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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.
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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

5 #Hig

ST AP 5K TR B g SR AR 3l 7
AN S2 B, R FHECE AL 37 18 A R 2l ) e H
ISR IE AT A 7 1, RS T i SRR et Ui LB
IR RFYEAR R IEAT T A0 28900, 2R
TR RAR B 7V Sl ) ISR AR A 4
T & T RN RRERAT Z A B A B IR S i WA J7
U5, LIS A s 5500 14 1 i 40 A0 i A3 B B At R 7
s, FELRT

(1) 2T 2B 25 0 BB A AU 0 B il R, g
BRSSP TR A X L A5 24,

(7 R R 5 80 322 e e s 5 DL T 2L ) 77, B0 %k
S A ST IR N 2 S BOT S a1 B £
45° K14k

(2) S S FE A 38 7 A AR A A D B 3238
PR3l b7 E AR R f A RAE S B PR sl
IR 5 BT /KPS (3N, FET = B50NUAR A 9 5
RE R AT T B (H S 2 AN W] A AR AR R AE , 32
PRSP 72 A AN o e IR, 4591 B RE T I B Y
BB AR, SR R B R Ag Y R
k8

(3) BELE 5 38 O, veg J3 T 2 B A 10 1) R IR
P RS A AR o 08 AR08, DT AT RE 5 Uk E



BALE AW BT UREE, R, A

FIK B T 25 5 S e SFURE A AR AR S 40 U3 R i 5 2 M PP 165

WILBE A A RE i HH LR A B R AFE , 123X R W
RBf X r i i A SR B R R AN A AL

(4) NSRRI 5 ) J8 2 5 U 4 b o
FAAERF R ZE 5, Bl P BRI 0 3 i 7 R T
B PG PRI S AR, IR s A A
PEERIRZ N A 23 ZR A

AR SCH I 58 R 32 AR FE TR A S B v 3
ot AEZEF T, A R AR R DA BT R H B9 it
TR YRI5 53 A 52 RN IO B
VPRS2, N IA SORUR 9 18 TP A 15
Z TS

2 % 3Lk ( References)

[1] ROSENHAIM V L,KOPPE J C. Comparing the response
of masonry built residences to blast-induced ground vibra-
tions[ J ]. Journal of Performance of Constructed Facili-
ties,2017,31(5) .04017085.

[2] HE R,JIANG N,LI D W et al. Dynamic response charac-
teristic of building structure under blasting vibration of
underneath tunnel [ J ]. Shock and Vibration, 2022 (1) :
9980665.

[3] REN Y,XIS,YANG Y,et al. Structural vibration charac-
teristics of the historical building in a nearby blasting test
[J]. Frontiers in Earth Science,2024,11:1304354.

[4] HUO R, LI S,SONG Z, et al. Analysis of vibration re-
sponse law of multistory building under tunnel blasting
loads [ J ]. Advances in Civil Engineering, 2019(1) .
4203137.

[5] WANG L,GAO W,SUN B. Study of dynamic response of
high-rise buildings under blasting earthquake considering
model simplifying[ J]. Mechanics of Advanced Materials
and Structures,2020,27 (24 ) :2068-2089.

[6] BEflte sk ek, B e, 45 T 18 i & I i vy )22 A 30
FE AR 2l i R ALV A3 Br [T ] %10, 2023,40(3) - 170-
176.

[6] LIAO De-hua,ZhANG Jian-qiu, HU Shi-long, et al. Anal-
ysis of elevation effect of blasting vibration on high-rise
buildings bear river in channel dredging[ J]. Blasting,
2023,40(3) :170-176. (in Chinese)

(7] il X3 8, E 058, 55 I 30T b B 7 0l 1 AR 5
RO v JE LR [ ] 67 B o 4, 2023,
8(1):83-92.

