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Research on Blasting Demolition Technology for
Partial Spans of Continuous Girder Bridges

ZHENG Xuan-rong' ,REN Kai' ,LIU Rui® ,LI Shuai-liang' ,YUE Xue-ru'
(1. College of Architecture and Civil Engineering,Xi’an University of Science and Technology,
Xi'an 710054, China;2. Shan’xi Road and Bridge Group Blasting
Engineering Co. ,Ltd. ,Xi’an 710000, China)

Abstract: The blasting demolition of partial spans in continuous beam bridges frequently entails substantial risks
of damage to the adjoining spans. To ensure the effective collapse and fragmentation of the bridge while safeguarding
the integrity of adjacent spans,a case study was undertaken focusing on the blasting demolition of a damaged section
of a continuous beam bridge in Ankang City. Using ANSYS/LS-DYNA software , numerical simulations were conduc-
ted to investigate the impact of water pressure blasting on the upper box girder and evaluate various collapse scenari-
os for the lower piers. These scenarios included row-by-row inclined collapse, span-by-span collapse, and center-to-
both-sides collapse patterns. The optimal blasting scheme was identified by comprehensively evaluating three key pa-
rameters ; structural fragmentation efficiency, collapse configuration,and induced vibration velocity during demolition.

Based on these simulation findings, an optimized blasting design was developed, with subsequent safety verification
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conducted on the vibration velocities to ensure structural integrity and operational safety. The results demonstrate that

implementing water pressure blasting in the upper box girder successfully achieved substantial structural fragmenta-

tion while effectively controlling debris dispersion and minimizing potential impacts on neighboring spans. Through a

strategic approach involving the conversion of the continuous beam into a supported configuration prior to demolition

coupled with a sequential detonation protocol initiating at the main beams of adjacent spans followed by row-by-row

inclined collapse of the lower piers, the proposed scheme successfully achieved controlled bridge demolition. This

methodology ensured optimal structural fragmentation while reducing vibration velocities within safe thresholds, effec-

tively protecting adjacent spans. The field implementation results aligned well with the numerical simulations, as evi-

denced by the controlled collapse process and satisfactory fragmentation patterns observed during the on-site blasting

operation. No significant damage was observed in the proximate piers. The peak maximum vibration velocity recorded

at the monitoring points in the numerical simulation was 3. 58 c¢cm/s, closely aligning with the field-measured value of

3.96 ¢cm/s,demonstrating the simulation results’ reliability.
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Table 1 Parameters of explosive material and equation of state
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Table 2 Parameters of water material and equation of state

2 Parameter p/(kg+m™)

¢/(m-s") S, S, S; Y

{8 Value 1000

2.56 -1.98 1.23 0.35
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Table 3 Parameters of air material and equation of state

24 Parameter p/ (kg + m -3 ) C, c,

C, C, C, E,/(MJ - m™) v,

{8 Value 1.2 0 0

0.4 0.4 0 2500 0
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Table 4 Vibration velocity monitoring data of three blasting schemes

PR (Y Peak vibration velocity/ (cm » s™')

UES Wi 5 1 Monitoring Point 1 Wi 5 2 Monitoring Point 2
Scheme
v, v, v, . v, v, v, Uy
1 1.93 2.15 3.58 3.58 2.42 3.12 2.96 3.12
2 3.33 4.62 8.49 8.49 4.11 5.74 3.68 5.74
3 6.68 3.65 3.59 6.68 3.60 3.65 5.41 5.41
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W90 K

SR A VI B J7 1%, 6 3 MR TR 22 1A 4=
T LW, AR SR N T SO, FRRAR 2 AR e 2 e
PEATHEZY o L ERHTAROK e g B 5 2 R R A T o
b, B 5 K e e 2 o B A TR LA

RS TEHRERRBRWIESHR

Table 5 Main blasting parameters of bridge pier and tie beam

TR/ MRS fLig fLEE HepE LB LB 5% il
£ KR Name Minimum Hole Hole Row Hole Number of  Total explosive
burden/cm  diameter/mm  spacing/cm  spacing/cm depth/em  blast holes/~  charge/kg
L Pier 50 40 30 40 110 192 115.2
Z %L Tie beam 30 40 40 - 90 12 7.2
BT Total 204 122.4

