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Distance (m)
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(38 212l ZYHelet HEAPe2FH 0 FSHET Helefe] HAE &

Alstst zio|ch
Distance (m)
1 10 100
10 — T
= - 100
B 12 ks
dynamite
1
= -1 10
E
@ 0.1
4 -
£
5
Z o E
$ €
e = |
> -
] 5
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>
x
[}
&
0.01
0.1
MAGNITUDE OF
SITE ENERGY SQURCE ENERGY OR POWER
M1 Drop weight 2,400,000 ft-Ib
M2 Drop weight 360,000 fi-lb
M3 Vibroflot 100 Hp
0.000 ) . 30 Hp
F M4 Diesel pile hammenr 13,200 ft-1b
Hairpin pile hammer =2,500 fi-lb
M5 Drop weight 6,000 ft-lb
3,000 fi-Ib
Mé Pump-generator —_—
o Drop weight 480,000 fi-ib
NC1 Drop weight 1,500 fi-1b
NC2 Dump truck 7.000 fi-lb
2,500 ft-lb
1/2 kg Dynamite
% e B t-Ib = 1.37 Joules
0.0001 IS WS H T S 4 I— ' .
1 10 100

Distance from source (f)

(8 2.12] AAdZxISe| 27|t Azl wE ZEA(Woods and Jedele, 1985)
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NN

d = depth to the source
cg = propagation velocity of the Rayleigh wave
cp = propagation velocity of the compression wave

(O3 213] 2=zt egdelote] 2 Hel A (Daemon et al., 1983)
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st -2 HEEHY HOolHE ZHE HMetal RHE FEA0f MAIE

AIW'3 (m/kg'!)
200 1| 10
A EngineJrinn Research Associates (1953),
HE field tests
= == == Devine and Duvall (1963),
100 | AT quarry blasts
- === === Devine (1966), quarry blasts
70 L ] 17-ms delay quarry blasts
B A Recommended for engineering
50 - & 1 estimates of ground mation
- 1000
30 -
20—
10
37F s
= — E
£ 5 E
[E T 100 3
3 -
2
10
0.7
05—
— 10
03
0.2
0.1 1 | Y (O | |
1 2 3 5 7 10 20 30 50 70 100 200
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<E 26> 4 214)2 HES ®It

TE drab e Pl S SN Bod A
StEZE

spot (kg/em? Hieturm | jehgrm | Algrgbm | shof go
of 1500~ 1200 9 61 71 41
L} 1200~ 900 85 55 65 35
Of 900~ 600 79 49 59 29
ol 6000| 5 72 42 52 22
st 1500~ 1200 73 49 57 33
+ 1200~900 68 44 52 28
= 900~ 600 63 39 47 23
- 6000] 5} 58 34 42 18
= 1500~ 1200 58 39 46 26
o 1200~900 54 35 42 22
= 900~ 600 50 31 38 18
- 60001 5} 46 27 34 14

() DEA V=KW D xAxA: Mg Hotet HEZF : 38mm

<E 27> A (2152 M8 9ot LoASHF KU
T& b P IS S B g 4

ol-_zs; 7OI-§_

stor \(kg/omd) gt} | o chebm | Alghdbn | b gro)
C
olP 1800~ 1500 147 117 128 97
o 1500~ 1200 136 106 116 86
ot 1200~900 125 95 105 75
ol 900~ 600 114 84 94 64
- 6000 &t 103 73 83 53
- 1800~ 1500 117 94 102 78
N 1500~ 1200 109 85 93 69
- 1200~900 100 76 84 60
o 900~ 600 91 67 75 51
B 6000] 5} 82 58 66 42
= 1800~ 1500 96 76 66 63
o 1500~ 1200 87 68 74 55
i 1200 ~900 80 61 67 46
o 900~ 600 73 54 60 41
B 60001 5} 66 46 53 34

