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Study of Pipeline Leakage Estimation in Taiwan

Abstract

Government statistics show that tap water pipeline leakage is nearly
25% of total water supply, as much as 2 gross storage of the Taipei Feitsui
Reservoir for one year long leakage. This situation is ironic for a water
resource deficient country like Taiwan. Compared with the nearby
country Japan, whose average leakage rate is less than 10%, Taiwan still
has a long way to go. A wide diversity of definitions of tap water pipeline
leakage is used by water utilities around the world. Though International
Water Association (IWA) proposed a definition, until now no standard
definition has been accepted by all the utilities.

Where DMASs are established, the calculation of real losses in its
simplest form is volume of system input minus volume of billed metered
consumption. In most cases in Taiwan, leakage estimates are based on the
Japanese empirical formula with parameters of water pressure, and
cleavage area on pipelines. However, all men are liable to error, and
errors are sometimes a very substantial component of apparent losses,
which makes the estimation highly controversial.

This study is aimed to review the causes and calculation of pipeline
leakage, in order to improve the accuracy of the water leakage estimation.
The causes of pipeline leakage will be referred to statistics collected in the
Taiwan Water Corporation’s “Leakage Detection and Repair Management
System”, and the most commonly used calculations of pipeline leakage will

be reviewed and analyzed. Furthermore, the environment of Taiwan, pipe
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materials selection, engineering method and personnel training will be also
deliberately reviewed to propose a modified recommendation, in order to

utilize and manage the water resources efficiently.
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(-) Q=C,*A*.2gH
Q=58CMD=0.00067 CMS
A=0.14W (m’)

H=20m
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W=000067/1.664=0.000403 m
= 004 cm=04mm
(=) Q=c-a- @)
=0.6*0.04*14/10000%(20)"**86400
=91 CMD<58CMD (% )
() A2-12 4%
A=004*14=0.56 cm’
P=2kg/em2
Q =38CMD<58CMD (<)
(2 ) veiApht 3
K2 RYE B KE S 1571CMD » Bg2kesd) L

£ 8 & 5S8CMD ik H R TR FEAL R AjTF

\1-

47—-

. gl
fo- Ru

F2_ 110K (GaulfBh4i2 @5 53 CMD)-
AR LR E R KR g A R o
427 FjiB gkl % G 4T)
1 F 96 # 10 1 20~27 P iTH- 4 Hyy AR L TR
CMD > #-kE % 187740CMD » £ B & 1,1038 CMD - 5 11/13
2 1210 H&i%3B15 1219 £ 155 = S 445 LR % 3384CMD >

B
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k2 5 6165CMD » £ £ {55 278 1CMD » & =it 44 B (B4
£ 8257 CMD » #5540 RERT ¥01E ~ B k3 6 4 % Bk B HR R
RIS R
() Q=C,*A*2gH
=0.6*5.4/10000%(2*9.81*4) **86400
=247CMD<825.7CMD ()
(=) Q=cra- @)
=0.6*54/10000%(4)">*86400
=13784CMD<8257CMD (%4
(z) A2-12 4%
A=54cm’
P=04kg/em’
Q = 136CMD<8257CMD (i)

() b A

§ TR BB EAD LR AR G 0
AR RHP » ok HIRETT A B - (52 (FE T T

B SRR K Bk 0 2 RETLR RS 10% 0T ik oo

428  HEAAE] T GUHE 48)
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)% 97T ES5 Y 14 piTsetys HE AR L 571
CMD- &k % 8644CMD> £ B & 2933CMD > 5521 2R ¢
20~65mm = s 397 ET N 14 pRRFT Sy L
» 6252CMD > -k 2 9072CMD > L3 i 5 282CMD > 31 %
B~ B HBIARLT KRBT IS0 R kTG R 2 R KRR
?ﬁ:i/}ﬁ{zr‘f :

(-) Q=C,*A*.2gH
=0.6%0.26/10000%(2*9.81*4)" 86400
=169 CMD< 113 CMD

(=) Q=c-a- @)
=0.6*026/10000%(4)">*86400
=66CMD<113CMD

() A2-12 4%

A=026cm’

P=04kg/em’

Q=65CMD<113CMD (i)
(m) vedphl 3o

o] BB 1R A2 B (A7 @) T
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MEAPRZEE EHT o B RETIE BRI o e %
BB KB TE 2 B A A o
429 mHMERITS )R (GUHE49)
SR 9T ET V15 piERASE P AR S 31342
CMD: -k # 3987CMD > £ £ & % 8348CMD ; (5721 % 9/12
S SHA LTRSS AR S 37258 CMD v ik
£ 34869CMD > £ B &% 211.1CMD > d %4 - S £ B E 840>
LB 5 6327CMD » BFALAS 54T
(=) Qq=C,*A*\2¢H
=0.6%0.01/10000%(2*9.81*32)" 86400
=129CMD
Qq,=C, *A*\2gH
=0.6%2.74/10000%(2*9.81*12)"*86400
=21795CMD
£3+:21924CMD < 6327CMD (i)
(=) Qu=c-a-+ P
=0.6*0.01/10000%(32)">*86400

=2.79CMD
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Qy2=0.6%2.74/10000%(12)">*86400
=24743 CMD
£2+:25022CMD < 6327CMD  (#1%)
() A2-12 4
Ag; =001 cm®
Pq;=32kglem’
Q4= 092CMD
Agry=274cmt®
Pe,= 12 kglem®
Qo= 12358CMD
£3+ 1 1245CMD < 6327CMD (i)
() veidphd T
d FAEET 0 B ) RIS A2 PR R R L
PSR RO BSRIEA P AE RS LR s kS
P ERTN0% T o ¥ ik kit e fi 2. &5 2 ik MR K
7% & o
42-10 FMFREFRU] R ((EH 410)
)R9I E2 260 FREILEHFRE L 75.8CMD

