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Optimization Methods and Application for Over Excavation and Under Excavation
Control in Mountain Tunnel Blasting

WANG Jiafu
China Railway Fifteenth Bureau Group Co. , Ltd. (Hubei Jingmen, 448000 )

[ ABSTRACT] In response to the problems of over excavation and under excavation during the construction of Xugaoling
Tunnel on Xiangyang-Jingmen high-speed railway, 3D numerical simulation technology was used to explore the impact of
the minimum resistance line, auxiliary hole, and perimeter hole spacing on the quality of blasting construction in the blas-
ting plan. Based on the optimization analysis of the original blasting parameters, the optimized blasting parameters were de-
termined by minimizing the average linear over excavation and under excavation. Subsequently, a comprehensive evaluation
of the construction quality using optimized blasting parameters was conducted through 3D laser scanning technology. The re-
sults indicate that when the minimum resistance line increases from 60 c¢cm to 75 ¢m, the amount of over excavation decrea-
ses by about 63.6% . When the perimeter hole spacing increases from 40 ¢cm to 55 ¢cm, the amount of over excavation de-
creases by about 77.8% . When the auxiliary hole spacing increases from 90 cm to 105 cm, the amount of over excavation
only decreases by 20.0% . Using optimized blasting parameters for construction, the average linear over excavation and un-
der excavation obtained from 3D laser scanning are controlled within 8 cm and 4 ¢cm, respectively. The excavation and de-
sign contour lines match well, achieving effective control of the quality of blasting construction. The optimized on-site blas-
ting construction quality is excellent, avoiding the problem of large-scale over excavation and under excavation.

[KEYWORDS] railway tunnel; blasting; over excavation and under excavation; minimum resistance line; auxiliary

hole ; perimeter hole
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Tab.4 Material parameters of air
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Fig.6 Tensile stress variation curves of each program

FEAE E R S 11 MPa FEAKE] 8 MPa; 24 J5 1 IR
[ BE N 45 cm BEHNF] 55 em B, [Fl A 06 000 F
M 15 MPa [#AICE] 10 MPa; 25 % B HR /8] #5 M 90 cm
HIE] 105 em B, F 20 F 500 1 8 MPa A%
6 MPa, Zf Loy#r, 14 6" hi/NESL L N 75
em G BhFLEIEE 90 cm LS JE i fLIEIEE 50 cm B, [
FIBG AT /N
2.4.4 BEEZEEE

8 YIELE B4 ZE M I ) S R ME L R 32
TEOLATEE 7 Fizs, AT, 2 /NPT LR BE M 60
em BEINEN 75 em BFSEXLEBIZ N 11 cm FEAKF]
4 cm JF T 2963, 6% 5 25 5 IR A FE M 40 cm 3400
55 cm B, FILLPEREIZ N 18 cm FEAEH] 4 cm , I
DT YT7.8% ;4 B AR B]EE M 90 em 4% 105
em B SEPLRPERTZE RS em FRAEE] 4 em [0
2920. 0% 3478 18 %F - 35 2 1k B 42 19 5% i il oK
F/NHR . R AR | e/ MIRPTER IR 2l B AR ()i,
HRAE V- 2 B A2 5 il 46 A, 7 F6" i/, R 8

B ITRREEE

g 30f e PILMER I

Q

R 250 .. .

K, 20 = "

ol . .

£ 5r . . = ."

& 10} . ] . ]

H_ S5t " e ® e - e - .
T T T TS | TR VIR TR T

BAHT R 5
K EE-YE S BT e

Fig.7 Average linear over excavation and under excavation

of each scheme



- 56 - 2 T )

5553 B o W

em R TR ER B, 5 20 T # o
HEER T 5 6" YRR SR, RIVA AR [T 50 cm
FHBIHR AT 90 cm R/ MIEPTZK 75 om , DU A0 1k
Wi

e I % 6" IS HUH & AL IS i 2
K, RUEFTEE M S B L RCR 2T
ARt T, R = 4RO I BOR PN T

3 BWSHMRALSH

3.1 BBREMRHLER

Zoid ZEAR A BEBOE TR S |, R =480
T B GRIBE 18 5 1 11 R i 04 10 5 Kl 45
WnpE 8 o, I8 RN, SR LA i S B AT
it T, BB TE 21 T 5 BT B O , A B
ol BEREA R O o BB TEC AR DX el A TR R
WREVLHN, SR KEIZA#L 15 em, SEPRIFHZS
BT R B S AW &, BEARSC B T Rt T 1Y
ARl TR RUE KA BRI A PR IR
TR,

