Unﬁ 3
. 1 -
uanv=nuuaan1ﬁuﬁhd=Lﬂaunﬂaquanaau

A Nduds Lot flosarnn e s Twosynous n1fls efuganouas L fin
ounsdshi Anatanfiuans enudomilunsoana sYfmIans A (annoying) w§e
ﬁﬂ?ﬁaﬁiﬁﬁUﬁu (unpleasant) uazﬁHﬂ?sﬁb@quqnaﬂQQsﬁaﬂﬁlnnn11utﬁuuqu
1ﬁuﬁaﬂnﬁrunsﬂquanﬁ§ﬁ4ﬁaﬁu¥Lam1n5'q rfunuu ﬁ%ﬁunﬂQAdﬁ11ﬁ¥ﬂ ANAd

Az Powi Tunatwoun antlan

-

Tunillasus augor mus fuafunans snueosnaauduas (Aouffinonu
aﬂﬂﬂfuasﬁadena§ﬁ4 Afgaduuazanivuidusa g 7 Amuafu uaznirBnwa i Fos
fRunldmanudiiussewdas mantl (frequency) uas peak particle veloci-

* ] -
ty tﬁuﬁhﬁh4$1:=ﬁhnaquﬁuﬁz;ﬁauﬂuang,ﬂumaﬂuua,§4ﬂenﬁ?q4adqqif(17.18,19)

3.1 manysnuwolmanduds L Rouditidony

Arnduds L Aoudeuans srufiemilanin 2 n1e Ao 20?

- mamua¥s (physiological)
- mamulala (phychological)

.

- 1 1anan271 shanuvosmiffiusous aflou

Dieckmann(
dynamic system dqﬂnqquﬂnqusr%udﬂhdﬂwdqLwﬁauﬁh ua:nuﬁnaﬁufhnt?aﬁa
AIMNANRE L Pou Wi s MUl L Bnvou iy (Usesm 0,001 mm. ) wslasfinann

1 -~ ~ 1
uﬁnnﬂqﬁu1un91ugﬁnunenn7a§uqun11urﬁnua4unazvnnaunﬂhadqqtJu vflog

i .
peak particle velocity w§o peak velocity ﬂaﬁﬁnqqut?qaqen
vosouniAYoslu (soil particle) fidu (oscillate) souamdupad wmsfingh

L AR oufitnw
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&l

Arnduds Ao Andu v1sntumufazsumang Ant Ruatumaudude Lflow winas o

nﬁuqur:ﬁunaﬁuﬁﬁﬁsLﬁauﬁutﬁuqﬁuaaauﬁnspnnadauunnﬁﬂqiunquNQﬂufhnuaz
~ -~ L~ 1A - 4 1 ]
Us zAndnddvoagflasunaaududs L flouiu daunan amuinlaiu 01 1 funaquunn
. ] ~ 1 ! '
MU ilendn IWs 12N T aSunuuf ofina s unonl udud L floufl Amfuvosus
] 1 L/
AryAnAfzUANAI i Ly ncquﬁhﬁs1ﬁau1u$=ﬁbLﬁuoﬁthqnuaﬂqhnaﬂ1vq1u;§n
' - " ] s - - M 1
13z L Anduasivuaswonula unun sAuDI aar luuoNSUAN W LAURTLA Fains =99
nqqu{%nuaaunnaﬁudauunnﬁn4ﬁh1dmﬁu onsun QdU quan 9y UszAunasmuas

A21:1 91 18U WA AuL Tuyagan

- ] -
uaﬁwwun;ﬁuqﬁbfsﬁbnoquﬁhdztﬁauﬁﬂuanonauazﬁqu7naou Mniduuacz
AnUWIAUANS q lavialaun nwodwuaas ffarzlanana 1 dusau 17 W

Reiher and Meister(22}

1OnymnafhinasAnwalugausn 4 adhaass
31 Ruatfum s sugwasmidonanududs L fiouds infu Taonas g 25 m oy lusdnuns
Weuaruowuu platform un=Udav1ﬁ?ﬁn11ufhnaqnnqqudhﬁzLﬁauuuu sinusoidal
Al saunaz Bt Sutamn 10 w1l AyUan ANAZANT T NSV AITNANA Y L oy

] A - 1 - - [] - ™
aRuaE T sy aoyluritsuasruouniug ot uarlauvssedunas sus

voIAuRDAINALA L L Rou Ty 6 Yas Ao

- dhaflsugranududs fouldls (imperceptible)
- Jaqﬁwafﬁniﬁ (just perceptible)
- daaﬁfﬁniﬁhdﬂqﬂhlqu (clearly perceptible)

da3fidoWi AnArans Ay (annoying)

- Jaqﬁfﬁnfﬂadidﬁuﬂuu?awunqu (unpleasant or distrubing)

a8 Tuduns e (painful)

s fimiazAnda lnsunauduade o s ovouBuoymunansdiniiss sudn 3
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mautuazeunn duURgn (amplitude) #Maotreidhu maaulfuszuam 5 Hz..hnz

U1 AYDI SiURgn 100 microns Wamaans™amin (annoying) unmu unaztﬁuihntqu'
(painful) nrmrufiiu 20 Hz. ﬁwua4Lﬁuqﬁunquuqnuaqﬂhﬂasn 10 mfcrons :
waemaqufl 10 Hz, ﬁLﬂu4unnrzguinnuwa;ﬁnintnwuu unnﬂuuqnunqﬁhUﬂsn;ﬁu5t
60 microns muaxi¥ugAnyamuiufl (g3U 3.1)

U 3.1-3.3 Junan1vidusos Reiher and Meister' 22’

daudns
AITNBIST eI s panl v Srgalunuafly (g 3.1 usz 3.2) uasx
muflifu peak particle velocity (U 3.3)

o

1) it & (Rovonfiadniazsing 4 woam fAfiso

Dieckmann
ANRNAE 1RO WA IREMIU BanT srueDs A NSuaY L oy (1fosranan) #o

ALANgs 4 1amu A1 K e mumiiaue 0.1 - 100 daflnanamunusing 7 ustadl

K = 0,1; rzﬁu#wanﬂnufbfﬁﬁ
K = 1.0 ; szsuflrudansnuousuls
K = 10 } fzﬁbﬁﬂuéﬁunrnuaufbiﬁ wi Sy fusdaasror Laanfu i

K = 100 ; s=zdugsgafimunBazmila

A1 K wos Dieckmann ﬁwufhnqﬁuﬁuésLﬁauﬁfbuﬁnun4dhﬂnsmuac

n1quﬂﬂﬁuq70ﬁﬁuqm1ﬁﬁnquu Axuanslumisae 3.1

?V 3.4-3.6 1Junamsiduros Dieckmann Feudnsmrnudinfuss=uan
mnl M suaduAgsuuuaBuasuuuasiu (gU 3.4 uas 3.5) wuszmaaug
Mu peak particle velocity uuuads (gV 3.6) Tmuudmemn K odﬁugﬂﬁ3u