B
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kB 3035CMD > £ 8 i85 2277CMD ; (53126 % 42 18k
O RIEST S LR S 778CMD s ik 2396CMD >
AR ®5 1618 CMD » d A =0 44 B @ 4k kB 95 659
CMD » 4 (e 474eT
(=) Qu=C,*A*\2gH
=0.6%4/10000%(2*9.81%25)"**86400
=45924 CMD
Qu=0.6%1.5/10000%(2*9.81*30)" 86400
=188.65CMD
&3+ 1 64789CMD > 659CMD (i#:% )
(=) Qu=c-a-+ (P
=0.6*4/10000%(25)">*86400
=840.14 CMD
Quo=0.6%1.5/10000%(30)"">*86400
=388.54 CMD
&3+ 1 122868CMD > 659CMD  (#:8 )
() A2-12 4%

Ay =40cm’
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P,, =25 kglem?’
Qu = 31324CMD
Ap=15cm’
P;,=3.0kg/em’
Qs = 13010CMD
+144344CMD > 659CMD (a8 )
() vdfpmE AL :

d FRBET 1) LRI RRAREBE > F L]

|

Feig A PR AR K SR BRIV RS REET Y
FrkitmfEF B RG> ERIFKETHBAE o

FroolRERENAET I KA EAYEE LR B

B A 1 S 14 125 AR RS2 4 5 B $210

7}& - K '3\ <P1‘RI % 4—11)

43 SR
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(=

FoOHAAARBE GFERN T FREANE- 22
B2 IEA TR ENBREL Y Y g 8
BARE RFABHBERI G FERKE

e A2 R KRBT AEETRISZ BRI e iR £
760 R 0 BKEIZE R > FP R FE AW
BEHEU AR R RBIAKE ZFI RSB -

VD R R A TTRK R A 0 FITATR T R R
W RE BN TRERAEA TP RALAN S B -
WA RRERC LRI R HERRY 2 H

AP TR I ERA R ECEREIN 3

SRR R R MRLAR KR D B p A
ﬁ%ﬁ%ﬁﬁﬁ%#?ij Tkt H LB A
F310% T2 piR > [EHEFRRE > FIPLEHEE P R

BHgz it A4 £ H i\éﬂﬁg%&ﬁﬁj&?—! i

”L\iﬁﬁﬁ - A R aWAE L vﬁrr’;]%j'ﬂi ‘%%’A‘ s ‘§31L...

I w2 BRFHENPEAFERENY A4 F7RKE
&
i
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3o B B HEE O FD O R  RER R
LAV ,;,%:FL]/ » MR IDE KBRS el B
SHIBRKE B o

A~ pBE L REG TGV F 2R RERGZIR% -

SRR APEAN O B RERGRE clcbrEr 2

2
(w

Mg esRE T o
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R
4
A
1}&5
3
\\vj_
&

51 %
( > ﬂ\/gﬁ /?l_/—-a. N }\-E- \'—"L%L MP#§§ _ﬁ,&4blﬁxﬁs7 "J—ﬁ—r ;Z‘ 5 ‘t«(LL
PUAAE 2 5001 T DMAVE b0 B 19 A S 11

(Bemoulli) 3% % £ i3 Am KB » BiRtS2Z HERRE > e (7

Mk EApE o RATEA R REIVC G ALRIRE  BEHERE K

(= )BEP R A7 R E ’T”,; 5994 (PVCP) e~ 45 2 4 578
K2 AR S IH T Ve S SUEES e

(=) SiB & %%~ 6 5 fiBemoulli) 2 53-8 14 18 115 228 )
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AEHRT > S RIGZIRITEA R IFE > 2P R L
&0 7 LARTE SR KR > RS PTG BIRE I A ITE
W IELAT s BHE S S T L SR AT (1)

KRS HEER (B3t ) R B STV EAREEL

HFkE o (GXRIS-1~52)

— E— _ w—
Google | 8 ~ 28OS @ #-|[D]] % 88| G =% - Forns- 33
W e |@ sReEsEsE I
7 ‘% BT T 0227751550 #1700 AR R, S R A
VU SRS (b REEERT i (I || B BT TR RS iy 3RS
R LEH _ REE LR [ EREDEER [ FIETR L& | o
Ll VIBMSESHE Vigdkihd VIEERE | VIEEEE  VEE TR VEETSEE A | VFEREA LF
CHE=T5e
288 4P09T02828 4 IS REE B RIS 5 1S L 11) 4P09T02626 - e [ e | R
e SR kiR
pblie v
kEE  EbER -
ISEEARGH:  BEER -
RKIER: REtE - SRR v
SRR 1.20 kg/cm?®
WsEE 120 kglem®
RAKER 0.06 em?
HEEE cm
i M
B 20 v mm
pERlGE 1.90 IJNE
R 2m CMD
iRk E 0.215 m’

HEER B ERET A
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2 EREERE #8305 - Windows Internet Explorer

