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The characteristic frequency of the leakage wave
Student : Chien-Hsung Huang Advisor: Dr. Jyh-Jong Liao
Department of Civil Engineering

National Chiao Tung University

Abstract

Water supplying pipe system is the basal infrastructure which al citizens
rely on for living and developing. Tap water enterprise units do constructively
integrate the completion.of the system for improving the water quality, also
assert and maintainithe safety and the ability with effective water supplying.
Aslong as |eakages occuring in the water network, it'will .cause bad effects to
the water quality, the pressure, the capacity,.the continuity of water supplying,
and the safety, on the other hand, it might cause the damage on economic and
social benefit.

The maintainence of water supplying:pipes has been improved with the
district area and auto monitoring. However_locating leakage still need to
depend on the experience of inspection engineers , who determine the leakage
from listening the leakage noise using a leakage instrument. The accuracy
of the listening method might be affected by subjective and site conditions.
This research aims to present an approach to identify the |leakage points by the
spectra analysis of leakage noise recoreded from a leakage instrument. The
approacch presented is as follows : First, the waveform and the root mean
square of amplide recorded at a potential leakage point were compared with
that at the point far away from the potential point. Then , the waveform in



frequency domain for both waves was obtained by Fast Fourier Transform
(FFT). Theresults of Fast Fourier Transform show that the corner frequency
of leakage noise is about 500-600 hertz. Based on the results of spectra
analysis and the results of imspecting the pipe in the dig hole, it can be find
the the proposed approach is accurate enough for |eakagedetecting.Finally,this
research set up judge procedure for engineer to confirm the pipeline leaks or
not. Hence, the leakage detecting using proposed approach will be toward to
the quantificable, resonableand scientific category.

Key words : Listening method, Fast fourier transferm,, Waveform, Amplitude

, Spectra analysis, The corner frequency
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A
&
Flow
Yarving cusiomer use I\—)’n/\
s t Customer night use |
: Burst lealage
A
Minimum night flow Leakage Background leakage
v L v .
o 2 4 & B 10 12 14 16 18 20 22 24

Time

B 2.7 £ 324 | e wBFEEBILE % B (P.Malithong et.al.2005)
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422 BBl inBasiE (£ 1 2004)

* oo A () ;}ﬂ/ﬁ&.ﬁgﬁ_
< 15,000 0.010
50,000~ 150,000 0.020~0.025
> 500,000 0.050~0.100

25248 Rk kBN PE
Malithong% < (2005) #% 414 B3 REplA B 8 B274 7 &k %

BRhEDRERCTR g AT EE LT ST RBREE PR
Kk

—:‘,L O
4

Vq,

KE 0 R Lbﬁﬁ“ WATIE N R KRBT M AT S Nig ety

-~

- ~ % §.24% (Background leakage)
S g PR T AL Gt ERKE o EE00 % g Kok
£ RBRKE S
LB (L/hr/S0m) = [ICF] x [PCF] x [4 x4=¢sf ] + [0:04 x2 57 ¥ £ ] (2.7)
ICF 5 A 738 % 7 ie F]<+  (Infrastructure Condition Factor ) » # & — 4
1 270.5~22 fF 2054 7 2t T ok kG BB AR 0 20 £ 7t R B
K EBLRST T AR o
PCF 5 & 4 iz & =8 (pressure correction factors) v o % 2.31F sc it 1%
Bco HP T5% B FR 4 (AZNP > Average Zone Night Pressure) = % %

PAIRE Sz KRB R RE LR EH A F TR B g > K

R4 E
AZNP= (Pygx * S) + (1—S) X Pow (2.8)
Pv = (Pigwt + Pow) /2 (29)

Pight + "REF B 2B F 3R
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I:)Iow : &Fé'&ﬁ’*’l ‘/‘::L'E.‘ﬁﬂ Fé&ﬁxf'ﬁ@ 3
Pa P RESGEHEFTIDRA
S RIB Pl Rl e

4 23 &%+ i3 1 ¥ (P.Malithong et.al,2005)

TRl R4 ( [R4Z1 Gk
m) AZNP PCF
20 0.33
25 0.43
30 0.53
35 0.64
40 0.75
45 0.87
50 1:00
b)) 113
60 e
65 1.41
70 1.56
75 1.72
80 1.88
85 2.05
920 289

= ~ #RiA-k B (Burst Leskage)

s emRPRABRED- AT e R B S REG VIS
BTk A sl de g BRI R o JLIRRE s B R KERER SR K
PE o AR A AR RORE T R A R R RS R
B
Liekage=(A+L+R)x V (2.10)
AR (Awareness Time)