(Ron1s LUFuuL fluu

German Standard (DIN 4025, 1958){23} 1A MUALA 2 WU S LN

A K maruffusos Dieckmann w?buﬁqﬂwwunrzu:anwﬂuau1ﬁiﬁﬁqufbﬂq K sssu

»
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U 3.1 wansysmueoeAnAuds L fiowluuiiaResonaaug Anvos m
(Reiher-Meister)
2 s 6 8 2 - 2 &L 8
100 T T T 1711 T T I B 5 1 | = T =0
8
\ \ \ \ o ]
50 Dt
\ N Q gl
sl 12X
20 \ \\ \ 2
s N A e
i inful
pain
10 < \\ \\ :
- 8
ju ear N -
imperceptible \\ ;;::!vhbb\cpletc::tible annoying wnnl ds
5 h, =3 33
\ N\ Py N
Al
2 2
1 1 1 Ll 1 | 1 11 1 1 L1 1
1 10 10 107

Amplitude (u)

Human sensitivity: Reiher-Meister scale (vertical vibrations)
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v © gV 3.7 wanysmuwasmnduds L fouluuns AenanlaugAnvosm

(Reiher-Meister)

200{ ‘ ‘—% 1 TTrIT T TTITIT
%\
ol e bl -
E el :
0 S o
- ) Unpleasant ~
| i djstggbing SO PR, S DRSS
L\ Y | \
j | \ \\\ Painful
-€ 10 :- + i a7 B : -
LT /] \\ .
r- -
g ‘ | 4 D)
2 A i [’\ﬂnmying \ \\\ 4
LR AN
R e
” :Et i { i Clearly \ \
i | perceptible \
10 4 ! _\ ¥
el N
5 At D
i 4 L S _I. s Exlialy: \ N\
I | Imperceptible \
? [ A\
01 bk L1 NN
1 2 3 5 10 20 30 50 100
-~

Frequency (c.p.s.) .

HUMAN SENSITIVITY TO VERTICAL VIBRATIONS
(REIHER AND MEISTER)
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i ] ]
gU 3.3  WANTEYUYDIAIINAUAE (PouluuuaRanonI N AnYaIAd

(Reiher-Meister)

1000 o=
Ve
N \o“/
N N
No
e \\”6,)
50-0 2 N
\\ \\ \O_,
N “\ N %
~ N \\
NN .0 N
A N b Y S
N N O \\\D \\
Nig K05 Sx ¥ \
200 \(\3.0 o = AN
\‘: » ~ \\
N NS N \\ .
\NO, N N N\ \\ Painful
e N N L
100 bl % \
disturbing
N
\ el
& =i
\
N \ T~
\\ N
N \\
~ ~
\I\ N N\
20 N N N
N\ \ N N
N h \ \
\Clearly \ N R J
percepliblc\\ \\ N
R \ \ N
~ N N hY
1-0 Y A . e
N\ Y “ Y
N N \ 8
N N \
Just perceptible | Ny \\ 3%
N\ N ~
05 ~ <
\ =i
N\ N
N N
"] \\ )
AN
02 - ~
Imperceptible N
01
1 2 5 10 20 50 100

Frequency (Hz)
HUMAN SENSITIVITY T0 VERTICAL VIBRATIONS
(REIHER AND MEISTER)

| 17118694
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sy 3.4 aamap K wos Dieckmann é’ms"umwﬁuﬁ:

L Aoy Iuma R \“ \
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2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 B
‘IOO: | 7 R T 11 "l_l TTTI1 ‘Il] 711 o 1 LRE L | II-__'3
= : | | S
50 + 1 i N o,
e N by \ = : 1
e .8 =AW
b N ~ B
20 | S N _— | B R B S — 142
: ~ 1 4 ~
Y ! ~J S A
10} ~ - - .
2 : \\ ~ N = L
™ ~ ~ —6
Bl I I NSNS L — —
N ':\:\ N H,;‘:- N o~ """\\ =
= ) ~ 4
E =0 05~ NS, At e N £ *50™~ 4 K,
h\? bt S \O ™~ w &
2 ““_\ ><———><‘ = ~ = k\ - B = \ -+—2
st "5 L B ~
S~ N Bl e £ N
'l_ S ~
= - ~ < ds
LS ~4 “--,_\ =
B \ — ~ 1°
05_____‘,____-A.._ ~f=F-- ey S¥ bl =3 i S — i - ~ -~
“ N~ ~ ~~ o U
- -2
01 | | L1 I\ l k! l 111l nei L 1ll ! L1l 1 |
1 10 10? 10? 10* 10*

Amplitude (]

Dieckmann values: vertical vibrations
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Amphitude (u)

Dieckmann valucs: horizontal vibrations
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sU 3.6 udmem K wos Dieckmann &msumiaudud: i fouluuuafa

1 000

500 \

N
Pl NN R V4

100

K=10 /

10

Velocity {(mm/s)

=1 /
1
i \\
02 \
K=0-1
01 -
1 2 5 0. ~20 50 100

Frequency (Hz)

HUMAN SENSITIVITY TO VERTICAL VIBRATIONS
(DIECKMANN )
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Ae 9 voyafilauanalumisns 3.2

(24) 1amunauuR=UsUUY «

German Standard Institute (1970)
Standard DIN 4150 v TseulavauuugRmsuvaan K aan nqqud.uuqnﬁhﬂg;f?””:-
am peak particle velocity WREZAIINLTS ﬁbyaﬁiﬁﬁquﬂrn1ﬁﬁﬁﬁ4naﬁuﬁui;;(
Az L Aou i Bsurzuuasauluda amanutl 0.5-80 Hz. fadmsumnfaunzaubu ﬂ{-
K aeflmusesnenivosmant s ifonnuflsiiiu 5 Hz. uazazfiAauszunm peak
particle velocity (Homquthinnnin 15 Hz. A1 K = 10 szinafu peak

particle velocity Uszunm 15 mm/s uaé- 1 Useunm 1.5 mm/s  lunas

Usulsasnmssauindafafl An K walaaingss

0.005Af> _ 0.8vf  _ 0.125a

3 “To0re?[Toover  [Toorel

o f = nqquﬂ,Hz+.
A = JSuwnasudm,microns
v = peak particle velocity, mm/s

2
a = max. acceleration, mm/s

vorimuam K wossanrzanfl udnslalumisas 3.3 uazqgu 3.7,m1514
3.4 udmam K Auonsuladmsumanududs i foufi Anduludnaudsne q (du vin-
o1y dm¥nenu Tsanuauna  Sustained vibrations wuauflamraududsfioul
thnﬁhodﬂaﬁhuﬁan 2 daTusfnoiy Repeatedly-occurring viﬁrations vuny
fis Sustained vibrations ﬁ;hndﬁtﬁyuqqn?quqanﬂa Seldom occurring
shocks 1Ju transient vibrations fiiRnduntuludaeszusiaanfu q tnatiu

ﬁauﬁﬂﬁadiuq4L3U1J§ﬂw#un1ﬂuﬁhﬁ=Lﬁauﬂﬂﬁﬁnqﬂudﬂﬂnfq'15 Hz.
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I
A1s14e 3.1 wamanisA kAt K wo4 Dieckmann

Calculations of Dicckmann K-values

Vertical vibratnns

Horizontal vibrations

(A = amphitude momicrons and [ -+ frequency in Hz)

A1s13 3.

