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Fp(t)zG-(a0 +iZ::[ai ccos(i-(2-7- f,)-t)+b, -sin(i-(2- 7 fp)-t)]j (4.3)

moys A1 v f o oomwn 9 T BN &g, @, b oD Yv >orvon Spwnn wn G

LONIYN NINX DONXNPD N22NA PN 90N NN N -) ,DTRND

1NN MY YOIND DRNNA ,D2ION INNY 1PA5 NVIYY P DY) NYITNTH DIIND NIND NIV

[ SCH 1Y ya nmomynvn 9Ny KXo ,2735 MK 9700 0INNN 19 120X NYsvn)]

NODI NINIY JN 4.3 NNDIIY YIPVITVIN PVNINN NIDN
SCH mYys 4.1.3.1

: NN NN NP AT ODIYD hnvn

K -G-sin| z- 1 j 0o<t<t
F(t)=1 " ( %p "1 4.9

0 t, <t<T,

:IN2N NN N y Oy VNN OTPNI MOND Kp NN OTPN NN

(4.5)

DTPNI MYND (4.3 INNYN) 17N PIN NN NLAY IVIND DY MININND N19I¥2 DNIYN MO

N |~

N |~

cos((z-n'acp —1)%)—1 cos((Z-n-ap +l)~7z)—1

.NIN2IN MDIYIN NDY IMNIND YIND

(4.6)

(2:n-a,-1) (2:n-a,+1)

sin((Z-n‘ap—l)‘ﬂ) sin((z-n~ap+l)-7r)

2-Nn- a, #1:n=123,..

0 2-n~ap:1;n:1,2,3,..

2- n-a, #1:n=123,.

(Z-n-ap—l) (Z-n-ap+1)

— 2~n'ap:1;n:1,2,3,..
2
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NOYN DY TN — AR

.(097959)) NVY HYDID IPIYI MNTPNN IYR NITIIN DIINY YPIPN MY ©DXNIPN MNPNH

POV NPNRNN PNINA DITIHN OY NIYIT YPIPN TIT NIANMND NTIHND DY (NTIVINN) NHXIYD
.[material damping] >annN Tr>>way [geometrical damping] »9VNINNN TID WA MONO

:NIYNNND IPY NN DTHRNN MPNN NTIVILANNKRIL NNNNN (R>R1 YWNI) ,pININ NTwa

=0, (5] exp [-al® —R,)] )

IUND

(mm/s) ,nTNRNN MPIn - ¢
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DOTIN N DY DY TITNRY 1) DOP

N2ANNN NN AVND 1N NAININ IRNYNN NN .ONNN NIV (5.1) INNYND ONPNNY 1NN

NVOIN Y¥IY 1N NN F(1) nonwna (F(t) ,mann Sy SMoan m»Tn 0mys nm»Tn

36



(2015) 2.0 pon 412 °"n% av1w

DMTNM O»N3YN (modes) 09NN 1w n 718 (free vibrations) nywan mTN
direct ) 1>v> 19182 MWYYNY 919> MINTN NANNN WD TNIY INNYNN PNING D1 NIYN

5T NHOING X (dynamic response

1912 PPN NANND IPIAVIIP YN DY TUN DMNIT OXTTNHD NDYIN NI DIWIN IRNIN

6 7792 VVNO MPY

;0N OVOMAYANN (1
DN DX AN L,NIANN DY 7N TN NN oT1pn” ,D.L.F — Dynamic Load Factor
.DPVVON NIXNNVTN P2 NPT MXNNOT P2