() RMEA : V= K WD VT x=zd : M2 s, H3F ¢ 38mm
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K : 2obal Saks
K=250~ 1,000 mZ cto|LtojolE
s — 2/3 -2 ’
7 % V= EWTD kst sssiet
Langefors V= KWw?% Dp~0%| K=300~700
K=100~700
=+ — 34 p—2
= I V= KWTD Elg K=150~650
K=80+40, Elgwnl nAscioluinlol=
K=60+20, E{Y gt} &|of gt u}E of
K=20+10, E{d gt} 2 32| E up2f 7|
>th B _ 3/4 p—1.5 ) ’
HAmBEdR) | V= KWHD K=50+30, ‘=X et} DA sCioluojoe
K=40+25, ‘=& g} H| of Lo} E of
K=15+10, ‘& gt} 2 32| E mp2f 7|
K=450~900 E{'d gtu} Al gtata}
K=200~500 Ei'd gt} =tof gha}
AAKZEMRK) | V=KW¥ D * | K=300~700 Ef' 25} Toeing It 0.2<D<4,000
K=100~300 CH 72t x| 2t}
K=300~2,000 &t}
K=500~1,000 4] g+eta}
K=300~500 &hcj ol
S s K=200~500 I x| &t} 10<W<3,000
BAE B V=KW?*D ™" | n=20 2atx®da &2 Ato| x|&
o] erukel o o= 30<D<1,500
n=25~30 Zox|HEnt H4=F= AtO|
XE0 MEY f
<E 29> &30 wE dMesEx FYAETY I)
T = s FHA
st & & V = 135.6 (D) WY3)—1.80
H o} & V = 114.0 (D] wY3)—1.10
o 3 2 V = 9273.8(D/ WV3) L6
sty etnt Hotet V = 111.4 (D/ w3~ 11
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Peak Particle Velocity, mm/s

Typical Earth Vibrations
due to Construction
(after Wiss, 1981)

—@— 1 |b Embedded Dynamite
——&— 1/2 Ton Ball, 10 fl Sw ing
~—&—— Diesel Pile Driver, 36,000 t-lb
——@——\/ibratory Pile Driver

—X — Pavement Breaker, 6 ft Drop
—{—2 Ton Drop Ball, 40 ft Drop
—<o— Caisson Drilling & Large Dozer
—— Trucks

—O0— Jack Hammer

—X— Crane Idling

—+ — Small Dozer

== = Threshold of Perception

= = = =Damage Threshold - Residential

== = =Damage Threshold - Commercial

100 1000
Distance from Source, m
(8 2.18] AHelo = ZtE AMdEd| e XNSEHET 22 (Wiss)
<F 210> AAMZEd|d et FSsSHET FHA
S(RIwNG FYA 1 —
CH SHEY S AL R _ stg 543
V= 50.55 (== ) 1™
(1990) VE (v=mm/s, E=t.m, D=m)
R otlg 43
Mayn V=15(—7= )7
ayne VE (v=mm/s, E=t.m, D=m)
~ R _ HFo| Xtrytsto 2st 4FZXS
HE= V=0.0045 (7= )" = _
(1997) VE stzrmaolet (v=mm/s, E=Joule, D=m)
R _ AdENEHE 337 AMEE
A==(1 V=287(7%) 13 -
T(1999) VE DHK 7 2t of (v=mm/s, E=tm, D=m)
V=22.43 X 0% Cl ™ EEY|, (V=cm/s, X=m)
V= 391.57 X 1.8 TLEE], (V=cm/s, X=m)
Z| A =(1999)
V=19.31X"1® AHAE2E (V=cm/s, X=m)
V= 0.0004 X2—0.066 X T SHE - =
+9.806 SIPEH &Et7|, (V=cm/s, X=m)
= _ R \_ g | SEt=ZEA[S] Hejo[H ZlF,
93 M (2001) | V= 0.152 (%) Siator
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Peak particle velocity (mm/s)

100.00 —
10.00 |-
1.00 |-
-
0.10 -
B Dynamic compaction
= range ?f stiffness
B H Vibratory roller
u range 0f stiffness 7
0.01 ! [ N I A l | |
0.10 1.00 10.00 100.00