Classification of K values (DIN 4025)

2 wameanIsuusm K wos DIN 4025

Below 5 Hz [ K =0:001 Af* | Below2 Hz | K = 0002 A.1? s
- : /

S0 He K = 0005 A.f 2-25 He K = 0:004 Al

Abhove 40 1z] K s 02 A Above 25 Hz | K = 0-1] ‘A L

K value Classification Effect on work
- 01 Threshold value. Vibration just perceplible Not affected
0:1-0-3 Just perceptible. Easily bearable, scarcely unpleasant Not affected
'
0-3-1 Easily noticeable. Bearable, but moderately unpleasant if lasting for an hour Still not
affected
1-3 Strongly noticeable. Still tolerable, but very unpleasant if lasting over an hour Affected, but
possible
i-10 Unpleasant. Can be tolerated for periods of up to 1 hour, but not for longer Considerably
affected, but
still possible
10—=30 Very unpleasant, cannot be tolerated for more than 40 minutes Barely possible
Jo-100 Extremely unpleasant. Not tolerable for more than | minute Impossible
Over 100 Intolerable Impossible




n1s1e 3.3

wananisuwueAn K wos DIN 4150

Intensity (K-units) and subjective effects
(proposed revision of DIN 4150)

K value Degree of perception
below 0-1 not felt

0-1 threshold of perception
0:25 barely noticeable
063 noticeable
16 easily noticeable
4 strongly detectable

10 very strongly detectable

|

(K-values of 25 and 63 are also given, but it is stated that it is not
possible to distinguish between their effects on people)

A1s1e 3.4

udnimn K Avonvlnludniudsng «

Levels of vibration acceptable for various situations (Draft Revision of DIN 4150)

L1

Permissible intensities or K value
Building arcas Time
Sustained Repostodly Sékdors
vibrations vibrations occurrimg
occurring shocks
Day 2-5
:::2::3’:‘"“' : Threshold of Threshold of -
Nursing homes (SO) Night perception perception Thmhc.nld of
perception
Small building estates (WS) Day 0-2 (0-1) 4
Purely residential areas (Wh)
General residential areas (WA) Threshold of
Weekend living areas (SW) Night perception Threshold of Threshold of
University areas (SO) perception perceplion
Village arcas (MD) Day 0-3 (0-15) 063 (0-3) 8
Mixed areas (M1) .
Central arcas (MK) Night Thmb?ld of Threshold of Thmht_:ld of
perception * perception perception
Business areas (GE) Day 0-63 (0-3) 0-8 (0-4) 12
Industrial arcas (G1) z
Port areas (SO) , Night 0-4 04 04




Amplitude |«

wdnimn K wos Dieckmann (DIN 4150)

14111
—

sV 3.7
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PostlethwaitetQS’ 1aiduogns Empirical FMsun MunReuan

Sagadeazvirvihanaauluduavlu fad

Discomfort amplitude (microns) = 76 1+-l%%

Sla £ = nqﬁud, Hz,

(26)

Oehler 1ndagor munsuradinAgn §msuniroonuuudzwiuiie

waniBuamanisaviy (discomfort) Aszifndu

Discomfort amplitude (mm,) = 51If3 (for f = 1-6 Hz.)

= B.S/E2 (For £ = 1620 Hz')

o1 K = 10 wos Dieckmann iU§vulafuminuoylsduny tfoss i fuuiv

oylugUvos Postlethwaite formula axifuwlmsiaf]

=

Discomfort amplitude (microns) = 70

A1 3.5 WSy flsusurndilagn seemltnayllduau QQnﬁﬂfﬁQGQN
farfinan au uaagn e dmsumutling 4 M usziflonas1UfuuL iy Reiher-
Meister ﬁunpleasant(mid—zone) #94 vertical scale ugz K = 10 wod

DIN 4150 (draft revision) AWwnussslussisfianu

Johnsont27} 1anMun acceptable levels woimiugudzifiouls

fafl

Acceptable amplitude (microns) = 850 ffr 7060 (vertical vibration)

< 850 f + 4240
fz

(horizontal vibration)

U 3.8 uAniANMARSYOTENIASUASA Uz maNtFmIUAIaNAuAE L fiow

A iAnn yoylsiduny (discomfort vibration) @4idumtisfusinuanisnaaos
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A1519 3.5  udmams iUSouLflounn posSlagn davirvoyludunuyosno

7MUAS ZUURTS 7 3

Amplitudes for discomfort vibration

Amplitude (j2) st given lrequency
Authoriy T
S1le | 10 Hz { 15 Hz | 20 He | 30 Hz

Postlethwaite 670 | 220 | 140 | 10 | 90
Ochler (Tor bridges) 410 85 40 20 —
Dichmann (K = 10) 600 200 130 105 85
Rether-Muister 750 230 90 60 | 30
DIN 4150 (K = 10) 890 283 160 i 112 70




Frequency (Hz)

100

45

—

| L ) BT

50

Mean result
[for discomfort

!

