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ABSTRACT

Tlhis research desertbes the application of Acoustic Enission (AL Method i the
detection of water leakage in pipeline. The pipe used in this project was a PVC pipe
with intemal dhameter of 13 mim. Generally. PVC pipes are "yuieter” und do not
tranamit sound or vibration as ethiciently as metallic pipes. Thus. trom the results it is
possible to know what is the sensiuvity level of AL i water feaks detection through
tie PVC pipe in this rescarch. This project involved Liboratory works, and setup of
Hstrumentation usimg acoustic sensor and computer 1o carry out the data ucguisition,
dnalysis. and displiays. The actual leak of water was not applied in this project.
Fheretore, this research done by the pressing a cracked pipe by assampiion that water
is feaking durnmg the continuous pressing performed. Analysis that was carried out
vis oo carrelate. AE wave signal parameters. such as amplitude. energy. and

frequency displays from difference locating ol sensor and contiguration of pipe.



ABSTRAK

Penyehdikun ine meneranghian penggunaan  haedah  Pancasin - Akostik  dalam
pengesanan Kebocoran air dalam saliran paip. Paip vang digunakan daliam projek im
adialah pmp PVC dengan 15 mm dimeter daliman, Secara wmumnya, pap PYC
addadah “lebth senyap™ dan tdak memancarkan gelombang bunyi alaw getaran secekap
paip logam, Oleh itue welalur keputusan vang diperoleht, whap hepekaon kaedah
pancaran akosuk datam pengesanan kebocoran a daliwn paip PYC boleh ditentukan
dulam penvelidikin i Kajian bagi projek m dijalankan dalam makmal. Ta
mchbatkan pemasangan peralatan  seperti - alit pengesan  dan computer  yang
michaksanahan tugas unalisis dari data yvang diternima dan seterusiya ditunjukkan pada
sk computer, Penyelidikan i tidak mengunakan sumber air untuk menentukan
hebocorun panp. Oleh i, ia difakukan dengan menckan bahagian pap yang retak
dengan wnenganggap babhawa kebocoran amr berlaku apalla paip ditckan berulung
kadic Analisis yang dijalankan termusuk perbandingan parameter isvarat gelombang
pancaran akostik dakam pengesunan padi jurak yang berlainan dan konligurasy  paip
vang herbeza, Parameter isyarat vang akan dianalisis lermasuk ampliad. tenaga

pemancaran Jdan trekuens

X i
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CHAPTER 1

INTRODUCTION

Overview

A sigmiticant Jost of water can sometnmes oceurs in the water distribution
system while (b is bemg tunskerred Drom the wier treatment plants w the
constimers, or 1o the reservoirs, Unaccounted lor watet lost can generally be
atmbuted o severul causes meluding leakbge. mweternng errors. wnd thell
However, water losses through leakages represent the mugority ol this
unuccounied for water lost. The leakiges can be trom the valves or the pipes.

thus the necessity of leakage detection and prevention.

One ol the methods used for detection is based on tha malysis of casel or
cunbinuous acoushie nuise generated by the water leaking from the ppelinge
and carried vut by cross-correlation technmgie. This crosss-carrelatton method
s Acoustie Emission Test (AET) than can by used 1o deteet and locate the
leaks. The nethod can be used o detect the undergrownd supply  and
distribution of water in different types of prpe mutenul including steel. ductile

tran. cast aron. polyethylene and polvsingl chlonde (PVCL From AET. it
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allosws the repair and service to be carrted owt immedinely once the leakage

i pipelines have be detected so us to prevent continuous luss of water,

However, the etlectiveness ol Acoustic Emission Test in feakage detection
plastic pipe such like PVC pape has not be widely reported because plastic
pipes are "guieter” and do not tend to wansit sound o vibriation as
etficiently as metalhic pipes. The problems that are normaally encountered
with locating leaks with aconstic equipment. e.g.. interfering taftic signals.
and attenuation of leak signals along pipes. become maore detrimental in the
cise of plastie pipes.

[ D Osima Hunaidi, Instiiute Ffor Rescarch i Construction)

Project Aims and Objectives

The main onn of this project was e evalune the effectiveness o Acoustic

Emission Test tor the detection of leak or eracks in PVC pipes. Objectives of

the research mcluded.

To analyee acoustic signal of feak in PVC pipe.

o To analyze correlanon of signal tor difference distanee of sensing
pomt lrom erackmg part,

o To evaluate the effectiveness ol AET m dilfetent conhiguiition ot

pIpe connechion.

o Tostudy the nature of acoustic emission
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Definition of Acoustic Knmission

Acoustic Emisswon (AED o an acoustic wave genesiated by the release of
enerty trom lovalized sewrces ino o materal that s subjected o mechanically
loadmg deformation or cracking. The AE generaliy differs trom most other
aondestructive  methods i two significant respects. First, the release ol
energy that would be detected is refeased from the test object ruther than
being generated by the nondestructive testing devices, as i ultrasonic or
radiography. The aconstie waves are prcked up by sensars and converted intw
the clectrical signal and analysed. Secomdd. the acoustic emisston method is
capable of detecting the dyniunic processes assocuited with the degradation of
structural imtegrity. not geometric discontinuitios. s difterent from most of
other non«estructive  echmigues, where there must be some forms of

geometne discontimmbies for detecnon

Acoustie Emission Tests a rapidly maturmg nondestructive testing method
with capabilities tor monuoring structural, detecting leaks and incipient

fattures i mechanicul equipment, and tor characterizing matecial belavior,



CHAPTER 2

LITERATURE OF REVIEWS

2. Water Leak Detection Methods

211 Water Audits
Water audits are types of waler leak detection methods that involve a detailed
accountmg of water How o and our of the distribution system or parts of it
This methed helps to identify the arcas having excessive leakage ol water bur
do e provide ttormation about the location ol leaks.

