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Abstract: In ¢gomplex and sensitive environments, minimizing the disturbance of blasting vibration
to surrounding residents is the primary concern during blasting construction. To explore a
quantitative evaluation method for human dynamic response under blasting vibration, this study
conducted a single-subject in-situ blasting test under strictly controlled safety conditions. By
integrating digital image correlation (DIC) with a synchronous electrocardiogram (ECQ)
measurement system, the dynamic response characteristics of the human body surface under varying
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blasting vibration intensities were preliminarily analyzed. A height-dependent fitting relationship
for peak particle velocity (PPV) was established under the present test conditions, with the body
divided into two regions: below the waist and above the waist. Given the safety constraints of in-
situ blasting tests, laboratory shake table tests were further conducted. A comparative analysis based
on heart rate variability (HRV) evaluation indices was performed to preliminarily demonstrate the
feasibility of using shake tables to simulate blasting vibration for human perception studies. The
preliminary results indicate that under the present test conditions, the vertical vibration velocity of
the human body is significantly higher than the horizontal velocity, with the vertical direction
identified as the dominant vibration direction. The vertical vibration velocity exhibits a
characteristic pattern of "attenuation below the waist and amplification above the waist": compared
with the ground surface velocity, the attenuation rate in the lower body region ranges from 55.7%
to 65.9%, while the vibration velocity in the upper body region is amplified by a factor of 1.25 to
1.74. The horizontal vibration velocity shows a decreasing trend from the feet to the head, with an
attenuation rate of 52.6% to 60%. The error in HRV indices obtained from the jn-situ and shake
table tests is less than 10%, preliminarily confirming the feasibility of employingrshake tables to
simulate blasting vibration for human perception research. This exploratory Anssitdtestprovides a
methodological reference for quantifying human vibration response and gtudying ‘perceived ECG
changes under blasting vibration.
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Table 3 Statistical table of peak particle velocity (ppv) in’y-difection and z-direction under various test conditions
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75 18] T4 T4 2 T4t 3 T4 4
Hhx 0.57 0.77 1.08 1.65
Pl 0.54 0.73 1.01 1.55
P2 0.5 0.65 0.87 1.42
P3 0.45 0.59 0.78 1.30
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% 1.58 2.09 2.93 4.42
Pl 1.43 1.98 2.72 4.16
P2 1.21 1.65 2.46 3.53
P3 1.08 1.63 2.18 3.37

- P4 0.93 1.44 2.01 3.06
P5 0.88 127 1.93 2.87
P6 1.04 2.03 2.36 3.51
P7 1.12 2.75 2.99 4.89
P8 1.89 3.25 3.47 6.22
P9 1.98 3.43 4.07 7.69




B’ OE 5 ol
Explosion and Shock Waves

(a) 1.8 T T T T T T T T T T (b) 1.8 T T T T T T T T T T
16 —*— Condition 1 16 —*— Condition |
’ Condition 2 ’ Condition 2
1.4+ Condition 3 e 1.4+ Condition 3
—¥— Condition 4 —¥— Condition 4
1.2 1.2 4
ERTE { " 1.0
5 5
E 0.8 b E 0.84
0.6 1 &~ 06
0.4 4 1 0.44
0.2 RK\—‘ 1 0.2 \\4
0.0 1 0.04
T T T T T T T T T T T T T T T T T T T T
G P1 P2 P3 P4 P5 P6 P7 P8 P9 G P1 P2 P3 P4 P5 P6 P7 P8 P9
Note:Ground surface Monimn‘ng pOinI Note:Ground surface Monimring poinl
(a) y77H (b) zJ7IA

K 7 AFTTOLF S PPY XL
Fig. 7 Comparison of PPV at various monitoring points under different working ‘eonditions.

2.2 1REIRENMER AN PPV B ES

THIE Bk B R AT ARG, 19 3 AS [F) 48O BEA% B 22 A U NS AD 3 PR 3th R i 280
MAAE R 4. WRIGAHCHTTE, BIRAMEIRE 5 RE Bz BOiE . kit
IRV 50 2 T P R A 4 s 212200k, a1 1

v= k(\/T?)“ (D

A, v NFURIEENRE, cmst; O NEKBZA, kg R NBRLER: k. o Syt
A MY 3 PRNREEE, WEGRERE M 2 J7 LR HER I R A X
KA (2. 3) -

@)1.89

= (2)
v, =19864(
Ve
1.84
v, =467.83(—) (3)
R
(@18 b 3
Prlﬁmgsun‘;,.;g ® PPV at the surface
1.6+ J, 1986432y 1 oy —asraxiBym
R ®
R?=0.99
44
1.4
® 121 "
1.0
: :
0.8+
2.
0.4 A ™ T T T 1 - .
9 10 1L 12 13 14 15 16 17 18 9 10 11 12 13 14 15 16 17 18
Him H/m