@ - . &  http://localhost/pwrepair/waterhome aspx

= — — =
Google[ 8 - []22¢S ©- & |[2]] & 25~ | G == Yuwas- 2]
e | @ FETERs sk [

JI[ tg- mt% FHT MR HOETTIEE 0207751551 #170  ANEIETRAE EASAE VA
@ ‘ E £ ATIERR 2 REEER jottp 517 11 5 BB SIRRR AR jedp S 0T
BRI ERRLER [ ERREELL \ FIELRT & | o
D@E VI BHEER lfykﬁm VAR | VIREE S MR TR MBS TEEE A MEEEA D
I B=IEs
28 4P09T02 28 EE R ARET I 18515551 1] 409702020 - RRILE | FIEELE | b [
I R AR 2T R ETEGAS
RN
EakEE bR -
1EEEARIN: B3 ~
BAkiER:  RLEE - BEHEEM -
WisEkE 120 kg/em®
sk E 1.20 kg/em®
Bk 0.06 e
HEEE cm
EiE A
EEGEARR 20 - mm
kA 190 /|
RRRE 271 CMD
iRk E 0215 m’

HEERR BT R RRT 5L

BI52 BiREI A ()

7\
Ji

—

Tw

LS S (C ROV ID)I0 RN C R i g S o
SRR S AR R (TR RR(14])- ¢ Ep ok g 1997)

B K i T ¥ k2t P(leak duration) £.5 HiRE 4 HeiR TEL 0 47
S IR KPR A > F 2 Rk el (Gpif kKA 2 3
AR TP ) SRR PR et 5 B FRMERE RgR )

Bk BII- £G5S E SRR AN RFTIREL & p okE R

(v ) FAEEH A PUGARE ~ Fo o4 0 » SATEA B A T e &
RGBT ®e TAT A MG A iR ok ER A
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Vel &

(T ) BabiBr k2 dpBiHas oz o e 53 &b REFE A

S

HRPRE A RAL S AL LR -

/.‘J

() #FT FE DA R 53 0 A REE R AR KT L

FrcH T _—ﬁ,,,bufg_rv S5 - AL 2 A

P SR R R MR AR N R A DA T
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% 2-1 p@p Roka? RE Rk RFIA £ (2006 &)

Bl R
i — r’ai;ﬁ s i*’jﬁ%* ﬁ@: 7+ [pu—:;q\ ﬁ’%’ﬁ\ :i,% v | s FIE
i | oL | x| x| oo %)

DIP 98 296 86 76 38 7 38 154 71 864 0.50%

it CIp 44 78 27 21 2 0 7 14 13 206 0.12%
SP 69 36 4 8 2 0 13 9 7 148 0.09%

SSP 0 1 0 0 0 0 0 0 0 1l 0.00%

L PSCP 4 26 1 12 0 0 13 14 0 70| 0.04%
PCCP 2 20 2 1 0 0 0 2 0 271 0.02%

FRP 2 19 1 1 1 1 0 3 0 28| 0.02%

PVCP 2860| 30873| 2549 2122|1640 161|  2483|  2704| 1889 47281| 27.26%

PVCP/PE 2 546 48 24 14 6 411 11 6 1068 0.62%

ABSP 0 14 4 0 0 0 5 1 1 25| 0.01%

HDPEP 0 4 1 0 0 0 0 8 0 13| 0.01%

UHIP 1 2 0 0 1 0 3 2 1 10| 0.01%

iy 317 101 21 3 15 1 129 26 59 672| 0.39%

’72@}3? 126 350 45 85 34 0 61 81 93 &75| 0.50%

B ﬁ'ﬁ‘fﬁ% 709 934 60 83 34 0 246 64 27 2157 1.24%

T& 53445/ 30.81%

fif ﬁjﬂ”ﬁﬁ@ 289 357 63 9 8 3 153 16 366 1264 0.73%
B[P RE 233 195 66 2 29 2 143 483 603 1756| 1.01%
ng"f Py 178 181 149 4 5 0 70 19 250 856| 0.49%
i P 100 62 91 0 6 0 02 46 113 480] 0.28%
Hy 19 1 7 0 1 0 10 7 16 61| 0.04%

| &t 4417 2.55%

o | 35044 6272|4077 9] 1280 55| 6565 941 11037 64503| 37.19%

PIiF WA | 24296| 5854 3293 50f 1300 13| 5234 33| 4745] 44818| 25.84%

iy 213 15 4 0 12 1 71 3 424 749] 0.43%

TEF 110070 63.46%
o 921 660 234 61 107 6 362 124 3041 5516 3.18%
f[ &t 05527| 46897| 10833 2641| 4529 256| 16085\  3918| 22762| 173448 100%
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22 ok kR F R

- Mmook R OB
ek | BH | MR | P | Hi¥F | 4EdE | Ee | A %
DIP 3£ M 4548 % - 2 - - - 3 - 5 0
CIPMI &4 % 2 2 14 2 - - 4 24 0
s,
| pscp °
e | T
5| (RCP — 3 - — - — i 4 0
£, 1 38)
et 2 7 14 2 - 3 5 33 0
% 611 212 424 6.1 - 9.1 | 152 100.0 0
giﬁ}éﬁ 6 63 10 — 2 25 16| 122 2
CIPMJ &4k | 153 187 31 5 9 15 74 474 i
5 ;Vé% 107 183 3 1 8 4 23 329 i
* | KR 14 2 1 92 — 2 56 167 2
Flmre 30 7 6| 276 3 - 199 521 0
£ | 18 1 1 — - 6 27 6
et 311 460 52| 375 22 46| 374 | 1,640 0
% 19.01 280 3.2 229 1.3 281 228 100 31
PVC ¥ % | 1,243 | 5958 144 30 110 64 1951 7,744 15
B % T % 204 | 4,542 65 3 151 4 149 | 5,118 3
LP &% 2,205 897 | 239 11 17 31 39| 3,439 1
N zl;ﬁg’;ﬁ 472 144 10 2 48 3 13 692 3
K | SSP K4k % 17 19 76 9 2 80 19 222 17
4 Be¥ 69| 179 331 98 73 3 17 770 3
ik AR d 2321 531 5351 2,733 121 2 92 | 4,246 0
E:E oy 54 117 326 148 — - 14 659 94
HAb 10 21 20 6 - - 10 671 100
g 4,507 [ 12,410 1,746 | 3,040 | 522 1881 54822961 | 93.22
% 20 54 8 13 2 1 3 100
& 48201128771 1,812 3417 544 237 927]24,634| 100
% 19.5] 52.1 73| 13.8 2.2 [.0 411 100.0

