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Abstract; Vibration is a primary detrimental effect generated by blasting operations , and accurately evaluating its

impact remains crucial and challenging. Based on the blasting excavation of a tunnel under the Central Yunnan Water
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Diversion Project, this study combines numerical simulation and field investigation to assess the damage characteris-

tics of buildings affected by various factors. The results show that blasting vibration causes “X-shaped” cracks at the

four corners of windows and doorways,while uneven settlement leads to 45° diagonal cracks. Subsequently, time-fre-

quency analysis was performed on vibration data from buildings at varying distances from the blast source. The find-

ings indicate that forced vibration predominates in building foundations, with minimal free vibration and quickly at-

tenuating after the blasting load ends. As horizontal distance increases,the main frequency and blasting vibration en-

ergy exhibit a downward trend based on Fast Fourier Transform( FFT) analysis. However, the main frequency is less

sensitive to distance changes than energy. Additionally, the sensitivity of energy to distance varies across different fre-

quency bands. Generally,energy in each frequency band rapidly attenuates close to the blast source, with slower at-

tenuation as distance increases. Furthermore, as the distance from the last source increases,there is a shift in energy

from higher to lower frequency bands towards lower frequency bands,and the effect of low-pass and high-filter results

in distinct variations in energy attenuation within different frequency bands. Finally,the study highlights a significant

disparity between human perception of blasting vibrations and building safety standards. Based on this observation,a

comprehensive evaluation method is proposed to combine structural damage assessment with considerations of the hu-

man settlement environment.

Key words:;

PRl | i R R A AR SRR
(14 3= A H RN, iR 338 7 Bk 2 B A H
RO o AR T i 2% G K RIK LI E | 1 4 o 5
Ji B —Stefih K BE LG 51 PR T ARSI H it T X
SERAEAEA T3 0, W 400 e R DX XU 44 R X
SRR S BEANI EE SE  BE R RY1E
DU 20 UL, RS ) 10 B 5 W) ) 4 A T
PR 57 0 B 5% H I B AR K e TR AR
it TR B R R s (24 b AR A AR,
BT ARSI () S IR L N PR
ZIR P H 45 5 o PR, TT R BB iR 3 % 2 31
Py B R e RS MR AN AT S A E A T

YR, HRBR S R BRI L S T IR
I B 1 R IR B SR DR AIE BRI 510k A R
AR SR PP J7 1 A5 78 2 E TS IR, AR 1
B TRRLCARN X HEHEAT 7RSS, S5 A4 W 0 )7
TET, TSR B FR IR ) T3 DR A8 S T LA Y S S 1)
(91 AT D7 16 ) JE R 20 43t A3 8 4 11
i LR S0 AN R B IA IR . He SR 50 3 W Bl & #5
JR TS KT AR ) AR DI 16 B B i
S I AN T A 2 [ DU S ek /N I 48 R HL o = A
7 ) PR BRI 734 o Ren 76X 1y St # S0 1) 44
BeAR AR SE Th R T KO 1 R 3 A 0
JRCOR A, i1 A 3 1] D) U3 k. Huo DU UL 00 1) J5
AU MEIRFAIE (PPV) BAE 2 I 5 1K, OF
15 3 BER BRI, M 4 REWI S0k, I ELRE R = 08 in &
PRAFAR S B 0 ) (R A B . TR I
PrEfie, Wang K5 w55 )2 30 ] 16 o oI -9 2 -KH 2
PR W 0 45 S22 11 R 2 ok 0 I 1 U2 11

blasting vibration; damage mechanism; time-frequency characteristics; impact assessment

SR TR0/ o B A g S T ) B AR 20k
JE A% T B i A S RO T K P A% 1
K- L) 1] 38 DU S 0 1 s PR, T 2 0
FRWEAE T 5 2 B SR SR8 TR AR U 43 T PR 3 5
WX B KRR X R, £ R H
JF P YT P R 0 91 0 7 590 5 B 43 0 2 FF i) LA B A
o MR AL AR AR R 22 5757