Vibrations producing discomfort

Amplitude (k)




Le

wod Postlethwaite, Dieckmann, Johnson us: DIN 4150 (draft revision)
dmsu K = 10 deUsunmnasedndudazfauanniausuinnisednlus sfuvos
threshold of perception Ussunw 50 i

Zaitert20y 495 30)

MUY INn T TRT ziuAI AU Y L oufifuanom
] -~ L
WA A1Ugnas1 1l s L nALuossTunouusn 9 LauaTau Zeller wiaufilaun "Vibrar"
¢ "Pal" @415 s : oted
uaz "Pal" dalsfian s flamraudinfusyasmnuisauasnanlis

2
Zeller's power (Z) = % = 16 ﬂqufs

wisy Vibrar H+8ulauidnan Zeller (2) iJupagiu dsi18vaindad
Strength in vibrar units = 10 log (Z/10)

Ho Z SmiauiOu mm2/33

gU 3.9 (Juumugluaninasuaaamiou vibrar luiflogarvossunndinagn

uneAufl
winu Pal Assfuinuidan Zeller (Z) Juyagouidutiu uaz L fouln
fafl

Strength in Pal (Zeller) = 10 log (Z/Zi)

Sio Zy (Ju threshould value = 50 mm2/53

#a¥iu

Strength in Pal (Zeller) = 10 log (Z/50)

1Ho Z Swiauidu mm2/s3

] ]
msi4 3.6 uénanﬂfuuaszﬁuun4nqquﬁhézLﬁauﬁﬂuaﬂanu1undqu

vo4 Pal (Zeller)

arsnefl 3.7 Lﬁunqrqquﬁnqnﬂstd?uuLﬂuuwzﬁbua4nQﬁududzLﬁauﬂ

ALEVEED uarAullus suvsnAsFIuRe 4 finananauas amivsurndiign
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wuwmiqy "Vibrar"

WARI A B oI AINAUAE LAoul

3y 3.9

.l

-6

108

IS N
104

[
10

L \ \w~

2NN/
\ / \\\o /

= A /L YI/ \5\ yawae

i £/ \aﬁ\, g

e
102

10

L1

50
30

[TH) Adsuanbaiy

Amplitude [u)

The vibrar unit of intensity
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3.

The. Pal (Zcller) scale of intensity

L8

U WARINT T UL S =AuAIINALAS L Aouluvuay Pal (Zeller) ,

Strength in Pal
(Zeller) units

Sensation or effect

Oto 10
10 to 20
20 to 30
30 to 40
40 to 50
50 1o 60
60 1o 70

Vibration perceptible depending on body position

General perception

Traffic vibrations; not tolerable for persons in buildings

Vibrations in vehicles moving quietly

Vibrations in vehicles; accelerations in lifts
Heavy vibrations in vehicles; vibrations bearable by persons for short time without discomfort

Physical discomfort; sea-sickness; pain if associated with high frequencies

A1s1e 3.7

Comparative strengths of vibrations

uﬁmqnqsLU¥uu;ﬁuursﬁbnaﬂuﬁuézLﬁau1uuﬂn73ﬁuﬁﬂ4 "

|
| K values
Amplitude | Frequency Maximum Maximum DIN Dieckmann Vibrar Reiher-
() {Hz) Acccleration velocity 4150 Meister
(xg) (mm/s) 4] (H) (47
10 50 0-1 I 34 2.4 2 1 33 4
40 25 01 63 4-6 5 4 36 5
250 10 0-1 15-7 B-8 12 10 40 5
5-5 60 0-08 2:1 1-6 -1 06 30 3
22 30 0-08 4-] 31 3 2 33 4
88 15 0-08 8-3 ¥5 7 5 36 5
310 8 0-08 15+6 77 12 10 39 5
2210 L] 0-08 | 417 9-5 20 26 43 5
5 50 0-05 1-6 142 1-0 05 27 3
8 40 0-05 20 16 1-6 08 28 k]
i} 20 0-05 39 2-8 3 2-5 3l 4
500 5 0-05 15-7 56 12 10 37 5
4 50 04 1-3 10 0-8 0-4 25 3
11 30 0-04 2-1 1:6 17 11 27 3
25 20 004 31 2-2 08 2 29 4
400 5 0-04 12:6 4-5 10 8 35 5
2-5 55 0-03 09 0-7 0-5 03 22 3
12 25 0-03 1-9 1-4 15 1-2 25 3
75 10 0-03 47 27 4 3 29 4
150 7| 003 66 30 5 4 3 4
830 k) 0-03 15-6 3-6 8 10 35 5
I 50 0-01 03 0-2 02 01 13 2
4 25 0-01 0-6 0-5 05 0-4 16 2
25 10 i L-01 1-6 0-9 143 1 20 3
620 2 i 0-01 78 12 2-5 3 27 4
! s | oo0s 02 02 02 01 8 1
3 20 | 0-005 04 0-3 03 ° 0-2 11 2
50 5 0-005 16 06 1-3 1 17 3
ilo 27 0-005 39 0-6 1:2 2-5 21 4
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wazmuffl d2usn naswuayluuau SouuasAnd mneau Tunasuues sfunaudn-
Az fouwos Reiher-Meister s iaefiusingoylumnsiafinanamununns q i
#afl

iy 1 dimperceptible

ta¥ 2 just perceptible

LAy 3 clearly perceptible

\RY 4 annoying

8¢ 5 unpleasant .

Goldman (1948) k82

Tamunawamauaz1avi curves Susnwiinuls
Aflaflaunas 1L fneos A uduas L founay uﬁaLnduudqﬁaqnﬂrfbfbaqnukﬁu 3
das Mo

1 perception

2 unpleasantness

3 intolerance

vori mMusfls aufis Arududs L AouTuuua sauua s Tuuuafanau (3U 3.10 uae

3.11) U 3.10 uar 3.11  wdnsmuSMST=a19m Nl fu suraduUBgn

L] -
urzmulfumaNLTY ffluanomaugAnvosmi Aus 16U

32 v x
fasil 1arin curves WAndAINAAISS ENI19AIIN

Wright and Green
duaeuuﬁndhdﬁsn Tnuuﬁ#rzﬁbnqsfhfbaaﬂuQthLﬂundqﬂh (ggy 3.12) sradl
1 imperceptible
2 imperceptible to most
'3 perceptible to most

4 perceptible

5 unpleasant to some



3V 3.10 uaﬂqﬂqquaaﬂdﬁuﬁuésLﬁauﬁanaﬁuiﬁnuaanu

(Goldman)

200 { I ) R [ o 2 [ 2
| T Range of 15.d.
| 1 about mean value
00 | —
) &
= -!- Intolerable ) -
S0 - e __<|____- = b =
' : Unpleasant |\ T
g r : |
3 b 1 1 + .1
= |
=z 'r——- 1 I
]
= I T
; } L3 -
a
E \
4
1'L oo E, B
= Perceptible
05" l =
- ‘.
b -‘ - L<"_'
=k s, T
|
01— . ] O LA e A
1 2 3 5 .10 20

Frequency (c.p.s.)

TOLERANCE LEVELS OF HUMAN REACTION TO
YIBRATION (GOLOMAX) - AMPLITUDE v FREQUENCY

50



Acceleration (g}
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Amplitude (thou.ins) ;:'D'U'

(Wright and Green)

1 1111 1

Frequency (c.p.s.)

