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ABSTRACT

Humus.animal conflict is ooc of the buning :ssues in the workl s well 2 in Sn Lanks.
Aninsals Jose their lives dee to many reasoms incdeding defocestasion, Hlegal Killmg,
shooting becanse of false fear, esc. Rallwoys built throsgh animal hahitars are yes
mmocher less identified big issue for the high mweality rate of unimals. Among the
victines, clephants are most common. In ordes 0 find a suszisable sobation for this
wildlife issee it's smportant 5o have a basic unds ding of the siussion. Elep are
comsiderad as ome of the most sensitive mammals on the carth. Therefore 2°sol coosmon
MMM&Mﬂhmmthduﬂycmmm
nu.nhdephmcnhnmmh-;dsmhmemmm_!y

dooe to identily the redan p the frog ,mnpwhuumhn
sensitive to, and e vibratk ting throwgh 3 derni
MMMMMvaN-muMM,»pﬂ-

g of the vib P of different Jocomative types used in Sri Lanks

Nlhnhmhpow«mqpenﬂnpuwcmimwmmd(ahohavmmm
resisks show thas most of the wamns peoduce airborse nowe in the mmge of 40Hx 10
160Hz, while the ground-bormne vibation differs in e range of %Hz w0 36H2The
pencipedl findings show hat the animals inchadmg human balsgs e not sensitive o
such low treg Iting en trais colbusi

L INTRODUCTION
Many animals moam widely across landscapes m the guest 10 meet thesr dadly, sessonal
omd somesal baclogical needs of food, water, shelter, snd mases | 1] [n a0 inceeasiagly
industrulized world, bowever, trasspont setworks (rmilways, mads, waterways) or so-
n&d‘hmnﬁnmms“mhmvmdwﬂfepopuhﬁmhy
fnpnaln;h::hﬂmmmgdgeﬂeﬂ.

g g the risk of “‘Mummnmmnc-
with d vehick Mm ‘, e muost widespeead und pervasive fons of
“linear infrastrucure” thnhntgmuh pocted wildife populath in the more

Wmduwwmm miction of animal
tion of amimal bebuvice, and direcely imjuning oc killing very large numbess of
naimals n colisions with vefuickes. There has been much azention pad 00 mitgatiess
wildlife roud kills through the sppeoprisse design of roadways in masy developed
In only lomued hom hus been paid s wikdlife-train collissons,
ahthough this has also been happening o significant scules in many countries.| 2}
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Elephants hold symbed Itaral and aiic g lnSdl‘nkL'n:ylm
wurises, lm and bave signifi i events. Beiag the

hlpu-m-lmdeum&phmhddp!-anh:mmhﬂue.MSnunh
subspecies is the largest and also the darkest of the Asian clephases with patches af
depigmesaasion | 3]

Themﬂﬂnlbelnde&ph-amﬂmcmbymy!mswhuﬂcﬂ
killing, destroy thedr baby di d for lund with iscreasing popalation,
klﬂlnguMﬂghaﬂndlheﬂelﬂ'dch&«c But still, we can see that
hunsan besez is respoasshie for the high y rate of el 14

Train eleph dlision is yet less sdentadi ‘h-hdy;amd!unn‘ﬁeduhm
am-mmmmuw:&ummum
colliding with an ol trsds at Puwakpitiya, b Gad Oya and P, M, om the
Cokmbo-Bazicaloa railway lee. Later, another theee, .mﬂaekph—ndnodvs
Mwh-nenlmyhn,uhhﬂg.mh«vﬂwwmwmm
same week, anather elephant wis fep itically ded and died Lser. The
)urmhx.wcaddlzdeﬂudnbhymm Lisio ding 1w s Dey
of Wildiife Conservatom (DWC). Duﬁngzm'llhdheum'l’huehdmlh
MMMM:MnMM.SﬂLﬂhMM&u‘MNM
mm-snnuw.
bat and eleph ! which will be used in the coming
ﬁmmwnnlnuﬁnmlndqhnmuma.