P EHG SR ARBI FEAERB92F8A -




% 2-3 L A ‘FK‘}%’]UE! F B
W HERSE O
FRE S Bow | & 2| 8 om | mmes g £ | o
. R #H
XS %3 3 2 11 38 - - 1 55
A % 5.5 3.6 20.0 69.1 - - 1.8 100
ok % 72 102 i1 168 72 - 61 586
N % 12.3 17.4 18.9 28.7 12.3 - 10.4 100
3 8,155 4,012 3,408 - - 3,235 2995 | 21.805
@k E R
% 37.4 18.4 15.6 - — 14.9 13.7 100
I ey 8,230 4,116 3,530 206 72 3,235 3,057 | 22,446
A%
% 36.7 18.4 15.7 0.9 0.3 14.4 13.6 100

3 WHAN M ARE O FE -
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224 SAP RokAPHMERRIA (2007 #)

# m
;55 0B N 3 4 M -
e st
CIP SP ABSP PVCP RCP PSCP GIP |PVC-PEP| EFRP SSP DIP PCCP | HDPEP

Bu) (m)
=R 1,294,897 554,718 859,647 36,443,209 148,112 | 1,055,803 187,784 | 1,541,667 | 143,131 9,813 12,841,116 | 191,224 85404 | 55,356,525
11, 138,994 50,479 21,511 1,006,395 297 55,742 7,873 51,599 5,282 3,921 732,061 0 0 2,074,154
2T 121,109 25,282 16,507 4,013,740 4,367 110,852 609 101,714 20,704 288 1,092,297 10,840 1,080 5,519,389
35k 247,161 51,601 24,251 2,721,546 4,896 56,382 4,819 7,402 2,054 438 1,081,424 9,970 135 4,212,679
Al 248,686 69,348 54,283 4,746,062 4,617 83,663 15,841 262,341 21,783 1,041 2,537,521 44436 | 24,967 8,114,589
Sl 66,008 41,673 11,313 5,325,401 100 56,227 59,935 146,060 10,741 224 1,130,444 25,515 0 6,874,301
6l 198,039 80,362 118,566 4,864,039 75,429 177,758 49,995 302,825 17,482 0 1,461,658 20921 2,176 7,369,250
7l 177,687 160,541 410,194 6,690,142 42,721 410,584 28,443 473,806 55,463 1,851 1,385,991 48446 | 56,066 9,941,935
Sk 28,279 8,079 20,036 1,374,761 4,486 0 1,205 9,253 0 0 569,156 0 0 2,015,255
QE&I 16,677 21,298 66,115 742,004 668 8,863 1,743 126,528 1,216 1,666 708,834 0 612 1,696,224
10164 8,405 8,813 40,184 579,557 6,568 0 9,649 25,407 81 22 760,239 0 180 1,439,105
1164 22,275 6,935 70,333 3,485,385 536 2,620 1,451 15,194 3,779 69 827,338 22,310 188 4,458,913
12164 20,917 30,307 6,354 894,177 3,427 93,112 6,221 19,538 3,946 293 553,653 8,786 0 1,640,731
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% 2-5 Aokt B AN L Mgk R R R R

B oim
SEE Rk L .
Glp | sTP | PVC PB SSP LP
& o | CP MJP DIP RCP | PCCP | PSCP -
Go | k| Ak | smam | memm | KRR s ) NE S -
. ) ‘ M ERE R N R
9] #50 $545, .07 fah A M5 4 E
s | 150888 (698,321 1,036,097 | 1,160 0 65 296 | 3,323 | 5704 [213361 | 0 161 0 3,009,376
NE
(5.01%) (23.20%) | (64.34%) [(0.04%) |(0.00%) [(0.00%) |(0.01%) [(0.11%) 1(0.19%) {(7.09%) [(0.00%) [(0.01%) [0.00%) |(100.00%)
s | 2HO13 | 69775 | 192,888 | 2,898 | 31756 | 4,688 | 1,660 0 6,789 1 0 4 0 334,072
N8 .
g (7.07%) §20.89%) |(57.74%) |(0.87%) [(9.51%) [(1.40%) {(0.50%) [(0.00%) |(2.03%) [(0.00%) [(0.00%) [(0.00%) [0.00%) |(100.00%)
4 3t (174,500 [768,096 [2,128,985 4,058 31,756 4753 1,956 3,323 12,493 213,362 0 165 0 3,343,448

HLRE2HF6A308 28 AR o

280K Tf& 1 75mm~500mm kg o

i
@

$550mm~3800mm -
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%2-6 K342 GFH SOk E BBk F R

%% 3% 1993~2002 & f -k F 5.8 Rk & % 1

s T 07 03 o H10 i1 Hiz Hi3 4
(93) (94) (95) | (96) (97) (98) (99) (00) 01) (02)
m*'g/)@ ) 86 83 89 91 92 93 04 95 96 96
o
oK (E““;()S.SP) 68 7 76 79 82 85 88 90 95 97
BASIEAS | 38,479 | 48,047 | 46,944 | 42,934 | 39373 | 37,539 | 35103 | 32,642 | 27334 | 22.446
BAE (%) 9.9 9.6 9.3 8.9 8.4 8.0 76 7.1 6.4 54
% 3cH % 50-300mm fek ¥ ¥ 0 o) &
& R DIP PVCP MDPE His
1983 & 1/ 7w 35% 55% - 10%
2004 # 16% 21% 51% 12%
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427 L BT TR A
d