L : #%:B == (Location Time)
R: 24 ¢ (Repair Time)
Vi ponF
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2.6 Bk Benfhsg 2 93

B kg et R eniE gy H KR Lﬁglg Pla A, ufaiAa 4 T ks R
M iU AR Y B AR A B e R TR @R R g B
LE gk ARG AR A LA RIS S ARG E K B (R

2.8); %gzi Bk s 170 F ol Rk RS SOk K SRR BE B o

i 3 &

Y

X

B 28/ k5 (B:piFy' s kirfEEF L2 > 2005)
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2.7 U K& R

BTORkEF AT a4 &8 2 2& (Ameican Water Works
Association,1986) » Ap >t I 5 i * af (AR E ~ A 4 E £ HE 430
~A0E P R Flt iR TR AR A o GRS
FRISIEHEFRIFLATEREA PR IB K @thorg F L ik

KER-EARF TR
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FTE REPFRERRIR R R P R (B L E il e Fa e
KR E VTR ook R pl AR e 7 8 b PR R B R

5 0 iRK BEPE PR L OB R T i SRR B A iR PR L T o
)

Bl 29 &5 # (4 p http://www.fujitecom.co.jp/ )

2~ iR AR R R

SEFPEOF G HOMRIRE R AR B R AL 5 R4
Flot R REE R NT RS R (R210) 0 2 R E#EK R A
FARE gk SRRk 0 APBHRT RO B BB EE o ol RDF
ok B R eIl ARk B A AR R BB Rl A R 3 e o ke
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FR T EFE AIFTR B SRR

R TRBEOCE PHF R LS DA S A
JRE TR Sk kB o A B RRE S AR BB B4
SRR sy U RS R AR

(s e B

B 210 /& k4F Rk (4 p http://www.fujitecom.co.jp/ )

s A0 B FSRRE
Bk pEerg DB g kG BaE 4 T RE S Pl Rk E A
BAEEREE (F211- F212) % kK2 @35 B kR pk
B % > 4527028 (Osamahunaidi et.al,2004) % 4 53 B3 4p b 143+
BBk R o d R KEE - BRI 0 2 PR AR e B -
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EE B TEESIE ¥
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Bl 2.11 Ap BE 3V pE &k (AT 2004)
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Cross-correlatar @ @
RF transmitter H

(2.11)
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R 2. 13@-.15'5 ’Js.-b%i‘h (4 http:/Mww.pal mer.co.uk/ )
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LT TTTR

With Metal pipe

134.6 em |

Bl 215 % §iE 3 P RS A 2 % RIE B (Eyuboglu et al,2003)
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DMA)>» FIpt 2R F (67 #d 2 2 R EE I RHN Y > 2 7 Lid e
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R Fpa v 31 > Fr 7R ERIL 1 FERIFLERFRE TR
KRBEERAFTREFRSAY R CRk 2/ 22) 2 81 A4
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#E (001 TE~025LE)

B 32 %BHP1EH A, (BXFTAKRFT LT > 2006)

(2) feE gk

WL RP BB ETAAARALE BHERE LA BT AR

TP RBOEREAE > L L1 F5 ¢
Oghp K-k #REF 4 ABEBE L~ F/HE /0 4% 23
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LE

# 31 A E 8 (FRFRA g e @ 2007)
oK E A 13mm | 20mm | 25mm | 40mm | 50mm | 75mm |.100mm | 150mm | 200mm| 250mm| 300mm| 350mm| & 3+
i+ % 365 1337 | 1176 800 323 108 30 47 19 1 10 4 4220
) 8.65% | 31.68%|27.87%]18.96%| 7.65% |.2.56% | 0.71% | 1.11% | 0.45% | 0.02% | 0.24% | 0.09% | 100%
F-kE(CMD)| 2677 | 16624 | 18170 | 19398 | 10050 4383 | 1785 | 4261 | 1831 150 1410 | 1019 | 81758
i 3.27% [20.33%|22.22%| 23.73%|{ 12.29%| 5.36% | 2.18% | 5.21% | 2.24% | 0.18% | 1.72% | 1.25% | 100%




25mm
18.96%

——

20mm
31.68%

250mm
0.02%

F1367 v ifk BB ITH (B2 F 504 222 » 2007)
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32 FTRK K % 3B R

FAEKG RERBE AN REBRBEZ T - v AR BRE
ARCGEECYRIBE RPN B ORORE 2 SRR o R TR PR R A R PR
B(EF S FRT KERS2ZFE ) RRIA R #E 1% & R~ R
RO TALE F AT 0 deok F FORGKEEE S LI AR
FROLRKE R T BGE T ERIRR S R o

