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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
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