3.2 BEiRIEZ

FR A R R & 4 FLRE ) (GB6722—2014) 1)
L, EIRMR/INTS5TF 10 Hz B, Fias AR BUR B
+(C20 ¥ H:7 ~ 28 d) %4 Fu il o s IR Bh R N
7.0 ~8.0 em/s, PR HXT SR AT AT MR M0 B 8 42 4= FeiF
FRUENRCR 7 cm/st 'S

TARBRRE R R 5% T8 7 6 2 = N N 4
il F B0 1R Bl 0o T LA 55 140 5 T, AR SR ) TR)— s
(18 52 T R BT 3 8 O 40 3 MR B Ak 1) e PR sl A 1A%
B, nF k4 prR

v = k’K(%) (4)

o Q N—IKFFRE R R R H AR =R E
AORE RS ;o I R IR B AL, em/'s 3 'O E 80 R 4K, B
H0. 35K o 5 B AR B AT A ) R
K150, 1.5,

THRAS 2, &8 T B BAL 1Y i 4R B R
3.51 em/s, P& MR .

3.3 BERIKZ

SR 1) 15 P AR S R TPV LD 2 S AL AR

Byt Sy PR B A S B 7 ot A P T i 98 XY

A3 M B R B PR VR R Ak B e R PR Bl TR
&, = (5) pror
m,;v, g
Vp = (mzR) (5)
Korom, HERTEVRIG R, Bk 1224 000 kg;
v, RS TEAARBY B EE O 17,5 m/s5m, il
AAYEX A B a s R S SHRIERIIEE B 1 m;B R
ST 1.2.9 DL 10 5300 v 4 2 3 B2 1 Oy
4.15 em/s fFERITESR
3.4 BHLEHP
TERRBS i JEAT S S0 5, i — 2D R B A bR
WS4k, AL ORUEM AL B R Ry Il HE
R P A SE BT A B K o XA R
=R 5 — 2 R AL RLAR R R AT e B |
i, B R e W AT R L R R
FHAN 22 I FEAT A0 2% BT oo 38 A 10 T i A
e o B A& T AR
itk — ARG B TR R B, TR R 4 B5 T
BHEEA/NT 1.5 m, SiE R S ~6 m AR )8 52
B ORI, A R R AR R R T
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IMZTUL B B SEAE SN0 [l 05 AN /N T 3 me 4 5 4
8%, 91 R P AT SR AR f 2 4B O R A ORE, B Ak
fit

4 SEHRBIFRRITRE

EOCTIEE 1 55 4 B B0 R A B
KB REAE L R K RE R S0 A A 252 1
B 10(b) Brzm s B e, T PR A A e 1% , K 24 4 0 ity
P BLHAE T BRI 2R 2R AR T, IR AT 1R
ftRE, W R 1A 10 (e) 56 1 #5555 4 5 F 22581 2R3
B — I 2T ORI, W5 32 5200 I 2845 B o R e e

(a) EIERT (b) L5

(a) Before detonation

and fourth spans at the upper section

(d) 55 1 556 4 5 T LR T 9%
(d) The main beams of the first and
fourth spans rotate and fall

e N
155540 PR R

(b) Detonation of the main beams of the first

(e)552B5 R T%
(e) The main beam of the
second span falls

TN 10 (d) AR, 32500k 25 34, AR AT
e 20 2 s RO R W 2 2, RO AR R T
JE, N 10 Ce) 5 FRIET TOCE) nI, 25 3 B8 R K T
PR B5 A BR, JFARBTRE B o P 11 ke AR AR
BHEOEAR, nT LR Y, PSR oG B 4607 , 8
RORRAF . XTI 10 51807 a0 ARt b ad # 5
BUHBUS RIEAR B R T 1 554 5+
TEBERG T 5 2 15 R R B URE Bk V2R 3
5 0 R T ST B RHE 5 = B B, MU LU 4
R

(o) FEREEMRRAR , HRATT IR MR
(c) Detonation of the substructure,

initiates the tilting of the bridge

() %6 3 15 2 52 K T AR BB RHE) 5
(f) The main beam of the third span and
the underlying pier tilt and collapse

