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Abstract
Piling for large building foundation in Bangkok poses a high risk of damages
fo ajacent structures. Vibration from pile driving is measured in the unit of peak particle
velocity which can predict damages to the ajacent building by comparing to the international
code such as Dutch Cur-57 recmmendation , DIN standard and Whiffin & Leonard standard
Peak particle velocity depends on several factors . Those factors are distance
from pile driving , pile drving energy, depth of pile embedment and type of soil. Hence we
can prevent damages to the adjacent building in the way which reduce the surplus peak

particle velocity.
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(a)

Percent of > :
Wavae Typs Tota! Energy
‘Rayleigh 67
Shear 28
Compression 7

{(b)

;ﬂﬁ 2.1 HAPIARUEUINILY verticle MNGWIINGU1NAY (Richart,
Hall and Woods)
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(2.2) Nwmtm&'uuzlﬁauﬂ'auuudunza'mﬁ (Reaction of People.and Damang to

Buildings at Various Vibration Levels)
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UERIAT peak particle velocity AaANUIRuNwYeITATIAT1901M1T (structural damage)
uemesagi 2.2

2.Dutch cur-57 recommendation WU code VYBIUTTIMAUITATUAUA HAAIAY
msm"f 2.2 MuuA peak particle velocity Wiy 4.5 mm/s

3.DIN standard (11 code v091/3zmAweTNY UAAIRIMITINT 2.3 fNUA peak

particle velocity Wit 10 mmys

(2.3) TUNAUDINMINONITH (Wave Fields Generated by Pile Driving)
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and Leonard,1871)
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A13197 2.2 Dutch Cu

r-57 recommendation

TABLE 1I: CUR-57 recommendation

limit

Assessment of the effect on

zone - Assessment of the effect on
mm/s human beings buildings.
A not allowable danger of collapsing
25,1
B not allowable local damage
10.6 |
C hardly allowable cracks in masonry
4.5
D only allowable in heavy start of cracking
industry
|9«
E \ short time in houses no influence on normal build-
ings
. 0.8
F long time in houses - no influence
0,3

allowable

no influence




1579 2.3 DIN standard

Vibraticn velocity, g;, in mm/s
Plane of
Founzation fioorof
slieoda
Line Type of structure e ’ dppermost
v T fut storey
7 At 2 frequency of Frequency
lecs than mixture
- - ’
10Hz 10t S0Hz ; 50t 100°) -z
guildings used for commercial purposes,
1 incustrial buildings and buildings of 20 20 to 4C 40 to 50 40
similar design
Dwellings and buiici imi 2 = .
2 Dweilings and tuiicings of similar 5 51015 15 1c 20 {5 E
CE5:CN ancior use
Structures that, because of their ;
carticular sensitivity te vibration, de :
nelcorresgend e these listed in lines
3 sk & ST 92 3 3b 8 to 10 8
1 and 2 and are of great intrinsic vaiue 7
(e.c. buildings that are under a
rreservaten order) ! -
‘) Forlirecuencies aocve 100 Mz, at least the values scecitiec 'n this column shall be acoued
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sHBUYBY p-wave UAT s-wavensyh sifasugunduvesp-wave 1Az s-wave
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(2.4) ANNTOINNIABNTY (Characteristic Frequencies Produced by Pile
Driving)
' 0 dd e -
Wiss(1967) WuUMN msﬁuﬂ:tﬁaumnmsﬂanzmtﬁm:ﬁmmmuagnmua

- v 0 ] d4d [
voIAuAIMIN24  Tutlssnagilu Kobayashi wudmmudiidnege Wy A
4 d ' S oA d ' W <
040Namplitudegaqassinigelusuduiiinviunuunivgeuaz i ludu

- ; ‘ d 4 < @ & o vy qy
unconsolidated subsoil HASIWINUTIANNDVTGRINETBIEEUTNRENAY TUT e TR U 1A

o
HannmMInaasuaa luasng 2.5

P dq & a A -
MINN 24 ﬂ’J‘mﬂu‘Wﬂumﬂ luﬂqvlﬂn'ﬁﬂﬂﬂ‘fn‘ﬁu (Wiss,1967)