:TPY OWODIA AN (2

A¥»NN ,MIANN Yv »mpwn o1pn” S.L.F — Serviceability Limit factor 2.1

.0 ,TI0N AXIND P2 PNPTN ONIYY NIANN NN MMNINND TN P2 DN NN

1PN ODY DXOYIN DY MTN ,MIANN DY Y915 TIPON ND DMIPN DIV 2.2
IN NAVINHDN NINPTN NANNND MMPNN DY DDIIN MPYD 1PIVIIPN DNV W TV
LY 19INA NTTNI DN
TN MNNYP N9
A7y DMP MIANI IN PIDNY MNIN 97Y STNY NN YaAP> NIANI MODN) NMNYP NI
DOVNYNN DIAVINHDN OITNN NITO DY NI NYIVN 1ONR DXIVNIT NYY OV 1IN
.MANN NIANN NN TNXY NHVIN TUNND
NMINYPN ND’9 AR DNIXMNN DN OODTIN 90N AWNNNY WX WTN NN IION 1Y
NN NANNN DY NINMND NIVYN NITIND I1D22Y DNINNIN TYNX ,MONM
NANND APY PIT2 NPYO NN INYNN DNIYD DN 0NIAND NND W NTNPN 1D NNIYN
NONN NINON AN MYN) INPOTN DNV INAXR DY NYAVN 1ROY MISPRIVIN .NNIANN
NON DN ONPTOSR YN DX D51 MIWIT 1D, 1INPTN NIIWND DU NPININD
.M2NN NON HY 5T ITOI XX DIVIND
NIND PYT AN YIAPM NNXMND YN NNIT NITINND YIVIN >IN DTN NN
s TPNTN YN

AMPN SN N
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NOINY N RSN TORPT DDDIRD DNTPND ,NANPN TONYNRI NN NI TNND
DX NN DININNND DAY ONINA NNP YV T2 »an (Mode) 19IX Y DNMDN DMIPNI
NI MR TN DX PYANRY 1N I DNIN 7Y ONRPTN ONMIYD NYAVNI NIANH NNMND
A2 TINAIRD MNYYPN

NON H911) NNDNY NP ,0ONVY NAY ININ N2Y NINTN /YNN DY DIIVNII PN oD
(1, TINR D19 NOYA (N3N DIYIIAPN DIOMIYD

DNV NAY YRINI MNP DMNYNRI OITNY MNON — 5.1 1YV

RN - A Natural Frequency Modal Mass
A § ,_4[3E v i
|_. I | Vo037 w?t
=1
o w - BT Mg = 045 11 1
| I . RN
o I
= = * | 3 BT
f==— __I.—' Mo =051l
|- I | T N 0.49 i
. . .'. H My =064p1
l ; . alnaar :

S TPNTN NANNN DY DIYIVNT 0N) 19002 AWNNND ¥ 1T NVIVYA
NN MDPYN DY NN PN MND 1.8
TIVND RY NDNYN ON IX NPPYN NONYN .2.NX

DD DYVINON Y TIN,D0»INN MNINY .2
AN NN N TUN 71)2N 12537 NIAY NNIPN NPNOTH MIRNYNN PNIND 1T NMINN DOV
2299 VBN ANPN MNIYNRI YN YNID NN KD 1D KV, MVIVI NPLLD NMIN’ODA
,MIANN NANN NN NINNND TN IRNYAN MDNY NPVIZINR MOV DN MNMP

.5.2 9192 VNANO
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NTXTNY MO

NPT NANN DY TINYD 1IN DY NNYNI) YRID .MIVN 1901 DMIPN MTTHN) DD
YYIRDY TINND 10N DY L9012 1YY DOW9N DMN1TH DXOMIYN NNN DMDN Man by
N MYTTNY 0D MYSNNIL ,NPI0AD .NNPTH NANNN PNINSY wHuwnn >0Nnn 1N
.NAYNMNNN MHDIND DN WHNYNY TN DY DNV DIOMIY 1IIND

21D ©TNYN DMIPNI NNVN I NVIVY

MTINY HTINY MYWNI.1)

NN TIPOND YN NINYN .2)

20N 129 YR1TN DMIYN P2 TISPRIVIN .3)

,NOYN ONIN AWNNNA DY DNV 19D NMIANN NIIYNND NMINON MYAPNN 1N NVIVA

27123 MANN 9NN NMINON

: DYNAN 022259970 JPARD MDXWN NIV NTTH O IX NPDIN NVIYW DI

DOV ONIN .4)

2NN AVINKD DA MY DY 1912) 28N NP MY NPNY 91D 199y : NPVOOR TN .5)
(10%-2 937> : 1102 712Y) DIN YV I

MY TN VINTL(YINIOVIT [ INPIN) MNPV NYIVIN IT NN INODN : POIIN THN .6)
23201 239970 7Y NNND NN ND L,PTIIN 2NN 1IN

DXIPN DIYY) NIPTN NANNL VIV IIIND 220771 21 97Y NPT NIV NYIWD NP .7

(...927°99I10Y DMIWI IO NIMYNYN NYIVN DY YPIND 2397 DN DXPIN

2290 DXVMNNNN D22237NN AN ,DINNA PO YT HYI NNNIN 2IYD W, TNNN NTINA

NLAR!

