EA2E HE2m ok Vol.42 No.2
2025 46 A BLASTING Jun. 2025

doi:10.3963/j. issn. 1001 —487X. 2025. 02. 001

X A ke BE T S A sh FLIR AR T A2
HWESHTSHEHR
FOR MR EAR T AEE MEETE E

(1. BDUB A BRA L I 430056 ;2. TBUKEE a. R AR 5 8 5 S0 =
b. R TR0 B S0 =, #I 430056)

W OB AEREAAYBRBEIRIEY RGREL AL ERIME, LAV BB TR Y @R
S e BRIt R, SR £ AR B BN ROR , LA W v AR B 09 T 5 AR, 3 T v 45 M g Bk 4R
W, LFR,MHRBELIHEZIERT K M S BEZFHE TBRRLAHEX T EHGFRETEX
APk KR TFIRABOEAS A TR H & (PBM-FEM) , ifl i 45 T 04 ik 12 Sh b A BE RO M b 547 Aok 4
SR B AR 8 1] RR AR RIS R A T L e FEFALERT & EEEREMGE
TRV AL, BT T AR R L AR IUR A AR B A LR IR A M, BFRA R AR Bl
M3k EAF 4 RAF R A T B A ARSI ik AR T AR E, SHEATRE LI EH
DL EAL AR KA £ AT > AN > EM, R R K 0 AR R LA A SO e £ B 6,
R BRI MBS L 4L BORR R AN

HmESEE: TUT46.6 HERFRIRAG: A XEHS: 1001 —487X(2025)02 - 0001 - 12

Numerical Analysis and Experimental Study on Failure Process
of Drilling and Blasting in Reinforced Concrete Columns
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Abstract; In blasting demolition projects of housing buildings , reinforced concrete columns serve as the primary
load-bearing structural elements and consequently represent the most frequently targeted components for controlled
demolition. The effectiveness of reinforced concrete column demolition through blasting operations plays a pivotal role
in ensuring structural instability and controlling the overall collapse mechanism. The evolution of modern reinforced
concrete columns, characterized by increased cross-sectional dimensions, higher reinforcement densities, and en-
hanced material strengths,has significantly elevated the technical complexity of the design of blasting parameters and

the protection of flying rocks. The Particle Blasting Method coupled with the Finite Element Method ( PBM-FEM) was
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employed to simulate the dynamic process of explosion impact loading and explosion gas escaping from the borehole

through the high-speed motion collision of particles. Full-scale 1:1 physical model tests were conducted using indus-

trial electronic detonators to accurately replicate the blasting demolition process of high-rise building structural mem-

bers. The research reveals critical insights into the failure mechanisms and damage propagation characteristics of re-

inforced concrete columns under controlled demolition conditions. The results show that the explosion gas escapes

from the orifice and reduces the utilization rate of explosive energy due to the limited constraint effect of the blocking

material on the side of the blast hole. The severity of concrete spalling on the surface of the column is left and right

sides > front side > back side. The direction of the minimum resistance line is the main direction to induce con-

crete damage and throwing.
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Fig. 2 Finite element model of single hole blasting of reinforced concrete column
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Fig. 3 Motion scattering process of explosive particles
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Fig. 4 Damage characteristics of column surface after explosion of 50 g emulsion explosive
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Fig. 5 Damage characteristics of column surface after explosion of 100 g emulsion explosive
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Fig. 6 Damage characteristics of column surface after explosion of 200 g emulsion explosive
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Fig. 7 Damage characteristics of column surface after explosion of 300 g emulsion explosive
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Fig. 8 Damage characteristics of the center surface of column
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Table 1 The peak-to-peak stress value of the element under different charge conditions ( unit: MPa)

under different charge conditions

M /5 Measuring point

Exﬁive B Front side J5 ] Rear side e Left side
consumption B IKF B IKF B K
Vertical Horizontal Vertical Horizontal Vertical Horizontal
50 g -7.94 1.97 -8.71 0.22 -12.7 0.64
100 g -16.00 1.47 -16.10 0.29 -22.7 0.91
200 ¢ -24.30 5.41 -27.50 0.70 -39.2 1.46
300 g -34.10 5.47 -37.20 3.04 -56.3 3.90
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Table 2 Main performance indexes of industrial electronic detonator

U
Specification and type

S ST [ L

Delay time range

LK

Length of leg wire

FEF R 22

Error of delay time

ED-GX1/16000P-B8 0 ~16000 ms 10 m

FERF <150 ms (i}, 122 < +1.5 ms

When delay time is less than or equal to 150 ms, the error is
less than or equal to +1.5 ms.

JERF > 150 ms Bf  HIXERZE< £1%

When delay time is greater than 150 ms, the relative error is less
than or equal to =1 %.
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Fig. 12 Blasting process of column under the action of 50 g emulsion explosive
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Fig. 13 Crushing effect of column after explosion of 50 g emulsion explosive
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Fig. 14 Blasting process of column under the action of 100 g emulsion explosive
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Fig. 15 Crushing effect of column after explosion of 100 g emulsion explosive
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Fig. 16 Blasting process of column under the action of 200 g emulsion explosive
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Fig. 17 Crushing effect of column after explosion of 200 g emulsion explosive
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Fig. 18 Blasting process of column under the action of 300 g emulsion explosive
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Table 3 The number and length of cracks on column

T Front side J5 ] Rear side 2] Left side

KEZ5 I

# Right side

. 2‘2/‘ B 43 BEK a0 EEX Z"Zz‘ Bk A% H W/‘ PESS 40k H 34 BK
Exol Ao RoBK oo Rk gt Raoik Agdd ALK
xplostve Crack Total crack Crack Total crack Crack Total crack Crack Total crack
consumption/g  number/N  length L/cm  number/N  length L/em  number/N  length L/ecm  number/N  length L/cm
50 11 137.1 3 40.7 4 103.6 5 101.3
100 9 285.9 2 73.7 15 592.7 10 297.4
200 27 522.5 5 226.0 37 1010.2 30 782.7
300 / / 9 166. 3 2 40.9 8 96. 6
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Fig. 19  Crushing effect of column after explosion of 300 g emulsion explosive
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Table 4 Spalling area of concrete from column ( unit:cm?’)
e R/ g Hirm Jem 7 A
Explosive consumption/g Front side Rear side Left side Right side
50 0 0 0 0
100 0 0 0 0
200 3276.7 0 265.6 913.2
300 8946.3 6471.9 10 315.3 10 056.0
= 12000
£ 1200 B Fifll Front side g B Fifll Front side
:0 1000 B /5] Rear side % 10000 WM J5 11 Rear side
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£ 800r g #fll Right side = 80001 g #:01 Right side
o~ )
-4 = L
§ 600 I = 6000
S o
WL 400 F = 4000
3 =
& 2001 2000
i =
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Fig. 20 Statistical results of blasting failure characteristics of column
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Fig. 21  The dynamic strain-time curve of column element under different charge conditions
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Table 5 Dynamic peak-to-peak strain value of column element( unit: pe)

M 55 Measuring point

Exﬁive B Front side J5 ] Rear side 2] Left side
consumption B K g K- e K-
Vertical Horizontal Vertical Horizontal Vertical Horizontal
50 g / / / / /
100 g -494.98 53.91 -160. 66 64.08 -199. 88 73.68
200 g -920.76 87.89 -328.87 86.12 -560. 36 185.61
300 g -452.35 55.40 -131.91 84.54 -282.64 61.52
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