Soil Type Frequencies

Alluvial Fill 5-10 cps
Clay 15-25 cps
Sand 30-40 cps

2.5)Todufinaremadasinussduasifion (Factors Affecting Tranmission of
Vibration)
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> 150 Minor Damage |
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:.:o._ Caution Caution -

< sof

= No Hoticeable g

2 - Damoge Safe Limit Safe

0
Langefors Edwards BuMines
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zﬂﬁ 2.2 uﬁnsgwuﬁﬁnuﬂnawutﬁﬂnwﬂdaawnwsiweLﬁﬂa

{Langefors,Edwards, BuMines)

" Interoction Between Reflected tmpact of Pile Possibls Friction induced
P-Wave 8 Advancing S-Wave Head inducing Conlcal Wave Front
Resulting in Maln Surface Motion ¥ Body Wav.q;l‘n pilg

IS POt < 7
! . —-P~-Vigve Reflection
i : . (Minar Surfoce Mctian)
\ Al _—
\ BodyWave’ {4 | /
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\ Energy
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N 7S
~ S
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/ = By Body Wove Fron!

Coponding Steor($) T T
Body Wove Front Probable Wove Reflertion
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o ' a é ’
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MINA 2.5 HamnaaswaaIn LD IuFuaumq lulsamagiju (Kobayashi, 1767)
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' Piling Credomni-
Location machine . Piloe Length Goology nant
frequency
Yanashina, Kyoto Unknewn { Concrete 10 m Gravelly clay | 24 cps !
(Horizontal) - 25 :
: 40 i
ilation.roadl,Kyoto Dicsgel H-bean Un- Sandy: loam, |
(Horizontal) Hammer known gravelly nilt 6=7 !
Homoto Nr. Kyoto Drop Concrote M0 mn Alternation of 13 !
3 bw (o4 ] {
(llorizontal) Hammer Sandy clay and n_é
snnd !
anu@i, liyvoro Dicseld Concrete Un- Alternation of] 7-10
(Borizontal) Fammer known 5ilt and sand 16
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(borizontal) Hammer. known sand and clay 20
Ogikubo, Tokyo = o S =0
(Vertical) % 10
10
Hikawashima. Tokyo
{Ilorizontal) - | Diegel . 4.7
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h 5"7 * 2h
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(2.6) MINTATAVY Dynamic Mnnsaeniaudyy
(Dynamic Settlement from pile driving)
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figaldnarsgmadioiu mnsniriuduinilndafuauduiisy ad udrnzdhueun
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1 3 =y < ) - e i
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(2.7) 296 MIANBUWT FuazifiouAsoIMIY AL

(Some case studies associated with Vibration from pile driving)

(1) anudeniuran1ns HITOUNFUNANNIUAT

14

$r8tansieada USEN Allied Newspaper UMOWUWTSTIW 4 Nyamnald

4 ' o o Yy 2 4
msnenansulumsneatie  mansmiuesaenlndiueimisdiuonn Fatusins

1 4
anunis 2 $u du 1o 6 ey WuneuNTAYIIA 0.3570.35%23.00 INAT YAABAUN

¥
nnidgUsznm 60 suuaziunndumdnlssn 3 was mitifasesdusion -

@ - = 8 Yyt a o - d a d a ] 4:
mmuaaguaz‘nqnmuﬁmmﬂnwwanum:qnumﬂumam NUSIUNANUNUAHUYU

By o

Surnszim 15 u. vesdt %:'Jﬁgtﬁmﬁwquﬂi:mm'zo 8/ FULUIA
wisnndisamudone el mareneiduindfuemsdedonnn
Anldamsthafsendomeaiiosninmg 2 dszms A8
1. snussdunzifiou
2. BInmsAdeudvssAuTs L@ U
Lﬁmmn%:'m‘“ﬂfiauﬁ'wm'ma:ﬁwummmﬁumué’w:a:namﬁq unaduazifion
nnmynend ey Uifusesunandnusned lind s deennemsiiadegiownds
185uussduasifiounnsousynuuoNy ﬁnfumiqmmﬁuﬁ:xﬁauc§1ﬂ1nn1smanx§u

