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Key Technology of Enhanced Loosening and Controlled
Blasting Demolition for Floodgates in Protected
Environmental Reservoir Areas
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2. Institute of Engineering Technology, China Construction Sixth Engineering Bureau Co., Lid.,
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Tianjin 300171, China; 3. School of Civil Engineering, Tianjin University, Tianjin
Abstract: Based on the demolition and reconstruction project of the floodgate of Tiangang Reservoir, the
research of controlled blasting demolition technology with enhanced loosening and millisecond delay for
floodgates in environmentally sensitive reservoir areas is focused on. Through theoretical analysis, field
tests, and monitoring data analysis, the impacts of factors such as borehole layout, charge design,
blasting network , and safety protection on ground disturbance, existing buildings ( structures) vibrations,
shock waves, and flyrock were studied. Aiming at the super-long age, surface carbonized concrete and
special environmental protection, the key technology of efficient blasting demolition of flood discharge
sluice is formed, which realizes the collapse without flight of blasting block, the control of harmful effects
such as vibration and shock wave, ensures the safety of surrounding buildings ( structures) and
foundation, and achieves good demolition effect and resource utilization benefit.

Keywords : floodgates ; blasting ; demolition ; dynamic response ; tests ; monitoring
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g B RC e g O
igA #/m 4 cmes” )
(emes™) Hz
I 2 JECAR 100. 5 0.174 4.5 2.5
— 0 S
K T 120. 6 0.126 5.7 2.5
RIT —g it
o 115.2 0. 092 4.7 2.5
fin] % Bt 100. 5 0. 488 7.1 2.5
Ii7] = SR AR 80.5 0.388 11.3 2.5
Y AN B
K f{“ﬁjim]‘ 100. 6 0. 665 8.3 2.5
EiEcd R
N — 2 it
=
oy 95.2 0.298 6.2 2.5
[if] = B 80.5 0.355 5.5 2.5

FEAUAL IR AR R T 5 % 1 P 1] AT PR R B
FERE i Ttk AL ] L% RS TR 445 4 i B 1 80 358 % D
D5 RN, RT3k 8 LAY 85 | M e T A R A AR
R AR A, RSB BE FER R SRR KA
S =7 RIS R, AR A AR DR TR B 3 ik XL
A ELJR ¥ T 40 15 240 SR BT B, R R B0 A Gl
(R ) ST Jo e W {1 T AR 33 % i ol 0 9 3 2% <
2. 5em/s , KRN el 8 R HC A A B 200 X 4 o A i
TR SR Y BRAR L DY 5 A B 52 3 2 7 0
Ko MiT A REE, B AT, AR AE T
A IBE) T BUNRBIRERACR , s 6 s

a JRBAT

b BE
E6 REATEXR
Fig. 6 Comparison before and after blasting

6 4Z5iE

1) & BBCE RS A, WA Boor X 0h 2 3%
2y LR 2 R R AL 2 i T AL AL
FEJFUiR , RS BT R 45 4 BORS MEAR BT R, L
SR Z ARG RS B BRI B R AP B A ERT

