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Study on Dynamic Response and Safety Assessment of Adjacent
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Abstract: The impact vibration caused by blasting demolition of tall buildings ( structures) may affect the service

status of adjacent subway tunnels. In order to demolish a 24 story frame structure building only 6.5 meters away from
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the subway tunnel, on-site tests and analysis of blasting vibrations and dynamic strains were first conducted. And
then, a three-dimensional finite element calculation model was established for analyzing the dynamic response of the
subway tunnel structure by ANSYS/LS-DYNA ,which can reasonably describe the impact of the collapsed part on the
ground during the blasting demolition of the building. Finally, the vibration response characteristics and dynamic
stress changes of the tunnel structure under the impact of building collapse were simulated and compared with the
field measured data. The research results show that the peak particle vibration velocity (8. 61 mm/s) in the subway
tunnel caused by the drilling and blasting of the load-bearing columns is greater than the peak particle vibration ve-
locity (4.95 mm/s) caused by the impact of the building on the ground. The main frequency of the blasting vibration
and the collapse impact vibration are about 100 Hz and 2 Hz,respectively. The vibration velocity of the subway tun-
nel under the action of the collapse impact load is equivalent to the structural vibration caused by an earthquake with
an intensity of Level Il (3.82 ~8.19 mm/s). The low-frequency collapse impact vibration can cause relatively obvi-
ous additional dynamic stress to the subway tunnel. The dynamic compressive stress generated in the circumferential
direction of the tunnel is about 4 MPa,and the dynamic tensile stress generated in the axial and tangential directions
is about 0.4 MPa. The existing cracks may expand, or delamination may occur when the internal damages or con-
struction defects are generated in the tunnel structure under the impact of dynamic tension and compression cycles.
The safety allowable particle vibration velocity value of 10 ~ 12 ¢m/s when f'< 10 Hz required in the current blasting
safety regulation( GB6722—2014) is dangerously high,and it should be adjusted in combination with the frequency
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and dynamic strain characteristics.
Key words:

tics; dynamic response

SRR E s NS B K o =0 e S N PN ]
DR SAEIBTT 8 K (A8 SR AR B3 v 4 17 FH e ok ek
Tz AHYRBR R AR TEAS 2 N H A R , s s
A 3R A8 BTSN, A iR S RN B A I R bR
A ERRE A 2 B SRR A AR S A T,
ERsIRE N ( 1) U S b T S5 A Y A5
IR N

SRR, S H 25 )™ 5 A3 2238 e 7, 3R
P A Rl Ty Ak A 1 28 AR E . TEDE T ST, I
bR B T A A (HE)) SRR IR T AR Rk B 22 . 2012 4F
4 H RO T I ) A R R B, M AR
IEFJ714.5 m AR HIER 2 54852015 4R 11 74
T AR IE 118 m 2y BRI AR B, 1 5 i 2 ol v
KizErHEk 3 54 30.0 m;2018 4E 6 ], ;i TT
TLRKJE 84.4 m S ERIEIRER 2R D IE 25 bk 2 5
2R 6.5 m;2019 4E 1 H , Kbl 62.3 m &5 BEIE
bR, M IR B Ak — 548 12,9 m, TGie R Ul #h
SR T 58, M D 30 VA ik b 1B 1] 7 A= (%) B R oo
A — R L M2k 3 1 IRAR RS

KM LA, 150k i 2K R 18 19 20 7 e g AR Pk A 52
F2 B AE RN T 2K 91 A2 iR Sl iy 228 0 L e Y 4
Jrifie A R ) R Luo G SEFSY T Mk
R B AEAS [ KE 2 it B T SRR R B A T AT A
SER Hb B R A 149 2 g i R R R R AR ) g
3¢ Wang D 20858 T EF E A T, AR
A 2 (R S5 R RAE TR T M 2k B 1) 3

high rise buildings; blasting demolition; collapse impact; subway tunnels; vibration characteris-

JIWERRFAE s 72 200 R BT 5K EE  Xie T SR T
AR HBRZ WA N BRTEZS R A I S S T (2
AR B A RRAE 1 T I o 55 26 % S AR
BeHRBR TRESEAT T 395 9 8l p B W > g
T SRRSO TR 1 AL S R M AP AL ; ke 4k
Z85E it HR BN 5 BB AR B, A AR AR 5 B
TARERIE BT R R 5 50T 30 v b i 45 T BB i
SERL (4 Bl 70 B B 5T, Zhao b B 75 | /R AR 28R
SRR T BeE5¢ 1 A RIS 7 1y AR HT T gk
Bk 0 14 80 o O