N Y a < A Ag [ (- 4: P4 4 4
%znﬂmmmwmamumwu'lﬁ’ ﬁ'l'Hi'Uﬂﬁ'IfNﬂ']‘UU‘UfNWUB'WHJBQ1l'm'lﬂﬂ'l'ﬂﬂﬂﬂu



15

Arvnaauld
TusgninnsaenimidumiSondasn nuidemenndege wiodwifsufannaung 2
dszmisfie 1. unaduazifiousznennuiniy  UAINAFRAITUNINABAATHAITOY
01ffe 2. degaidondrhemsezifamsimate uasirlsimulnlassadrandnagues
amrhafsslidnagimusesdudednls  Tealudin A lulimsTausadu
a v o aq 4 Jd o a 4 A .
aufouluadedy  Fmynisheraaussduaziisuninmsneniin is MIAATIYIN
H v v 7
Auimin defdemsaandsulumsasnadiues
o
(2) MIMUUMITANIYY
* ¢ e [l E) a o P-3
lymedrdwusiidmadssmstadsinnmsasmigudn do msnenind
Hoahimsnaaes iswinmaiianuludenaasy  usaduasfiousiniinansenune
A lsd ] 1 U 1 A
wieiiounwialunenaass 19U HANTINUABNITEINAININIATEN galvanometers HT®
d o 4 =~ {
msm‘mm‘nﬁaqmﬂﬂmsaqmm‘vﬂwaqmm AMINN 2.6 UAAIANI “sensitivity VO

lﬂ':'ﬂdllfﬂuﬁﬂ! lab ﬂﬂltﬂﬁuﬁwmi)u ﬂ:uumwnnwumnmnﬂmﬂﬂaw:ﬂawmi

mumumsﬂanma'lmnﬂuimummauuaum’(ﬁ



P 4 ] v
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(Whiffin and Leonard,1971)
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Displacement in-microns
Type of instrument
Satisfactqry Excessive
Mettler annlytical balance - R ) 0.1
Sartorius analytical balance 0.2 0.8
leeds-Northrup reflective
galvanometer 0.02 0.1
Z2eiss inteorferomnter microscore R 0.1
Elrclron microscape &% 12.0
Finto-microascore 1.25 11.5
dathts Microptic Aautocollimator 0.05 0.67
"1nn standard barometer 0.25 0.7
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EXPERIMENTAL INVESTIGATION
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3. umifgﬂamw%n UTANANMITIIN 4.3

- ¢ .
ANTICHHANITNAADY

' o v ] ]
VINHANTIINARBIUTAIAT peak particle velocity ﬂ?ﬁﬂﬁﬂ'ﬂﬂﬁﬂﬂﬂ"’ U 9AHNIIN
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An(N) UAZ peak particle velocity (UNAAUTR)
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- v w t d d
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3.1 ¥RsEAUANNAN 158 Aty very soft dlay Fallamuannyalumsihuiinussyn
-' - v @ [ : [] 4’ sy
18 waziinnwaunsolumsgudadldge Salu particle  velocity Tuvaiiocinntes
v . . [ 4’ [ @ 4 4 cf
UaTMIIA particle velocity lutniisaumiialaotssina  lsennmsindsufivesan
o -
wya I lududann uasuaaauthudutls lunsd 4.14.9
' A d d o 4
3) YWY particle velocity snRuYunTsAuANanlTsIng 7-8 was 4

FY
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soil zﬁas:vzﬁwmmiuacﬂwﬁw 1-9 1913 UATA max particle velocity gy ster clay

4 1 4 g o : ' J
uJasztmmmnquanmawuuszazmuﬂﬂszmm 9 umwu'lﬂ

2) Innzvwadninusayanaanszeeuind
< s v o
NNNTINGUN 4.104.18 peakparticle velocity 3eIM3siaguntas Al

DYFUNUTN FRATNANUTZUI 0-2 1WAT particle velocity SLTAMINYUIRY
o ' e 1 o ) 1 J
NUMUIAIUUTA 91N soil profile IMFUN 3.2 9LNUNABTU top soil  FeTumirsauii iy
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: - 4’6 : . 4 d : a da as y (Y 1
FuAUuFY soft to medium clay Futludududiarwawselumsfmhminussynals
unmin uaslinnumunsn lumsgudasige particle velocity Seiiffos ¥aefiidumnso