Trawm | ground vib while ey move. These differ acocading
mﬂdrhquw,mwlpmwﬂy.mluﬂumsmm
the rasge of frequencies that can be heand by humass or other simals. The human
mgchmm}ygm--mm‘mm. lthcragh these is a derabl 1
vhlmmmw«nmm
hunqsmmmwmlkmlkch

Some animal species can hear freguencies well beyoad the baman hearing oge. Some
dolphies and bats can hear up o 100000 Hz freqoencies. Elephants can hear sounds a
14-16 Hz while some whales can hear infrasonic sounds as low a5 7 HxThe low-
frequescy soussds, temed Cinfrsound,” can wavel several kilomesers, and poovide
edephunts with 4 “priviite” comsmunication chassel.

Elephants create seismic waves whea iBey move of “rumble” that complemsent the
ﬂ&mﬂmbﬂdhm&wwumwmﬂngm
These rumbles have fund | fre im the mira numge below 3z, which
m-mmeyamkhunibymuuug:wmusum_lm
estimaied thet the sesmic signals produced by the elephants could ravel distances up w
whoes 2.2 km [5)
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2. METHODOLOGY

The dasa for shis swdy are collectad from outd il wish
mediunsstiff soll conditions nesr Gampaha, Veyunpods wes. This site was selecied
becimse of the muninum distuthances occaming from the cuter sources towands the
mezssremeat. A preliminary stady was conducted in the Wallawatta area in ordes 10
wentify the bass effectivefrequency ranges in which the instrumesss should be wned.

The followmg and software were wed o the videition and notse
levels

2.1 Nolse messurcment

Notse data logger Mnﬂlpt:adnul.ndhulm!md Keajer
Type2270, Exbanced sound analy fiwareBZ 7202 versi
2, Bruel snd Keger,

Fiedd calibrator * Bruel and Keajer type 4251 acoustic calitwator traceabls
toimsemaional stadard.

Messanament mode  : Zero weighted Frequency mmge from 12 5Hz o 2X0kHz

Following noise level descrip wese d  siault ty durimg the
measuTmcst.

Loy - Eguivalent contimoces sommd Jevels ut 4 set time interval.

| P - Maximum Time A-welghied sound Jeveds a2 set time lnterval

Loa ~ Mavimum pesk at @ xet ame interval

2.2, Vibration measurement:
Vibration dess lozger: Pulse MaltiChannel Analyzer. Broel and Kjoer (B&Knype
3160- A-042 Inermational standand, Model LAN-X1
Field calibrator: Vibnsicn exciter type 4294 tuceable.
Measaremens mode:Max. The peak valee in velociy mode {mowex. )
and frequescyrange (OHz w0 200Hz  Mesmfbed  Predomines
Frequencies,

The ground-borse vibeaon, 2 well &5 the arbome soise, was deseomined trom o

md&wwﬁumhmdmuﬁwywﬂkhxmmwaehp

oa the ground leved The microphane was locased ty ar a beight of 1.5m

lmlkpmndkvelfhumnmmmdmx.thmm:mnnlmenl

Mndlwuplundwﬁ:y_lmh:hdafvlhn)mwsm
d in thyee ficwl

Ly

Seyemy-seven traims were obsesved during the peak hoursfrom 2 p. m 10 7 pun. withan
3 days of the servey. Data were collecsed smder 1wo main categories, engines and power
sets.Under each caegory, muumm.w..mmnucm:yp‘
Traiss maving 1o both up and down directions were were
Mdsmdwwmﬂh@mvlmmﬂm.
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Table 1: Train categonies

Power Number Number
sels of imes Engines of times
53 1 W2 1
S8 9 W3 1
S9 3 M2 2
S10 15 M4 |
St 14 M5 2
S12 9 M6 3
SI3 R M7 1
M3 1
M9 4
MI0 2
Ml 4

Figure 1: Power Set Figure 2: Engine
Under all data collected, the highest effective three frequency values obtained for each
train were taken into consideration. Then the occurrence of those frequency values as a
percentage of the whole data set was calculated and those with the highest values were
concluded as the most critical frequencies.

3. RESULTS AND DISCUSSION

According to the survey, the following graphs show the effective frequencies detected
from both train types, engines, and power sets, separated into ground-bome vibration
and airborne noise.