L LRI, b T R R D R R 55 45 v A Mk
e A OHILAR A Sl L A0 gl g R A5 T T -
Bl A R 3 DO, S BOR TS b IR sh R
P MK BE A 14 30 285 00 SO AL B o AN 335 B , 22 23t
SRR AR . I, 18 SURKFE — R R
HBRREIEAL 6.5 m () 24 JZHE LRS54 b 1ok 1t R Bk
TR, R P B0 R (AR UL AR 465 5 1) BF 5 B
Xt BB v bk VR T MR R S A 3 e LR AT T
RGEWT L, I % BUAT [ 52 b o O 22 2 ML)
(GB67222—2014) ¢ T 5218 B IE IR 3l 5 Wi 22 4= PPy
PRUERERT T #R0)

1 TiEHR

1.1 R EEHEH
FRPRREDITT R R N 1 R 24 JRHEZR-BT 15545
HREps o RERBEMCF IR “ L7, 0 Wik (1 1),



A0 % A3 DB G BUKRNME, A ARSI v oV R AR BB B i R 2 A 3

—HR 4R 24 Ejﬁﬁ?, K 56.0 m, 75 30. 1 m, %
84.4m; o — ¥4k 7T EEIME, K 26,1 m, 5
11.4 m, 5 25.6 m, KJE FERERVG 71034 10 HE
SRR, EE AL AR 6 HESA AR, ST ARG FEA
1200 mm x 1200 mm,1100 mm x 1100 mm,900 mm X
900 mm 5, KJEFRim 19.0 m LT BLHEIREE -0
9 C40 b5 fm 19.0 ~39. 4 m, HLGETR BE + 98 B
C35, 457 39.4 ~55.9 m, M HEIREE L5 E Ry €30,
P 55.9 m DL B BEBEIREE LR EE R €25,
M Z1:1200 x 1200 mm
MW Z2:900 x 1100 mm
B Z3:900 x 900 mm
Z4:800 x 800 mm
W Z5:600 x 600 mm v

® AR
A PR AL

BT BT R A (B e m)
Fig. 1

Column structure diagram(unit:m)
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Fig. 3 Schematic diagram of the blasting cuts(unit:m)
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Fig. 4 Delay time of the blasting cuts( unit:;mm)
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H I 2 ARSI ERE S 3. 906 mm/s , 3 i fe HL i
AR, T LIS ERSIIIR A fE | ~ 15 Hz fifq

Measurement
point 1

Measurement
point 2

Measurement
point 3

11 K EAR R IR 2 55 17 AR I s A

Fig. 11 layout of measuring points

IR B T8 A8 4t 4 1 TR = L (&L 12) 7T L
A TR 45 okt oo Ay 2 A e R S E TS
MRS M R TE A R 7 A T AR L B T - AR B S
VMl IS, B AE 1.0 s 2247 B4R 7 4k Bk i
Wi, g R T BRI A RO 1 AR AL BT
bR R T i S RAON A 5 BRI sl 1 g e O, 7E
3.5 s Aoy, MUk R G A BN 3l 10 ) 3k B W, BE S
V7 3 TR AR B T 25 AL N KRR L T R TE A K
N7 3 B RACAE it R B T BN 3 g 32 e I
BETEE.

F 6 FNSHERMIREEE (B4 mm/s)
Table 6 Vibration velocity of each measuring
point in the numerical model ( unit: mm/s)

X IE(H Y U Z VE(H
W5 1 1.6 3.8 1.6
5 2 1.4 3.9 1.3
W53 1.7 3.7 1.5
PSS R )57 B4 0 R, 2% W D0 R Y
el i) B ) R T WEAEL LA T o
®7T HERZZN MM

Table 7 Additional dynamic stress at each

measuring point in the numerical model

T B I # 7) T RRE e (B[] )
R #7/MPa R 71/ MPa
k1 -3.82 0.25
s 2 -4.61 0.38
253 -3.74 0.23

3.4 HEENERSMZUKLE RIS
MIRBIFFIEZORTE (P 13-a.b) , L7
T KRR Bl B L EAE 4.5 s BF 20, R o i 2kt i e
{E4 4.95 mm/s, HARS M08 2. 1 Hz s B
RIRBHH B BAE 4.0 s B2, 5 0 R 20 ol 3 0 (.
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43.906 mm/s, HARsh F 454 10 Hz,

i
i
i

o Prosaure
7483 s 1500871
s

|

(a)t=2s (b)t=4s

I
i
i

(c)1=6s (d)£=8s

P12 Bk E BNl =
Fig. 12 Tunnel stress distribution
MBS Sy (ZhRAE ) 2ok (K 13-c.d),  J13.53 MPa) , & Fr A2 F 0 AL I 9. 23 pe (3)
MK L V) O S 2 BEAE 4.5 s BIRES  BW 12 0.35 MPa) s RUEAHU AU 1 P & i 20 H
SR, S ECE AT R AR BIAE 3.5 s A, M BRAE I A5 0 I B R N )
SHNAE B FR (] R AR AR 54. 32 e (BhJRRL  4.61 MPa, ffiifif /] 0.38 MPa,