K10 B B2 bR ad
Fig. 10 Bridge collapse process

(a)1. 28K (b)9. 10%#
(a) Pier 1 and 2 (b) Pier 9 and 10

P11 ARSRAR ISR I A5 1A
Fig. 11 Morphology of adjacent pier after explosion

T IR TE R 58 AR B A% 4% , SR b RE D 4
TC-4850 BUFRA ARSI IA, Wi I AR A R 33k 2
I 12 (TR 1) ) PP G BRI B
HUL KPR O 42 m, S RCE AP o 0 A 07
HAIR), SR SR an 3k 6 R

H1Z% 6 AIAL, 2% s I A5 4R 2l e B2 (4% /N T 22
VIR, A2 XTI SBHREO™ e . B Ikah

eI PO SRS AUN 25 SR e A, (HL 25 25 SRAT By
T, e RIRZED 13.09% , 1E SLVFHYIE LN, it — 20
VB R 2 AR R
% 6 DUHIREH N
Table 6 Vibration monitoring data

TR

Horizontal v, v v v

y z max

W S
Monitoring
point number distance/m

1 42 3.96 3.41 3.18 3.96
2 42 3.12 3.59 2.86 3.59
5 #i

1) 38t ST AE A0 B 373 512 o 1 T X 328 25 R A
JRyEATF S R BRI R HEAT T HESE, 4R 10 T 2k 7
PRI RS PR BRI T 58 BRI MK R DL, T
FIATR OB AL A A 7 1% ) LA R AR AR T A
5, LAGR RS SR AT i 7= A R G vl
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2) B AT T U0 R AR OISR 5 K i 2 A
N 22 5 TR SO 3 R I 1 S R Hg T TR A U A T
A KEZY , BB ISR 22 HER 04 8 35 J7 %%
SRR BAR AR , T LA R0 ARk il i 51 K
BavE IR, LLRIEAH QBRI 1 2 4

3) BT PR A, AR I AR B B S 4
3, BOEASEAU-5 T 52 B R 480 435 0 A DA R B ¥ I
Bl R BB IE T , I8 e 0 R S R AU A5 R A B
RIRZE 13. 09% , BUABUL R BN HER . 5 B
12 FHERERAU B AR RS T S AR Jo) FOATR 55 R e I e 151
B AT, 22 A5 0 TR o A U E A AU 4
A s e R T 5 AT LA BRI S b T AR
PRERARBE A

23 3Lk ( References)

(1] ). PRBREBR IO ) A e 5 R [T . J, 2019,
36(2):1-12.

[1] XIE Xian-qi. Development situation and trend of demoli-
tion blasting technology[ J ]. Blasting,2019,36(2) :1-12.
(in Chinese)

(2] EBRTC T BOME, X A, S U B 32 R R
TR RAERARER AL ] TR, 2019,25(3) :32-
42.

[2] JIANG Yue-fei, HE Xian-hui, LIU Tong, et al. The blas-
ting demolition technology of large-scale bridge in close
proximity to hilateral new operational bridges [ J]. Engi-
neering Blasting,2019,25(3) :32-42. (in Chinese)

[3] F B4R BRI, 5. B ARREA 22 19 AL
TR EE T M R BPRBR [T ] 8, 2020,37 (1) - 107-
112.

[3] WANG Pu,ZHOU Wei-hua, OUYANG Guang, et al. Ex-
plosive demolition of large reinforced concrete arch bridge
adjacent to existing bridges [ J]. Blasting,2020,37 (1) .
107-112. (in Chinese)

(4] Z K87, £ AL Bk 5 55 7% il b iR shky
HEAE R/ MA R Im O [T]. &30 5 bk, 2018,
37(11) :195-201.

[4] JI Shan,XIE Wei-ping, WANG Li. Tests for ground vibra-
tion characteristics and propagation laws due to blasting
and touchdown impact [ J]. Journal of Vibration and
Shock ,2018,37(11) :195-201. (in Chinese)

[S] WIRRME, 5K A 4, 5Kk ¥, A5, XUHE ISR BE - SR AT AR A
PrERE SR e SHLBEATTE ()], v B 2 4, 2024,
37(5) :67-79.

[5] HU Zhi-jian, ZHANG Zhou-yu, ZHANG Yong-tao, et al.
Investigation of explosive collapse process and mechanism
of girder bridges with double-column piers [ J]. China
Journal of Highway and Transport,2024,37 (5) :67-79.

