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Abstract

This research is focused on water mains of Taipei Water Department (TWD)
subject to issues of water qualities, corrosion-proof, earthquake resistance, and
pipe-laying, mainly relating to the ductile iron pipe which has been widely
adopted in the Leakage Control Project of Taipei. This paper comprises of
world-wide case studies of cast iron metallurgy, leaching of lining, network
chemical stability, earthquake-proof joints. Referring to lining, by pull-off tests
to establish an allowable strength for FBE, by leaching tests to identify
Emerging Contaminants releasing, by drilling tests to improve drill bits suitable
for FBE, by EPANET simulations to depict TDS risings from cement mortar
linings; Referring to earthquake proof pips, by introducing the very first NS
pipe-laying in Taiwan to formulate the strategies for further adoption of
earthquake resistant joints; Referring to in-situ application, by reporting flexible
stainless steel joints of crossing tasks & HDPE of hot spring to share our
techniques with other utilities, then we conclude a strategy of water main
selection for different scenarios.

To improve the chemical stability in the network, avoiding cement lining
from leaching & in order to increase the adhesive strength of FBE, this research
has conducted a global leading experiment with more than 300 pull-off tests and
has suggested a standard of allowable strength for inspections and acceptances
which will be carried out by TAF accredited labs.

Under the threat of liquefaction & amplification due to soft soils in the
basin, Taipei is always keen to enhance its earthquake viability of water mains.
TWD is the second utility around the world introducing Japanese
earthquake-resistance joints (NS type) right after Los Angeles Department of
Water & Power(LADWP). This paper reports the very first adoption with
pipe-laying procedures, adjustment of JWWA codes & specifications, education
of piping work, and alteration of fittings from NS to K type and concludes a
domestic manufacture ourselves is the key to cost-reduction.

Referring to coping with the underground barriers in pipe-laying, this
research introduces several feasible methods in accordance with in-situ
conditions, suggesting suitable piping materials & technologies. Those efforts
can increase the efficiency both in construction manners & pipeline networks.
Thanks to the participation of utilites & manufacturers, we are confident the
outcomes from this research shall be an useful referance for utilities.
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cl cicL | cicL | o [T} AC AC FVC €l | cicL | cicL | DI o AC AC PVC Cl | cicL | cicL | DI AC | Steel | Conc
(LSL) | {SSL) | (LSL) | (SSL) | (LSL} | (SSL) {LSL) | (SSL) | (LSL) | (SSL) | (SSL) | (LSL) (LSL) | (S5L) | (LSL) | (LSL) &
PCCP
<6 Inch diameter 6-10 Inch diameter >10 Inch diameter
1870 | 100% 100% 100%
1880 | 100% 100% 100%
1890 | 100% 100% 100%
1900 | 100% 100% 100%
1910 | 100% 100% 100%
1920 |100% 100% 100%
1930 |50% |30%  |20% 50% |30% |20% 50% |30% |20%
1940 |20% |60%  |20% 20% |60% |20% 20% 140% | 20% 20%
1950 B0% 20% | 20% 60% 20% | 20% 40% 10% |20% |30%
1960 50% 10%  120%  |20% 50% 10% | 20% | 20% 35% 5% 10% |20% |30%
1970 20% 40% 40% 20% 0% 40% 50% 20% |30%
1980 25%  |30% A5% 25% | 35% A0% E0% 15% | 25%
1990 50%  |5% 45% 0% | 5% 45% E0% 15% | 25%
2000 55% 45% 55% 45% B0% 15% | 25%
2010 55% 45% 55% 45% 60% 15%  |25%
2020 55% 45% 55% 45% B0% 15%  |25%
2030 55% 45% 55% 45% 60% 15%  |25%
Steel and PCCP pipe not in widespread use in sizes under 10 inches.
CI- cast inon; CICL cast inon cement lined; DI ductile iron; AC: ashestos cement; PV polyviny! chilonide; PCCP: prestressed concrete cylinder pipe
¥e = L W 55 z - > /1 L 2 2. 2y 2 .
"E RO e I8 LAEE M P 1870 A 0 9F 7 $]2030# 0t b
cl cicL | cicL | o o AC AC PVC cl cicL | cicL | Dol ol AC AC PVC Cl | cicL | cicL [ DI AC | Steel | Conc
(LSL) | {SSL) [ (LSL} | (SSL) | (LSL} | (SSL) (LSL) | (SSL) | [LSL} | (SSL) | (LSL) | (SSL) (LSL) | (SSL) | (LSL) | (LSL) &
PCCP
<6 Inch diametar 6-10 Inch dlameter >10 Inch dlameter
1870 | 100% 100% 100%
1880 | 100% 100% 100%
1880 | 100% 100% 100%
1900 | 100% 100% 100%
1910 | 100% 100% 100%
1920 | 100% 100% 100%
1930 |50% |30%  |20% 50% |30% | 20% 50% |30% |20%
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2000 50% 50% 50% 50% 60% 20% | 20%
2010 50% 50% 50% 50% E0% 20% | 20%
2020 50% 50% 50% 50% E0% 20% | 20%
2030 50% 50% 50% 50% E0% 20% | 20%
Steel and PCCP pipe not in 0 use in sizes under 10 inches.
Cl cast iron, CICL: cast iron cement lined, DI ductile iron, AC: azhestos cement; PV polyvimyl chiloride, PCCP: presfreszed concrete cylindsr pipe
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22-1 AL ERERE S RBREEZEF 22 kg
Documented Documented Damage rate
length incidents number
(km) (number) per 100 km
Castiron pipes 21173 5658 27
Ductile cast pipes 13958 375 3
Steel pipes 4799 1602 33
PE pipes 1350 250 18
PVC pipes 4072 183 4
Galv. pipes 2267 503 22
[ Total | 47619 | 8571 | 18 |
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Aluminum Composition of Common Cement Linings (% as Al,0;)
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3.2-3 W A N5 B T SRR AR Bk