¥ 1 4 [ 4

wensgrsuAudInhmindues uazmznsqadlihiann niumsia particle velocity

1 4
. . d
tuivuilumsialrolsane sazsuaauthudulsluns g 4.104.23

¥
ot

3) ANaW FRANUANUILNIN 12-15 UAT particle velocity LANAUTY
) L3 U : J |d
DUNTAIBU 91N soil profile wmui‘_lu*vu stiff silty clay 93 max particle velocity 9L0YY
1 4 y
Ussumvuil
[} ] T <t b, . a o
1 Franudndszne 15 suile 22 was particle velocity ifi1anaq

4 v <
efguiusaey 9n soil profile it medium to very dense sand

4.2) ﬁnmtmt‘r’uazlﬁauﬁizuzdnq uazfiorsanizazyasaiavearyien g
' A .

» '
MOenUMININALeY 1. 81IIMIEYY 3 Fununuunwda
2. dhinneayanananiuma Tuladnszeeundy

Higammsmanssi

3. saSyAsuINan
o '

v 3 arglas
- 4 : - > P
1. :MNTWIYY 3 Fuuuouufwdd taasdimand 4.5
2. dnveayananaaituma Tuladnszeemnd
LY o =t
drnunmsaiansels urniiamTen 4.6
- - v <
3. 99T YABUINAN UBAIRIMINT 4.7
NANAMINARBIMTNT 4.1 8143 sufuhszeznnnduiinadeusiduaafion
aQ v W [ : 4 & o = ) v od ' Y a
Trolirulannduin - Anlu  mImeniludadusuemanisesissusreiios lune 1ifa

anudomedesmstiafios  dwmdululszmalnedslufmsgudinuat  particle



32

t - . ] - o . 3
velocity TaisygaldifuaumlsSaluiifannudomes uiiisald code amnsatlseims uay
' ' o d
nnmsnaasdluandsema 1Aunms 1N 2.1 Whiffin and Leonard m151% 2.2 Dutch Cur-
P
57 recommendatiOon VENUTIMAMIEOTUAUA wazmsWA 23 DIN standard U89
o o g, oG v d 4 ' Ja
Uszmmeesiu  dimfumsniidududemsmanufivesnaunnmenen  udsaspuild

Mnua 31 particle velocity lainamiiu 10 uuAundt

- I's ' 4 A
o

. d : v d
FITOUAAIA1 particle velocity GaanTzuzang Tddwanilumeai 4.6

*



-

o M = d
AT71IN 4.1 FaMINARIUTIZNIL I NBUITINNTTABNL AL TURUIAINU

o ‘ o
awnﬂswwmﬁauuauunauﬁv

peak particle velocity (mm/s)

suazqwnquénaﬁatﬁu (3.) 1.00 1.20 1.50 2.00 3.00
AMaEn (8
1 ’ 20.0 16.4 20. 1 15.8 11.3
2 20.2 18.5 19.7 16.3 10.9
3 9.8 12.2 7.3 8.4 5.1
4 5.0 3.0 2.5 2.0 1.8
5 4 s - - -
6 > > - % -
' 7 - 11.9 8.6 8.9 6.4
8 1.0 10.8 11.5 10.2 5.3
9 12.4 11.6 12.5 10.2 7.4
10 10.8 ] 11.5 9.8 7.9
11 9.8 10.8 12.1 10.2 7.8
12 10.1 11.8 10.2 B.7 8.3
13 8.7 8.2 9.3 6.9 7.7
14 8.8 9.9 10.1 B.3 6.9
15 6.4 7.6 10.2 8.1 7.3
16 5.7 6.8 7.3 5.2 7.1
17 5.9 6.2 5.4 4.4 6.5
18 6.1 5.4 4.3 4.7 6.1
19 7.5 6.5 5.9 6.1 5.8
20 8.7 7.0 6.4 6.7 6.2
21 9.2 7.9 6.9 7.3 6.9
22 13.3 10.1 7.5 9.4 7.5
23 14,2 3.t 8.2 1.1 9.7
24 14.6 12.5 10.8 10.2 8.9
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A1579N 4.1 A9