CONTOURS OF EQUAL SENSITIVITY 10 VIBRATION -
*|SOSENSORS' (WRIGKT AND GREEN)
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6 unpleasant to most

7 intolerable to some
8 intolerable to most
9 intolerable

(33)

Janeway 1an muatdaannssuguosmoonidu 2 das Rodasdloy

Aautu (comfort zone) uardrafloylsidvau (discomfort zone) Yaummum

UHLYRRT AL VNS ST ]
af3 = 2 (U ORT PRI, | 1l - 6 Hz, j
af2 = 1/3 udasparand 6 -20 Hz.
af = 1/60 udramaquf >20 Hz.
S0 a = amplitude , 82

f = prnuf B2

uenpfAudnalugy 3.13 (Junisudsdasnaang Snvosrufaonansdi -

Az L HouluuuaBaf duaine Janeway

32 uanrznuuuqﬂqﬁuﬁhﬁsLﬁauﬁﬁﬁatﬁaqﬂa1uﬁbannaaa‘3)

IS FUN v inundy dnnvuddy uazdniufls i dunosfiafosflonnaos
MadnurAdns nasorudaLaYannLAYoefio 1o galvanometer im¥asdatfmwnin
w§o1nFoafiootrsdufinoansmanurs L Buminn RosUs sAufudamana soauuREn s 18
1A¥osfio Wlmnangnaesuaniflosaanpnrunauannaaandudy Lfiou 1y 1fossran
SOUNAAY AMLAM WS manies spvin s 4vI1 WL imAaandude L fiow Instrument
Society of America (1961) 1A Muns 2 fUBD 1AL T (acceleration), g

Auani Anduilamul a¥oefiosha v #af]
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(1) 0.001 g for dimentional and electrical-physical work-
ing standards. (0.001 g = 6 microns at 20 Hz. and a peak partipiev -
I !" .

velocity = 0,8 mm/s) {ﬂi

(2) 0.002 g for dimentionnal working standards (=12

microns at 20 Hz. and a peak particle velocity = 1.6 mm/s)
(3) 0.003 g for electrical-physical working standards (= 19

microns at 20 Hz. and a peak particle velocity = 2.3 mm/s)

Road Research Laboratory (1969-1970) lmsausangoyaifiuariu
sensitivity woiLAf osflonarossionnududz 1fou Tauyfana rdounis i aavn flwas
-~ | -~ of
MoINnReAs 7 1fowgayat uarius efuminududs LRouflsuniuna svinanuwos Lafas

foAMUNAMART TruRz L Buaudndlumisie 3.8 uar 3.9

3.3 wanyryuwpImINAuAY L Houflislofsugnasa s

3.3.1 Structural damage and Architechtural damage

nouflas§ 71 Araududs L foufls s luussazdaun s orfaaaaut Somay
WMundUgnasnala Smaans i Jufinos 11 lads =L amposaaaut o oflL Aindu L Sunou

){35} uvMs University of New Mexico

M.W. Jackson (1967
1nodsau (discuss) U L Ruafupaaut Suvaofl AndutuBavgndsas (building)

uazUANS u1 w01 AUfils zdufudoml AL Andudy

A3t Ao ol AndufudaUgnasns (building) azuanmouou
wAbmiduoyfumang Anuaznn suansurosm Taulunouas AaflaanredURImduads Lflou

Audnduass q fhufls sfuganafiasriiiAnaaau Sovaulmmsolsl 1oy mavut Bomne
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Ais1e 3.9 WARIHANT =NUBD AINAUR: L louno LATD 1 fonarD
Information collected by the Road Research Laboratory
on the sensitivity of laboratory instruments to vibrations
Corresponding values of
Notes on behaviour Amplitude | Peak pa_rticle
Instrument supplied by user velocity
microns mm/s
Phillips EM 300 electron Makers state that maximum 0.28 0.035
microscope permissible vibratory (Limiting (Limiting
speed on floor is 35 value) value)

Electronic apparatus
of general character

Perkin Elmer RMV7 mass
spectrometer

EM6G electron microscope

Apparatus unaffected by vibrations due to traffic close to building

microns per second.

(If frequency of ground
vibration were 20 Hz
amplitude would be 0.28
microns).

Undisturbed by vibrations
of the order of 60 micro
inches at 10 to 20 Hz
caused by road and rail
traffic

Could not be used when
vibrations of 13 microns
at 500 Hz were present.
Pump equipment had to
be mounted separately
from base of instrument,

Made unusable by a vertical
vibration of 510 microns
at 10 Hz

AEl MS2H mass spectrometer

Phillips X-ray crystallographic apparatus

Contact potential measuring apparatus

Not disturbed by:—
1.5 0.19

Made unusable by:-
13 40

Made unusable by:—
510 32

Mounting conditions
unspecified

Optical extensometers used
with creep apparatus,
associated testing machines
were ' mounted on isolated
plinths

Readings became impossible
under vertical vibrations
of 510 microns at 50 Hz

Made unusable by:—
510 160
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A1s1e 3.9 WARINANS YUY a4 AT NAUAE L floumolL Afosflonnaaiun19an

Sensitivity of some laboratory instruments to vibrations,

Taken from paper bv Steffens < 2
Type of instrument Displacement in microns
Satisfactory Excessive

Mettler analytical balance R 0.1
Sartorius analytical balance = 0.2 0.8
Leeds-Northrup reflective galvanometer 0.02 0.1
Zeiss interferometer microscope R 0.1
Electron microscope 0.5 12.0
Photo-microscope 1.25 1.5
Watts Microptic autocollimator _ 0.05 0.07
Haas standard barometer 0.25 0.7

R indicates that the instrument can be used only during periods of little vibration.

N.B. No figures were given for the frequencies of vibration.




\&miou (minor damage) fluinduiflosarnwignoun T wiyieduson wiyidos
aq nehah Az U o LARa nAn iuasssud D Ldu naswuaush (expansion) nns
wasa (contraction) Lﬁaaaﬂnnﬂ?deuuuanomwuﬂuasnaﬂuﬂh muazflnaaug
Anlifaaa uaslaigAndnaz i NAduRsy WAnY A2931 Buvau L AnBu L) ssnwofda
Ruaos 1o msdudzifowiossinnsy=10n nayduds L fouwos iafoadny
(equipment vibration) nﬂrﬁnésLﬁautdaqnﬂnnﬁrarqqru94:auuﬁ TuRINg

-~ [ ] -
AnvosAuaz il fosflvunin vousuldle uns 1dudunsiusiolenln

Jackson lauusmlquL By (damage) fiifnduitlosaannann

Auds fouiu 2 dnvee Ro

1. Structural damage nu;uﬂq AL Buvn oA Tuus 90
AL Ao ot lyimind (Function) m$onts1darusos AT 4454 (structure)
oouuo (impair) w$o.Zouas

