS A R R S
A 25 Ba il AH TR R EA 2 : — =%
A ts 8 T M ek B, Bk = SEbr TREGRIE , S5 H
PEA RS R RHMR 10 AR B R A O S HO
FEANIETRON | e LUK i 1 455 i 5% 5 188 R 975 =
ZEAMA L BB —HOR ARG A F IEBIZE S
it T A il 2 S B 5 22 I 25 B R UL %

B b s ) R, 7R ST AR B TE N T R A PR IE
FLIR) Bl 4 | o0 FLBE b 3 B 0 7 1) S B 7 2R, LA AR 1]
ARE RECHZ O PR MR T R BN OR S H0T
FJ7E S MR W 0 S BT A
) )V B T L S R O B S T 4 BT L AL di
A5 5 i, T A X 2 T oF L A 30 A b 2 0 5 K R U 4E
R ) 1 B TR R AT B B S R 4
G AT 4 RO HL A B0 T 1 B L A IR SRR IR
it TR R 58 H 2% .
1 XEBESHBWMERE
1.1 EigkiE

MRS E B E T 6% RO R 5 B PN
H s, B fer 5 B IR S8 B R B
ST ERA L H i) IZ A BT B A FL ) g ok . % S
JEAE AR IE ) VR RO 45 SR AR ) I S 2B B
KEZGHRLE IS , oo B 0 I Vs AV T M L B2 | i £L
BEA O AR N N SRR J . YR

B KT A 3 S PUHL o BN M FLBE UY I O 2T
] P2 AR A AR AR ) R AL, A e SRR L B m B ke R 5%
PE o FEBR A SARY FE Y B, B 0 AR B a) g L
PP | i i AR SR N R0 P I P A v AR
03, e B 45 ZE L0 M FL & O 2R 7 ) R L E 1)
J& o AHARMLFL " A W RSO B AE fh AR HE
LB NS P FL IR BE R A, s AT it
PO BRI ST AL, LB B AR RO
CEE [ 48 O T B BE B ORIE FL ) A A R R
i B0 e FLEE A A O R X — H bR, ok
W E AR AR S R BUE S . ZEEAE O
Je S 32 BB KE 5 e 16 b o fur 2K, PRI b SR 7 A FLE
B EREH TAS K EREBIFRE AN, E
e LUK
(L) YEfr 804E T FLEE S A A ) Y. AR T8
ANSPUERE ;
(2) BT 2 T FLRE 20 BRI B T v T
A BSHRL R
(3B A S ARY 78 Pr 7= A 1 FL 1B 0K A /I
THfLElgE
A2 1) A Al A 2R B K R Bl 2 4543 428 1 etk e 1R
ML ET R E e e K& BEBUE TG, &
HE— 2 1 M FLTE) E 2 O BRE .
1.2 S#iItE
F T ANKE A HE 28, 0 K AE M FLBE P2 A 1) o o
J1Ph
Pi=nP.(K,) “(K) (1)
P,=(p,D*)/8 (2)
A AR B % 2 0 L RE B T B R AR, n L
8% a MU 35 P IR FE 7T 5 00 M AE LG B E s D Atk %5
W K oA RELK=d,/d.,d, 1 d. 53 5]
AL E AR KRS BAR s Ko AR A R K=
L/ LR LGy A A M LA BE R 2 K B
o FE VB FAE M FLRE IF LU 7 % g T X 1)
A= U N R i = Sl o ol [ ikl I SO A A I N [
FURLN Sy, HAR) N T o, FIER ] B ) 0, 23K KR

al,.Pl(r) (3)

Y

12
:1—1/61r (4)