DINYMIN DYDY DXVNON PNYY MYIVI ) NADIA NANIM VIO NPT NDIN IVIN

5.1.2

: DMNVY DINIYMY

:DYTIVN NN 5.2 NHav
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Type| Damping (% of critical damping)
Structural Damping D,

Wood 6%
Concrete 2%
Steel 1%
Compaosite (steel-concrete)
Traditional office for 1 to 3 persons with separation walls
Paperless office 0%
Open plan office 1%
Library 1%
Houses 1%
Schools b
Gymnastic
Ceiling under the fioor
Free floating floor 0%
Swimming screed 1%

Total Damping D= D, + D, + D,

(JRC\bachmann)

171999179 MON¥Y 5.3 nYav

YDIP NOOY TN

0.03 NaYN NAxNI

0.06 | DIVON ,M1N9 NNY ,9INT , 01N> DY NDYIIND NONA

0.12 PO MDD DY NINNN NINI

(Bachmann)
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29399909 ©¥Ivy 5.4 NHav

Y029 DT TN 110N NO

90Pn [ yHnn [ 9nrn

0.02 | 0.013| 0.008 PN PO

0.017| 0.01| 0.005 777 poa

- | 0.006 0.003 | (NT99+1102) 20N

- | 0.004 0.002 nTo9

S TIPI VOO MDOYAd MANY 5.5 1YV

Y09P NOOT N 720N N0

YINOPN | YXINN | O9DIIN

0.035| 0.025| 0.014 PIIH N2

0.030 | 0.020 | 0.010 777 poa

0.025 | 0.016 0.008 | (NT99+)032) 207N

0.020 | 0.012 0.006 nTv9

:TOUYN MNDIND MaNY 5.6 1Yav

YOIP NOI NN 32NN N0

YIDOPN | YXINN | IDDIPN

0.025 | 0.017 0.010 1”130 V2

0.020 | 0.013 0.007 TIT NV

0.012 | 0.007 0.004 | (NT99+)01) 20y IN

0.008 | 0.005 0.003 nTv9

;MY NYOVYN NN ONAN 5.7 NHav

Y09P NOXT N 720N N0

YWIMOPN | YNINN | 0NN
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0.020 | 0.015 0.010 | Y10 VA /N 100 Dyn NN

0.013 | 0.010 0.007 1799 20 100 Syn DA
0.030 | 0.025 0.020 I IV N 50 O N2
0.025 | 0.020 0.015 7199 .0 50 5 NAN

:X1,M17 7021y NNN DDA DYMIN DNIAN HY NOI)

: 022997 NYIYVY Y qOIN 1IN Xi

E=18+ 28+
,ININ 19202 VIIVND DIIY IUN
O Mn
0.004 PITO NI PITD NV | qpynsa Yy - 1
0.0072 P10 PN Pva
0.0032 MNYPN DY — NIND RONPIN NN | myansa vy - §;

0.0056 MNYPN XYY — NIND RONP IN NHP

0.004 DY)AN XY D299 XYY — MNEN

0.0064 D3N XY D257 DY - MINON

0.0016 | D»)AN XY D57 XYY - OOTINY MHIMIN

0.0024 | D")an XY D151 DY - DYTHINY MAIN

0.0008 Y2I0X INOPID TND | oy 29 Yy - Cs
0.0024 TPPAIN NNIIND MINIVOIN TN
0.0016 DN
0.0016 NT99 710 Yy — DINY M
0.0008 VA THO DY — DINI N
0.0008 YO Dy DINY ™
0.0013 N¥N DY DINT R
0.0016 9N Yy DINT Y
0.0024 MINDNYD DY DINT Y
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METNIN NPVIVIN NMVIY
ANNNNY AN ,YITIN PYTN ,IMYIN PPN 19 HY IVAP NPNITN MYNNY NDIN MUY

DIDTYN YN ANND ,MNISNHD

NYIPY NMVLY NPYIN
DNIYN NIRD NMITINN NOPIN IX PVITND INDIYY 1TNI DNIYN MONN DYYNNY N2 DN DIPHI
AN ONIT VXN NITH DIV DX PONNY NN, N0 NOINND DX INYRI 1P OR INPTN
.NYPY MLV NHYIN YNNI
: NN NYIPH TN NVIVY