[7] SUN Zhong-bo, ZHAO Yi-xin, WANG Hai-liang, et al.
Research on the influence of blasting vibration on high-
rise building near subway station[ J ]. Journal of Mining
Science and Technology, 2023, 8 (1) :83-92. (in Chi-
nese )

[8] DOWDING C H,AIMONE-MARTIN C T,MEINS B M, et

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[15]

[16]

[17]

[18]

[19]

[19]

al. Large structure response to high frequency excitation
from rock blasting[ J ]. International Journal of Rock Me-
chanics and Mining Sciences,2018,111:54-63.
KULARIYA M, SAHA S K. Performance evaluation of
hillside buildings under blast and blast-induced ground
motion[ J ]. Journal of Performance of Constructed Facili-
ties ,2022,36(5) :04022043.
CHEN F,HE G,DONG S, et al. Space-time effect pre-
diction of blasting vibration based on intelligent automat-
ic blasting vibration monitoring system|[ J]. Applied Sci-
ences,2021,12(1) :12.
WU Y,MU C,ZONG Q,et al. Study on blasting vibration
control of brick-concrete structure under subway tunnel
[J]. Applied Sciences,2022,12(21) ;10960.
XU R,ZHANG J,WU B, et al. Vibration reduction and
explosion control investigation for an ultra-shallow buried
tunnel under crossing buildings based on HHT Analysis
[J]. Sensors,2023,23(17) :7589.
YAN P,ZOU Y,ZHOU ], et al. Assessment of seismic
impact on residences during blasting excavation of a
large-scale rock slope in Chinal J]. Environmental Earth
Sciences ,2016,75:1-15.
OZCELIK M. Back analysis of ground vibrations which
cause cracks in buildings in residential areas Karakuyu
( Dinar, Afyonkarahisar, Turkey ) [ J]. Natural Hazards,
2018,92(1) :497-509.
AW, P, R B, AR LR N B R YR
PRBNRS AR T B P TR 2L 2w 3 A () ] BACRE 3 4
A ,2018,55(3) :69-75.
DENG Tao, JIN Yi-ping, WU Pei-gui, et al. Highway tun-
nel blasting vibrations and cracking of adjacent residen-
tial houses [ J ]. Modern Tunnelling Technology, 2018,
55(3) :69-75. (in Chinese)
HEATH D J,GAD E F,WILSON J L. Blast vibration and
environmental loads acting on residential structures:
State-of-the-art review [ J ]. Journal of Performance of
Constructed Facilities,2016,30(2) :04015021.
YAO Q,YANG X, LI H. Development of absorbed blas-
ting vibration energy index for the evaluation of human
comfort in multistorey buildings [ J]. Shock and Vibra-
tion,2017,2017(1) :9567657.
YAO Q, YANG X, LI H. Survey on the influencing fac-
tors of human comfort in a long-period frequent blast vi-
bration environment [ J ]. Journal of Vibroengineering,
2017,19(7) :5498-5519.
XITES-. FESUY) R UL 248 I J A K B [ D .
b L JR]EORA,2007.
LIU De-ping. Analysis and prevention measures of con-

ventional cracks for buildings[ D ]. Shanghai; Tongji U-



166 Bk 2024 4F 12 A
niversity ,2007. (in Chinese) istics of blasting vibration[ J]. Journal of Vibration and

[20] e T, BIouk, AT, 5. TR L xR MR S A Shock ,2017,36(7) :191-198. (in Chinese)

AR )], YEsh 5 apids,2017,36(7) < 191- [21] CHEN S,ZHANG Z, WU J. Human comfort evaluation

198. criteria for blast planning[ J]. Environmental Earth Sci-
[20] RAO Yu,XIA Yuan-you, HU Ying-guo, et al. Influence ences,2015,74:2919-2923.

of pre-splitting crack on spectrum distribution character-

(k#5155 )

(6] HF/k, BEODL, AW, % BRI E S WLk chanics and Engineering ,2012,31 ( S1) ; 3278-3285.
it — AN HT ] AR50 5 ehi,2008,27 (12) (in Chinese)

131-134. [12] HUANG N E,SHEN Z,LONG S R, et al. The empirical

[6] SHI Xiu-zhi , XUE Jian-guang, CHEN Shou-tu, et al. mode decomposition and the Hilbert spectrum for nonlin-
Quadratic time-frequency distribution analysis Of blasting ear and non-stationary time series analysis[ J]. Proceed-
vibration signal based on bilinear transformation|[ J ]. Jour- ings of the Royal Society of London Series A, 1998,
nal of Vibration and Shock,2008,27 (12) :131-134. (in 454(3) :903-995.