2. Architectural damage wunufispaauifionauifin q wou
LU mruansavosguiteautamds w¥anissag (cracking) wesddmiUsas
(brittle material), Architectural damage 1ﬁha1uu$uaanﬂrﬁan?ﬂufﬂnqm
(annoy) smnnanflasviadunsaomforiananu oo WMunTAsI8s 19 wazasfls siupos
Aududzifon (vibration level) #andn Structural damage 100 rfia

1000 v

* : L - -
minor damage 1UumraniBuviuiSnvoufifin 1oy NITURANT 1YY
Arrveetautorfums NsuANEoINT EAaNUAML NTMAIAENY Ny fasasfaanto uas

AL Ruva oL Emioudu -
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wonvfloluannaandud: LAoufon ana v L finnaqsu Suva oun s
Ugnasiauan daﬂﬁﬂtwawaﬂuUranrﬂﬁﬂnﬁquLnunﬂuiﬁhﬁﬁaﬂanﬁ;Haiﬁtduﬁu

oL msnyasavosgiusanifiosann differential settlement nﬂTUuﬁul;lTih

M2 150381 nn 5 LUBuuuURIpamgAuaz A1l nasLfn high stress Twunsdau -« \)_”

v01TAT4aT19 AL oo Anan nus sanuRedn: AaauLBommotiosaanmsifon 0

- & S

exn e Tdg 1 s BuusaOniwius (bond) wosyu Tusmu Methinouflazas
' I 4 - '

n11u;ﬁu1ﬂﬂ11u1ﬁunﬁuﬂthnﬁhuusdaquﬁannﬁﬁtuaazit AD4AR1 TRIDUIITOUADU

] - 1
uaznosuni dunou

3.3.2 A ivgwoimanyiBoviuenaiaredsas (structure) iffossan

]
AITNAUA: LHiou

A uAUA L L Aoy L iR u L BuvaounT A dsnale 3 nefl sadd
1. nrAnduds i foudinndu & 12811m12amfls (Instant of
time) fwursunnwoazifin local rupture stress ifbwandu surdWifinnns

Wanany (failure) wosimpy<dsaals

2. nasifeda 9 @an q (repetition) wosmaniAu (stress)
R savia ML inma s Aovau i fossaannn san (fatigue damage) wo1Tmsedsasln

3. mududsifioudnsnsnifuninuiau (stress) viaud high
stress comcentration Iuimy<dsns F110udnivguos "triggering failure"
19

Tudn12:Und s esfumaududs L foufl L induiossannasasnarvos
souuaf s nwofla et WL AmmaasL Bumauinunss (direct failure) daumany
LBumru1 Hoeannm e (fatigue) tiu ﬁﬂhlﬂﬂuéhgﬂuﬁﬂudhlﬁ Favd udaTun

v2Im NI AU DB TATAds1e (U azvounan 01 lslAnuAYes high stress (o

»
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a1 nuMRLIT L AnA INduds LAouwma Bu) RRaraz LAnlunsfivos "triggering"

isn 2110 s el minuasUsMnn sasnaseossoussyn M1 Mifin peak stress
/fﬁﬁﬂﬁnﬁgy\h

wosafu (coincide) &11Judnivguos triggering damage ounalsfimn n}{i;/iT?

;ﬂnﬂnﬂt:auﬁﬁﬁﬂqadﬂqu?4ﬁﬂq1ﬁthnn1ﬂuﬁhé=Lﬂau1uﬁhumsﬂnﬁhuﬁhﬁbtﬁﬁdﬁ( /

\

RINNIFATIATY01 FUWA L 1Souiy

Fatiu nouflasinaulansnlnsiiugn nﬂquLﬁUﬂﬂuﬂtnndhﬁunhn

] = - - - oW (]
anuMaIr L S R Smle e Biun Roafian s Auanaonvuaidnt Sunou
(] -
3.3.3 vzéumandudsifoudarianast BummounBaUgnasa s

nn s MR AIINEUAE L Boufls ssulaasrianinnL Bowny (damage)
undsUgnasnaiiu fosmisznou (factors) warvounsfimosdmnfaism o e
1 m dRAuRZ0TYYDIBIUgnATA s adidBim fatigue wosddsfldnodsns
JaaUusaya L fua funaasududs L foufl L Andui dosarnnisasaasvoss noual lasnnne
%3511 Junos 01 Audoyavos manduds LAsuarnuvasSunn o mundu aannas

VAl 28, 1) ﬁ;ﬂfﬁ LR REY

JiAstevuavoInIsse10n (explosive) woamaiIumu
(Bovno (damage) Sdudwiusiu peak particle velocity 1ubulmumsa fafl
flsmuqunanuan peak particle velocity adﬁqLﬁuatﬁﬂﬁuﬁxﬁuﬂﬂsnaua4n1qu

BuvnoungUsnsvosniu (waveform) umssruziaan (duration) fi 1 uosmls nov

A& R U LSiou

nsnaaasluyausn 9 Ao 19nnssei0n (blasting) umzdgy
oU1347U 1 21 Bavgndsaapndanazlaiidudunyion ol Suviunn sunneosBiagn
13ihy 400 microns wan1UIMLSoUME oB4N0AS 1 U1 UM oy Tudnandlaishin flans
qsLhnnﬂruan%quaaﬂuﬁQﬁuﬁﬁuwaiﬁ ANIUNUN S UM I Mun L RU2Y UMSEUHELIGVEET

Avnndulufoyon Auuoniennavugunas s 10ano ld LAy 200 microns A@ednYDs
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uugnu045uﬂh9nﬁuau1ﬁﬁﬁba4ﬂaﬂudwz1ﬂﬁﬂ1Jaﬁﬁh1unniud wAmalumnsns 3,10
Tumasne 3.11 laUsudyamnsne 3.10 Taurdmunidu "caution

1imits" woim1@egnuosdidgnfluonivi infuls

Crande11'®®) 1miduoyzuu "energy ratio” Swmstur-mun
Aaonfuoean sy =10n seuuflseyIn "caution stage" (flo A.f = 13.4
mn/s (max. velocity 84 mm/s) usz "danger stage" 1fo A.f = 18.9
mm/s (velocity 120 mm/s) worfmuseos Crandall ﬂﬂﬁu;nniﬁﬂﬁquunTnu
New Jersey authorities 1ugUwos particle velocity Avonvi Anduls

~

: dalai duonismaveumisyz 100

Edwards and Northwood{S?
ﬁﬁunﬁaﬁqﬂsnﬁ?ﬁq Inudwum threshold of damage Slo particle velocity
iy 114 mm/s