1,1 — dichloroethene

ethyl benzene

3-methoxy-2-propanol

Ethylhexanol

4,4-methylenedianiline

isobutyl acetate

Benzaldehyde — “aldehyde”

isopropoxy propanol

Benzidine

methylisobutyl ketone

benzyl alchohol

n-butanol

bisphenol-A — “phenol-like”

n-butyl acetate

bisphenol-A diglycidal ester

Nonylphenol

bisphenol-F

Phenol — “phenol-like”

Butoxyethanol

Styrene — “sweet”

Diethylenetriamine

Toluene — “sweet solvent”

diphenyl ether

tripropylene glycol

Epichlorohydrin

SR v A ekt R

HEWE e 3 0 LRI ek O
VBT et kgde o BRI

FoA s g R
’E‘r:ﬁ:—%ﬂ }a # 8 (TOC) ~

e FER LFFES ]
TR ARG

b

YRR R SR A TR 0 e -

Bovt & MR oo B BT BT S v AL B R hE M2

Mm‘&fd’&§ﬁ%W%ﬁ&&%o
AW B 5 o AZHEI0% e § ~ 13%F R A Y - TAR4EE

BRAS RS Ml Rl - 0 S MAEE W i A S S
SRR > BRFRT 0 g WA RN ERA

£ F12-37 >

47

EXE: R IRLE S AN
IR R A
L35 5 4 (SVOCs) € 4o iz 1 L B > ¥
¢ 42k P ' 3 &4 (Chlorine) ~ % "%(Chloramine) » H @ x 0 & j 4= e

EICN=7
£ B 24 BE IR o AL AR i



aac¥eaa eVsng

B12-37 T § 75 (1 el B8 it D ERA(T) Y

BERAG St R vV TR R FF 2CODE S KRR APMT -
A FBPA) e B s iuveck 0 B2 S B HREF R A E
BPAZ 2 5 ~ 59~y ~ A A RA PGB 2 AR S RREE R
FEF o Bk iEEF. S SR L E S H > NSF-61 gk ¥
kR 501Img/l > B P eh=® p @t £ (Tolerable Daily Intake, TDI) 5
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Poel

72-Hour Epoxy Resin Leaching Results

Coating BTEX (mg/L) TOC (mg/L)
Epoxy 1 13.2 166
Epoxy 2 49 34
Epoxy 3 48.0 279
Epoxy 4 0.2 345
Epoxy 5 25.6 143
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FBE BHfE #WAKE FBE
FBE Coating iME Steel Pipe
PE/PPIIE HZIERE PE

PE/PP Coating M Steel Pipe

F#sE  Adhesive
M E FBE

RESHBENRE

Liguid Epoxy Coating

MER Steel Pipe
MiERE  Liquid Epoxy

BEFEE  Conerete Layer
[HEERE  Anti-Carrosion Coating
e Steel Pipe

IKiEECE IS fE

Concrete Weight Coating

WZEE  HDPE (High Density -
Polyethylene Pipe)

WAk End Seal
{®iRE Polyurethane Insulation Layer
I Steel Pipe

REBE

Insulation Coating

MEE  Bitumen
ME Steel Pipe

hE bz

Bitumen Coating

Steel Pipe

m 5 mﬂ% o

F12-39 ¢ P4 Hsk= dennand (g 2P &l RA R

IKEBEfE

Cement Lining
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BRIk A R AT TR M AER E R iﬁ%}ﬁFick’s Law
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FBE Shrink Sleeve

® Current reaches water ® Current shielded from water
e pH raised >9 e pH remains <9