2)) SR Ui AL 2l HE B 475 i) J e B A |l 2 5 B

TR B U B 2 A, AN B 1T
PNITRES L%
3 ) a0 R B - 2 T SR ¥ R XA P AL £ R
B dr, Al AR A S AR RE A
4) R — MR LT 20, TR AR I 1 il 6, X
AR 2 24y e AT A O Pt TR B [ HESR AR
FHSE TR, A HC 1) b B8, i — P i T, JF
N e iR s A A R R
5) 11 {5 3k PAE 1] K% B Jis 5t ) 4% 55k T R 29 9dL,
W e S AR TR A BT I R], H AR AL TR AR
WAFER IR 5
6) LB XS XU A9 5173 T 15 1 8 AR 3R ) 552 B 1
OUHEAT B, IRAL AV IE SR 28, i — D s
FRATT SR BONS HEE
B2k
[ 1] SRIRZE, ki, R4, 4. RIK TSR Bt T 5 £ 4)
BHVIT] AR, 2021,52(S1) :257-259,267.
ZHANG 7 J,ZHANG B,SU L J, et al. Preliminary discussion on
demolition construction scheme of large hydraulic structures[ J].
Yangtze River,2021,52(S1) :257-259,267.
[ 2] iy, Bg AR, UH1 AR B Y B e 2 33t Il A SR 3k v 1)
LY. MET 1, 2024 ,42(2) :6-10.
FANG Z M,ZHAI Q C. Application of cutting blasting prototyping
technology on pier demolition of intake sluice [ J]. Coal mine
blasting,2024,42(2) :6-10.
[ 3] XUifld, 2Rk, 58Ky, 55, F Dok 4 vt dh i i 2 45 1 95
BR[J]. TAERE,2004,10(2) :38-42.
LIUZ F,LI B L,GUO Y W, et al. Blasting demolition of the
floodgate in the spillway of Wangkuai Reservoir[ J]. Engineering
blasting,2004,10(2) :38-42.
[ 4] WSCF. WRFEEKPRREE W s B R s 22 2Bk 1], KR
225 TRER,2010(6) :66-69.
GAO W P. Xidayang Reservoir spillway floodgate whole blasting
demolition [ J ]. Water sciences and engineering technology,
2010(6) :66-69.
[5] FAKR. ZRIEIHRBELE K 42 K 2 ik i 38 2 4% Bk v £
FILIY. T7P9KRIK L, 2012(6) :33-38,44.
NIE Z R. Application of millisecond delay blastingin partial
blasting demolition of spillway gate at Shuiche Reservoir[]].
Guangxi water resources & hydropower engineering,2012(6) :33-
38,44.
[ 6] ARERED, 2, XBIBESE. Al MoK F i 5 It B 2 — S0 el e 9
BRAELI]. i THA,2012,41(S1) :340-343.
REN'Y Q,LI S S,DENG X Q. I period cofferdam dismantling
scheme of diversion channel in Tongzilin Hydroelectric Power
Station[ J ]. Construction technology,2012,41(S1) :340-343.
[ 7] AL, MERR, B A S5, T B R bR 3T S 4B 5T RY
fa R [ 1], HRRE, 2017 ,34( 1) ; 148-151,159.
(M 147 50)



2025 No. 20

KB HET U U-Net IR 0 TR 2T AR BE 115 35 58 TR BE -4 5 T RS 2 IS 147

[10]

[11]

[12]

LIU L, SUN Z J, LIU J L, et al. Fragility curves of precast
concrete shear walls with vertical joints [ J ]. Engineering
mechanics, 2024 ,41(S1) :150-156.

TR A H R, A TR0 R Bk b 5 T 5 P R
B RS HT ). EHURE,2020,36(3) :100-104.

DAN H, WU T, XIAO C B, et al. Test and analysis on shear
behavior of precast component interface [ J]. Building science,
2020,36(3) :100-104.

ST R TR R B L R S A R L
FUIFRE I R RERT ST [ V], RS 24, 2018, 39 (10)
156-163.

WU X G, ZHANG X C. Investigation of short-term interfacial
bond behavior between existing concrete and precast ultra-high
performance concrete layer[ J ]. Journal of building structures,
2018,39(10) :156-163.

TAYEH B A,ABU BAKAR B H,MEGAT JOHARI M A, et al.
Mechanical and permeability properties of the interface between
normal concrete substrate and ultra high performance fiber
concrete overlay[ J ]. Construction and building materials, 2012,
36:538-548.

FBRE, PV EE. H T DIC £ IR BE 4 5 U 1 2 1 R
FE[1]. WHEEE,2025(3) :6-11.

WANG L H,SUN X J. Research on shear mechanical properties
of concrete based on DIC technology [ J ]. Concrete, 2025 (3) .
6-11.

TRV, SRR, A4 B . TR O - 5 R 3405 7 R I R I
JR[J]. TR, 2015,37(1) :90-95.

SU H Z,ZHANG L H, TONG ] J. Review on acoustic emission
detection for concrete damage [ J ].
technologying,2015,37(1) ;90-95.