Chinese) [13] YEH J R,SHIEH J S. Complementarye ensemble mpiri-

(7] WM, E@feE, EF 8, 4. 35T HHT J7 B0y KE N cal mode decomposition; A noise enhanced data analysis
ARG M ] . YEsh 5 ik, 2014 ,33(10) :17-21. method[ J |. Advances in Adaptive Data Analysis,2010,

[7] YANG Ren-shu, GAO Xiang-tao, CHE Yu-long. Joint 2(2) :135-156.
time-frequency analysis of blast strain wave based on Hil- [14] HiEfE BEX W F. ikEng EEMD 23k K& H W
bert-Huang transformation [ J |. Journal of Vibration and FARFIE L) ). 81 5 vy ,2013,32(21) :21-26.
Shock,2014,33(10) ;17-21. (in Chinese) [14] ZHENG Jin-de, CHENG Jun-sheng, YANG Yu. Modified

(8] MH, A esik, 4% E 42, 2. EMD Fil FSWT 20 & J7 EEMD algorithm and its applications[ J ]. Explosion and
TERREIRANE ST R S [T ], IRsh 5w, Shock Waves,2013,32(21) :21-26. (in Chinese)
2017,36(2) :58-64. [15] CHEN S J,SHANG P J,WU Y. Multivariate multiscale

[8] YANG Ren-shu,FU Xiao-qiang, LIANG Guo-liang. Appli- fractional order weighted permutation entropy of nonlin-
cation of EMD and FSWT combination method in blasting ear time series[ J . Physica A ;Statistical Mechanics and
vibration signal analysis [ J ]. Journal of Vibration and its Applications,2019,515:217-231.

Shock ,2017,36(2) :58-64. (in Chinese) [16] 2Z= 7 2 FH. T CEEMDAN-HEZ 4 A0 s B4

[9]  Z& 5% 5K SOV XEHE, 55 BRGR S5 S 0/ N i 5 ESN v 48 vy g 6 ff M AT 52 [0 ] i AL A5 42 ol 2
HHT 7284 [ J]. 445 wpedy ,2005,25(6) :528-535. 4,2015,19(8) . 71-79.

[9] LI Xi-bing, ZHANG Yi-ping, LIU Zhi-xiang, et al. Wave- [16] LI Jun,LI Qing. Medium term electricity load forecasting
let analysis and Hilbert-Huang transform of blasting vibra- based on CEEMDAN-permutation entropy and ESN with
tion signal [ J ]. Explosion and Shock Waves, 2005, leaky integrator neurons[ J ]. Electric Machines and Con-
25(6) :528-535. (in Chinese) trol ,2015,19(8) :71-79. (in Chinese)

[10]  Ched, BisJe. Bk sh {5 5 1) HHT B30 RE 1540 [17] WU J,WU L,SUN M, et al. Analysis and research on

Ml T]. PEsh 5 npidi ,2012,32(5) :535-541. blasting network delay of deep-buried diversion tunnel

[10] GUAN Xiao-lei, YAN Jin-long. The HHT time-frequency crossing fault zone based on EP-CEEMDAN-INHT[ J].

power spectrum analysis of the blasting vibration signal Geotechnical and Geological Engineering, 2022, 40.
[J]. Exploston and Shock Waves, 2012,32 (5) :535- 1363-1372.
541. (in Chinese) (18] Mm%, M, B 7. ot 22 RUBEHES R S B

[11] BET bR b BT RS ARR 43 BT BOR DR FE I e it SRR JTC RZSKN [T]. ZiEFR = 5 TR,

g Koy #s L] a0 1o 5 TR S i 2012, 2021,18(12) :3337-3346.
31(S1) :3278-3285. [18] FENG Yun-zhi, TANG Bin-feng, ZHAO Ning. JTC state
[11] ZHAO Jian-ping , LIN Hang. Energy distribution and detection based on improved multi-scale permutation entro-

separation of blast wave based on time-frequency energy

analysis technology [ J ]. Chinese Journal of Rock Me-

py and fuzzy algorithm[ J]. Journal of Railway Science and
Engineering ,2021,18(12) :3337-3346. (in Chinese )



	爆破2404目录
	爆破2404


 
 
    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.268 x 11.693 inches / 210.0 x 297.0 mm
      

        
     AllSame
     1
            
       D:20241218144750
       841.8898
       Blank
       595.2756
          

     Tall
     1
     0
     0
     561
     319
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     None
            
                
         2
         AllDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     0
     210
     209
     210
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.268 x 11.693 inches / 210.0 x 297.0 mm
      

        
     AllSame
     1
            
       D:20241218144750
       841.8898
       Blank
       595.2756
          

     Tall
     1
     0
     0
     561
     319
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     None
            
                
         2
         AllDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     0
     2
     1
     2
      

   1
  

 HistoryList_V1
 qi2base