. RiZ/em

20§
16
12

-4
-8
-12
-16
20

K8 mufdEsk
Fig.8 Cloud map of point cloud data

3.2 BEBREEZERSW

i — 20X =4 S g AT AL B T A AN
[FE] A TS 2 )RR Tt 3BT DA [ ] B 2 m SR AT
JERYD -, FL3RAT 4 A ASTR) b o] 55 ) 24 D T
=, WEL 9 BiraR ., wAL, SR ARk ) B i S B0 T
J& , EF IR R B L BIZ R 8.0 em, 5 =4k
BB BAULE R AR A0, SR, 7E4IHE 2 m 4L,
BEE AE M PR 10 em AOEESE, AL 15 cm R
120 F2E PR A o 6k BT A, BT o B R 25
MPa; ZE MY DU IREE D 10 MPa, 72 A7 AN
HERBTEMR AR, FEHIEE 4 m &b, 2200 T0050 Jmy 30
XL 20 em AYEBAZE, R RUEZ XU b
PO 9 FE AR, TR AR 2 ey A T R 25 5 Wi ad 2 L 7

. R¥Z/ecm

- ~ ™~ 20 5

Y 16
12]

[ . s

(2) #1¥E 2 m (b) #1#E 4 m 0.

o N TN -4
, \ \ -8
\\\ -12
| -16

20 =

() %hEE 6 m (d) %h¥E 8 m

PO AN [l kR B F) R T T — 4 s = U
Fig.9 2D slice point clouds of blasting section at different

axis distances

i 6 m AL, ZEMHEE R BLZY 10 om BUHEZ, £
M BLZ) 5 om BEHZ , XIER I ZEMI DS £
MR, 728 AT PIIIA PEAN R, ZE 000 A1 A X
B, S OB R AZ W I A U AR el o S
WRCRARR B . TR 8 m AL, BRI HE T 0 X
S B 16 em HYEZ , SO H TIRX O A b
Jie s BEAR , 7ERR A T Wichee i JBE i ™ AR A

4 g

WRFCFEI 2 et I B T TR, R = 28U
B AR SE T 0 R (6] 3l B AR ] B % e /NG
UL PSR B 52 W B A, %of S5O Al i 2
AT TR IR = BRI AR XS
BURRR B AT T E EIPOY 1SHB AR
e,

1) 5 T 10 MR i) P55 Al Bl MR 1) S 1 0 o 5
PRI il 2 B N S R AZ AR BN A
PP EAZ . BEAE S/ MRPTL T Bk b0
T | RS AR 2590 Pl 2 i el | 3 I DR 2 L O
O IR LR BT 195 A0 S8 ) 38 2 i s b e i i
IR R

2) FETBUERAULE R AR 3 1 T AR
NI TAEZHL, B S/ NIRPTL N 75 em, HH B IR
[B]FE 90 cm, B AR AIHE SO em, FeAEEak S48 H
R Rl ST SR S WA Wil SERA R ot
SR G B EEAW &, N RBOR R4

R BB BT 505 04T T iR S E0m it
b, I TR R A RCHE R, T Ay [ 2K R s T
PSSR, WK G O TR B8 1) RUCR 52 3 22 il (K]
RIS, Ry T B IR RO R AL , iU s T
DG T8 A 7 14 A DM A, 52 R 5 L e 9 8 A% 1



2024 4F 12 A

G LU B A R R 25 A A T 1 B

TERH 57

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

£ % X #

ThAR. R B L U 3 T A 12 O B R TR o S e R
[J]. BKiE“ =4, 2022, 44(3) : 64-85.

MA W B. Development and prospects of key technologies
in drilling and blasting methods for railway mountain tun-

nels [ J]. Journal of the China Railway Society, 2022,

44(3) ; 64-85.
1%'3@ S4B A 4 it T4 R [l e

B[] R B (FH30) , 2023, 43(6) : 899-920.
TAN Z S, WU J G. Review and prospects of drilling and
blasting tunnel construction technology in China [ J].

Tunnel Construction, 2023, 43(6) : 899-920.

ML, SEMR, SHeih, 5. aba R AW G gk
—URIEE ARG [J]. W R 25 a 5 TR 24, 2021

(BEF 1) . 283-290.

CHEN Y, HUANG G D, MA L H, et al. Research on
full-section smooth blasting one-time shaping technology
for sandstone tunnels [ J]. Chinese Journal of Under-
ground Space and Engineering, 2021 ( Suppl. 1) 283-
290.