T3 5 T o S [ 8 Ak 1 S SO R AR
AEHEFT T WF5E, Chen K& T MO b 25 R 4% $2 10 T
PPV FE I LA A0 AL IO A1) 3FA Rk B
LSRG 3 R PR R R BRI R 2 A
S h ARG R AN A —E I, Wu 375 T R H
BT Sm AETERE T 0% 69 2 80 R S F
TSI L Xu WA R FE R AR 2 0 0 o5 2%
ZERYT B S RIE IR B0 15 S HE AT HHT (/R A4
HEASGR) AR BRI [ b AT BB 2 i
SEHEIR 0 R R A A B, Yan AR PPV
SRR S R0 43R 5 6 X A T i) DX o 3
M RIER SN S B R T R R A B A
MR S 5 DL Heath BIF5T T MR W 3h
TIPS R 2 0 T 2 AR B R
T IR 22 2 A DRI 090 3 745 Ak 1 W 4
TS IR0, TR R 3 5 B3 AP 1 4 56 R IF AR
o Yao 42 T AABRBEIR 247 18 Ve A9 E BT 7
LTS AR A TR AT (4 AR B 4 3 AT 3 SR AT R 7
2 LA T RS MR R R 2

A0 T BRI R R W L RGE R T
Ferh SRR B X AL 7R A R AR
HEE W HEL R N R R4 W



158 Ok

2024 4E 12 A

i EL A AR T R DR A7 A 250 A AR 46
B R AIR SRR A HL R 5 P X HR AU 1
PEAT VAN, A7 2 225 i 7% A 5 e P T e 1) B R
Moo ALV BAEPGUK TR T % R s
PR TARETS 5, 26 T RUERBA T k-] 1
SR HLEE, 45 & TR 37 2 S B 4 0
ANV , A R B N R AT 1T HER FTE T R
PRBNHIAR LS AL , -9 e P T A i 3 2 i Y
PN D58 WIS AR D fif DR 25 AR B0 52 M) P A B A
MERLPRAL T

1 BHYRBHRGHITIES

PRI 71 A3 52 %, T4 AR IBORITIED I 1
WAL AR YR D, Tl ) 2 B P R A . A
A BE A SR A BT, bR AN [/ 2S5 ) 7 i AT
P IR YR B AN RS TR AR
SRS RS , N TITZE A B A 7™ A B 8 ), R
I oo HON I E AR Bt A sh s B e (1) F(2)
AT

o, = K,pv,c, (1)
7, = K pvc, (2)

() AR 3, 6T T R, HCAE D0 T ™ A 8 o A

AT LA
o = Kppvgey (3)

AP K, K, Ky 95 AT ) R EG p
ARSI R  kg/m’ ¢, e, e, FBRPEE
YNl B F G, m/ s 50, v, o AT RAL S
B RBIPAR ST ) — B B IR shE o /s

PR S, b 3R N AN B o R
FARLAHTIL PO PO 5 5, 75 W 75 5) S B R 37
MBI, P, ARG (1) ~ 30(3) , JR A VR
MIRBE ] AR

g
(0] = Lo 4)
Ko (o | FOR BV USRS [ o ] I ahd
FEVFR 7 5 C SRRE IO P % P A% T
Hi JEAN S ST 2 T BOER Y T 2 2R
, TR AR ) B R Bl A A N o 2 B
S SZAGNT 7 KA B R I 2 2y, A 3R 2 Fil
AR R A AL, BEUS A RUIX 43 b R SR
HFIHERTAL . Ak, R ABAQUS R4 X 15
W PR B FUR I ST UTRE ST 2 Fh T 00X B R A 033261 7
B!, For, R C20 YRR 1 il SR M 0 A 4y
HARMBISEN R 1 iR, Sl R A 14645
T AR AR B
o= (1-D)o, (5)
Ao WEEBRLERN 1500 B RIRE T
AL TE B BT B4 kB 5 D Sk A5 R
0<D<1, D=1BMEERK KBRS . B
PRI R H = P B8 4 25 #55 1 ( MAT _HIGH _EX-
PLOSIVE_BURN) il JWL k75 J#2, ¥ A Explicit &
K2t , BARS 4R 2 s, A5
UUFER T Abaqus/Standard i I He i 47 E 2 43
Mo R T R4S , 1o 8 A B s it Jonn F 22 SR04 i 358
FERIESAL , AN I 44 A ARl JE 40 I %, LR 5 SR
1 s

x1 BRIMBSH

Table 1 Material parameters of the model

e PR R/ (kg - m 7)) HRPERTEL/MPa JARSLL AR/ O N k itk 251
C20 JR#&EE+ CDhP 2400 25 500 0.2 30 0.1 1.16 0. 667 0.005
Fx2 MHIWLREAESH
Table 2 The used JWL parameters of explosive
YEZG % g/ P/ o ‘, WARFR
HAEE B e GPa BHA/GPaB R B/GPa BER,  BER,  BMe KR
(kg - m™) (m-s™) g/ GPa
1100 3800 9.5 374 0.182 4.15 0.9 0.30 4.2

