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Numerical Simulation and Application of Energy Dissipation
Blasting for Relatively Intact Hard Rock

CHEN Yu-quan' ,LI Da-zhong' ,LI Ming-ze’ ,CHEN Ming’
(1. China International Water & Electric Corp,Beijing 100120, China ;2. State Key Laboratory
of Water Resources Engineering and Management, Wuhan University , Wuhan 430072 , China)

Abstract; A novel energy dissipation blasting technique based on water coupling is proposed to explore new
methods for rapid excavation of spillway protection layers in hydropower stations under relatively intact hard rock con-
ditions. This method specifically addresses the excavation requirements of the Nam Kong 1 Hydropower Station spill-
way in Laos. By increasing borehole pressure,the technique generates stronger stress, which is advantageous for exca-
vating hard rock formations. Simulation analysis using LS-DYNA software demonstrates that coupling water-charged
explosives with a blocked borehole bottom amplifies the peak load on the borehole walls and extends the explosive
load duration , thereby improving the fragmentation of harder rock at the borehole bottom. Results indicate that the
combination of bottom-hole blockage and water-coupled charges increases lateral damage depth and prolongs load ap-
plication time, thus achieving more effective excavation and formation in relatively intact hard rock. Comprehensive e-
valuations based on numerical simulations and field test parameters confirm that this approach significantly improves

the quality of excavation and formation of the first-stage stilling basin floor in practical engineering applications.
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Fig. 1 Schematic diagram of composite

energy dissipation blasting structure
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Fig. 2 Schematic diagram of composite energy

dissipation blasting structure in hard rock
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Table 1 Parameters of explosives
WEZ5% %/ (kg m™) fR#/(m-s') A/GPa B/GPa R R, w  E/GPa
HALVEZ 1300 4000 214.40 0.182 4.20 0.90 0.15 4.192

THREBRIE FHEEHRALRL , E AP B RTIZOK BB I WEPAP R K ook o 2800 R 2 A 7 SR 47 s
FERIMETTA . P ZEFITH REBRCR A « MAT_PLAS- R, 256K @ A #38, hifa
TIC_KINEMATIC #4715 47 2R HIC RS e feik  BROGIHR AP RARRIBOR 280, ne 2 ik 3.

x2 BEMHEKNMENFSHBWESITE
Table 2 Recommended values of physical and mechanical parameters of stemming and dissipating balls
FHEL W/ (kg - m™)  FAMEREE/GPa AL Jett IR i/ MPa Sy Y/ GPa
15 5E 1800 0.5 0.28 10.0 0.3
L2 7850 210 0.30 250 80

*3 AT HIC AMERFTZSHEWERITR
Table 3 Proposed values of the main parameters of the HJC intrinsic model of the rock mass
v SYISR RS ELE  RORRIREOK O BRI S, BitiEE B
(kg - m™) GPa W BF/MPa J%71/MPa MPa D, D,
2730 18 90 9 30 0.02 1.0
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ETR e 2 AL B & I, 58 bk
% MAT_SOIL_AND_FOAM A4 BH&EAY | X &—Fh HETE

x4 HETEIRIIE

Table 4 Working conditions for numerical calculation
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Fig. 5 Schematic diagram of the charging structure
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Table 5 Charging parameters

, ; ECE] hiz/ WERE/m g RERE/ THREER
™ AW BN A
KJE/m cm R ERR cm HAE/mm
TH— 5.0 3.5 70 1.8 / / /
T 5.3 3.5 70 1.8 / 20 80
TH= 5.3 3.0 70/90 1.8 0.2 20 80
T4 5.3 3.0 70/90 1.8 0.2 20 80

2.3.3 BEMZER AT

1) FLRS X L

F AN [ 45 3 A 2 it 72 ) 2 SCARTRL [
e PR s 1 ) 2 A B AN R X 78 HIC AHy
R e i 3ol e 5 A0 e 8 R B P AR R A2 Y 2R
BRI AR5 64, HAs o7 fe an v

Dby w

AP, D EAR/MERIAE 0 ~ 1 Z J8], 435 fJi{H D
IREN 1, BoTR KRB IF S IR, R,
it D {EIARN 0.8 Jo A A B e KR KRE . 2D
(EIAEN 0. 1, AR E 2™ AR R i 24 ifs .

BT DL EBUE R ik MBI SR T8 6 45
TR T T LR A o A 7 A Sk o 5]

| |

v, y
(a) T — (b) TH=
(a) Case 1 (b) Case 2

6 FJ R, HR AN e I M L2k 24 BLIT DX I AT AR A
P30, X6 HEDUR T B0 N 3473 X 03 A 2 FE al L 4 Fif
TBC A A 73 A BT, {HL R ROK P45 1
BAFEZE S o 00— R Lo Z s B R4, 1
90.70 m ZeAy, HBUAEA FL2E 24 BEAY R B
11 50 =F0 T B0 i TAEFL R B T — B JE A
LGB, A R 5 AR T — e T
A —E R R, BOE IR/ N3 530 0. 80 m Al
0.87 m, (i THIFL P T S ATHE R 25 Besb o [Rl it
SRR RS 1) 70 A1 h T 5 TH BEAS A AR 1Y
ARSI T AR R B X0, e FLEAF 7R 382 T (1
DL =) R A D A A R PR TR
AL X 52 B A T AR o

(c) TH =
(c) Case 3

(d) -1
(d) Case 4

Kl 6 & THUT A IX 73 = F X L

Fig. 6 Comparison of damage zone distribution cloud maps under various cases
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Table 6 Blasting damage ranges under various cases

TR %pJéﬁ?ﬁfﬁ f}ﬂ:uﬁ 4545 LR

TREE/m REE/m 3t FEl/m’
TH— 0.35 0.72 0.12
TH— 0.25 0.68 0.05
TH= 0.27 0.80 0.06
T4 0.26 0.87 0.09
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Fig. 7 Distribution of damage at the bottom of the borehole under various cases
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bottom under various cases
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Table 7 Borehole wall loadings under various cases

R FLEER Sy fl/MPa  faf 24 FHES )/ ms
TH— 1282.22 2.2
TH— 1352.01 2.5
TH= 1652.43 3.1
Ay 1937.25 3.4
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Fig. 10 Schematic diagram of the spillway
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Fig. 11 Excavation and formation of the floor of the

first-level dissipative pool after the explosion
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Table 8 The suggested drilling and blasting parameters of energy dissipation blasting

TS5 H-REeSSH LA/mm RPREE/m AHEE/m BAHRE/m Hsske R
1 100 mm 45k 90 2.0~5.0 2.2x1.8  0.2~0.3 15 e
2 100 mm £k 120 2.0~5.0 2.5x2.0 0.2~0.3 15 AR A
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Fig. 12 Distribution of over-excavation and

under-excavation of blasted floor
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Fig. 13 Over-excavation and under-excavation

of the first-level dissipative pool
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