JRIZAS. B B S O THI % 1 2 B Y B R DL F 5
[J]. WUHER R 24224 ( FHARBLEA ) , 2018, 37 (4):
441444.

ZHOU J. Numerical simulation study of smooth blasting

parameter design for soft rock tunnel [ J]. Journal of

Chengdu University ( Natural Science Edition) , 2018, 37
(4) . 441-444.

Z0U B, XU Z, WANG ], et al. Numerical investigation
on influential factors for quality of smooth blasting in rock
tunnels [ J]. Advances in Civil Engineering, 2020, 2020
(14) . 9854313.

HIGW], BRBRZE, 20z, S5 0TIl BRGE SR 42
JER AT SERIBETE (1], TR MR, 2022, 28(5):
60-66.

TIAN X C, TAO T J, LOU Q X, et al.
and control research on over excavation of Baizhushan
Tunnel by blasting [ J].
(5): 60-66.

TIAN X C, TAO T J, LIU X, et al. Calculation of hole

spacing and surrounding rock damage analysis under the

Cause analysis

Engineering Blasting, 2022, 28

action of in situ stress and joints [ J].
2022, 12(1) ; 22331.

AR, skoTRE, ZEar, SR RRIESR SRR KRR
RABEE R R RO (], T 25 W) 5 TR 4l
2020 (HEF)1) . 316-322.

HAO G W, ZHANG W Z, LI S T,

Scientific Reports,

et al. Research on
the shaping effect of horizontal layered rock tunnel under

different blasting cyclical footage [ J]. Chinese Journal of

(9]

[10]

(11]

[12]

[13]

[14]

[15]

Underground Space and Engineering, 2020 ( Suppl. 1) :
316-322.
TR, BREL, A REE, S BRI 480 K ' T AR
PALEM IR ST [ ] MERAR A, 2023, 52
(5):4449.
SU L P, HONG Z, GU G L, et al. Experimental study
on optimization of charging structure for water sealed
smooth blasting of tunnel excavation [ J]. Explosive Ma-
terials, 2023, 52(5) . 44-49.

FEE, LR, BE, H 50 Holmquist-Johnson-

Cook MEMIZ R B 2 J7 L[ 1], TR T1%%, 2014, 31

(3): 197-204.

FANG Q, KONG X Z, WU H, et al. Determining of
Holmquist-Johnson-Cook constitutive model parameters
of rock [J]. 2014, 31(3):
197-204.

MREE, R, Efh, 55 T HIC BB B TR
e AR 05 F AR RO 5 2 5[ ] BRI $ ] 2
#iz, 2017, 39(2) : 100-105.

LIN C, XU J J, YANG J W,

rions and parameters of HJC model based perforation

Journal of Detection & Control, 2017,

Engineering Mechanics,

et al. The failure crite-
simulation [ J].
39(2) . 100-105.
HNCR, FRRZE, W, 45 LT HIC AM AL Y
AR W AL S BT R 5 [0 ). AR,
2022, 39(4) . 71-79.

LOU Q X, TAOT]J, TIAN X C, et al. Research on nu-
merical simulation method of limestone impact failure
based on HJC constitutive model [ J]. Blasting, 2022,
39(4) . 71-79.

B, NG, kS, BT HIC B il 5 R P
& SHPB SR AU T [ 1], TR MR, 2022,
28(1) . 37-44.

LI R, LIU L, ZHANG Z H, et al. Numerical simulation
study of marble damaged by high temperature in SHPB
experiment based on HJC model [ J]. Engineering Blas-
ting, 2022, 28(1): 37-44.

7). HIC AU 2 B0 5 e I 1 D' Th AR 5 M AL 1) B
TRALLI]. M E TR, 2023, 42(34) ; 81-83.

HOU F. Determination of HJC model parameters and
optimization of tunnel smooth blasting hole spacing [ J].
Value Engineering, 2023, 42(34) . 81-83.

ZEED7, WA, TR, A5 R T HIC S AR R
E@R%%L)‘ﬁﬁi‘%ﬁi’iﬁ{ﬁ&ﬂ&Tﬁ%\ﬁ[ J]. Bk
b, 2022, 51(6) ; 45-51.
QING F, ZENG C, XU J F,

lation and engineering verification of smooth blasting in

et al. Numerical simu-

limestone tunnel based on HJC damage constitutive mo-

(F#% 64 )



.64 -

R S )

%5 53 B4 6 1

[17]

[18]

[19]

(20]

TROF, EMSMS. FET RVM (0530 B 2 3 J5 7500 455 24
[J]. Bm%, 2022, 39(1): 168-174.