B " £ 3 gl | 1 g el &7k i E/ R
o o |uRGERE | B o Y | AWERY BBRe 4 R’ R 2§
% % k-2 (CIP) (SP) (PVCP) (FRP) [ss it % | @memin mm |# -~
v (DIP) # (RPVCP)|  (PSCP) | (PCCP)
i+ CNS-10808 JWWA-G102 |[CNS-6568 CNS-4053 CNS-11648 CNSI11608 |CNS-11691 CNS-12285
- N REEE 7. 5kgf/cm’ (1) RYBELRE - FEpwmz § kg
g 22 1 = SRE % (JDPA-Z2009) -
1% =mx O O O X X X X X (2) Mottt Bz hediei 2 § kg ko
2 5 RCHig 4 7 i i Ow O w O w X X X X X (3) Mteii b QAL (iR B iRAIL) -
3% B g AT O O O ) O O O O O (4) BFHFF 5 SUS304 -
4% F P F M O ) O ) O X X X X X (5) # % PE $(IDPA-Z2005) «
ER N RN EF: (6) 7% “RIRIeFE & 1 RITE o
L$3 HT e O ) O 5) X O Ow| O O O | RS-
2 3 B O 6) % O 6) % % % % % (8) *hB s Bt e vh R E A gE R o o
3% REGh R T E A
AR RF Y R X X O X X X X X
3e)
- ?;ii;iif e O O |[O@w®| x X X X O @ ®

P ) L
- R EBL G RRGRRERESWTE 0 TO, EF TR o T A TR R AR L ERY T R
S ERT G ORI o R PR iR TR B REERA AT S 2 A TR R P RITS R LA
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228 SHA kokad

r’iﬁ?—%ﬁK E';J'-rafig%‘

94& R | 947 04 5F T AEL 947 is | K K93 fif K92 fifi
. O R Ik v.\j““ A o | Kil 7 Kif ! Kif .
¥ M ow FRER [ BN [ L , pth Hl(e) | A B/A | BA | BA e
I NETIR =2 ! L gy |PEY| opm gy PP
(2 2) £ B CEFD) (3 %) 92+ %)
r:" =y
ﬁi%ﬁf‘? 11,146,826 808| 0.0725| 2 || 41,974,658,163| 13,953,440 0.0332% 3| 0.0361% 3| 0.0489% 2
ii?j 1,388,188 257] 0.1851| 6 771,772,762| 3,818,781 0.4948% 9 | 0.4805% 8 | 0.3292% 7
ﬁ*ﬁf 536,425 158| 0.2945 8 4926925040 7,630,737 0.1549% 6 | 0.0840% 5| 0.1622% 4
e B e
862 5| 0.6360 4,135,863 283 0.1033° 17520 1687% 5 "
(SSP) 7, 9 94,135, 97, % 5| 0.1752% 6 | 0.1687% il
T 4K SRR E
Ks %PS’CBI;’;“? 1,087,312 108] 0.0993| 3 3,711,000,104|  10,135,608] 0.2731%| 7 | 0.2039% 7 | 02242% 6
L ep o ) A
W’g‘&m? 185,956 26| 0.1398 5 6,928,170,609 693,501 0.0100%| 2 | 0.0121% 2 | 0.0160%| 1
W’(*’F;f‘l);‘? 134,152 31l 02758 7 77315118 310614 0.4018% 8 | 1.1040% 11| 2.4084%) 11
(%viﬁ) 73426679 47,031 0.6405 10| ' 41.962.437.673| 280,461,808 0.6684% 10| 0.6938% 9 | 0.7008% 8 |pn]+i9tiuts
[ mﬁ"&’ﬁ? 0 0 0
(PVCP/PE) 1,530253]  1,330[ 0.8691| 11 1,698.474,536|  14,280345| 0.8413% 11| 0.7327% 10| 1.0226% 9
(fig"“'sﬁ) 672,786 94| 0.1397 4 882,011,465 306,104 0.0347%| 4 | 0.0370% 4 | 0.0620%| 3
BRARLYE o o 925 Hy I'| i i, Bt
(HDPED) 85,410 6| 0.0702 1 473,222,874 39,888 0.0084% 1 | 0.0070% 1 AR
v E(5G6IPE =
» ﬁéRCP PBP ~ ACP 390,625  4,430| 11.3408| 12 594.826,792| 15,549.417] 2.6141% 12| 2.2580% 12| 2.1346%) 10
P 90,592,474| 54,290 0.5993 104,094,951,000] 347,286,526 0.3336%
ﬁéi‘ DL NSRRI ARG
2. (S | USSR Al IR R R R e
3.4 ] T ISIRER AR ) P 1925 TR FVERIA = -

49




% 2-9 d FIFHIGRRE ¢ S B 6 #(emd)