Kb e P AR — B AL B BE RS 5
HALAE s a WE T HAEEL, a=2-0/(1-0) 50 G
ATARA L

BRI T 04,35 B H B ZSHTHL R E o I, WTR

O1p



552 [ 7GR = S Y & s SN

% RCARBEERRD 5 58 &

il B2 T3 B R B e 4 RS R LR

L= {‘M} (K)* (5)
2

i B T8 ) B 25 N 13 2 s Ok Bk AR
S S A s PR IR T T 00 46 3R I T I 25
IS 359 ALz B R SR ) POl

P2=Pk(PW/Pk)%Kd’”KFV (6)
Aoy BUL.33; R B35 Py oA I S g, R B
200 MPa,
R A 5L g o TR R I 7 B 3 v SR AR O T 4R R
W A S P A O U B SN 18 L A BT AR 1) B )
oo, MR ] B, H] 0, 6530

O'er):Pz() (7)

BRG] ST 0,35 B H B Z5PUHL 58 JE 0,18, 0T A4
PSRRI T B A ARG R LR

z
k

zzzrb[Pk(Pw/Pk) Km/athdez (8)

Btk bR SR (1) MR (2) , nl S AR 1] A
A R ALK I BUETE

1

nP, \%* nP,v ?
<K <|——— (9)
oK, GulKl(l*V)

Br B SER (3) w] i T A AL L A

L=2n[os(1—v)/nP(K) 'v] “(K)*®

z 2 _r
+27’1)|:Pk<Pw/Pk>kK1y/0'm:' Ky ? (10)

A A A 7 =R LG, A0 &
B0 BT 2 2808 S R, W] SR AR 1) ARG
T FRBOFAEMFER b SR A A L) BE
1.3 HELHA

BN RS E AL T PP A I T, 4K 21 4 km,
Ji 55 F V4 2 F R 2 va R o MR A T A A R

BE B Bl A £ 2o IV 2, IAE KA b s FR A N 3,
WAL E - 450 REE B DK96+ 152 b B
Yt o R S HOETI R F R R UL N2 A
B R LML FLE FE T 14 KA n B85 K2 5% o, Ky
1.32 g/cm®; 1k 35 3 B 0,24 0. 53 em/ps, §ill 6] SRS &
REK R 1.0, @ik=E PN SHPB EAF RGN S5 4
B S PUE IR E 0,4 183 MPa; 3 S PUHL 38 B 60
13.2 MPa, itk v 4 0. 22,
R S (9) 11 A3 42 0] A RS A R S0V
1.60< K,<2.92, AR LE RE PR AR A R
U R A 2~31 ARSI R 2 A AT .

2 RBBMMLE

2.1 #EBERIEST

HR S b1 T A5 20 Y 6 1 B E B R DK96+
152 AbA2 1) ARG R A & B EUE B [, SCE kT
TKoM1.6.1.7.1.8F1 1. 9D Fh T, WL 1. s
21 353 B A R T ER A g S TR AR (AR TR R AN
[v] T 5L 2R AT B4R BT, F b ASE L 45 2K L A% 21040 )1 [ B
B DKI6+ 152 A My et e 28

1 EitTIR

Tab.1 Design working condition

T BHAEME REK, MBILEPEL/m
T 1 1.6 0.58
b2 1.7 0.50
TH3 1.8 0.38
T4 1.9 0.34
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Tab.2 Material parameters of the rock RHT model

ZHATR B ZEATR B R

W RO /(g/cm’) 2.67 LRSS R NP 3.0
WAaFLIRBE ALPHA 1.0 BH RGPS R EOC 3X10°°
Bi# ) PEL /MPa 40.0 SHRMPAER EOT 310 °
HSEH S PCO /GPa 21.0 W7 S 4 37 A5 R EC 3% 10%
Hugoniot Z WA R4 A, 25.7 Wi 2R RS R ET 3X10%

Hugoniot AR A, 37.8 JE45 28 S AH AR B BETAC 0.03
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F R B HL A 2.44 AR S AF 0.25
KM BHN 0.76 AR SHNE 0.61
BT AN T Q, 0.68 Gruneisen gamma GAMMA 0
WA R T B 0.05
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Tab.3 Explosive material parameters
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Fig. 1 Rock fracture between holes under different

working conditions
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