peak particle velocity (mm/s)
ssﬂvqanuénaﬂatiu (%) 3.50 4.00 5.00 6.00 7.00
ANan (¥.)
) 1 10.9 8.4 8.0 5.3 4.8
2 10.0 7.7 7.7 6.1 4.2
3 5.2 4.8 5.1 3.3 3.6
4 1.5 - 1.3 - 1.4
5 “ ) y! \
6. - 5.3 - -
7 - 4.7 3.4 3.2 3.6
8 5.3 6.7 3.7 1.9 3.8
9 6.1 6.2 2.8 1.8 2.2
10 6.5 6.2 2.3 1.7 2.8
11 7.1 7.3 3.1 1.9 2.7
12 7.0 5.2 2.9 2.2 3.3
13 7.5 6.2 3.3 3.1 3.5
14 T4 7.2 | 4.2 1.7 2.7
15 6.9 6.1 4.4 1.6 2.1
16 7.2 5.3 5.1 1.9 1.7
17 6.8 4.4 4.9 2.2 1.9
18 6.2 4.2 | a7 1.9 2.0
19 5.9 4.2 3.9 1.8 1.9
20 5.7 5.3 4.2 2.3 2.4
21 5.9 6.4 4.4 3.2 2.9
22 6.5 9.4 4.0 3.4 3.1
23 9.7 9.7 3.9 3.6 2.8
24 9.8 9.8 4.3 3.8 2.7
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A151¢h 4.1 fa

peak particle velocity (mm/s)

suauaﬁnquénawetﬁu (8.) | 8.00 9.00 9.20 13.00 | 15.00
ATNAN (Ne)
1 4.1 2.5 2.5 1.9 1.5
2 4.0 1.9 2.4 1.7 1.6
3 0.9 0.8 0.8 0.2 0.9
4 - 0.7 - 4 -
5 - 0.3 - \ -
6 2 - 0.5 - -
7 1.3 0.5 0.5 0.5 0.5
B 1.6 0.5 0.5 0.6 0.5
g nJ, 0.5 0.4 0.5 0.4
10 1.2 0.6 0.5 0.5 0.5
11 1.1 0.6 0.5 0.4 0.4
12 1.6 0.2 0.4 0.3 0.3
13 1.5 0.2 0.5 0.4 0.4
14 "o 0.9 0.6 0.7 0.6
15 1.7 0.9 0.8 0.7 0.8
16 1.5 1.1 0.9 0.8 0.7
17 1.8 0.5 1.2 1.4 0.9
18 1.6 0.3 0.7 1.0 0.9
19 1.7 0.8 0.8 0.9 1.1
20 2.2 1.2 1.4 1.2 1.2
21 2.6 1.9 1.7 1.3 1.4
- 22 2.8 1.8 1.9 1.5 1.5
23 2.5 2.2 2.1 1.8 1.8
24 2.9 .9 3.7 3.5 3.1
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A1579N 4.1 @D

pesak .particle velocity (mm/s)

suaaqwnquénawexﬁu (3.) 17.00 | 18.00 20.00
ANMEN (Y.)
1 0.9 0.7 0.6
2 0.8 0.8 0.7
3 0.1 0.6 0.5
4 - 0.3 0.2
5 & 0.3 0.1
6 - P 0.1
¥é 9 < i b
8 0.3 0.4 0.5
9 0.3 0.6 0.5
10 0.7 0.8 0.7
11 0.8 0.6 0.5
12 0.5 0.5 0.3
13 0.4 0.5 0.8
14 0.7 0.4 0.9
15 0.8 0.7 1.2
16 0.5 0.9 0.9
17 0.9 0.7 1.0
18 0.7 1.0 6.8
19 0.6 1.5 1.2
20 1.5 1.8 1.2
21 1.8 1.6 1.4
22 1.9 1.9 1.2
23 1.5 1.8 1.7
24 2.2 1.7 1.8
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o o - d ¢ u
NTTIN 4.2 AINTTNARDIUTIAUAL LNDUITNATIAINLATL UMUTAITIUIUN
waannna1aanﬂﬁutnnTuTaﬁuizaaulniw151ﬂmnwwsawﬂn7sﬁq
1 1

peak particle velocity (mm/s)