Scaled distance (m/ v tonne-m)

(12 2.20] stebA2lof wE 2SS AdEH[o WSEHT D

(Dowding, from Construction Vibrations(Book, 1996) 1996)
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V = 317.4 (D] W l/2)~1.66 (2.19)

V= 219.9(D/wl3)-16 (2.20)
3) USBM FXMAl(Xt&2 statAE])

V= 172.5 (D] wl2)-16

ZT} A2 Bte| HE %= (omfs)
ol 2472 (m) As2 FHA | 452 FHA | USBM FFA
10 9.7 7.6 6.0
20 3.1 2.5 2.0
30 1.6 1.3 1.0
40 1.0 0.8 0.7
50 0.7 0.6 0.5
60 0.5 0.4 0.3
70 0.4 0.3 0.3
80 0.3 0.3 0.2
90 03 02 02
100 0.2 0.2 0.2
110 0.2 0.2 0.1
120 0.2 0.1 0.1
130 0.1 0.1 0.1
140 0.1 0.1 0.1
150 0.1 0.1 0.1
160 0.1 0.1 0.1
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— = o =
I 212> Cltst ZSdAYH MNs8H 54
Paruicle Puarticle
Frequency Amplitude velociy acceleration Time Measuring
Vibration Forcing Function range range range range characteristic quantities
Hz Hm mm/s mss”

Traffic: 110 80 110 200 0.2 to 50 0.02101.0 C pvth
road, rail, ground-borne
Blasting vibration 1 to 300 100 10 2500 0210 500 002105 T pvth
ground-barne
Pile driving 110100 10 10 50 021050 0.02 10 2.0 T pvth
ground-borne
Machinery outside 1 to 300 10 10 1000 021w 50 002w 1.0 C pvthsath
ground-borne
Acoustic 10 10 250 | to 1100 0.2 to 30 0.0210 1.0 ' pvth/ath
Trafic,machinery outside
Alr over pressure I to 40 pyth
Machinery inside 1 10 1000 I 1o 100 021030 0.02 10 1O pvih/ath
Human activities

a} impact 0.1 10 100 100 10 500 021020 002105 T pvth

b) dircet 01 to 12 100 to 5000 021050 0021002 ath
Earthquakes 0.11030 1010 10° 02 1o 400 0.02 to 20 pvih/ath
Wind 0.110 10 1010 10° T ath
Acoustic inside 5 10 500

Key:
C = continuous
T = transient

(Simplified categories, sec 3.1 and 3.2)

pvth = particle velocity time history
ath = acccleration time history

NOTES:
1. The ranges quoted above are extremes but indicate the values which mav be experienced and which may have to be measured (see also
note 3). Extreme ranges of amplitude of displacement and frequency have not been used to derive particle velocity and aceeleration

1. The frequency range guoted refers to the response of buildings and building elements to the particular type of excitation. It is indicative
only,

3. Vibration values within the ranges given may cause concern. There arc no standards which cover all varieties of building, condition. and
duranion of exposure, bul many national codes associate the threshold of visible effects with peak particle velocities at the foundation of a
building of more than a few millimeters per sccond. A significant probability of some damage is linked to peak particle velocities of scveral
hundred millimeters per second. Vibration levels below the threshold of human perception (see 1SO 2631) may be a concern in delicate and
industrial processes.

ATt W2 MME ALBE ZR0ls ZMMES Lo|xo THo| of2e A
2 =g + Yok Ho=, ZFIDA s WSHF0| =2 MM DY
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Langefors, et al, 1958 =T 2.9inch/sec(=7.3cm/sec)
Edwards & Northwood, 1960 sz 5cm/sec
Dvorak, 1962 T 2cm/sec
Northwood, et al, 1963 =T 10cm/sec

Devine, 1966

B2t 2hitAE
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Nicholls, et al, 1971
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Siskind, et al, 1980
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