ZHANG Y, WANG P P. Blasting vibration velocity pre-
diction model based on RVM [ J]. Blasting, 2022, 39
(1) 168-174.

KHE, AR, AT, BT AHICHE ALY TBM 4 i
MR AR )], BACREE R A, 2020, 57(3):
108-114.

ZHANG Y, WANG W, DENG X Q. Prediction model
of TBM advance rate based on relevance vector machine
[J]. Modern Tunneling Technology, 2020, 57 (3):
108-114.

Wi Ak, iR, Bk, 4. 25T BA-RVM FiiARY
KPS W ARDIFE[T]. PRI LR SR,
2023, 45(2) : 332-337.

CHEN C S, HU H R, CHENG Z W, et al. Engine fault
diagnosis technology based on BA-RVM algorithm [ J].
Computer Engineering & Science, 2023, 45(2) . 332-
337.

ESFANDYARI M, DELOUEI A A, JALAI A. Optimi-
zation of ultrasonic-excited double-pipe heat exchanger
with machine learning and PSO [ J]. International Com-
munications in Heat and Mass Transfer, 2023, 147.

106985.

(LBFSTR)

[16]

(17]

[18]

del [J]. Explosive Materials, 2022, 51(6) ; 45-51.
fE5%, Mi%tH, E8L, 5. JT HIC BUELEY UHPC o
A RARPERE B ST (1], B 1742 4), 2021, 38
(5): 1910-1918.

REN L, YU X M, WANG K, et al. Numerical study on
impact compression behavior of UHPC using HJC model
[J]. Chinese Journal of Applied Mechanics, 2021, 38
(5): 1910-1918.

XV, 2R, XI5 75, BT HIC BRI A whh
ORI 0], TRMERE, 2021, 27(2): 3542,
65.

LIU J, LI F H, LIU X X. Study on impact damage
characteristics of coal rock based on HJC model [J].
Engineering Blasting, 2021, 27(2) . 3542, 65.
Ve, LEMRET, g, A v O A o
RHELBRIE B A BT SR )] BRI TR R

(21]

(22]

(23]

[24]

[19]

[20]

R, WK, AL, &5 TR TR R
B IXHTIE WSN EMSEEL) ] P %2Ry
#iz, 2019, 29(2) : 166-171.

YU X W, XIE X Y, LIANG B K, et al. A deep mine
WSN localization algorithm based on both particle swarm
optimization and tunnel partition [ J]. China Safety
Science Journal, 2019, 29(2) . 166-171.

WdE, BEGR. R T R LA )], I TR
Bl2, 2004, 6(5) ;. 87-94.

YANG W, LI Q Q. Survey on particle swarm optimiza-
tion algorithm [ J]. Engineering Science, 2004, 6(5) :
87-94.

OKOJI A I, OKOJI C N, AWARUN O S.

evaluation of artificial intelligence with particle swarm

Performance

optimization ( PSO) to predict treatment water plant
DBPs ( haloacetic acids) [ J]. Chemosphere, 2023,
344 . 140238.

HOARAL, PMRER, BURMR, AF. AT AR e
HSH A BB WA [ )], TR AL, 2023, 29
(2):73-79, 108.

HUANG J Z, ZHONG Y L, HUANG Q J, et al. Predic-
tion model of blasting flyingrock distance in mine based
on Gaussian process regression [ J]. Engineering Blas-

ting, 2023, 29(2) : 73-79, 108.

iz, 2015, 25(4) ; 426-430.
TAOLJ, AN L X, AN J H, et al. Study on optimiza-
tion of ADECO-RS approach design parameters of urban
deeply buried tunnels by response surface methodology
[J]. Journal of Heilongjiang University of Science and
Technology, 2015, 25(4) ; 426-430.

CHEN Y, CHEN S, WU Z, et al.

genetic algorithm through use of back propagation neural

Optimization of

network in forecasting smooth wall blasting parameters
[J]. Mathematics, 2022, 10(8) . 1271.

BI, Hh—, REAE, F T A0 RMEAR Y
R AZIEAERE E I 32 R [ 7], R b o 15
11, 2021, 65(10) ; 200-204.

LI'Y, ZHUO Y, WU Y S, et al. Application of over
under-cut algorithm in tunnel excavation based on
3D laser scanning technology [ J]. Railway Standard
Design, 2021, 65(10) : 200-204.