B = Yayn/ystat = 1+ N(1+h/Ystar)
:IUND
NONn NYaN NN —h
NONN NYAN NNN 22N 2357 NYPY — Yayn

NONN DY NVOVLD NNIN NNN AN 2D NYPY — Ystar

NPT NYIWON AN INMNN YVVLDN DMYN DY NOTIN DTPN D YN 1NN

: DN 990N NI W 1 2Y NMVND

N2ANVNY NNTN NANNN P2 DN TINDD MNIRN ¥ 2D NN 1N PAID YR 12302 1T
.DNIY NNRXIY NN HY OLLON

Y521 NONNYN NHRY MDD NINDIXR NNYP NDN NYIN NXVIAN 1T DNDIN YIND 2NN
XN

UNTIN NPIYIN

DYTIND 90N YOINN NNIT 90N .TPINTIN NDIIN YNNI 1N ,WIN MHTT N2>7 N3 NPyaa
.DN2IN

NIPY DY NOMWN NVONN ,N2OYAN P9IN X9 YY NMDIONN NYIINTY DIONNYH DXTIN 190N 1INIY W
NN NINK 192N 9 IN

N99Y H’NIT NVIN
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N21N NMIPYIN YIND 1377 DN YW NINOT NANN NPY PN INP NXONINT NIV TINNIND
NIVPIT TI2 .NMINOINN NYNNN MINNYA DY DY PNINT YNINHD DT J9INA .ARINY NPY NON1T
DVOTIN MMNA NMINHVN MPIDN
NI VNN YD MYSNNA NPYWS NINIT NHVIN YN v

NMINIIY N MPHIN 5.2.4
LANDD KD NINT NHVIN NYITI DINMON DXIPNI
: DMIPYY DIIAPN MW MTPINND NOINIY XY NHVIND mwriT
VDY DINNA IN YVDYA-IVOIN DINNA IX PINIT KDY DINNA INVIN NANN : NIMIN NPIRDY N
N7¥ND MONMNN NIYIND NPR TYN MTITI NITNI IIVNINOD NANN : NTVNIND NPINDD N
NONVIN RY PNPN

PSD — 990790 NY9IN  5.2.5
IYWINN NPT DMIYD NITHN TV NX aynY v (random vibration) DYNIPN DYOMY NHIYHA
.g%/Hz Vs. Hz :2129R9) 9700 Mwony i
M0 DIINMINNT DMIPN DIANI) XINNY 1N MI902 .PSD — power spectral density X9y N1 NI
LDMY TN
2% MWINa Yo time history MTTHN YIS 100 L, 1NRYIYN MDA NNIPN NATHIN ATYNA
.g2/Hz 5v miynwn nHapn NvIITIIND DIV Td ITNN NWIND OMN 1NN
VINOY TIN ATARN NN NIANT AN NIMID YR NN 2IVNN DD MYNNNI YNNI W 1T NIHDIN

TN YN MAND DIAPY NIYANRNDI YININITIY YN

NMVITNIP NIEPIDY NNVNN NP 5.2.6

NIIYN TNXD NPMYNYN MTITH NPIPIY SNV TPNNND ¥ MIANI NINPT NIANN MTTN VI Nyl
PN NN NINRPTN NANNN

MTINND TYNR MOIYNI YNRNYND TAPND W 1D DY) DTTHN TN T DY 2IWOND NN IOON NP YNY
O IWON 9O

NYAUNN NN NNIY N0 TO2 .NANNN (NMIX) DI PP2Y 17YN (NIN) DIND P2 DN NIIXN NIDHN NIXPNI
779§ MINID ,DOVININY DN NIND ,NMIYIPY T 1IN MVNRYNAT NIMIRIND MANN DY NONTN
AUNRI 190 12 ¥ OIPNN TIY .NMT DANN PAD INYHN NID P2 AYPN DY DYIIAXN NPVITMP NONPNI
90N DY YIANN 0 TIVD IDINY DMDN DIPNI NTTNIN NANNN PAY NINNND MON P PY wp Dy wasn 1