81 X,~Velocit 8
oL —— X~ Velocity
6 - Y,—Velocz'ty 6 — = Y,-Velocity
GaakZipteloctt === Z-Velocity
T, 4f i, 4t
g 2f g 2
& &
I g
S -2t S -2t
S 3
-4+ -4 |
-6 -6
-1 0 1 2 3 4 5 6 7 8 -1 0 1 2 3 4 5 6 7 8
Timels Timels
(a) BUE A IR 2 3 B2 (b) B 370 4% 2 3k
(a) Numerical simulation of vibration velocity (b) Measured vibration velocity
1-
| "M‘/JJ‘”\"J\‘
N Y SN _ ,
= o . s 0 \
E 1 -'~v\| Y/ 1"__- “I . - SR E -0.51 "y
5 e VoA 2 _ 10l \ 2N L]
2 h N s \ S
3 -2t b Vi — ¥ 3 -15¢ |
N i ® 5
2 v --- Bl 220} b
S -37 "oy S y P
S R Sl Vo
-4 y -3.0f v,
’ Lo
' -35} v
_5 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1
-1 0 1 2 3 4 5 6 7 8 -1 0 1 2 3 4 5 6 7 8
Timels Timels
(c) BUBBAUA BN 1 (d) BLZ I A 300E
(c) Numerical simulation of effective stress (d) Measured effective stress

13 ] Ak R R AU 5 S 4G 2R X L

Fig. 13 Comparison between numerical simulation and field tests



A0 % A3 DB G BUKRNME, A ARSI v oV R AR BB B i R 2 A 9

X G 23T BSAELSEDL -5 B 3700 3 ) e K ok 1
PRI AR 30 -5 30 B T Rk R dle vl R, — 2%
A B RUE R /N AR — B, BB B 00 ) 4 30
5 B0 WA AL P 221 Wk e . B O P 221 o A
JEUPA, SR R AR T e IR s 4 A | AR
LA R ) B 2 2 RO0k 5 I SR e 22—
B AE AT DL G -2 i AL 5 T B B v o
it Bk B 14 30 0 AR AE

4 MEIRIIEA THGBEREEN
it
IR, [ ARl A | T T AR 0O 358 v fik

b A F T M2k % 3 548 19 22 4 S IR, 2R
PG 22 2 ) (GB6722—2014 ) ' el o 4 22

AUV BURR S B PP AR (35 8) , KL K C(ukry
B 52 m 45 0 R BOR BT ) (CIIT 202—
2013 ) L I 49 TIT 00T S 30 45 A 14 42 4 Fe VPR
BRERLR 2.5 em/s , W 22 AT N B0 A 0 45 A I il A2
R R 4 A UV ™ FHOC 283K X LU AL
TR s (Ol T B Sl 45 4 2 PRAP B B ) A
T 2.5 em/s IR bR E, R IERIEAL A IR
SIS RFIE LA S IR Sl I 25 PER AR (Rt s
LARRE) BB IR T RSNIIARAFAE , (548 1922
8 % 1 R 2R FH Al B T 52 5 R B 5 et
PR RILTEL 20y HEY 018 32 1l o o Al 22 AR K, S B T 7R 52
B TR BT T 49 22 e A N B DL R st ks
AR B B LB AR A

®8 BRWIRIRERIFIRAE(TIE)

Table 8 Blasting vibration safety allowable standards( excerpt)

[T LA SOV I e Wi Bl o B
f<10 Hz 10 Hz <f <50 Hz f>50 Hz
7K TR 7~8 8 ~10 10 ~15
il 3| 10 ~12 12 ~15 15 ~20
W11 A5 5E 15 ~18 18 ~25 20 ~30

TEHD T 5 M TR, I H AT C 2B R T
O T 90T 2 45 R AR R TE) ((GB50909—
2014) 20 o [ M A2 B K ) (GB/T17742—
2020) 7 SR AR R , Xk R 25 R i B Rz
HEAT T8 BAR B HLSE , — 5 L ERHIE T Hb R 45
A GO A ES = 190 s U A OB P
Y LS5 B 51 B R 503 3 R0 3 3 e i 3t
KRB IEHRL B W%, S5 (P EBUES
FEFEY | 1o 2 R o M R I 358 9% b o o 5 A 1 3
SRBSEIRAAN Y T P ZURE (3. 82 ~8.19 mm/s),
TR 5 6 2k o 3240 S K 2 T IV % s 72 0
(8.2 ~17.6 mm/s) , A2 % Ak 45 4 i WU 3R
(EL53 7% fi bt o o 5 A 1 e B 30 0 57 W) 8K AR
PRWES RS Sy BF LA, 5 20 LR 30 B s
FE AT R SV IR 4540 (0 30 3 i o7 5 5 27 2k
AR, BT RTINS H B R,