2.1.2 Visual Inspection
Visual mspection is o simple method can be ised to detect many ol water
leahs, The visual fnspection reqguires the distribution suf) o gontimuously
watch out for siges of leakuge and should make iU a routme 1o inspedt the
whole of the distiiet on regubir basis, However, this method s more effective
for leak detection of omo ground swrtace pipe compare  with  burted

underground pipe.
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2.1.4

L ltrasonic Leak Detection

Praving o leak. the water will flow from high pressure o low pressure and
producing o turbulent Tow ar the leaks site This wrbulence has strong
ultvasonic components which able sensed by Ulteaprobe and winslated mto
audible range where they we heard in headphones. The mtensiy ol the
ultrasonic signal Galls rapidly from the source will allowing the exact spot of o

leak to be located

Acoustic Emission Detection

For this method. acoustic equipment has been wsed 1o detect water leaks by
detecting the sound o vibration induced by swaler as v escipes from pipes
wider pressure. Acoustic equipment used includes the listening devices and

leak nonse correlitors

The Tunction ol listening devices such listenimg rods, aguaphones. and
zeaphones is 1o listen for feak sound at contact points with the pipe. The leak
wase correlitors wlheh are the modern computer-bisced instrument i have
astmple Teld setup wand used 0 migasuring leak signils csound and visration
dt two potats that bracket a suspect leak Then the guiomatic detenmination
based on the tme shilt between the kak signals would be caleulated w loeate

the position of the leuk
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Leale Concepts and Terms

According o Geradd L Anderson, American Gas & Chesmicad Co Lud, cleak
Testing Large Contamer. 20000, leakage festing detined as o branch of
nondestructive testing used for the detection of thod leakioze m either a
pressurized or and evacuated systent. The word Jeak’ refer 1o the physical
hole and not to the quantity ol gas or ligwid Aowing through the hole In other
wuords, leaks are Haws which aftect the salety or performance o1 o system or

which result in environmental comtammation ar eneres loss,

For the word leakage’. it reters 1o the flow of a Tuid trough o leak without
recard Lo the physical size ol the hole: Leakage tvpically ocours as a result of
o pressure ditferential across the hole. However. capillary effect can also be a
cause of leakage. When fuid {Tows throngh o small leab the rare of tlow
depends upon the geometry of the Jeak. the mure of the teaking uid and the

prevailing pressure and temperature.

The chinuctensties of i Jeak are olten rederred W ay the conductinize of the
leak. The leak hole actoally cannot be seen o measured, thus the mcasure of
conductance or feakage vate of a @ven Tuid thiough the leak under certain

conditon used o describe the leak size

0
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Water Leakage Causes

Normdly, the pape fractires are i catse ol sweiter leak and waste tha
supplied through the pipe o water distribution system: cither delective
material or bad [ving of pipe may cause these fractures ol pipe. The types of
pipe that are commonly ased in witer distribotion system are cast iran pipe.
PVC pipe. steel pipe and G.L pipe. The pipes may semetimes Hracture due o
brittleness and thickness of the pipes such as small tickness and britde
characters of PYC pipe. uneven wall thickness of cast iron pupe and steel
pipe. and mproper galvamzation in G.L pipe. For bad lying of pipe, il
ncludes the sentlement of pipe bedding m direct contact between stones and
pes will greaung stress ractured and sccelerated corrosion of pipe. Beside
that. welding pomts i steel and GU1L pipe are considered as detective point i

ieas ot property done and lett out with protection

The use of steel pipe will result in the comosion ol mipes caused by external
rust altack due o ingdeguate protection from sulfites i the ground and
internal chemical attack due 1o aggressive waler. Thus. to connect the pipe 10
the determined destination, the joiming of pipe is inevitable, The leaking in
pipe joints wall occur if joint assembly is pooely constructed and excessive

join detect within sockets.

Furthermore.  leaks  may  be  caused  human  cither  intentionally — or

wmtenuonally. For example. the tarmers may inenttonally brealk the pipe for
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farming. for domestic use or for irmgation purposes. Also. the removal of taps
trom standpipes and anaithorized connection by the villagers will also cinse

feah and thus waste of water.

Apart trom that, water leakage inowater vabves asd saddles may also oceur as
1 consequence of Hitting such as the use ol excessive toree during operation
catising the breaking of spindle: encrustation of water valves: dinaged of
Frime due w badly placed road surtuace box and exist o stones and sludge in

gate seuting

Acoustic Emission Concepts and Terms

Furmally detined. acoustic emission tAE)Y is “the class of phenomena where
triunsient elastic waves e generated by the tupid release ol eneray from
ocaliadd sources within o nuterial ™. Generally . there are 1wo tvpes ol AE,
which are burst and continuons. Burst ALE are individua) conssions with
distinet fise and decay segments of the wiavelorm such as would result from
tracture while continuous AE are the result of eonssions occurring in rapid
suceession such that the signal level appears sustiiped. Continuous type ol
AL normally produced by plastic detormation and Hud Teaking on a pressure

buundary.

Veowstre enmsyion analysis (AEAD is oo non=destructive testing method capable
of detecting and  Joeating  faults o mechanicalls  loaded  structures,

components and Specimens. AEA provides camprehensive mtomuation on





