$38E T4 @ w Vol.38 No.4
2021 £ 12 A BLASTING Dec. 2021

doi:10. 3963/j. issn. 1001 —487X.2021.04.023

X EETEETNIRE M RERWE MR

AT ZRR AR, IRA
(EFRHE A oA SYER THAEE, L7 100083)

i OE: LAXRATHUREMERATRELERLTF, ATARBFETERREN SLERRA R M
BT ra, AERTAFHRRESFX, AT Anderson £ b, A @ SLFBBEH A H, A 0.1 ms Hif £
BT, KR A il BT B R AL R A e AT T SR et A 48660 B e R KRR, ST AT R R B 9L ] 2 et
TEEARENERBEGY R ARAFRALERHESEBENE R, ALLERRV: AL RLTFETE
+lms EHREN, SLEHGBEMRABENFHARRREGHE m, FAERREG S mBE ZEEK
LRLHEE SRR LR, O T EEREHRENBASEGEmBEY R E R, 1.2k 3§
TR mBRRREMA0.32cm/s, 1.4 kg HEHNBEmBBERKEZMETELO3 on/s; BB KBEM ST
FERLEPHERURBEFGEBE R ONE, SRERAEREHERBRBER T, FEALHFLES
ik S FEEEHREY B AILE LR,

KEBIR: MEBRH; B FET; EHRE; Ko de

thES#ES: U455.6;TQ565%.2  LEkERIRED: A XE|HS: 1001 —487X(2021)04 —0143 -06

Research on Superposed Vibration of Tunnel Blasting
Considering Delay Error of Electronic Detonator

LIU Xiang-yu ,WU Hao-jun ,WU Xiao-dong ,WANG Si-jie
(School of Civil and Resource Engineering, University of

Science and Technology Beijing, Beijing 100083 , China)

Abstract; Urban tunnel blasting under complex environment has strict requirements on vibration velocity. In or-
der to study the influence of the delay error of electronic detonator on the superposed vibration of the multi-hole delay
blasting , taking the Guanyingiao tunnel in Chongqing as the engineering background. Based on the Anderson superpo-
sition theory,taking 0.1 ms as the error micro-element, the four-holes cutting blasting is taken as an example to cal-
culate the maximum superposedelocity of all possible combinations of initiation time considering delay error by enu-
meration method. The effect of electronic detonator delay error on superposed vibration velocity under different de-
lays,and the influence of delay accuracy of electronic detonator on superposed vibration velocity are studied. The re-
search results show that when the +1 ms delay error of the electronic detonator is considered ,the maximum super-
posed vibration velocity of each delay almost all increases in varying degrees. Overall ,the difference between the su-
perposed vibration velocities with or without delay error decreases with the increase of time delay between holes.
When the delay time between holes is the same ,the delay error of electronic detonator has a greater impact on the su-
perposed velocity of larger charge. The maximum difference of superposed velocity of 1.2 kg charge is 0.32 em/s,
and the maximum difference of superposed velocity of 1.4 kg charge is 1. 03 e¢m/s. The maximum superposed vibra-
tion velocity increases linearly with delay accuracy, approximately. When the tunnel blasting is required to be con-
trolled at a low vibration velocity level ,it is necessary to select the delay time between holes whose superposed vibra-

tion velocity that is less affected by the delay error of the electronic detonator through calculation.
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Fig. 1 Single-hole vibration waveform of

single free surface measured on site
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Fig. 2 The maximum superposed vibration velocity under

each delay time of 1.2 kg and 1.4 kg charges
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Fig. 3 The maximum superposed vibration velocity of each

delay time of 1.2 kg charge with or without delay error
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Fig. 4 The maximum superposed vibration velocity of each

delay time of 1.4 kg charge with or without delay error
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1.2 kg and 1.4 kg charge considering delay error
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