I SCRIFE R 53T R B A T 15 5 5 M o 3 ok
B AERE BT P A, KBS Ratiifsl b 1 ) 5
S — R S e o P 5 7 oo X 1 T M Ak B T
15 1 1 B, B SE 8 2 A2 3 A B 1, B2
SRS ASE DI 7 Pk 2 T 28, 3t 0k B 35 - 285
91 7 I8 {8t B AE 1552645 5 BT, K 7 W fE
4.61 MPa,fiij S1&{E N 0. 38 MPa, [6]&f, RIVT. R

% B 1 il o 85 47 B AN R Bk R A I B
AR 2% TR v b 42K B T 2 5 T e R 14) 7 8 5 AN 2 i
T THUS , U7 2 K 083 345 7 vy ) v — M, B Ak
ik 8 29 7 i 07 R 5 0 A e 07 DA G
TR KRR T A, & B 10 ~ 12 em/s
SRy MK T 11 28 4 A0 AR 3 B A, AR TS
o PRI, AR ¥ 8 SCWF oY 45 R, (IR k& & AR )
(GB6722—2014 ) 4 4 = M3 iy & A [R) b #4340 1
PR B2 4 FUVFRRIE L T 15 5, 38 N 2% B o g 2 U5
L0l AR AR B S R DL R A TR R
Bk 18 235 440 A9 BRI 80 7 T 4R A 27 5 o 22 4 TR AL, AR
KebRife 25 0T — A5 3 . TR, (i 3 22
SRR AR B AR INE) (CIIT 202—2013) #H K 2%
Fad TG, N XA W] op i IR ShAFAE , 2175020

523,
5 %it

ESURIEHE B HARBRIEAL 6.5 m [ 24 JRHEALS,
PR AR bR TR , SR P B 3 5 B R AU 245
FITT R (F) SUPIRBEIRERAE T T Mgk iz
BB I3 PR T TS, ERASHEWT .

(D) YLK ph U 100 S A R 20 D7 AR 4k
{5 55 i b 3ok AR SE D B AE 7.5 s A, HAR B D AR
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AR = AL (R HR AR B LA Kk B R AR 80 T A
PR R R B S5 ot 55 o PRI SRy D) 1 DX F ST A
FLABAB 5 S 11 b Bk % 38 4R 20 3 BE 7E 0. 65 em/s /2
B TR s, PR sh E4A 100 Hz 2247, PR
PSRRI 1 101 B i i b 5 5 | A2 1900 M Ak g 3 4R 3
£ 0.49 en/s £ A7 JEFARSIR SN , PR ) EA45h 2 He
A

(2) FESLARIRME B 5 AR U0 1T A A S A 12 fi
MRSl R | 1 e A 3 25 5 | b Ak % 1 25
P77 A A K A IR Bl B (FLRRE NS, 7 AN B &8, i
1T A B IS5 75 o o B 8 2 (il b Ak BB 45
7 AR R BR S  BRHIN Sl R T, AR 38 S TR S
BRI AT T2 BhAS RN FTIE(H R 4. 76 MPa, 375
P STWEAE A 0. 42 MPa 45 - 454625 7778 PN 3B 6 1
Bt T BRE K RE s B E A L4 R el )2 2R
PG FE AR RN T ot A O L A

(3)24 JZHEZRZERIAE BB R b 3 v o o 5
F14) Hn A2k g 3 % 30 5 T b sR 20 1 5 L A S5 A 4R Sl A
2 B A R p s e R R R R )
SRS BV BR A, Y BT B R T TSR T AR
P CER M 2 2 FUFE ) (GB6722—2014 ) Al kb Ekiz 5
LA A B 11 AR T T S 3 A i A R
ARILIEY (CIIT 202—2013 ) $4 K 75 73 % JE IR 5 faf 2%
VR A Sl oy VR AT 3R AR DL % b Ak ok 1 45 4 1)
B R T 2 S R AL

(4) d T H W T PP 1) v G B, J A T
T T AR IS 06 B M B K, AR B, AR T8 S TR
S v i SR U (AR AN S B S I AR 45 A i O 2
RGP AN TS T B0 B AN A2, R M J3E R A e
SRR BT ER A T R S P . BUERIE N
TERRRE TR A SR U 75 B Y 22 7 =, 7R R
SRARE T AR IT b, B AU Ak Ak s 2
HE A
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