[10]

[11]

[13]

[14]

(in Chinese)
FF WG, s, X I, AR S IRIRET T B B R R
BRI AR SEL T ] 43,2021 ,38(3) :104-112.
QI Peng, SHANG Xiu-rui, LIU Chuan, et al. Optimization
of blasting schemes for demolition of cross-road bridges in
complicated conditions [ J ]. Blasting,2021,38 (3) : 104-
112. (in Chinese)
TSI GRS H  BRBR BR B E AU AL AT 5T D ]
P42 K2R ,2016.
FENG Jian-ping. Numerical simulation study and optimi-
zation of bridge structure in blasting demolition[ D ]. Xi’
an; Chang’an University,2016. (in Chinese)
MoKk, 6 3 4 AL ST, S5 T P i 2R M SR AR B 1
o B Mo AR SRR AE [T ] R 3h 5 bk, 2015,
34(5) .110-114.
YANG Yong-giang, HU Jin-jun, XIE Li-li, et al. Charac-
teristics of ground vibration caused by blasting demolition
collapse of zhuanyang viaduct [ J]. Journal of Vibration
and Shock,2015,34(5) :110-114. (in Chinese)
L] ZERME, TR I, 45 S A BRI T XU AT Y
FERIPRBRIB L[ T]. TR 1%,2023,29(2) : 115-119,
136.
MA Shi-ming, CAI Yong-bin, WANG Xin-ge, et al. Con-
trolled demolition blasting of double curved arch bridge in
Complex environment [ J |. Engineering Blasting, 2023,
29(2) :115-119,136. (in Chinese)
P, BRI, 5= 5, AR R 2T IR B 2 S A
K AR ML BB AL [T ] B HE 15 w7, 2017,
37(2) :299-306.
SUN Jin-shan, YAO Ying-kang, WU Liang, et al. Numer-
ical simulation of water-pressure blasting mechanism in
breaking viaduct box girder [ J ]. Explosion and Shock
Waves,2017,37(2) :299-306. (in Chinese)
2 sE SRR AR, AR AR R K R PR R
WOBUEAAN S SR [T ] 2 B2 AHE,2016,33(3)
64-70.
WU Liang, XIE Xian-qi, HAN Chuan-wei,et al. Numeri-
cal simulation and practice of hydraulic demolition blas-
ting of viaduct box girder[ J]. Journal of Highway and
Transportation Research and Development, 2016,
33(3) :64-70. (in Chinese)
sy, B T TR, A ARSE AN IR 5 L AR R
IKERERARBRBFSE[ T ] BRA%,2019,36(2) :99-104.
MA Shou-long, LV Nao, WANG Hai-bo,et, al. Numerical
simulation of hydraulic blasting in unequal-wall pc box
girder[ J]. Blasting,2019,36(2) :99-104. (in Chinese)
VAR LB R AR A RO TR IR R 2
RCFMIM. JEnT U Tl Hi Rk, 2019 :467-471.
e A1 Bl A5 A A A 8 R ARG A5 47 £ 7 1%



a2t H2l i A Bl 85

ELE G Ry T 5 AR IR PR B AR5

139

[14]

[15]

[15]

[16]

[17]

WFFE[ D], HK H PR, 2022.

MA Long-hao. Study on dynamic damage constitutive
model of rock and low damage blasting method [ D ].
Chongqing : Chongqing University,2022. (in Chinese)
SHIM XUBHME  RR , F. AREE AT A A1 R
PR RS R / ATRAE [ ] K 5 oty , 2024 ,44 (4)
122-140.

MA Si-zhou, LIU Ke-wei, YANG Jia-cai,et,al. Size dis-
tribution characteristics of blast-induced rock fragmenta-
tion under decoupled charge structures [ J ]. Explosion
and Shock Waves,2024 ,44(4) .122-140. (in Chinese)

TENOSE, T WA, PR m e 5 TR [ M]. dt
AU N RESZHE H ik, 2008 : 153-162.

TENDE. B S5 T LM . dbatif 4 Tl il
#1,2011:689-694.

i AR . b R R TR S HOR[ M.

[19]

[20]

[20]

[21]

[21]

AE5T 16 B Tlk ik, 2006 :638-669.

[ K24k 7 B 8 B RS GB6722—2014 Rl
MRS ] Abnt b E AR A, 2014.