STTID NONNDD A VP
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TINPITHINR DDAV NIN HY NPVITMPN NIKPND NN PNIVNL NXXANY W NNONN NMEPNI HY YD 1IwINa
TOIPNS DY NOIY VI NMONNN NYNPNI NN 21950 DAIPN .OMIVIR DN 1AXD NPpNIN

DYOIIIYMPD

029N APY OINIT DINNNN NY*AP 5.3
DXNYN NYIVIA PII INIXIVIA DY TINYD NIND TINNI DXNHON PY0NIY NNN 12N 19N NIVTIIND TNND
Y9IND DINON MANN DITVPID NNN MANN NANN DX PIARNT SINRTIN NOND PTHIND 1NN ,NON

:N2AN

omax = C E Vmax/C = C Vmax \/(E[J)

S IUND

YOIOPN IONTIN N9 NIND — Omax

(M1902 M) >onN> 0TPN - C

D3> DNRIYN ANN NONPOPN NMIINTIN MM — Vimax
32NN THNI NIND MPIN —C

NN TN —E

nON MO9Y — p

NINIT MANNY DNPIVIID - PID
995 6.1
:19N199 NPT INIIY NIV 1IN DMNPT DXONIYY 1N MIANN
.DOUNNYN MY DNINIVIIP DI1YoNn .1
YTIY TY ,1NITN MPYINND IRXIND 0PVINTY OXI2IN MINIVPN NXIN HWIN NN 220 YWD 1PIVIP .2
.DMIVN DMVINTIN 1NN NIPNI NMIANDIN NITITADND 72N NVITIP NINOHN NANN MNNONN
DOUNNYN MY 6.2
11109 D217 DIVHNID MNIYN VNN NANN NI DIYNNYN NIV
PO e
;N2OY ,NDW ATINY—DNNN e

;N0 PO MTHRND NI NPPD e

S TINY N9 NN — WNRNWNN MDY ON @
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;NP2 YW MTHNN YN MPTN e
S TINN NN @

SYNIND MDD DIVN - 995 Hyny e

: DININD MNIVY WNNYND MIYNI DX PYNY 1)L 1915 ATy DINNA Yap»d NOIY 1299
NID 10 TY MDWHN TN 12 DINNA - NIANN NANN NXINND MYNIN
NXIN 100 D 7YY XN 10 1 DINNA - NIAND NANND MINND MY)HN

A9NY 6.1 192V VLS

DTNN IMIND 19 HY MPNNYI NXINNY NVIVIIN MMINN - 6.1 NHAL

X971 100 — X9 10 950 ©INH | XD 10 — 9D 1 990 onn m9av

(7Yw//n) Mmrnn XY (239//1) ASIND NOY AVINHNN
mgw

0.0013 0.1 vIIIMm

0.0068 0.55 o0

0.0138 1.8 | YAy 'nba

MM PIAINN N2 NINRPTN NANNN AN (DMP 1IN N1AY) NTTHIIN (VTN NIAN 19N2) IWINL TAYND W
MANND 53 P MITTNN 0N IN MDDIND MXNN MDD NN AN 0T NYN ODMYI NONPTN
YSIAN I2 DTN PAD IN DTN TYN NIT ONMDN AOR DI MININDY DPIPAN L MININ P NPINOHND
P70 22990 Y NURIN (TINT) J9IR NINNA DT DAY 10 N NIND KDY P (NVYNN TYN) NHYIND
aerr = V(1/T ofT a(t)? dt) 19199 MDVPOAN NINN AVINM

NN .DOVYNNYAT MY NN DX VIAPY TN DY 6.1 1DV NN IN NMNYND ¥ NDOPIRND NYINNN NN
N30 NNI NYAPI X9 DTN .NIAND NION NNINID NIIDNA YIPI N 6.1 NYIVY DNNNA NYINDN MID
AONOY 6.2 NYAV Y9Y NNINN NINT YIAPY 1N

09V YINOY SNIND 90 MSIND - 6.2 NYaV

WWDILLD DING XIN TPYPWH TN AP 12132 PN - 12 5y 110 (03P PYN) DX11010 DR Y9190 Navy pony 1
9775 )12 [ IVON SWIH wWN 112150 71271 DPWRNYH MIVT 7503 N1 23 Y05 )0 L0037 O2Invn 25n