HFRRA
HREA Y, HHRE A
¥4 & m
o4z |13 1§ 20 25 13 16 20 25
0.1 [0.0068 0.009  fo.0(L  |0.013  0.0100  [0.013 0.016 0.020
0.3 |0.0204  |0.025  |0.032  0.04  0.031 0.038 0. 047 0. 059
0.5 |0.0341 0.042  [0.053  |0.066  [0.051 0. 063 0.079 0. 098
1.0 0. 0681 0.084 0105 |0.131  0.102 0.126 0. 157 0.197
1.2 {0.0817 0.100  -|0.126  |0.157  |0.1225  |0.151 0.189 0.236
1.5 |0.1021 0.126  [0.157  [0.197  |0.153 0.189  |0.236 0. 295
2.0 [0.1361 0.168 0210 [0.262  (0.204 0.251 0.314 0.393
& |25 0170 0.210  |0.262  |0.327  |0.25% 0.314 0. 393 0.491
A 3.0 [0.204 0.262 0314 0.393  10.306.  [0.377 © 0.471 . [0.589
B 13,5 0.238 0.293  |0.367  |0.458  [0.357 0. 440 0. 550 0.687
4.0 [0.272 0.335  [0.419  |0.524  0.408 0.503 - |0.628 0.785
4.5 0. 306 0.377  [0.47L  |0.589  [0.459 0. 565 0.707 0. 888
5.0 0. 341 0.419  |0.524  j0.655  |0.511 0. 628 0. 785 0. 982
6.0 0.409 0.503  |0.628  J0.785  |0.613 0. 754 0. 942 1.178
7.0 [0.477 0.587  0.733  10.916  [0.715 0.87  |1.099 1. 474
8.0 [0.505 0.670  |0.837 1047  [0.817 1.005 1. 256 1.570
190 10.613 0.754 ° [0.942  |L.178  [0.919 1131 1.413 1. 767
10.00. 681 0.838  [L.047 1309|1021 1. 256 1.570 1. 963
748 D75 100 |®I50 200 |75 D100 ®150 ®200
0.3 |0.235 0.313  [0.471 0. 236 0.314 0.471
0.5 |0.392 0.523  [0.985 0.393 0.524 0. 785
1.0 ]0.785 1.046  [1.57 0.785 L.045 1.57
L5 [1.177 1.569  [2.355 1.18 1. 57 2. 355
2.0 [1.57 2.093  |3.14 |57 2. 095 3. 14
e, 251082 g6 392 | 1085 2815 92 |
A 130 [2.355 3.139 W7 12.36 3. 145 4.71
B35 |2 3.635  [5.50 2.7 3. 66 5.55
4.0 [3.14 4.186  |6.28 3. 14 4.19 b.275
4.5
5.0 [3.925 5.233  |T.85 3.93 5.23 7.85
6.0 [4.71 §.279  |9.42 4.7 6. 29 9. 411
8.0 |6.28 8.372  [12.56 6. 29 8.375 . 12551
10.0]7.85 10.466  J15.70 |78 10. 45 15, 70
5 447 Bt
o g ©75 D100 ©150 ®200
0.1 0.236 0.314 0.471
0.3 0. 707 0. 942 1412
0.5 118 1.57 2. 35
0.8 i.89 2.52 3.7
1.0 2. 36 3.14 4,71
2 2.83 B 5. 66
1.5 3.53 4,71 7.07
2.0 6. 28 9. 42
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Ah sk

\
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TR VLI RERR-E R

4 >

PR TSRS

wgppg | wgpy |FONR] DRE G BARECEMD) AR
(km) (CMD) | ¥ 4 |43 ik (%)
%1% 96.11.12 |1 647 (941)] 1588 1581 59.2
%2 % 97.3.24 1 639 (30) | 669 667 4.5
% 3% (911)
%4 %
% 5%
% 6%
() P2 #kF L EKEEY LR LR
I
Y 2 o AT AR Bk B
A | PP fg,/,;f(kgg;; Pt (i 4;) (i%mjz) g em) (@ﬁﬁ)
1-1 97.2. 2.0 3.5 PVC | 150 | 0.15 15 239
18
1-2
1-3
1-4
1-5
1-6
BikhE%
o B2 oy E R FRkE
;ig}%’ P8 ,f%w /;w (cnf)ﬂi ¥ (@ﬁﬁ)
IDO9700077 | 97 2 18 BT 12 FiFHRE 199
I 4
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442 5

AR Kok

Pl REREE R

A4 A

IR EF ORI DR F R R
a%aw.wmﬂo
#-k & (CMD) .
WHAEE | P Y | 3 LE(CMD) ——— £ &5 (%)
PREEL (RFa
1= 961221 2991 4332 -30.03
©% 2= | 970409 2667 3895 -31.52
©% 3= | 970604 2818 3739 -24.64
¥ 4= 970811 3198 3782 -15.44
5=
¥ 6=
ML EARP EREEERG P AR Ko F 10%M T FHS -
i St
-k & (kg/cm? i S m o | L bogU e HEE | Bk
i o R P | s | Al | (G
N0970020
1 97/5/21 | 0.6 0.8 | pvep | 125 ©15.2 38 ©737
1-2
1-3
1-4
1-5
1-6
I I HEAS GG R T RAS B 2 R RRR EBERY
BikEx i
HEEE | aw | mkene ﬁ«ﬁ?}'¢§*& iy | EEE
NN s | A | FEsEs 1 | 07137

L L HR C S i kg THBA R

i3 R R R
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% 4-3

1% A

EBpE

E IR

29

B REE R

RIS R e A
: 97/11/11

A 17 4

’—*’—’kﬂ(CMD) .
WHEEL | P Y | 42 E(CMD) A 305 (%)
? maRd | RF R
$ 1% | 96.09.27 49.7 213.13 76.66%
2% 96.11.27 48.9 186.9 73.82%
$ 3% | 97.01.27 81.5 172.43 52.73%
$ 4= | 97.03.27 59.9 109.67 45.35%
% 5% | 97.05.27 66.8 92.98 28.11%
©% 6= | 97.07.27 49.6 65.48 24.25%
©% 7= | 97.08.27 49.6 56.33 11.95%
% 8% | 97.09.27 40.8 45.17 9.67%
$ 9= | 97.10.28 40.8 45.03 9.40%
%10 | 97.11.10 40.8 41.00 0.5%
R E RRP ERFIER RG] P L R e F 10%MT FES -
e St
-k B (kg/cm? ) 5 m s E | mo g
HRAE | p ﬁ;?gﬁ@% 8 $£3 ﬁt;? gmm @ﬁ&
1-1 96/8/22 | 5.9 6.0 |Pvcp| §80 ©0.7 8 ©126.3
1-2
1-3
1-4
1-5
1-6
I I HEAS GG R T RAS B 2 R RRR EBERY
SRk e
%ﬁgﬁ Bk 20 %«&?}'ﬂmgﬁ IRy @ﬁ%
OO0 1960822 | FEdRE | 120em | BE | 12636CMD
1-6 97.07.27 | # RSk | &%+ 2 24 CMD

