ERESI ]
202642 1

KT R4

Journal of Rocket Force University of Engineering

Vol. 40 No.1l
Feb. 2026

DOI: 10.20189/j.cnki.CN/61-1527/E.202601010

bz i B T e TASWIBT B CO 15 %)
¥Rk

W', & 4, A 4, B

(1. KETETRERE, PO4 710025,
2. KBRS NE{BE, PHZE 710064)

o R, i, BAGR, A

B OE: YAWBESREETIIEFCONAIY RIFARA I LN, XAKERU T EET
Vel e TR O BBy vg ey A, ARBLHAMNKBIET HERRWTEHE, AT TEE
IWME. RERE, EREFLHMEEFFRFCOT HFENTZHAE, EREH: ERUAH,
CORFERARFEELEFERANMAXEBA, BECOZHREMREN, HFwk EHMEE R E E %
FRAEES; BENE, EXERSHARABHERAT, EFHEFRTASmEBNNCORELHE
ArEe, DAKNS AKX EwRERRTULEFERNEE, ERFHFFLERR, ERFFRE
BRHENER L, BERNERENISm/sAEH; COMBFRE N HMK, K2R ML %AW A
A, MELRBEFTREENE I, CORENIHRER, ¥ REFXS, BREAZ A FHE AT LU

ELR A HEFNATREE

XEIR: METE;, HRERT; Bom; COFHAk

FESHES: U455 XHkfr&EE: A
XERS: 2097-2741(2026)01-0110-10

Wi 5 52 30 5 T R B RN — i — T IR A AL
it A, R AT S 0 A B R T TR,
MR TR R T B 4 A T AT S KR, R
HHB K E SR R, Ak,
] 5 3 e it 38 it 174 A 14 T 1E R A [ R 2% Ml T 3R
B X B, AR s e T I Rk AR

T % A i T )RR T I B3 R R B B e
HRER TS Y=g, TR E B K B A S5
FRAR T ISR, A X 1T b
L, Wby B8O TN BB A, [ E it
TAULBR SR . Pk, OGS N 546 H 40 K 5%
Rt L R R R R B R AR 2 R ok
B ERREE ) 2SR R AR R SR, A ST
K2 F 45 A2 X il T R385 i = AR i s i, X CO

Wi A 2025-04-24 f&E B 2025-08-29

TR FFRIRAB(OSID):

G ESMRM TR, B COWREE & [FAE 2 Xt
it T2 4 LA Be N B il B 5 A 7™ E g o B R g
a8 COP UM A, Menéndez 25" 38 1 #1843
BT 5 B0 (B AL ) 3k Xof i 2 B 2 0 )5 7 AR 1 CO
A FHARB R . AL R B AT 1 AT
i TR I A TARERT R Feng %58 i 4%
ETHSITE AT T = i R R T 5 1) CO P
BB, & B4 M T Al 152 7 T i VAR A BE
FEAR CO Jo 2t 43 B0 75 1 s ] 2 38 s ) A 0
K CFD J7 5 1 vap J R i it T ik 18 9 XL O
Y i S CO B R HRAE, 38 1 8 57 Z2 a4k [l ) 45
R, AR SR BRE N CO BT i 43 #lo A42
b5 Guo %M 5 TS0 bR %dls , R CFD 7 kit 5%
TR IRER A CO B2 AR RRAE o &1 i By

FRBE#H. 2025-09-03

HEWE . BPE [ AR E R HITIH (2025]C-YBQN-583)
E—EE: b (1996—), %, PR, B, FENFH T MR RENS . E-mail: yangshuai@chd.edu.cn

IR b, TBE, XM, A% R IE BN R E TR [ B B CO Y5 Y M BURFE (0] R 42 TR K225 4l , 2026, 40 (1): 110-
119. YANG Shuai, REN Rui, LIU Yuan, et al. Diffusion characteristics of CO pollutants at different construction stages of
tunnel drilling and blasting [J]. Jowrnal of Rocket Force University of Engineering, 2026, 40 (1): 110-119.



2026 4F

B, A BRIE BRI TASIE B B CO ¥5 e ke 111

B TAHLWS R B CO A ESMAR, Wang %1743
Mr T AT S 2 1F F S B A HEi 22 5, JF
TR T 5800 4 0 LU A1) 22 5 Dl R FHEORE Y s B
A AR AL I8 A3 AT T B S T TE LR
RBAIEZIRA MM s, 4588, #5
RGN 2 5 v A RO B AR, RHIR R AR IR R
TR B B X,