A512 3.12 udAmInasiUSoulflousun auosadiudgn uRe peak

particle velocity #maanfimas n wo4worf muATus sUUANAT M UAT

(28) sy sdormmndne 9 Mriadunsrnmese10n

Zeller
URULEWAE IV W v wRufUUMAL AL BaR udud s L loudu 8ninuLaw zoun 104
A uAUAE L Poufl L AR NN TaTIR T YOI T DUMR ﬁqﬂlwsqziﬁ A28 L Anduluunwin
onAuiflosanmrarqasvossnouRuazanLAYo ANy darmannaafii ina nueniulug
WAEUN AYDISIUAIA NI N At RosfYar mmaflivun e dulmi L folvdonnRo e iU
An12 507 TR0 3 1 A Andu

Mr1e 3.13  wdnem USuuifluus sifunanndude L fiowiflossnn
UMRIANS 9 luglyas AIINLTY wRsnRI91u Az ifudauian ANty ufie 3 nslt
qzﬂﬁﬂinﬁtﬁuaﬁh uﬁwﬂaaqu1uuiua4uduhuiuquﬂnn{ﬁﬁaﬁaanﬂuaﬂu;buLﬁﬂ

(w1979 IudndiuTnuns sy Azfzj
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A5 3,10 wansAn SuvAsagegafiuonv L indulad msuRsUgnasi 18fnnn 1

" ":l..
Armt
.-Iqrf'r; T,
& TN

Suggested maximum allowable amplitudes
(blasting) (as formerly uscd)

Type of Property Allowable tmi'.-litude (u)
Quarry plant and buildings of basic > 400
design
Quarry property, and in cases where
minor damage unimportant 400 K
Housing cstates and farm property 200
Churches and scheduled ancient 127 P
monuments

As1e 3.11 uémqﬁﬁthﬁanaaanﬁuauiﬁtﬂndﬁiﬁﬁﬂﬁ€b§4danﬁ§54ﬂﬂnﬁﬂq il

(Usudgeannensne 3.,10)

Caution limits for amplitude (blasting)

Type of Property Allowable amplitude ()

Civil engineering structures 760t

Isolated propertics 400

Closcly-congregated houses and 200
properties

Structures of great value and frailty (for
example, ancient monuments and
-churches) and properties in poor
condition 100 .

tin very exceptional circumstances (for example, for
structures owned by the blasting company) an amplitude
of 1780 p would be permitted.
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Limiting amplitudes for blasting vibration, based on maximum velocity
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wanan1 s LEDULAvuAn ﬂ’wﬁanﬁuau'lﬁ'a fndulnvosgon muas zuy

Authority

Amplitude (i) at given frequency (Hz)

X
Note on
maximum velocity

5 10 20 30 40 50 {mmy/s)
New Jersey Rules 770 770 385 255 195 155 48 (above 10 Hz)
Crandell *Caution’ 2670 1340 670 445 335 265 84
Edwards-Northwood 3640 1820 910 605 " 455 365 114
_(damage threshold)
24

s 3.13

WA

Cases compared on the basis of acceleration and energy (after Leet)

wdna A1 LS B L Auus suAaNdudY LAoulugUBa I AL FIUAY

Vibration Amplitude Frequency Sz Relative
caused by (A,mm) (f,Hz) (m/s?) Relative AM? KE
Earthquake 36 13 2-40 2-6 2190 414
Blasting 0-23 10 091 1-0 53 10
Walking 0-09 22 172 19 39 0-74




A Ndude L AowlugUyos Zeller's power Lﬂuﬁqf'_

Zeller's power (Z) = 16 g4a2g3 Pt/

AN513 3,14 wdnanas WEUULAUUNARNT enuga A ududs L flou
nomuua=NaUgnasiauos Mercalli-Cancani, Zeller's power (Z) uas
vibrar units

35 v Lt ‘
(990 4 fowsnuson muneos st Bum ol Anduann

Jackson
nﬂfﬁLn?ﬁzﬁiayaﬂﬂaﬁﬁqﬁnhuaq American Bureau of Mines'data &4la
aansz10n agUlmn |

peak particle velocity 5 mm/s Lﬂusntﬁuﬁh (threshold)
w2315 1hn architechtural damage uaesfanan 50-80 mm/s 1Ju minor

damage

German DIN 4150'2"!

1o Muns sAuRIIsRonfuYa T AT
A¥19 TAUUUIMNERAURE AN WY TAT 13594 TAU AR s1 B4LAYD4 A A uAE L flow

1fiosa1n sonic booms war annITasIAsYDITAUTTEMNIN Aad

particle velocity nanrsnuﬁ054ﬂana§H4

2 mm/s T udunsqvwiunsdosUgnasa st i un

(ancient building)

5 mm/s 1Jugn i fuseosnasfn architechtural
damage
10 mm/s pon M 1A MU Winon Aufloy Tunaws
20-40 mm/s uou1ﬁ\ﬁndhiﬁkwufb1744ﬂuqmﬁﬂunStu

fim s idovanuafalu oiusna Jange ATiau uarUseinABy

uﬁﬁﬁfdiﬁgﬂ
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The Zeller scale (derived from the Mercalli-Cancani scale)
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WARINI 5 LUSUUL AUURANT sYUY DI A INANAE L flouno miuR= AaUgn

Rating Assessment (effect on people or buildings) Acceleration on Zeller's (Z) value Corresponding strength
or degree M-C scale (mm/s?) (mm?/s%) in vibrar units
1 not noticeable 1 0-200 up to 13
2 very light 2-5 200-1000 13-20
k} light 5 1-5 x 10° 20-27
4 moderate (possibility of small cracks
in plaster) 10 5-25 x 10° 27-34
5 fairly strong 25 25-1000 x 10* 34-40
6 Strong (possible slight structural damage) 50 1-5 x 10% 4047
7 Very strong (scrious cracking) 100 5-20 x 10* 47-53
8 severe (destructive) 250 2-10 x 10% 53-60
9 violent (devastating) 500 1-5 x 107 60-67
10 very destructive 1000 5-25 x 107 67-74
11 catastrophic 2500 25-100 % 107 74-80
12 very catastrophic (ruinous) 5000 >10* over 80

Nore: The possibility of fine cracks in plaster is denoted between degrees 3 and 4 on the scale,

the Z-values being 2500 to 10000.
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peak particle velocity < 80 mm/s 1d;ﬁuﬁhnrquﬁa1ﬂr4ﬁ§ﬁ4

5120 mm/s 1TudunsaunoTAsedsIs

Tuwls =i nAdT LAY
peak particle velocity 70 mm/s Euﬁﬂénﬂufutﬁuﬁha?ﬁuﬁaiﬂr4ﬂ§ﬁ4
(minimal damage)
110 mm/s  Judunsqunolarsdsasiimiou
(slight damage)
160 mm/s 1TudunsavUrunat IR0 AYIATIS
(moderate damage)
230 mm/s 1JudunruoU4sIUUTIADTATIATS