B 3.7 imE kw5 & - % % (GRFrickeand JManuel,2005 )

- ~iRkERER Edn R
Bkl R R B ATE B GRlAE AT 1R B (Permalog) 3Rk
TR AR RT PSR ES G Y RA RS B &
KESRAFRR B TR B REGEEEY o F X REREE2] B

Bk B R R IOREGRE AR 0 R ORREL R ERTH
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B otk A B X B R(Patrolen) CARE B BRIENRE 0§
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Tl HABE REFAEBEIFRA R S BAT Y SR

EEiE TE R 9100008 0 2 Er3iE18000% 0 4 & B
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(1) = xiTx
Rp ROk ERB L R Rl > #2000 % F - B RIEK o ST
KRG PRt o

-. 1 L, '
(2) x“‘ B;Fﬁlp] ‘ E. I;i -:‘ —.E.L..rji
-] I 1 & e
581

Fi *“‘Eﬁm ﬁ*“ﬁ ’71’5 ’
b BL R T %:1;: i ;g, s T o o o

R 3.10 Patroler it 71 & 44 (dF 4% A 4 =k http://www.palmer.co.uk/ )
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(3) F#A 47

il

WA RTRT] BRI BORR TR T PITES T AR L
BRIERG RERE AT UHETEREAT G ORRIR  Ea R kIR A
B fLie 7R K BEHR B2 2im o 2325 A WO5E 1LY 14p i f REJc &
i8R BTl iE R > # ¢ 45210060921 ~ 10060933 + 10060934 ~ 10060935
ST G OR W Rk

£ 32 h Rl (TR RS £ 127 > 2006)

1006091 1 144102006 | FiEk 3 18
1006031 2 144 12006 | “Fiksk 16 33
1006051 3 144182006 | “Fikzk 13 41
1006051 4 1441 12006 | “FiE=k 20 a5
1006031 5 144 12006 | “FiE=k 15 47
1006051 & 144102006 | “FiE=k 13 41
1006031 7 144142006 | ik 20 25
1006031 8 14112006 | “FiEzk 13 38
1006081 9 14412006 | “Fik=k 16 16
1006020 144 12006 | “FiF=k 14 5
10060921 HEERE 1441 12006 iRk 74 3
100E0ER 2 144182006 | FiEk 14 19
100602 3 144182006 | FiE=k 27 21
1006024 14412006 | FiEk 19 22
10060 5 144 10006 | “Fig=k 14 34
100602 S 144142006 | FiE-k 20 25
100e0e2 7 144 182006 FiE7E 20 15
100Er 8 144 102006 | “FiEzk 14 5
100Eme 4412006 | SRiERK 13 33
10060330 144 12006 | “Fik=k 23 18
10060931 1412006 | FiE-k 14 &
1006032 14412006 | “Fik=k & 21
100E0032 HrEERE 144 15006 Bk A3 2
10060934 [vSERE 144 12006 w7k 33 0
100e0e3s [SERg 1441 12006 wk 44 2
10060336 14412006 | FiEk 26 11
10060337 14412006 | FiE=k 14 10
100603 8 FErdE 4412006 | TRk 0 0
10060239 144 12006 | “Fig=k 14 5
1006050 144 12006 | “Figrk 14 10
100606 | 144142006 | FiEk 7 2
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SrF FRRBEIR LS A

AT gy B AL RRLE ¢ g kR A R IR RIS
Bt 02 FRBEE R 0 MR AR BRI R URORER R RIEI A UL R
B30T (B41l) QB2 maAtr o st Favptahiipd
FERRb e M S R E Y - BT E (Bl42) 7 R FRE R R
Az B TR TR T A 718 0 B WRIR K & 2LIR R ey B

A~ 3 1% Cool EditZOOO%/Hfri'P*é’rz. ;‘%’k #-4 > Cool Edit 2000 %
David Johnstons= 3 .sl Syntrllllum Software Gorporatlon"Lr’;\ 7 5 M TR
L S L “#ﬁ’i“’lwﬁiﬁzﬁ di’ B Ll—ﬂ} #—ﬁ#ﬁ TR R Bk

B2 A 5 /»u(frequency contenl)zi| é 3&»}“@ e S s 450t A B

Fimie 2 S eni B ”%%ﬁw”rﬁH% ﬁwwﬂ%1”7?
B~ A |
S " "

SLE G ke o |

Bl 413 F B35 R KB B G iR
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Flenikok B 5