MBS 2R m] K1, B BBEAR 20 F1AN X 5] DL
X SBT3 04 73 A1 T 25 5 S 14 D), e
R R RGN P TR R B XTE RS, A
IR AN i A T e Akl 2 2 B ) BT AR A 5 B
MRS AT ST U0 2207 8 P TR A X B
JRATABL 45 B Ak 1) T2, 248 9 LR R 8 — 0] 1] 990

/M — 0 A, R VB2 0 A 6 B AP AT
2 EFYBRGIHRSZIMERSHF

2.1 TIEHR
E PG UR TR 7 A ] 3528 K R A RO 1 5
Fili T, Sy B [ VU e s X MU Fre R B B 2 K B



Falt HaW b T UREHEL BN, SUKERIR T o A @ U AR AR S R AE S S A 159

PRI E TR . TR VDV b i A7 ST BeBUK , %

EREE2 SRR 2 I :cY N =1 I SR e S AR A

M), — 3 TR K ST SRR LE K 612 km,

BRI MR TR iR 22 3R X | & B LA KA ST 80 A
SRS R A X, B R SRR Z s R
B S 2% R AL B MESE R

(a) JBBE IR B

(a) Blast vibration

(b) FNAR I S Pk

(b) Unilateral uneven settlement

B 1 AR R SEUE S 2RI S I RUE RS,

Fig. 1

VAW B LQ BE W > 5], W& i & 2 B W] i A
DX, HH 1~ 248t T2 DX 1) 2 B& R 1E_EJ7 o0 A Ay
2 ZRmDE A (2090 RC Wid (KT 38 ) (2 R
(SK A HW ) Je 1 ey i (FZ <) , JR PR
HA ok, AR 2 fro . BEGZk 300 m i F A
I A AR py R 308 HR, by B 45 AR A LAGE TR 45
oy AR GERACHT B by o 32, D i R S5 RIRESE

The induced crack geometry of building by using ABAQUS

SERE 5 MG TR K EE AN R 55 45 4 D R G TR A5
P SR AR = B . N SR BCR R AR
e il AMUARBE R i FF 4207 20 iR FH 2 5 a A 3L
FXEZG BOhS i 1B A S A0 A A I f, LR KR 2
9 ~150 kg, LQ FEI A 7.62 m x 8.22 m( FE x
1) B S B TR W, R 155 R R R SR/ R 40 m, 4
Bl 3 iR

B2 LQ BRI 1# ~ 24t TS X 1) B 5 J T DR 40 W O AR B R 0

Fig. 2 The schematic diagram of LQ tunnel (1# ~2# adit) and surrounding protection

2.2 HBmERESWH

B @ R IR AR 2, Bk UATE T A
S PURAMER IR , 3 B 2 T R AL
D R WIS SR A T it M B A5 R R A )
AN R AL 554 M AR T TR W R R
SELOT S RERETT 20 B 2 AR R BE T AN P A,
SR P R AR AN 2% 3 FIIE 4 FR o

33 BARNT S L REE I BRI AT T
3BT, bR - S AE 1Y Y LR 2 E I R LR S 80,
TR B 0T E S A0 5 PR TR EEARO TR AR 3

IR AT, T 455 F BT A i 2R DU T BT 25 it T 4
TR AR T AT, foe e O Bk A B A

3 IRERIREN BTSSR E S AT

B B I 427 A B IR B, BRI B 2
(e B 1 4 8 At 00 i ¥ 7 A " Tl i 3l 3k 2 )
A, [ Bf S 0 7K -4 i) (Long. ) K- B] ] (‘Tran. )
P (Vert. ) B4R 3l 2 B2 e o 00 A5 A R A
S5 B AR RN AN TR S s, LA 0 gl
x4 PR,



160 ok 2024 4 12 A
x3 BEMERRGREMEZRSWN
Table 3 The analysis of typical structural damages and their influencing factors in buildings
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Table 5 The effect of blasting vibration velocity on human settlement environment and building safety
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Fig. 9 The overall procedure for the effect assessment of blasting-induced vibrations
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