5o Y1 0307 YIIW3A NIV TINSIN TINYI TIDSIN MYSHNI 1IN Mwen
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ASIND — Qerf vInrY
NVPON
("n/v)
0.03 ,MINYI 9TN) TNYNA DIWIT NTIAY PN

(112Y NPMYTR DT MTIYN

0.05 (D90 >N2 ,0oN3 ,MPT) DMNIN
0.08 MNo HoN DY OYTIVN ,DOVPY DXTIVN
0.15 (D>TIWN ,790 >°N3) DYDN DITIVN
0.25 NONYN YN MNITO

? PRRREPATIERIYP

Y9 1998 YV Na%a0a2 MTNIN 6.3

LDV NPYN) DN DPINND WY TN DY DNIAN MITRIN NYOVYND MON»nNnn

STIP8N 1IN NININ DY 11N Dy NIYW Nyavwn  6.3.1

STPSN SY PPN TIPONY 9D NNNN TUN TIYPITINI 2PN MR JPNIN NPNY NNINND TP W 118 1Na

DY 90N NNIN OR MNIDIND MT>THI MVVIN YNIS W
DIPY 19IND TPANY TN DINNN NIANA DNYNN TYUR NININI MNIND NN I DIP DD 7772

Vibration Analysis for 9901 10 ")NI0PON TV MY DY TIPON MNOXY MP1TAY ODIYA HNIPN POIND

David S. Steinberg nxn ,Electronic Equipment

L0993 YN 299 NYAYN 1PIVIP 6.3.2

VC m¥pay Vibration criteria X923 MTHNY ¥ THN 951D OINNRD 022N 1NNON TNNY 2593 »IvIIp
NVINMVLP 55 POINND JPIVIIPN .NIANI NPHITN NANNN NMMNPNN DY DTN 2IWN DY NNWIN 11PIVIPN

.VC-E 7y VC-A nMmonn
DNPIYZART MY NPINLP DX NIINNT NIV OND

SHNY ¥ N2 NPIMNVPN 5 TINND MWD NN NN YIAPYY VIONNY JPNNN Hya by
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Table 1: Application and interpretation of the
generic vibration criterion (VC) curves
(as shown in Figure 1)

Criterion Curve Max Level (1) Detail Size (1) Description of Use
(see Figure 1) micrometers/ microns
sec,l'ms
Wotkshop 200 N/A Distinetly feelable vibration. Appropriate to workshops and

(IS0 nonsensitive areas.

Office 400 N/A Feelable vibration. Appropriate to offices and nonsensitive

(IS0 areas.

Eesidential Day 200 75 Barely feelable vibration. Appropriate to sleep areas in most

(IS0 instances. Probably adequate for computer equipment,
probe test equipment and low-power (to 203) microscopes.

Op. Theatre 100 25 Vibration not feelable. Suitable for sensitive sleep areas.

(IS0 Suitable in most instances for microscopes to 100X and for
other equipment of low sensitivity.

VC-A 50 2 Adequate in most instances for optical microscopes to 4003,
microbalances, optical balances, proximity and projection
aligners, etc.

VC-B 25 3 An appropriate standard for optical microscopes to 10003,

inspecticn and lithography equipment (including steppers)
to 3 micron line widths.
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rms Velocity, micrometers/sec

49

10000

1000

100

Figure 1: Generic Vibration Criterion (VC) Curves for Vibration-Sensitive
Equipment - Showing also the IS0 Guidelines for People in Buildings
(see Table 1 for description of equipment and uses)
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10+ 7-40 n1an MmNy
10°° 0.5-6 DTN 12 NT'YY
10 - 102 100-10000 N{?'VOIFN
10°- 102 20 Ty Al TINY
10°-10* 50-400 D'N1Y
10°-103 40 Ty nit7un
0.1 n1ann n211/46 n1an NITRN
D'unNa
10 1-5 NN 2Py NITIAN
+0.15g 5-20 nadY ni'on
1£0.001g 5-100 [NIO ¥'1d21 N1IayNn