#-5e f\)c'i 1] "’«ui\‘

Z B Lt A

(=) kR & o :
AL R P AR #ﬂ%—\ g AT lig & LR RIF R B
BEHG10 T S RBEIAL
(1) 222 |7l 3 ~ MEFERLERLITIET FRPIES
Yic g Riliet F R BT (B43) AER G R L

SEHLS A 4T Fk % 100~1200Hz % i (7 4F i8] o
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Iﬁl L% @ @ Hﬁl @ Filter Combination
100 200 400Hz 600 a00 1200Hz

(O] = 100Hz ~ 600Hz
(O] =] 100Hz ~ 800Hz
(0] (O] 100Hz ~1200Hz
=] 200Hz ~ B600Hz
=] (O] 200Hz ~ 800Hz
= 400Hz ~1200Hz
(O] (O] 400Hz ~ 600Hz
[O] (O] 400Hz ~ 800Hz
= = 400Hz ~1200Hz

B 4.3 HG-10 iF - k47 Bl RAF 5 % 2> 3% (4P httpy//www.fujitecom.co.jp/ )

(2) 4 It R dl & a2 ONVIgenis & Bk (73
B A fead BB E Oh b TR F skt R b Ben 3R o

(3) B JI™3g Bl dE] S e B 8wy = WE
AR R L RET IR AT S RKES o

(4) § ERFL "R PIAHEERS PR3 35
ARG SR EEER B e S R AR o LR BE R s
1o - BIEREFEATRE T, -

(=) £33 T %

HeB K AR R R OTREPS DA 1 BB 3 TR L e o

#ct8Cool Edit 2000:i& {7 {8 4 A2 A 47 -
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A2 PlEri/-kF 2 &4

B - A d 3 ama g P LR e d 2 F
B iy~ R KR R R AT R 2 5 AR R
5. (Anadlog Signal) > 7 JI % § st 2.3 F A IR & FoESZ R UEL
e 5 Bz gt (Digital Signal ) > i BT T PRI BT AP R 235

LA AT o e FIROR AR P L R B RJLE R AL

- %8 Cool Edit 2000 » o >t T e 5t i 3 % mﬁ%} NETER B S 34~ A
BIHAE T o Aopt i T R P RIE IR K UL

(=) ok

%om R R~ S L BTR o T PE B (JREE ) B2 B

f&;

TR G HEEEF 3 — LBV FEE (e~ R 8 )
AT ORIREEERY A H L AR Al R KR B 350
HG-10% 57 &= 0.7V [ gi*

(=) SR RE LR

MHE 7Rk BPIERPE 0 K T EEEY - 16bitfE4T R o X u -
gL BB PR R MR Foar B R R TRL R AT
BRI o

(Z) P4 F (Samplerate)

T - AT 2 UELBEHCT S B HOE S (f,) 0 A B T G B
B (AL) o BRRRAE F 2R RE R A B RS 5 B o F TR
AT 2R R B GRS f RIS R B TR 2 R T PR I (VAL (H2)

IUREABL B AEFIR2 B 2T RT R TGRS N R > @

48



B P B AR R AR B SRR iR ) (diasing) o Bk % B

T R4l

(41)

WP KoK ERR AT A A BLE S A 3t 100~2500HZ > Ft AR g K-k

Cool edit 2000 #%.;% p FF K B -] B~ 4% 5 K 2% 6000 Hz -

Hew Waveiorm ril
- SamplzFate — | Channels — | Resolution

T Maono bt
G000 = _E
e — “ Steieo i el
152000 32 [float
96000 b fo]
Be200
Edl:":lﬂ
45000
431100
22000 .
Z20A0] :
1E000 OF:
111025

Carmzel
C— —

] 4.4Co0l Edit2000 2. B~ 4545 & 2 {245 B 2% 275 % &

(2 ) it &€ & (Fast Fourier Transform, FFT)

ERFSIRSFY Y 0 NI E R AFHE AT ILE A T
et BEF Lo BT RPN S R PR BLIE GO S 0 S )
(spectrum) » 1 B f2 A B N i3 o 3 20 0 ) E i R T o g (4
Prbe S B AG) A R F S A RS OL 2 oo TR B A E 23
Box(t) 8 AR 8 2 S B X(F) 0 BRI S 2 S X(F) A PR R

49



Fl bz andex(t) c HEFHFA O LE AT

X(f)=[" xtye™"dt (4.2)

x(t):f; X( f)e™dt (4.3)

d 3R Gl AR TR A RSEATIEP 2 AT EL R TR T ek
FHREZELL T MR R ET . S EREESE Y PRI o
M R B T S daTiE 4] & # 4% (Discrete Fourier

Transform » DFT) 73] 3¢ -
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