Frequency Distribution

;ﬂ r
15 IS AN

tage
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Figure 3 above shows the percentage occurring of the frequency range detected from the
sound level meter. It gives the overall explanation about the effective first three highest
frequencies of airborne noise detected for each train observed (both engines and power
sets). Considering the 1“highest frequency from the graph, 20.8% of all the trains show
their highest airbome noise frequency as 63Hz. In the range of 100Hz to 1kHz, there are
only u few amounts of frequencies detected while 125Hz and S00Hz don’t appear at all.
But there were no frequencies detected in the range of 1.25kHz to 20kHz.In addition to
this, a clear view can be seen if we consider the two train types, engines. and power set
scparately. Considering the train type with engines, [8.2% of them show their highest
airborne noise frequency as 80Hz and 100Hz. Engine type truins do not show any lower
frequencies below 40Hz or higher frequencies beyond 800Hz. But a significant amount
of trains. 13.6% produces frequencies in the range of 30Hz, 63Hz. and 160Hz. But an
unexpected significant percentage of 9.1% was detected in 630Hz, When we consider
the trains with power scts, the frequency distribution is quite larger than the trains with
engines, The highest airborne noise vibration can be seen in 63Hz with a percentage of
23.6% in the trains with power scts. A significant amount of percentages can be seen in
50Hz and BOHz too. Lower frequencies than 40Hz and higher frequencies below
1.25kHz have not appeared in the frequency distribution. But anyhow, some unexpected
frequencics beyond 100Hz like 200Hz, 250Hz, 800Hz, 1kHz has occurred with lesser
percentages than 10%.

Moving on to the second-highest frequency of airborne noise of both the train types.
22.1% of the trains show SOHz as their sccond-highest frequency. A significant
percentage of 16.9% of all the trains produce noise of 63Hz as the second highest
frequency. At the same time, 13% of the trains produce noise with 100Hz frequency in
the second-highest range. Some percentages below 10% have appeared in the frequency
range of 125Hz to | kHz while some frequencics in that range like 160Hz, 200Hz,
400Hz, und 500Hz are not detected. Beyond this limit there is un unexpected occurrence
of SkHz with a percentage of 1.3% was detected in the survey.

Considering the third highest frequency from figure 3. the airborne noise frequency
distribution is quite large. The highest percentage occumrence is 14.3% in 63Hz while all
the other percentages are below 10%. But all the frequencies between 25Hz to | kHz
were detected in the third-highest frequency distribution. An unexpected frequency of
2kHz was observed here with a percentage of 2.6%.
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Figere 4: Ground bome vihration detection

Figare 4 shove shows the ground-bome vibration occursence of both eagine and power
set types of srains divided imeo main three axes X, Y, and Z.

From the graph, i1 is clear thn ®e frequency de X &y fas a signid
percentage of distribution only m the range of 14Hz 50 36Hz The highest occurresce is
i X2Hz with & percentage of 104%. Qmmmsimﬂmh
scen between 14Hz 1o 30H2 ds X diecn pecied 9.7% was ob: d
umuuas*aumm Ihﬁmc unexpectedly. An
mm“dwnwﬂm’mwmumnmwu
we ader the two k fypes, engines and powsr sets separniely we com have o
mmammmuummwm When
Mmmx-mmlmdmlmmﬁkfmlm”
36HLTwo pected high p iog in 2Hx and 44Hz 48Hz wish
uﬂk—mmﬂ 1¥Nghcnmdll9§dmwnqnu
show 32Hz frequency. But in power sets the cntical fréquescy is m the rmagpe of 14Hz w0
36Hz weh the highest percentage of 11.7% @ 32Hz Here also sonse unexpected
frequesciescan be seen in 2Hz and S6Hz

Mmmmlhvdlmmmnpeém considering both toun types, the

alosg this di 15 from 14Hz 10 30Hz. The highest froguency is
-Jbl-b vmhnpeunm.eo(l!.!% Beyoad Sz the pecestage of effecsive
frequescies along the Z-axis is low. But in addision, when we coasider the two train

types sepanmely traims with engine loccanotives show 4 crical fregeency rauge of 8 Hz
bwu-nulhnﬂhwhlhmwmwwmm.mdmpdluhm