N1 NOMNRY NNN DN YUY MPY 6.4

MY 6.4.1

9N O IN VAN MDPP, NPOTO NYIND WATIN Q0N PN NNT NDNY NNN 02NY MY DY HOYIA) A8N
DININD NVPTIN ON IR MIVKN MIIN

DOONIYY MANN DY NINOND NANNN MIPNN DY DDIAN (serviceability) MW NN NTNYD 1PIVIIPN
NNY DN NN INDY ¥ DN HY DININN 90N DMIYN MPYN NN NYIAPD NMIPNNN YNIND .0MNOTN
.6.1 19202 VNBND NPVINDIN NPININD NMYNNN

IN LNVIATIN MIYN NNIAD OMIPIVIIP MIVNRYNT NMIVNND ONN) NN MPNND NMINDAV 19010 1YY
NPIPNND IPIA DIFD YNV DR 7DD DOONIIVPIN MPNNT DX DNMY ¥ NHIVI MAIPIN NINPNNN

X, Y, Z DMMYPO]
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51

= ||1:sz +1:Jf + v

Building Class { Frequency range | Maximum result-  Estimated maxi-
| where the standard ant velocity, v, mum vertical parti-
value is applicable [mmy/s] cle velocity, v
[Hz] [mmy/s]
1. Industrial buildings of rein- | 10-30 j 12 72-12
“forced concrete, steel con- 30-60 12-18 7.2-18
struction
2. Buildings on concrete foun- 10-30 8 48-8
dation. Concrete wallsor | 30-60 8-12 48-12
brick walls | |
3. Buildings with brick cellar 10-30 | 5 3-5
walls. Upper apartment 30- 60 [ 5-8 3-8
floors on wooden beams [
4, Especally sensitive buildings | 10-30 [ 3 1.8-3
and historical buildings ] 30-60 | 3-5 1.8-5

Table 1.1 Standard values for piling, sheet piling. vibratory compaction and traffic (1.5]

Maximum vertical particle Effect on buildings
velocity v, . [mm/s] |
2 | « Risk of d ge to ruins and buildings of great hi 1 value
5 + Risk of cracking in normal residential buildings with pl d
walls and ceilings
10 | + Risk of d ge to normal residential buldings (no pl d
| walls and ceilings)
10 - 40 |« Risk of damage to buildi industrial p etc.
1
Table J.2: Recommended values for vibratory compactor [13]
5 _ T
Type of building and foundation | Recommended vertical
! velocity v, . ImmJs]
« Especially sensitive buildings and buildings of cultural and t 1
historical value
« Newly-built buildings and/or foundations of a foot plate 2
(spread foolings)
+ Buildings on cohesion piles 3
« Buildings on bearing piles or friction piles | S
N " Maximum panicle velocity (mm/s] | Effects
Sand, Gravel, Clay | Moraine, Slate-stoae, | Granite. Goeis,
Lime-stone | Sandstone
£ 35 0 = No noticeable cracking
30 55 1o + Fine cracks and fall of plasier
 (threshold valuc)
40 80 160 * Cracking
o0 s 230 « Serious cracking

Table J4: Risk of damage in ordinary dwelling houses with vorying ground condirions {14}

Ground vibration - peak panticle
velocity, v, Immis] (lins])

[ Type of structure |

1 At low frequency® < 40 iz | At high frequency > 40 Hz

Taie 1.5 Safe levels of blasting stbeations fiw sesidensial type strctures 1ay

+ Modern homes, drywall interiors 19(0.78) [ 5120

+ OM homes, plaster on wood, lath 13005 | S12.0)
construction foe interior walls I.

* All spectral peaks within 6 4B (50%) amplitule of the pred quency must be analyzed

[_ " Type of structure. Vibration velocity v, (mmys)

their particulas seasitivity 10 )
vibration, do not correspond
tothese listed in lnes T und 2 |
and are of great intrinsic

value (¢.g. baikdings that are | |

under preservation order) | | |

| - - ) (S, P
* For frequencics above 100 He, at least the valaes specified in this columa shall be apphicd

At foundation At plane of floor of
{ <10He l 1050 Mz ‘so» 10012* | (G feoquencles)

1. Buildings used for comrer- | 20 20-40 40- 50 A0

cial purposes, indastrial

buildings and buildings of

similar design \
2.Dwellings and buildings of | 5 5.1 1520 ! 15

similar design andlor use | {
3 Structures that, because of 3 3-8 810 8
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DTN N71T VDIVY NPT 1N NIV