GU J X, WANG Z H, KUEN ], et al. Recent advances in

Nondestructive testing

convolutional neural networks[ J ]. Pattern recognition,2018,77;
354-377.
HARALICK R M, SHAPIRO L G. Image segmentation
techniques [ C ]//Proceedings of the Conference on Computer
Vision, Graphics, and Image Processing, 1985.

RONNEBERGER O,FISCHER P,BROX T. U-net: convolutional

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

networks for biomedical image segmentation[ M ]. Cham; Springer
International Publishing,2015.

SICY, YUW H, ZHOU P, et al. Inception transformer[ M].
Cambridge : MIT Press,2022.

DOSOVITSKIY A, BEYER L, KOLESNIKOV A, et al. An
image is worth 16X 16words; transformers for image recognition at
scale[ Z]. 2020.

VASWANI A, SHAZEER N, PARMAR N, et al. Attention is
all you need [ C]//Advances in Neural Information Processing
Systems,2017.

SU J H,CHEN Z H, HE C H, et al. GSENet: global semantic
enhancement network for lane detection[ C]//Proceedings of the
AAATI Conference on Artificial Intelligence,2024.

LI B N,HU Y H,NIE X C,et al. DropKey for vision transformer
[ C]//2023 TIEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR) ,2023.

HE K M,ZHANG X Y,REN S Q, et al. Deep residual learning for
image recognition [ C ]//2016 IEEE Conference on Computer
Vision and Pattern Recognition (CVPR) ,2016.

RUMELHART D E, HINTON G E, WILLIAMS R J. Learning
representations by back-propagating errors [ J ]. Nature, 1986,
323(6088) :533-536.

CORDTS M,OMRAN M,RAMOS S, et al. The cityscapes dataset
for semantic urban scene understanding [ C ]//2016 IEEE
Conference on Vision and
(CVPR) ,2016.

RS . Z 2 E A E MBS R IREE S0 KB E
RERTFE[ D], B AT R R, 2023.

WU S N. Study on mechanics and permeability of segment

Computer Pattern  Recognition

concrete joint surface of multi-layer composite shield tunnel[ D].
Nanjing : Southeast University,2023.

W4T Tl UHPC 58 R 34 ot e i TR B B AE 2R s i Bt
REMEREDTFEL D], M At AR K, 2020.

CHEN Z X. Study on seismic performance of precast UHPC shell
locally reinforced precast concrete frame joints [ D ]. Nanjing:

Southeast University,2020.

( FFESS 140 11)

[9]

YU H B, SHANG Y J,ZHAO M S, et al. Hazards control of
basement explosive demolition to adjacent building[ J]. Blasting,
2017,34(1) :148-151,159.

BT AT 1l /N 8 BE O 1005 Il BB R AR [ T]. T A
(h3E30) ,2024,53(15) :17-20,88.

HOU J. Inclined chimney small angle incision directional blasting
demolition technology [ J ]. Construction technology, 2024,
53(15) :17-20,88.

FREE B AN, WO R ST 0 R R R
HAR[T]. T H A ,2021,50(3) :49-51.

WANG J G, LUO S Y, YIN J Q, et al. Chimney blasting
demolition under close

technology extremely

condition[ J]. Construction technology,2021,50(3) :49-51.

protection

[10]

[11]

[12]

JRIZR DL AR BRI T R S B T S A e [ 1], TR
%,2009,15(1) :1-4,40.

ZHOU J H. Discussion on calculation formula of collapsing
vibration velocity caused by blasting demolition[ J]. Engineering
blasting,2009,15(1) :1-4,40.

EFHU, AT IR, KR K i Ut GE DR R B
ARLIT. KFEE S ,2010,30(8) :31-32,35.

WANG X Z,LI X C. Blasting demolition construction technology
of spillway gate slot in Gangnan Reservoir[ J]. Water resources
development & management,2010,30(8) :31-32,35.

NG, T, JrBR BB e 5 TRESEF [ M]. dE5T: AR
S H AL, 2008.

WANG X G,YU Y L. Demolition blasting theory and engineering
example[ M ]. Beijing: China Communications Press,2008.