34H:z doag the Y di But the weexpectedly ugh p ge is g in 46Hz
with a perceatage of 9.3%.
Comadering the ground-bome vibra ds Z-disectk duced from body

mMmﬂmmmmmuummudMn
368 The highes: effective frequency i 20Hx with 3 percesmuge of 132%. A
sigmificant pescessage can be seen in SHz Even beyond 38Hz, some pescentages helow
2% cam be seen where »ome unusaal high fregeencies over 70Hz also detected. Whea
we der the two | ive types sey 1y it can dearty be scen that there & oo

4 gnid) difference b bath engine and power set locomeeive types. In both,




]
Procesdings of e Techaicsl Scasdons, 36 (2004
Bustifuis of Physics - S6 Lanks

y ranges lie b %Hx w 36Hz and the Righess percentage of trabas show
Az as lhcu crinical frequesey towands the Z-axis.

From this, we can conclade shat the ground-bome vihration of tralns critically occurs i

11

i 2 |

the range of FHx t0 SFE: s Boeh engine and power set Jocomative Types.

Flgare £: Maxiowem peak velocizy va Flygure 6: Frequency along X, Y. and Z
Froguency with time
Above plots show as example of the auto spectrum (s verse asis) of o gromsd -bome

Vibration data obtained from Pulse LanX1L m;aumxmmmu show the
arcas m which the highest freq e eghout the train moviss nme.

Figare $ displays the 3D view of the wansverse axis deviation of the grossd.bome
vibeation in maimums peak velocity va frequency with time (s) plot. It clearly sows
that the pesk velocities be in the range of (Hz w 60Hz = the mmn concerned above.
Figare & shows the devanon of {requencies abong all shree disections X, Y and Z with
velocy, Z-axis has the highes peak valoes than X and Y axes wiuch can be clearly
seen from the plot,

T — ————
o R +
-

=t

YA 77
LI/

Flgare 7: Plot by sose meter Flgare l: Plot by Pulse LanX1

Above figure T shows the patsern of air hame nikse obwamed by Noise Meter, where it
clearly shows the cnnical freguencies occurmiag in the rangs of 30Hz w0 60Hz. Pigure £
shows the 3D plot of grossd bome vibradom detecwed for a particular wain.
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Flgure 9: Alsboene nokse detection Figure 10: Ground-homme vibemion detection
(Cumsslative percestage) (Cunsalative percestage)

Figare 9 shows the cunvalutive perceatuge of trins prodecing aibome modse in 2
overall scale of both engime and pawer set types. It can be clewty seen that mare thes
507 of e trmns prodoce noise befow 100H2 Even though the human hearing rsnge of
frequency said 10 be ba the range of 206z 10 20 kHz, that rasge & not effective (o cach
und every lndivideal It depends oo person to person an nany faciors. Acvonding to
Global Widex, baman heaning & most Ive withoat uny i fout in the 20008«
w0 S000Hz fn y ruage. This o the R tha human beings may oo
dma&umnthwumdﬁecnudhpudanfmﬁaumuu
produces ase not i their hearing range. This may be 3 mujor reason for train human
collissons too. Not only heman beings but animsal tram collisions increasing day by day
in forest areas may also causefor this reason.

Figare 10 shows the camulative groesd.borme vibratwoes glong with X, Y asd 2
hﬂunmﬂmdmmm It caa be clearly seen Sur the vibratioss

along Z direction are higher compared 10 two other dire
£ CONCLUSION
With the adv of Truin ssemals and train human collissons bave

umﬁ:dummhmumclmlhhm&m
producedd hy = moviag tain. This study was comducred 10 find the effective vibration
frequescies prodaced by the ain. The resalts show that the critical range of ground-
bome vibeasions of wains is from $Hz w 36Hz conssdering both engloe and power set
locomotive types, The effective rage of arborne sotse & from 31 $Hz 1o S00H
lhmwmenddwnp.dﬂ-meymn&nﬂ!yn&mhwﬁmymgﬁd

rized undes their age and gender 1o make the observations
more clear. Ahhm@cmummmalbymmﬁnumby
categorizing the wmns into thelr dass types and obeaiming effective f) under

class.
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