(serious damage)

vodeins  Araududs L foudiAniflosainnnsy=10n (blasting)
W21 arfioun awosmnduds 1 fiousnn (high amplitude of vibration) wfo
peak particle velocity augafinau uﬁn=thn1ud14r=u=uaaﬂﬁu 1 AUKZAINITO
miuazuonsu (tolerate) 1 Aafulunsfifinaaududs (fiouiinouasdsbiane
(steady-state vibrations) Tueres sueiaaaflunaunu (1euifinaania¥oadns
1Ounu) urasfeunsuoinaududsifiou ua: peak particle velocity #nan
AuREgAN21 LAiRAINY AR (annoying) uazlsdlanuny nflasmsouonsy (tolerate)

-~ (] - f -4
Tunsfivasarnududs LHoufazviananut SovauunfAaugnads 19
() -~ ] : -
azlunouys1ngWiihwoutn uonannflifunaauifomuidin 4 uou 9 (minor
2 - -
damage) (U NITUANYDIYURIVETY AIUNITI2 ny zanuaut hEmniaan 1 L Bovay

Baun17RR1dan ivganadnnn s &ude L fiou o1aaz L AnBuaanna s L Kougunweo sufild
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(& /AN \2
FE3\

(&
el W
wSoLhnanndn iugsssudnd 1y naveuiuia we ld84Qﬂﬂnﬂ?LUd&uB_ﬂiﬂmﬁﬁ//_f'
\ 75 N __// 7,

nuazaauf 1 Gw e duriu  W'*‘"ff7'

Jwneos fatigue failure A1 Buagoafufaugndsns Uaguu
Jalufmangaufuean maauiBomufiiinduitlossan fatigue tﬁﬁﬂﬁﬁbuaadﬂudh
7 factor of safty #A1Ydmsumuivan (steel beam) 4117 FIANUNIU
fatigue failure lAwidnmandudy fioufliAinduoyius sAufino Wi inmns me
(annoying) wfaﬁqiﬁnuﬂnqqufhn{qadidéuqu_(unpleasant) finn wazlunou-
n¥nLafuiudn (reinforced concrete) wfo mounTAdmuT< (prestressed
concrete) farmsnsumu uazrusionasifin fatigue failure INTT 299 AN
LAufifedu (additional stress) ifassinmranduds (fiousinndounanifousoy

| vy working stress uaqnaun?m{aaj

U 3.14  udminay LUELUL Auusun auos Sagafivon i lafinan
fne 4 sosvorimmmazosnat Uiy Aaufludas 5-50 Hz. 1dudasflifinduluds
Ugndsnalu zone I oaldipuusanganfinansifiomiveosiaredsneifindu zone II
vJuslaewos cracking in load-bearing strucural units dan2ut Sovaofl
(Anduns LAnann s gt Aumaasudauss (strength) po1TAgnouua2 811 fuvnu
(Hosarnaraududs thou 1foiTunas USou L Avuudaef L Sudumsau 1audns danger

(24)

zone wo< DIN 4150 (1970) un: peak particle velocity udas 50,

75 waz 100 mm/s 12ugUifio W i fiudanay

3.4 dyu UAnSunvodmuazaInu AuviugosBaupndsas iffosainaiandud s flou

voyadnunnfiioyar 1 Ruavosdunay i aloufluns particle Tuuuafls
(vertical) widanarim@oufluos particle sefifiaunafls (vertical) uazuwa

squReny usdeoun aeosmanduds L fovluuuafls (vertical) fluanndaluuuarau



U 3.14 us&me}qwmmﬂuﬁudztﬁﬂuﬁﬂuannms{adwané;ﬁ-z

-1
—t0

Frequency [Hz)

No damage

Possibility of plaster cracks

cracks in load-bearing structural units in exceptional cases)
Probable damage to load-bearing structural units

Damage to load-bearing units - ‘destruction’

102

Amplitude ()

Possible damage to buildings

1111

102
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(horizontal) Aafugorrmumsny 9 811dnnsiafoufluos particle Tuuuafiy ——

(vertical) 19wman

UﬁnEUﬁuaanuﬂﬂﬁnnaﬁuﬁudstﬁauﬁuuﬁgﬁa:1ﬂhﬁu£bﬁwwﬁndad“Inﬂxi;
Dieckmann{21] uRzBudu « Auonsuin wis rfusoImnduds L flouszge Aufl
4111 T NUONSULA LM 1ADY S Uz L 2R8I T RUAE LAIouAN 4 uroun 1sAl ANy
&nvosmifion Auluunul fouuazBaugnastanonanududs 1fioufl Andu fnaudde

D11 8un215 sfumIududy L Poud induasy 9 (&udn

’: ] ~ -
LSloRan s i wou Leauaz g iR NAN e 9 AinA1aNauRe Boaty
[ -
Tumnsnse 3.15 lﬁuﬂﬂ7?0”??Nﬂﬁn90ﬁﬂﬂ4ﬂﬂuasn?ﬂulﬁUHﬂUUO#ﬂ#Uanﬁ?ﬁﬂLdﬂ4

arnmandudz L fouds oy luda 183 L Amaanasnasyesrnoun
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m1s1e 3.15 FIUTaURNS U v MULRE AN LRUMI U AIUgNATIINDAIY
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Summary: Reaction of people and damage to buildings at various vibration levels{\"’
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Peak particle
Velocity ** Human reaction Effect on buildings

mm/s
0to0.15 lmperceptible by people — no Vibrations unlikely to cause
intrusion. damage of any type.
0.15100.3 Threshold of perception — possibility Vibrations unlikely to cause
of intrusion, damage of any type. ;
2.0 Vibrations perceptible Recommended upper level of the

vibration to which ruins and
ancient monuments should be

subjected.
25 Level at which continuous Virtually no risk of “architectural”
vibrations begin to annoy people. damage to normal buildings.
5 Vibrations annoying to people Threshold at which there is a
in buildings (this agrees with risk of “architectural™ damage to
the levels established lor people normal dwelling-houses with
standing on bridges and subjected plastered walls and ceilings.
to relatively short periods of
vibrations) Special types of finish such as
lining of walls, flexible ceiling
treatment, etc., would minimise
“*architectural™ damage.

10 - 15 Vibrations considered unpleasant Vibrations at a greater level than
by people subjected 1o continuous normally expected from traffic,
vibrations and unacceptable to some but would cause “‘architectural”
people walking on bridges. damage and possibly minor

structural damage.

**  The numbers in this column are based on the peak particle velocity in the vertical direction. Where
human reactions are concerned, the value is that at the point at which the person is situated.
For buildings, the value refers to the ground motion but no allowance is included for the
amplifying effect of structural components. )
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