7uasawnqu5naﬁatﬁu (8.) | t1.00 1.50 2.00 2.50 3.00
AINAN ()
t 1.7 9.6 6.3 9.3 9.1
2 10.5 9.8 6.5 9.6 9.4
3 2.7 3.7 5.1 1.5 1.7
4 2.1 1.9 1.7 - 1.4
5 = = = b -
6 — o ] - -—
7 & - L - -
B A il e 2 -
9 5.9 6.5 5.9 5.9 4.2
10 7.0 o4 6.5 6.0 4.2
11 6.8 7.4 6.5 7.0 4.6
12 7.1 8.3 7.7 9.1 6.5
13 16.6 | 1l.t 9.8 9.3 7.4
14 15.5 | 11.2 9.6 11.5 5.6
15 18.3 9.4 9.1 12.1 5.6
16 2t.2 | 13.6 9.8 10.8 7.0
17 22.4 | 14.2 9.6 10.4 7.3
18 20.4 | 12.1 10.5 11.9 8.2
19 27.7 | 13.2 11.6 12.2 8.8
20 29.4 | 14.4 11.3 10.4 8.0
21 28.5 | 13.9 10.3 12,7 8.4
22 26.3 | 15.9 10.4 12,2 8.2
23 18.7 | 15.2 11.8 12.8 7.7
24 27.4 | 15.6 15.6 14,2 12.8
25 31.6 | 23.0 26,2 29.3 16.9
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AT 4.2 A9

peak particle velocity (mm/s)

suasqwnﬁuénawatﬁu (¥.) 4,00 5.00 6.00 9.00 11.00
A27MAN (3.)
1 7.4 7.3 6.8 4.9 4.3
2 6.8 7.0 7.1 4.4 4.5
3 1.4 2.1 1.5 L.t 1.1
4 ., - - - -
5 - 4 - . -
6 - = - b -
H 7 | A\ -, _ —
B - p.N = - —
g 3.6 2.4 3.5 3el 2.2
10 4.0 3.8 3.8 2.8 1.9
11 3.9 4.0 3.3 3.1 1.7
12 5.5 4.8 4.5 2.9 2.2
13 6.9 5.3 5.2 3.8 1.6
14 5.6 5.0 5.1 4.2 2.3
15 5,1 4.4 3.8 3.5 2.4
16 6.0 5.3 4.7 3.9 0.9
17 6.1 6.0 5.8 2.4 1.8
18 6.8 5.8 4.3 3.0 1.2
19 6.9 5.7 5.1 2.4 1.7
20 8.6 6.0 6.5 2.7 1.5
21 6.6 6.3 6.0 3.2 1.7
22 6.8 6.1 6.0 4.9 3.1
23 8.6 7.8 B.6 5.1 4.0
24 10.2 10.2 8.8 6.3 4.3
25 15.5 12.3 9.1 7.1 5.5
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AT519N 4.2 A9

peak particle velocity (mm/s)

ssasaﬁnquénawotﬁu (¥.) | t2.00 | t3.00 | 15.00 | 18.00 20.00
A27Man (N.)
t 4.3 3.8 2.7 2.1 1.0
2 4.3 3.8 2.5 1.9 0.9
3 0.9 0.7 0.5 0.4 0.2
4 0.8 0.8 - - -
g5 . Z - b -
6 d S - A -
7 - ' - - -
8 ¢ - . - 0.8
g 2.5 2.1 1.5 0.7 0.6
10 1.8 1.9 1,3 0.8 0.6
11 1.7 1.8 1.0 0.6 0.6
12 2.4 1.7 1.4 0.9 0.8
13 2.0 1.6 1.7 1.2 0.6
14 2.2 1.9 1.7 0.3 0.5
15 >3 2.4 1.5 0.4 0.3
16 1.8 | 1.9 ) 0.4 0.2
17 1.7 1.5 1.4 0.6 0.8
* 18 o2 L5 0.9 0.9 0.5
19 1.6 (.3 0.8 0.8 0.4
20 2.5 2.2 1.5 1.4 0.6
21 3.8 2.9 1.6 2.2 0.6
22 3.2 3.3 2.5 2.1 0.9
23 3.1 3.4 2.9 2.3 1.1
24 3.9 3.7 3.2 2.4 1.3
25 4.1 3.9 3.6 2.9 1.7
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a' .‘J o d t o d
A1T779N 4.3 FANTINAA2ILUTIANAL I NAUITANTTADALETL TURUIBITUB I L ITUABVL Wan

