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Abstract

Aiming at the control of overbreak and underbreak in smooth blasting of diversion tunnels, the Class
IV surrounding rock section of the 12-1# adit of the Yangtze-to-Hanjiang Water Diversion Project is
taken as the research background. ANSYS/LS-DYNA is used to establish a numerical model for blast-
ing of tunnel perimeter holes. Taking the total overbreak area and maximum overbreak value as
evaluation indices, the influence laws of perimeter hole spacing and the thickness of smooth blasting
layer on overbreak and underbreak are investigated. On the basis of single-factor numerical simula-
tion, 3 x 3 full-factor numerical tests are carried out, and range analysis is adopted to compare the
influence degrees of perimeter hole spacing and smooth blasting layer thickness on different evalu-
ation indices. The results show that increasing the perimeter hole spacing and smooth blasting layer
thickness is generally beneficial for reducing overbreak, while both parameters have areasonable
range. Increasing perimeter hole spacing can weaken the stress superposition of adjacent blast holes
and reduce rock mass damage near the tunnel contour. Excessively large spacing results in insuffi-
cient crack penetration between holes, which easily causes underbreak and uneven contour. Increas-
ing the thickness of the smooth blasting layer can restrain the reflected tensile effect of the free sur-
face and shrink the high damage zone. Nevertheless, excessive thickness weakens crack penetration
capacity and increases the risk of local underbreak. In general, perimeter hole spacing has a promi-
nent effect on the total overbreak area, and the thickness of the smooth blasting layer exerts a signif-
icant influence on the maximum overbreak value. In engineering practice, the two parameters should
be reasonably matched with comprehensive consideration of the requirements of overbreak-under-
break control and contour formation. This study can provide references for the parameter design of
smooth blasting of similar hydraulic tunnels.
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Figure 1. Geographic location map of 12-1# adit
B 1. 12-1#F Rt R
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Figure 2. Three-dimensional numerical model diagram of water diversion tunnel

B 2. 5K =4 EREE

3.2. IRAEIRBE RS

(1) AAR RS

A KM HIC AR, 28 R0 F T Ma A RHE ph e RO XERT 30T I 05747 v, Refg e s
FAEE AR SRR S AR Rl . BRI RAR AR A SR . AT A R T BLE X
s D M0 B 1 P FE, 4 D BAIEFYER, MR G RARE), AT T RS RIVE
HJIC #AY7E LS-DYNA @it 48 7 *MAT JOHNSON HOLMQUIST CONCRETE K[, HEASHhn
AN i

DOI: 10.12677/hjce.2026.1510246 144 T AT


https://doi.org/10.12677/hjce.2026.1510246

T2 5

Table 1. Material parameters of rock mass for HIC model

%= 1. B HIC {E8IM R &%

Ro/(kgm™®)  G/GPa A B C N  Fe/MPa T/MPa  EPSos’ EFmin
2416 38.93 0.55 1.23 0.0097 0.894 22.16 12.37 1.00 x 107 0.01
SFMAX Perush/MPa Uerush ~ Plock/GPa Ulock D D> Ki/GPa K>/GPa K3/GPa
17.02 0 0.00125 0.20 0.174 0.04 1.00 3.90 —22.30 53.70

(2) AR
ZEMEER MRS AR, IRYE G F*MAT NULL K€ 3, HOREH &2 mAE R, &
Kt N*EOS_LINEAR POLYNOMIAL. IR&7FERIEARN:
P=Cy+Cu+Copi’ +Cyp’ +(Cy + Copu+ Coit’ ) E, (1)
K Cpv Cn G Gy Cpn G CoBINERL  p WAL, E) NN RESVIIRIATREL . B MBS H A
PREUE L 2.

Table 2. Material parameters of air

=2 EEMREH
po/(kgrm™3) Co Ci (&) (6] Cs Cs Cs Eo/MPa Vo
1.20 0 0 0 0 0.40 0.40 0 0.25 0

(3) YEZyMisY
YEZ R e NE 25 MR AL, et 7 *MAT _HIGH _EXPLOSIVE BURN 5 X ¥EZY, FEMEME R
(3N F1 K AP T F TWL OIRZS 5 RSk B

p:A(1_£J6R1V+B(1_ ® Je;ezv L 9F @
RV RV |14
Xt PABIEET, o+ Av By Riv Ry NSEZVERUE L, V RAHMHETR, Eo NRALEFANGE. MEZHM

RS IE I 3,

Table 3. Material parameters of explosive

T3 MEAMRIEH

po/(kg'm3) D/(km's™) P_CJ/GPa A/GPa B/GPa R R 1) Eo/GPa Vo
1105 7.45 22.00 625.30 23.29 5.25 1.60 0.28 8.56 1.00