SRAMT, LR B9 15 ot 32 2L 4R v 7E g T i T 0%
MR B, S HAGE T TR T A9 CO TR LI 55 48
L RBER N IENE T TR SR NA ES
PR TR B AR XU B 28 AR X CO 3 UM 7= A 1 5
ma, DA BRI T % e T oL AT o Y i gk —
arHr e Ik, ARSCHE T RRE T TR F COM
P RO A AR ST, A B T 45 AR B it T
AR COGH TR, R MR T AR A
B AR R

1 #WERORFH

1.1 f#AEST

DL % G it T8 — B B ik Sk e A =G K
TREEERY, SR ANSYS & f4:17 rp i) SCDM 5
ALK 300 m Y BRIE R AR, iRl 1 R, FE
o, WA M PVC MY, AR @ H 1.8 m, FEEH
4 m, {7 FREEFRLZAM, Fi O3] EE
B 20 mo R B, HE 40 TR 300 kW,
AL JE PP BT 90° o Rk, AR SCOBf HE i AR A
RIffifb MKk, HKELRITSm, %EWH
25m, mEHN25m, FHHIAERE U 0.6 m,
HAHEAE H A2 N 0.04 m, 2 MR 0.82 m,

& R 5

e 2
Bl BEINEED
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Table 3 Boundary conditions of the model in the
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Fig.4 Airflow velocity vector diagram of the xz section at

a ground height of 1.7 m
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and mechanical winds of the xz section

at a ground height of 1.85 m
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Fig. 6 Airflow velocity distribution along the tunnel

centerline at a ground height of 1.85 m under different
distances between the mucking truck and working face

3 IERYTEAERR

3.1 HIWRAER T EYCOH B Hr

Wk TE e T 5, CO 7 J st i) P 3 78 0% 7E
10T BRI A P X IR P, A KU AR T AS W
T BEP 8. 10 B DX P 1 CO W i o 3t 43 500y
0.25%, $2HURR 1 it T HR 5 30 s P IFE 25 Ml 1 ey J3E
4 m Ak xz @RI CO Fi i 8 = K, 45 R Al
THR o PEET A, PRI, KU O
Ib 1 CO BT 43 BORAIR Bl o 8 252 B A 1t XL
COFEREIE I3 B0 B AS W 9K, CO Jit i 43 4L
2 B[] v e I A A B R ROl A O
TR, B T A SR A, R S
TFHEEE N CO AW RE, X AE R N2
COWTEI P, 7 FE P X5 % 0 At 7
)28 FLANF A = 1 CO MR EE BRI, 2 4f CO 2+



114 K TR R4

w10 B 1

[ I EE T )iz 3
COFUE T H1/%
E— — ]
0 0.05 0.10 0.15 0.20 0.25

I B ) S
—————————————— N
— ———————————————————  _J[iN
I SR 1 6 S
—  — —— — — __p(iH
T 26 S
ﬁ30s
A ETH

E7 BHEOsHNEMASImiBEHHCORE

SRS THE

Fig. 7 Cloud maps of CO mass fraction distribution in
the xz section at a ground height of 4 m within 30 s

after blasting
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after blasting
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Diffusion Characteristics of CO Pollutants at Different
Construction Stages of Tunnel Drilling and Blasting

YANG Shuai', REN Rui’, LIU Yuan', DONG Jing', DU Juan',

FENG Jiang', GAO Chengqiang', SHI Jinfeng'
(1. Rocket Force University of Engineering, Xi’ an 710025, China;
2. School of Highway, Chang’ an University, Xi’ an 710064, China)

ABSTRACT: A numerical simulation method was employed to establish a pollutant diffusion model for
different construction stages to clarify the dynamic diffusion mechanism of CO during tunnel drilling and
blasting construction and enhance construction safety. The reliability of the model was verified through on-
site tests. The effects of construction stages, air duct ventilation velocity, initial mass fraction, and muck
truck speed on CO diffusion characteristics were analyzed. The results show that in the early stage of blast-
ing, CO quickly fills the throwing area near the working face. The CO cloud then undergoes convective
deformation, with the impact range first increasing and then decreasing with ventilation time. During the
mucking stage, under the coupling effect of traffic and mechanical winds, the CO mass fraction within 5m
from the tail of the mucking truck presents a distribution pattern that is higher in the middle and lower in
the surrounding area. Increasing the air duct ventilation velocity can reduce ventilation time. However, the
effect is nonlinear, and an air duct ventilation velocity of approximately 15m/s is recommended, consider—
ing both environmental protection and ventilation efficiency. The lower the initial CO mass fraction, the
earlier it meets the tunnel construction safety specifications. As the speed of the muck truck increases, the
CO mass fraction decreases and its diffusion range widens. Therefore, within the permissible range of regu-
lations, appropriately increasing the truck speed is recommended.

KEYWORDS: tunnel engineering; drilling and blasting construction; coupled flow field; CO diffusion

characteristics
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