peak particle velocity (mm/s)

iuﬂsQﬁﬂquénawatgu (N.) | 1.00 2.00 3.00 4.00 5.00
A NaN (&)
1 16.3 14.6 tt.2v | 10.8 5.1
2 13.5 12.2 9.3 8.4 5.3
3 Bos 7.0 6.4 4.3 4.2
4 » 4 d - 1.8
o 5 2 X \ \ -
: 6 - - - - -
H 7 & A, = A -
: 8 7.1 5.8 L 3,7 3.6
9 6.1 6.2 4.3 4.9 4.3
10 9.2 7.6 5.9 3.2 4.0
1t 8.9 6.7 5.3 4.5 4.3
12 9.0 8.8 7.4 5.6 6.4
13 14,4 10.8 10.8 9.8 9.3
; 14 12,8 13.3 {1.9 9.0 9.2
15 10.5 11,1 9.2 10.3 7.3
: 16 g3 9.7 8.8 6.6 5.8
: 17 9.2 8.9 8.5 5.4 5.3
i 18 8.6 7.3 8.2 4.5 5.2
1 19 9.7 8.2 7.3 3.4 4.9
: 20 B.1 9.3 7.8 5.5 5.5
21 9.4 9.6 7.2 6.6 5.7
: 22 10.2 8.8 8.6 7.5 6.8

Y




A1314N 4. 369

peak particle velocity (mm/s)
Suasawnquénaﬁatﬁu (¥.) 6.00 7.00 8.00 9.00 10.00
ANAN (31.)
11 7.0 5.4 5.7 4.0 4,7
2 5.8 5.3 5.2 3.1 4.2
3 2.5 3.1 2.4 - 2.1
4 = £ = = -
5 s S| - .3 -
6 2 £ X - -
7 4 A = = -
8 2.1 3.7 ~ - -
‘ 8 1.8 4.3 3.1 3.2 3.3
10 3.2 4.0 3.4 4.0 3.1
1t 2.3 3.2 3.2 3.5 3.6
12 4.5 3.6 3.9 5.4 3.6
13 7.1 6.2 5.3 5.3 3.8
14 5.7 8.5 5.8 5.2 4.2
15 6.5 5.8 5.1 5.3 4.6
16 4.8 4.5 4,2 4,8 4,2
17 5.5 4.6 ER 4.5 4.1
18 4.3 3.3 3.3 3.2 3.3
19 3.6 4.1 2.6 2.5 3.1
20 3.2 3.6 3.5 2.1 2.5
21 3.2 3.2 3.7 3.1 2.4
22 3.6 3.7 3.4 3.5 2.2
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u' 1 o o ¢ !
AN 4.4 ﬂRﬂﬂ?ﬂﬂROﬂﬂﬂ?ﬂﬂﬂﬂTTﬂﬂﬂ?ﬂ?ﬂ IRuATINT Duw aaugﬁ

Tﬂﬁﬂﬂﬁﬂquéﬂaqﬂlﬁu (¥.) 1.50 2.00 3.00
AINaN(x.) nA | 0o na | aau na | nou
° peak particte velocity (mm/s)

1 15.8 0.4 21.9 0.4 16.8 0.3
2 22.1 0.4 18.6 0.4 3.9 0.3
3 14,6 0.4 8.4 .4 8.4 0.3
4 B.8 0.4 7.5 0.4 7.4 0.3
5 7.0 0.4 8.1 0.4 6.8 0.3
6 5.7 0.7 6.7 0.4 4.6 0.3
T 4.8 0.4 5.1 0.4 4.7 0.3
8. 6.3 0.4 4.3 0.4 4.6 0.3
g 7.8 6.4 6.1 C.4 6.3 6.3
10 7.8 0.4 6.3 0.6 6.8 0.3
11 6.2 0.4 6.5 0.4 6.1 0.3
12 6.3 .4 5.9 c.4 6.0 0.3
13 5.4 2.0 5.4 1.7 5.2 t.2
14 3.5 1.7 3.2. 2.1 4.0 1.9
15 3.4 3.4 3.5 3.5 3.1 3.0
16 4.0 6.6 3.8 3.4 d.3 3.2
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A1T1N 4.4 A9

peak particle velocity (mm/s)

svauawnﬁuénaﬂanﬁu (3.) 4.00 5.00 6.00 8.00 10.00
ANaAN (¥.)