Table A.1: Test report form

Line Type of information Details
1 General:
a) Testing agency
b) Client
c) Contract identification
d) Person carrying out measurement
e) Time and date of measurement
2 Type of vibration: Blasting (charge, ignition stages, number of drill
a) Source holes, series, etc.)
b) Operating conditions Pile driving (equipment used, type of pile used)
Machinery (speed, load, etc.)
Traffic (rail traffic, trucks, etc.)
Frequency of occurrence
3 Structure:
a) Designation Address
b) Classification Type of building according to the tables in this
standard
c) Description Type of structure, size, foundation, structural
condition
4 Site and location Sketches giving heights
a) of source of vibration
b) of the measurement points and their
distance from the source, and measurement
direction
5 Environmental conditions Details of rock and soil, ground water, structural
condition of building, weather conditions (frost,
storm, etc.), extraneous sources of vibration
(e.g. traffic)
6 Subjective observations Perceptible secondary effects (e.g. rattling of
objects)
7 Measuring chain:
a) Pick-ups, natural frequency of equipment, Accelerators, velocity or displacement pick-ups
damping coefficient, frequency response,
operating frequency range
b) Signal conditioning equipment Filters, amplifiers
c) Recording devices Magnetic tape recorder, plotters, PCs
d) Tools for analysis Frequency analyzers, software
8 Results of measurement:
a) Measured quantities and frequencies
b) Derived quantities
c) Duration and occurrence of effects
9 Signatures

$ 2 NAY)

MTIN DY MYoVnNn NHAINY DIYNNN

PNIND NOTIN DY MOYITY YPIPN MYNNNI MIAVIN 1IAND XINH YNPNRY MTHN ,OONNIN J9INA
DTNNND NPN P2 PNIND NOTIN 7Y NN MTNN DY MYSWNN DX NXNAND N2, 79D . NPNRnn
SV NYaVUNN NN 92N0 NIVNI DIXRIAN DOYNNNI YINOY MWYY 112,901 .0OPN MIANH P

mTnNnn

N1NINN NPNI MMys 1-2

oscillatory 1 DYTHN NIIDN) NINIDN 7Y NININND NIPIININ DY MYIAP TITIN TNID DOYNNN 1.1 -2

(27121 ,0°M0n ,0OONTNH ,D>YN ,[SCreens
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LO9YPN NIAND P NPND P2 PRIND NOTHN X
7PN NP2 YPIPA DOVINYN DPNRY IN [trench ,7°9n] M5YN M9N5 1) ,0°TNYN DIPHNa .2

LO2IPN MIANN NP2 IN MTINN

DYINRNN DXWNNNI VIPID ¥ NPINININDT MYPYD DONMN NPND ODIYY MTION TUNRD
.(sinking a deep foundation] »»y XPNTY) ONNNA DIDYAN NIIYN PHIVNY
YPAPN LY MTIN HY NYawn : ) NOD)

Appendix C

Effects of vibration on soil

Non-cohesive soil tends to settle, for instance when vibrating rams are used nearby to drive sheet piling. For
this reason, the distance between the vibration source and the building foundation should be such that an angle
of at least 307 to the vertical is formed as shown in figure C.1. For piling extending below the groundwater table,
an angle of 45° is more suitable, as shown in the figure.

This tendency is considerably lower in the case of percussive driving methods (e.g. when using diesel or
pneumatic rams).

Sheet piling Sheet piling o
Sand, gravel Building

Building

Sand, gravel

Clay, silt

GW - Groundwater table
Figure C.1: Distance between sheet piling and building (schematic)

Even at great distances from the vibration source, vibration-induced foundation settlement can still occur at
vibration severities which are normally not expected to cause structural damage. For this to occur, the soil has
to be very sensitive to vibration (as is non-cohesive, uniformly graded sand or silt, for instance), and the vibration
has to be continuous or frequent.

Since few investigations have been made regarding dynamically-induced settlement, it is recommended that
expert advice be sought.

Another effect vibration has on soil is liqguefaction, when sand or silt at the groundwater level suddenly loses
its bearing capacity as a result of dynamic effects. During earthquakes, this process can lead to damage as
serious as the collapse of buildings. Since the vibration covered by this standard normally lies well under the
vibration magnitudes which occur during strong earthquakes, these effects should only be expected under the

+ 7 NOD) most unfavourable circumstances.
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