4. UERMGRE S

£ LS-DYNA J5ab3irh, HIC AR D [t 16 A oo h4s R, D =0 &R
FICSEH, D=1 FoRHInss & RRBT . iR OKT@EF A AT I20E THORVE) (SL 47-2020)
[12]Bf55 Cy 2B AT 51 Ak A S8k o P (IR 10% IS, Al Pl e (AR AR R 0 o AR AR ME S 13]
3 AR 25 o PR e SRR FE (R A AR B R TR, SR P 3k T 2 I 3 3 0k ) 48 47 73 B o AR 3 7 o P AT
SERTNA . BT U SL A B0 A8 R 7R IR H () B 9 R 2 T A5 2 e I A B A E )
10%0F, X6 2R A oA D=0.19, XISEEE[ 14156 T A B RN R D B 18, XA RIRBE A 1A i 45143
AT TWHI; QGuith Aoy, BEITZ T T A Mk B ARSI, 50548 8279 0.75~0.85.
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Table 4. Working conditions with different perimeter hole spacings

% 4. FEAMIETR

T al a2 a3 a3 a4
JEFLIE] BE (a)/m 0.35 0.40 0.45 0.50 0.55

DLW B S 32 LB BRUXT B 40475V B T A2 58 B BT ISR, A B T LR N 22 (453 £ 2 Bt AT
Mo AN IE) R LRI BG5BT 't AR B3 e A 453 05 ROR 2 n 1] 3 o o
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Figure 3. Nephograms of surrounding rock damage under different perimeter hole spacings
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Figure 4. Total overbreak area and maximum overbreak value under different hole spacings
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FH P 4 AT, ek 88 42 T AR B ] 32 LT R 36 KT 2 25 ek o FLIRIFE AN 0.35 m 3922 0.55 m B, SEEFZTH
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0.55m (1] 0.297 mo iXj& T A FLIM R /NG,  FLIAIN. Jp98 & Indh o, JRNE RE s e FL I X I FE 4L,
O BRI B A R RSz Z U0 ER, #itn RRNEREY R, @R, BEE LR EERE K, FLIR N J13 & I E
FHURES, AL AR AR R AR K, (B 3 R R A, (B TALEEM R E R R AR 708k, X LA 1
PEENTERS, DR A2 THAR AN 5 2B A A% . MBI FLEE 0.50 m 21 0.55m B, EEIZHAN 5 &
KEEFZE AR RN, X2 T AH AR AL A OB R A BT 5 R R T, R HBUREZ, SRR IZ TR
Faai/N, BEEFLIR Rk SRE K, JAFLEIPRIZ W2 E, SRS
42. FRINREEE

FeoR 2 RS TR LS A E B IR 2 R — E A A R, R LR ) S M KPR, A
T FA R B L FLHR P AN B, el 2 B R R N a FL R BRI EC BN B B A RE B . VRS
AR 2 FE X 51 K B R A2 52, 78 R AR s 7 it b, PREFEIAFLIEE a=0.45m. JfLE
By BN EL AR, EUAFRNEREEEE THMEERET, BARSBRESEWE 5 Fis.
Table 5. Working conditions with different thicknesses of smooth blasting layer
%5 FAEAEEEELR

T w1 w2 w3 w4 w5
Fe 2 B E(W)/m 0.40 0.50 0.60 0.70 0.80

HIE)SLIRTER R AS [ 2 5 BT 5K BE IR G A A 3 5 ORI an B 5 s
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Figure 5. Nephograms of surrounding rock damage under different thicknesses of smooth blasting layer
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HIE 5 WTULE Y, 4RI LI BRI E 9 45 cm I, B G E FEE K, BE I FE R b LA 1 e 1 47
X iR 2R Y. BOURRIFEDY 0.40 m I, FAALER B TR, RIER A 1A A i s &
SR LA, e T PO H LR SR R SR B RS 0 DX O FE R R R AMI T Fe - BRI 7 AR O
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Figure 6. Total overbreak area and maximum overbreak value under different thicknesses of smooth blasting layer
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6 mra, JeBZEEH 0.40m B KE 0.80 m I, SGBIZHEIAH 5.6290 m? [EE 4275 m?, ok
P2MEH 0.424 m FEZ 0355 m, 20 BIFEKZ) 24.1%F0 16.3%. Hd, 0.40~0.60 m 3 Bl A P IR AR AR AL B 22 ,
HALRRE @B MR E 0.70 m B, BIUESRE— 2 R, (HFLIERSSTEAE AR 2
JEEERE A 0.80 m I, FRARARSE NFF, EZRZ LIRS0 L@ IR TZ . Ik, ek 2 R IR
HRIFEbR T A — B R RIBW AR EGE, SHOPNIE RS G FNES MR IZ G 0. HALEE T b
PR IZ S FERUINGE, JEAFLEE B TG, N 7% TE B I SOR T BB, 50 R0 TR AT 5 A= R A
PLARBIIR s BB JEFESG R, SRR OE HT s i, R S LA RO R 3G 0, ALIRIZR ST @ Re /T T e
43. 2EFEERE