1 14.2 10.4 7.2 6.2 5.1

2 14.8 1t.5 4.1 2.4 5.3

3 10.1 ¥ 1 3.2 2.3 1.6

4 9.3 7.1 3.5 2.3 1.7

5 5.6 5.2 3.2 2.1 1.2

6 7.1 5.1 3.2 1.8 1.4

7 4.6 5.3 3.3 1.6 1ot

8 3.6 4.5 3.3 1.7 1.1

3 4.1 3.2 2.8 {0 1.0

10 4,3 3.1 3.4 1.6 0.8

it 5.1 3.5 4.3 0.9 0.8

12 5.8 3.9 3.6 2.2 0.8

13 4,3 3.2 1.9 1.9 1.3

14 3.1 2.8 2.8 1.7 1.1

15 3.2 2.7 1.6 1.5 0.9

16 2.9 2.7 1.7 1.6° 1.2
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A1TT4N 4.5 FANTINARDIRUIAIIUTIUNNSING 2 TU WHAlO8% 50 BoaiLumnT 3

{ G
7888Q1ﬂeﬂﬂﬂﬂﬁﬂkﬁﬁ (¥.)

1.35

4,585

8.55

[
PHIULA LU )

[-22 l

[-22

[-26

ANANCY.)

peak particte velocity (mm/s)

10
11
12
13
14
15
16
17
18

306

1.2

3.3

1.6

2.5

t.3

2.7
2.5
2.8
1.9
f.5
1.9
2.3

3.4

2.8

0.8

2.8
2.3
1.9
1.8
1.6
1.8
2.5
3.3

4.8

5.6

1.0
6.8
0.6
1.2
1.4
1.1

1.2

1.5
1.7
2.5
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TN 4.6 WAAY max particie velocity fissHEA1

1 é g
THHERINAUENATIILYN (N.)
%

Max Peak particle

Velacity (mm/s)

1.0
t.2
1.5

2.0

3.5
4.0
5.0
6.0
7.0

8.0

8.2
13.0
15.0
17;0
18.0

20.0

20.2

18.5

20.1

16.3

11.3

10.9

8.8

8.0

4.8

4,1

3.9

3.5

3.1

2.2

1.9

1.8
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mﬁiqqﬁ 4.7 |#RY max particle velocity ﬁizauéwaq

' a
TEHERIINLYY (LUAT)

Max peak particle

velocity (mm/s)

1.0

1.5

2.0

11.0

12.0

13.0

15.0

18.0

20.0

31.6
25.0
26.2
29.3
16.9
15.5

12.3

5.5
4.3
3.8
3.6
2.9

1.7
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Max peak particle
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1.0

2.0
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M1579N 4.9 WEAIAN particle velocity S88¢ 2.3 3.

Thai Central Chemical

TP # 3 2.30 050 | 15.00 2.85
i 0.50 16.00 3.37
0.50 17.00 2.93

0.50 18.00 4.03

, 0.50 19.00 3.04
0.50 20.00 2.82

0.50 21.00 5.19

, 0.50 22.00 4.72
N 0.50 23.00 8.78

: 0.50 24.00 11.28
0.50 25.00 13.01

0.50 26.00 13.78

0.30 10.79

1 050 27.00 13.12

,, 0.50 28.00 12.93
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(w) yidep
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(w) ydap

particle velocity (mm/s)
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particle velocity (mm/s)
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(w) yidap

pmﬁé!e velocity (mm/s)
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{w) ydap

particle velocity (mm/s)
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{w) gidap

particle velocity (mm/s)
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{w) pdap

perticle velocity (mm/s)
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(w) pdep

particla velocity (mm/s)
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particle velocity (mm/s)
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(w) pdap

particle velocity (mm/s)
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(w) pdap

particle velocity (mm/s)
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CONCLUSION
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