B 8y z 77l b (il 4 U iR Sy A
Fig. 8 The attenuation law of ground peak vibration velocity in the y and z directions.
N SR AER AR T R EIR SN T A, 5 RS B RO, X R e R R Y
B IE A 225 H s B AT A, Wl (4) -
v= k(\/7 \/7 (4)
X, H O R S5O Z AN &2, m: B 7'\7'—:,1‘ HARKFERAE: HRSHE Lk
= BXACETIE, KR 3 BRI (@) BTG, BEAKXKK 5, WG

8



w5 b
Explosion and Shock Waves

ZH N 5:
v, —13663(\/7 190(022 (5)

BtxfaEE T, B R, Eii‘%ﬁ&T}EEM’EﬁHT}MZ!MZIS%%N%E%)E‘@?&ﬁEﬁW%UﬂZE
, HARM S KA SR B SRR IE AR AL PS5, (K, KR AL 7 PSR o) R
LJT BERLAE, &% 3 i () #TUE, MESHIE S, BIEAKXK
X6y (7o MRIEFR 5 PAELER, RRIYE 0.9 UL, WAL R, Ma¥CREgF, ¥
IE IE 22 300 T I BZ R I 25 A T R BR a0 N AR M R B — @ R m] SEdk,  HAMES

FA M 45 5 2 T 0000
(6

v, =512, 47(( 202 ( )1 (L) )

v, = 556. 23{ 215( f Y37 (Ll ) (7

)

9 NARIEZR 1 PPV [ Lo BE TR X 5 22 A2 A A

Fig. 9 The variation pattern of PRV’on the hiiman body surface with blast distance and relative height difference

R 4 WA RAR S RBIRENMIALER

Table 4 In-situ blasting vibration test results

W 5 ML iRk Ve o
X y z
1# 17.5 0.5 1.60 0.57 1.58
2# 15 0.5 2.09 0.77 2.09
3# 12.5 0.5 3.28 1.08 2.93
a# 10 0.5 4.63 1.65 4.42
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Table 5 Considering height for the modification formula's fitting parameters

PR T7 1] k o Vi R?
y Il \ 136.63 1.90 0.22 0.975
JEECELR 512.47 2.02 0.19 0.988
o HEER LA L 556.23 2.15 -1.37 0.940
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NPLLESS

PSD(f) = [X()I’ (9
KA, PSD(f)RAEINE £ L IRIEEE, HTRaRSIEE KT R E A0

LF = [T PSDen) df: (10)

LF = [0 PSD(Pdf an

SERNE 6, WANG I IR A O AS I R T R AR5 N5, ArRg
B NARLERFSARN AT 87 1 5 5 3 NIRRT O, 110 SE PRI BRSNS R A, X AR
SRS BN o RN RT DU, BRI, LF/HF ME 8RR, WO AL AR
SO . RUE I, PRS0 45 R BRI HIE 10% LN, RYPRARSh &
BAUR R EN R — 5 W SRR, Jhe S T2k TR 3h & 1 58T R R IR st 8O FL I BIE
& 6 RAIXLE SRz QI OB IS LS AT

Table 6 Comparative analysis of electrocardiographic changes in in-situ versus shake table trials

i LF/HF LF/HF .
L - i RE%
R AR JREn 43R5
B RRA 1.28 1.28 0
it 1.45 1.56 7.6
2 1.52 1.61 5.9
3 1.58 1.65 44
4 1.70 1.80 5.9

3 5P

ST ERRAR R P 3] e AR R, AT R A — TR BE R R, 3 AT
B HX%HA (DIC) 5.0HA (ECG) FFIE RS, VIR T ¥R % E A e
BT RS AR A PR AL IR OB A RA S, 5L T ARG 2 2F T % F8 S BRI A A 4>
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XU IR A S R RN HIRIE T 3530 & BB BEIR 3 T 8 AR ATR I 1 T 47k
B TE SRR AR B M R AR R 3 7 A SRR 5, B R .

(1) EARIHM T, DIC WKL AR, A 5 5 ok B o I 1] 36 ot 38 5 3 36
HeA5, (BTESLE R IR RSO, HARS A R K . %5 BB
T DIC HAR T A 3 45 3 0] ek ) 7] 4712

(2) EARB TR T, AEEERESES TAERE, BETAEETE. AP
VB R [ IR 5 Sk TR VU, BENRRIE 52.6%~60%: T B HRE Y Ak i e
HUA T BE . IR LA B ROR HHE: R B A 55.7%~65.9%, b AKX it
MK 1.25~1.74 f%.

(3) FIRIEFNL I RITTRENUHIZE T T ARSI BB FERS o T AR IE B %
T BE AR T U550 I e B AN (O R 3 T A 1 8 A S5 PR R S s 4y B
BURIGIEIR, N2 SRR R, HE— Bk T AR IR B 5

(4) FT FRIRFIRE S AEEAE, CUERS AR, 2 BEr T 4 RIS A A5 Lo
TR X SR AR S A 5 B o 7 AR I 550 V) A T 5 B 5 B A 3

(5) HTOLREFME (HRV) WA (LF/HF) % AT, SRR 54530 & it
W f FARZENT 10%, FEAR 00 FYIBMAE T 5% A RSl & 5 5 58 A0
H AR AL AT AT
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