L L HE O i B Ah T HAA b
W3R T
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1 4-4

e &R koK

2,

L S AN S LD
B8 p ¥ :97/11/10

AN

GOE S KOS RO

cpta | vspw | pLEEMD) B OMD) g,
PRAA (RFMR
% 1= 97.05.13 2323 2648 12.27
% 2= 97.05.24 2323 2533 8.29
I FEARP G RS0l T LB F e E 100607 FHEA -
A St
SRAR | P kB (kg/em’) s | BE | KIS | HFEL | EKE
Wiz a | Wit | (mm) | FR(cm) B (cm) | (CMD)
00700642 | S B0 1 22 fﬁ; 20 0.5 3 38.45
E09(7%)o)643 %(9)08/05/ 1.8 2.1 ﬁg’ 20 0.5 3 32.12
EooT00644 | 19 | 1 20 | £7 | 20 05 3 30.82
E09(7?)(;646 %(9)08/05/ 1.8 22 3; 80 0.8 8 90.05
B09700647 | 19 | 17 20 | EY 20 0.7 8 64.28
Eo9(7?)8648 %808/05/ 1.8 2.1 3,; 20 0.2 3 16.74
E09(72)(§649 %(9)08/05/ 1.7 2.0 ﬁg’ 20 0.5 3 30.02
E09700650 | 19> | 17 2.0 3; 20 0.5 3 32.12
18
R09700651 | 19 Ave 23 3; 20 0.5 37 | $367
Bik%E
HERE | pw sk | kR BERE favhs
sRo9700822 | 20080522 | At HE7 38.45
sRO9700824 | 20080521 | A HE3 2 32.12
8R09700832 | 2008105/23 A "3 2 30.82
8R09700831 | 2008/05/19 A HE3 2 90.05
8R09700820 | 2008105721 A "3 2 64.28
CROS00g2g | 200800519 | Al . 674
8R09700826 | 2008/05/22 Ak HE? 2 30.02
8R09700825 | 2008105122 Ak "3 2 32.12
8R09700823 | 2008105719 Ak HE? 2 32.12
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245 LA RR2P ) RERSERPAME
TR LA ARG SRR A R
BB p ¥ :97/11/10
-k £ (CMD) .
WHERS (¥ PE | 2 AE(CMD) ——— N A 3 (%)
PREEL (RFa
% 1= 96.10.04 1575 2606 39.57
O% 2 =% 96.10.29 1575 1963 19.77
O% 3= | 96.11.27 1575 1733 9.15
WL FEARPERECERO P LB F o E 10%0 T FH I .
A e
k& (kg/em?) FE | BkItw e E | iBKE
Fi3 ,-}E\(I‘%D;u ﬁﬂ %5 jé_ ?:_. Y f‘& s L
W g Wiz s | K rs P (mm) | (Cm) E(cm) | (CMD)
* (1) 2007/10/2 2.8 3.0 3 16 0.2 2 5.2
CE09601029 | 9 4
* (2) 2007/10/2 2.8 3.0 3 20 0.2 2 5.2
CE09601030 | 9 5
* (3) 2007/10/2 2.8 3.2 3 20 0.25 5 9.94
CE09601031 | 9 %
* (4) 2007/10/2 2.8 3.0 39 25 0.2 3 5.2
CE09601032 | 9 #
A (5 2007/10/2 2.5 3.0 3 9 20 0.25 6 9.94
CE09601033 | 9 #
H 6 2007/10/2 2.0 312 3 9 20 2.5 12 451.01
CE09601034 | 9 #
® (D 2007/10/2 2.5 32 # 5 120 0.8 8 130.1
CEO9601035 9 5 Y616.6
‘ﬁ“j’- r' Plv'-" 3”‘“ % [ i:‘?_
TR St
HRExid y oL ag s N BEIRER ok E
=7 BRIV | BRKR T B =
(D 2007/10/29 B AT 5.2
8509602388
(2) 2007/10/29 e QL gprep 5.2
8509602389
(3) 2007/10/29 s BT 9.94
8509602390
(4) 2007/10/29 T B 5.2
8509602391
(5) 2007/10129 | Hw A5 E A 9.94
8509602392
(6) 2007/10/29 e QL pprep 451.01
8509602393
(7 2007/10/29 LIS e R 130.1
8509602394
ML L HAR R G R 3h THBR R ) T RRRE S50 2 3




246 S RK2T ) RFREERFLOKE

)% M BRSO
B9 p ¥ :97/11/10

. . #-k £ (CMD) .
WEAER | VEPY | HLECMD) [ — — £ &5 (%)
BRRA (AR R
¥ 1= 97.6.1 525 632 17
% 2 = 97.7.10 606 655 7.48

s 2

ML EARP EREEERG P AR Ko F 10%M T FHS -
i St
, B 2 e .
s | gy | Ekegom) ggp | B | kI | ARE D AKE
s Tl | Ko ~ | (mm) | #(em’) | E(cm) | (CMD)
(1) 2008/06/ | 2.0 2.3 Ly 25 0.2 6 3.98
E09701070 | 27 B
(2) 2008/06/ | 2.0 2.2 Ly 20 0.6 8 11.73
E09701086 | 27 B > 14 > 15.71