R T JE 120 LI B 55 ' 1 2 T 0oF 51 /K B T ' T e e R 72 RV A PR, SR BRI LRI B a6
BRIZIERE W /N BRI R R TR 3 x 3 AR FAUE IR . 454 PR DR S L0 4 S e (R 3Kk F . J AL
[EfE R E 040 m. 0.45m. 0.50m 3L 3 UK, HBEEEZKE 0.50m. 0.60m. 0.70 m 3% 3 NMKF, &
9 HIFE T, DU EHZ TR S I EAE P Fabs, PR bRl /N R B P2 R AR R 25
SR RLEEIRAS, MU RIE RS . BT 2 BRI B A5 B2 6 s

Table 6. Full factorial numerical test scheme and simulation result data

6. ERTHIERKE T RERUEREE

T4 (c) Ji 14 LA (a)/m JHEIZ B (W)/m N FZ TR /m? Rz {H/m
cl 0.40 0.50 6.057 0.477
2 0.40 0.60 5.835 0.465
c3 0.40 0.70 5.155 0.374
c4 0.45 0.50 5.503 0.424
c5 0.45 0.60 5.539 0.417
c6 0.45 0.70 4.193 0.344
c7 0.50 0.50 4.556 0.457
c8 0.50 0.60 4.355 0.394
9 0.50 0.70 3.552 0.328

KRB EE RIT M ZZ 3T, AT R R AT T YRR P B S5 R, B RNRAE
PIZ A PPN TR AR O AR L, W ZE AL R R X R AR R 2 2%, 2 THR A R L 7

Table 7. List of range calculation results

*= 7. REWHELLGRK

VR Giil & JABFLIEE a/m JtRIZ IR Wm

0.40 0.45 0.50 0.50 0.60 0.70

AR KPR K 17.047 15.235 12.463 16.116 15.729 12.900

/o KFEHIME K 5.682 5.078 4.154 5.372 5.243 4.300
W% R 1.528 — — 1.072 — —

IKPAT K 1316 1.185 1.179 1.358 1.276 1.046

%ﬁﬁ}%ﬁ KM K 0.439 0.395 0.393 0.453 0.425 0.349
W7 R 0.046 — — 0.104 — —
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%7 KW, EARSCRI KGN, e E AR AL R, W AR K P R 2
NEERSA, PR F XS AN R PN SR AR 1 R A R AR 2 R

WAL RFK . ST EEIZHE, R,=1.528 m2>Ry=1.072m?, JAAFLIAEE KEEm MR X
BOHBIZME, Rw=0.104 m> R, = 0.046 m, YeJJZ 55 KI5 AR K

4.4. BYPASHTETIRSHUERN

LR B2 AR SO 2 P BUPPAN AR bR, TEAIR 3 x 3 2 FHUE RGN, T ¢9 %R 1
ZHME a=0.50m. W=0.70 m KPHIFRFRE N A Lo i /ME, 40508 3.552 m? A1 0.328 m, 1]
MM FAZTRAR VAN PR 4 o SR, B FZFE AR AN AR B S i FL ) LGB AN R BT A . 456
SCERLIRI BOAEE el R, R FL IR BE B R 2 R R I K, FLIRI RSB AR R, RN TR B
B8, IERE R RIZ AR . K, TRESEUNIE UL NSRS 2 REE R FLIRRSCENE . R
PERIR 2 AU o

ZAESNEY, a=0.50m. W=0.70 m BIE@EIZIER RIS, AR THEANE, NEHEE
YERNTIERASH; ERHS 8 a =045 m. W= 0.60 m 7B /RI2 15 6] 55 BT 2 18] A i B -7
fir. K, ASCK a=0.45m. W=0.60 m 1EN 12-1# IRV 5 BOG B A TR S5

5. IREE LR

IRYE TR B LS HA G T a5 R, TREKK UEACHE, Sa %Rz, fLnRas
B AR B RS R, P @ = 0.45 m. W= 0.60 m 1F A TR0 L FLEE MO R 2 R,
HALSHE I .

HIFLEAR N 42 mm, YEZGIEH 285 0 FUALKEZ, 2535308 932 mm x 300 g. FEEHA AT B ML 125
A, HoepiiEL 12 A HBIAL 53 AN, AL 46 A JERAL 14 4, ML B 7 R FEIGfL.
BFLAERARFLIAYS A 2.2 m, $AIEFLIA RN 2.5 m, AL S EFIHKMLAN 75 HIERBIHELHEL N
149.9 kg, YEZGHFEN 1.2 kg/m?, MIFLFIHIZEL 0.90,

FRE AL BN LA FLR SR 25 450, AL R FIRIRR e 2454, 2y imnd 50 2 Bt [
SEERT R B, 8 Fior. RSl SHBIFLA R DL ALaE 25 2 A 1.8 kg 1.5 kg F1 0.4 kg.

Figure 7. Layout plan of blast holes
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