WSOWE RIS, BT e, 45 ISR R 8l e R0
oM [T]. A T REAA4R,2010,32(4) :619-623.

TAN Wen-hui, QU Shi-jie, MAO Shi-long, et al. Altitude
effect of blasting vibration in slopes[ J]. Chinese Journal
of Geotechnical Engineering,2010,32(4) :619-623. (in
Chinese)

PG SRR, B, 25 i (F) S Ir BR R e
I fih b R B PO AL BY A ST [T ], TR AR, 2014,
20(2) :25-28.

SUN Jin-shan, XIE Xian-qi,JIA Yong-sheng,et al. Fore-
cast model of peak vibration velocity induced by the col-
lapse of structures in demolition blasting projects [ J ].

Engineering Blasting,2014,20(2) :25-28. (in Chinese)

(L35 66 7)

[5]

[5]

[6]

(7]

[7]

(8]

[9]

[10]

SRAR O IE S T RO AT [ M. g, . b
a BRI, 1987 :225-229.

HENRICH J. Explosion dynamics and its application[ M ].
Translated by XIONG Jian-guo. Beijing : Science Press,1987 .
225-229. (in Chinese)

ik o, REP SRBAS AL BAR [ M. AL IE
BReAH AR HipAE, 2018 :377-389.

ZHANG Li, WU Hong-bo. Explosive materials testing
technology. [ M |. Hefei; Press of University of Science
and Technology of China,2018:377-389. (iin Chinese)
Ab A s U R BRSBTS LB
FE[D]. dbat e aiRHL R, 2022.

SHAO Lei. Combustion behavior and mechanism of typical
titanium alloys for aircraft[ D |. Beijing ; University of Sci-
ence and Technology Beijing,2022. (in Chinese)
BT K LR B [ M ] st QU st TR
Rt ,2002 :324-329.

CAT Rui-jiao. Principles of explosive devices design[ M ].
Beijing ; Beijing Institute of Technology Press,2002 :324-
329. (in Chinese)

Bk, E B XA, A5 Pk i R AN 8] Xk 2 g
Wit & AW B2 e [0 ). DR B AR R 2727 41, 2018,
49(1) :95-100.

GE Li-wei, XIA Ying, LIU Shu-yue, et al. Effect of pyroly-
sis temperature and time on biochar production in a muf-
fle furnace[ J ]. Journal of Shenyang Agricultural Univer-
sity,2018,49(1) :95-100. (in Chinese)

PSS TGN S5, 45 SRk RRER R W) M

GRSk R [T ], fh R #2240, 2017,45 (12) :

[10]

[11]

[11]

[13]

[14]

[14]

1721-1737.

JIA De-chang,HE Pei-gang, YUAN Jing-kun,et al. Prepa-
ration and properties of aluminum silicate polymer compos-
ite foam material[ J . Journal of the Chinese Ceramic Socie-
ty,2017,45(12) :1721-1737. (in Chinese)
IS A , B B vh o B E AR R JE
Aili[ M. AL U BT T R 2 ik, 2015 :75- 84,
MEN Jian-bing, JIANG Jian-wei, WANG Shu-you. Foun-
damentals of numerical simulation for explosion and
shock problems[ M ]. Beijing: Beijing Institute of Tech-
nology Press,2015:75-84. (in Chinese)

VA B R 8, A A RROT TR AR S
BEFMELM L b ST AU Tl ik, 2019.

XIN Chun-liang, XUE Zai-qing, TU Jian,et al. Manual of
common material parameters for finite element analysis
[ M]. Beijing; Machinery Press,2019. (in Chinese)
SRR NG T TRSLAE AR REG X HE 2 JWL IR
SOTRRREEN )], SedR A T AR 4R, 2021 ,42(1)
174-178.

JIA Bao-hua,CHANG Bo,ZHUANG Li-jian,et al. Effect
of charge density on the explosive JWL equation of state
[J]. Journal of Ordnance Equipment Engineering,2021,
42(1) :174-178. (in Chinese)

o PF RIS, JE P, 5 MATLAB (&4 b 2152 31
TEMELM . Jbat iR i, 2013.

YANG Dan,ZHAO Hai-bing, LONG Zhe, et al. MAT-
LAB Image processing example details[ M ]. Beijing : Ts-
inghua University Press,2013. (in Chinese)