ML HBER R R A HAL B2 R R WA 2R

P e
%2 SRR = A o E FHKE
LR Py ks fmk | BEER L | BER
(1 2008/06/27 ol B2 3.98
8B09702766
(2) 2008/06/27 AESY H7? 2 11.73
8509701286

ML LS B R TS G e T HBAR o)
3 38 R ¥
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% 4-7 o &p KoK

A

FEREENPLFL

F‘% pap 97/11/11
#-k £ (CMD) .
CHAE | Py | H2E(CMD) —— £ 5 5 (%)
Y AETY
©% 1% | 96/10/20~96/10/27 773.571 1,877.429 58.80
©% 2% | 96/12/3~96/12/19 338.438 616.5 45.10
%3% | 96/11/22~97/1/21 789.083 1404333 4381
% 4% | 97/425-97/4/28 789.083 1,024.666 22.99
%55 | 97/3/24~97/5/22 785.254 1,058.559 25.82
%65 | 97/6/18~97/7/30 785.254 868.084 9.54
AL ERRPEFEEL RO P LR e 0% T HES -
a %
spns | oy | < Ekgem) g | BE | KIS | HFE | EKE
’ g | i (mm) | ##(em) | A& (cm) | (CMD)
I-1 96.11.12 | 05 06 | % | 80 3.0 83.72
12 96.12.10 | 03 0.6 ?B‘ﬁ 24 40.18
Ave. 0.4 54
GE=RIR 5 - Ak lﬁ%r“’ﬁﬁ'%‘u Bole2 '] RWe 2 LERY
BikEx e
HEEZS L pw ke wkan | 2EER ) ap | AR
BSO(916_(;§042 96,1113 e 87.32
350?16%303 96.12.10 £ 4R s 40.18
I L MR NS G edp THEASL ) e T ARRE H] 2 ik

Wi R 5
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% 4-8

IR TN

1% EAE B RBTRAR R

[ % E gt B A4 4

B8 p# :97/11/10
R shp B SR &k £ (CMD) £ R %
5 (CMD) CELE AL (%)
%1% 96.11.14 623.9 829.9 24.83%
52 % 97.01.14 563.0 760.4 25.95%
% 3= 97.03.17 590.9 888.5 33.49%
OF% 4= 97.05.14 571.1 864.4 33.94%
0% 5= 97.07.14 625.2 907.2 31.08%
% 6= 97.09.11 564.8 859.8 34.30%
748(97.10.15) | 593.0(97.10.15)

HERE T HE R

EHRFERAG > 2 LR 5o F 10%UT FHEF -

d &t
S B 5 # B (kglom) gap | FE | RKSE | AR R KR
s R fx;, Wl ig1a = (mm) | #(em’) | E(cm) | (CMD)
1-1 96.1224 | 03 1.00 | PVCP | 20 0.03mminl — 134
N09601108
©4-1 97.05.21 | ©0.30 1.00 | PVCP | 20 ©009 | —— ©3.66
N09700197
©4-2 97.0521 | ©0.30 1.00 | PVCP | 20 ©0.08 | ©1.34
N09700198
©4-3 97.0521 | ©0.60 PVCP | 65 @009 | - ©3.07
N09700199 Ave. 0.4 $0.26 2113
6-1 97.10.15 | 0.60 PVCP | 40 008 | - 2.40
N09700750
6-2 97.10.15 | 0.30 IR 20 009 | — 3.66
N09700751 B2
6-3 97.1022 | 0.80 PVCP | 80 009 | — 3.07
N09700774
SRk E
3‘]’}@—0— 1= _ﬁ SE Sl 2R (e N-2A0 }— ¥ if':’_ 5 /;g‘}i 1 /%’J(—E
C609602602 | 96.1225 | “ra-ttam | Xt & | | - 1.34
(1-1)
C609700844 | 97.0521 | “ra-+tzm | Xt e | e | - 3.66
(4-1)
C609700845 | 97.0521 | #&-t&s | HF* 2 | — | 1.34
(4-2)
C609700846 | 97.0521 | pe-kg-fe | HF* 2 | - | - 3.07
(4-3) kE
C609702194 | 97.10.16 | “F&-+ta | Xt & | | - 2.40
(6-1)
C609702195 | 97.10.16 | ‘ta-+tzm | Xt & | e | - 3.66
(6-2)
C609702275 | 97.1022 | pekg-fe | X K& [ | - 3.07
(6-3) kE
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249 S RK2P L RFRSERPLFEL
TR AL RS ) R
i?r"ﬁ; p #F :97/11/10
LU )% )8, B ok EL CMD ¥ L 1L &
H 4P g DAL | #kE(CMD) EE
5 (CMD) BIRRE Z 5 (%)
¥ 1= 96.09.17 3155.2 3785.7 16.65%
¥ 2% 96.11.17 3304.6 3917.5 15.65%
¥ 3= 97.01.15 3073.0 3643.0 15.65%
5 4 =% 97.03.19 3001.0 3738.6 19.73%
¥ 5=% 97.05.16 2916.6 3474 .4 16.05%
O% 6= 97.07.15 3143.2 2869.3 © -9.55%
4150(97.06.16) | 3987(97.06.16)
O% 7= 97.09.15 3275.8 3486.9 6.05%
WL EARP EFF RG> 2 LR FC E 0% T FH
d &
, K Rkglem’) | o | F i HAEE | mkE
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