* No significant corrosion ® Corrosion

* Non-shielding e Shielding

BI2-42 BRI AEETRT I im0 > EARIBEEW L FLY

Pt 1 2-layer*
Abbreviations FBE

FBE: fusion bonded epoxy PE: polyethylene ceeee

PP: polypropylene HSSs: heat shrink sleeves ""3layer PP Third .
generation

" 3-layer PE ¥

Second
generation

Single-layer FBE/
multi-component liquid coatings

! Cold-applied tapes/HSSs s

Single-and 2-layer PE
First

‘ generation
| Asphalt "

Coal'tar enamel

f T T T T T T 1
1940 1950 1960 1970 1980 1990 2000

B2-43 473 7% & Hoarige®
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K3F 55 T & TR FH > LA g K
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BRSOV OREEE 2 R

.72 % 748 (Total dissolved solid, TDS) : % ik A& c7TDS*; 7 4 * -k v
ERESL igpﬁﬁ]ﬁo}\rg@tsz"}rh&z\g_i RS RO e ¥
s HIREY PR REFCRER A RIS E

A B (Hardness) : 45454 § % 7% A & f % -k (¥200mg/L as CaCOs.
) B BRI B s A R K 100mg/L o frr 3 B R R E R
SBE FLAT 0 BT N ARLE 4 M R

% 7 B (Conductivity): 58 E T B T2 558 111 3 2|97 3t BB H
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B2-44 & 57 R R AVRE AR S e( L) e ()P

FREATSE Edpth © LB fET T AR E 2 g2 S 0 Bilde
Langelier4z fvip % * LSI = pH-pHs

Ryznar#& ¥ 45 #  RSI = 2pHs-pH

Puckorius % #5345 #ic © PSI = 2pHs-pHeq

Millette & 4 3 %< © Al = pH+log(Ca*AlK)

Montgomery g fi 4% 77 ik (-4 45 #i © CCPP =100([Ca”"];-[Ca’ Teq)

# ¢ pHy5 k¢ CaCOs 3 £ i E%ﬂﬂﬁwﬁmHﬁ’*ﬁﬁér&&ﬁ

éf?'f‘-"ﬁ’;%)iJ’ LS|‘RS|‘PS|‘V'3§?*;T' pHm APV B ) .»»gj-_}\ B 4o
1o (PR PAAT PR TR B R 2T ) ¢

I 2 B
T 734+ CaCOs() + Hagy= Ca™ ey + HCO3 (g

,,,,, . [Ca®*]-[HCO3]
.‘]: ‘]" . K:
B 4 [CaCO3 (S)]-[H+]

» F]EREE B R [CaCO3<s>] =1

K= [Ca®*]-[HCO37]
[H']

I D E L PR

58



g s R=LCTICOT_Meos) L
: [ cos] P K
Ko » BLFLAT 703 B AR ~ Koa BLEL & 1R ey - R8T iy #ic

o Ko [Ca®T][HCO;]
K [H']
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T

X

ERERS T3

N

U longp—10gK2=10g[Caz+]+10g[HCO3']—10g[H+] » * p=-log -
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e 5 1 —pK,+pK,=-p[Ca’ -p[HCO; T+pH » 4 if % T f=pFpH=pH, > @
—pK,, ~ pKo@ 5 &8 B ~TDSE R § B 7% > 1219.3+A+BB~ 1% » ¥ p[HCO;'] 3
P L FER > TS kA 0 p[AIK]E- R 0 2 (8 BFTR N 3 f I (5 5 18 3
pH,=9.3+A+B+p[Ca” T+p[ALK]....veeeeeeeeeren, (1)

A= (log [TDS] —1)/10

B =—-13.12 x log (°C + 273) + 34.55
P[] E o Emg/l o st K EpHs 0 % R BR R T R sk 7 #TDS -
Ca® ~ AIK= 35k & r2jf 23 N o

AA);N EpHeshHE P - BA S TREBARKERE S DANBE

FAWWAE 3% % 40 7 H 5 35 = 694558 o i@ * LS|~ RSI ~ PSI% 47 80 Bodf
¢ T} REPH, o RS G A ;a;ﬁ[44]’$is:] “p) {8 'E:‘}""iﬁ
EddciE o T RAPN L PER o

‘~\¢k

LSIZ RS ¢ i%4p iz > 85 % FlpH2 pH; > LSIE Langelier 1936

—

WhD Bl @M (8 RFER* {81944 F Ryznarse b 7 - &

g ARSIy {a F RISk IR 5L 85k o538 o 2 {4 Puckorius>t1990
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daapHGt B ok 2 2RTDS - Ca” ~Alk» # RHRER AL 0
i KRB FLAT te fofitdk B 0 B4R A 3 > Millette>-1980# 4% 1 { f§ ¥ 1
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Pluris Water "after" softening: 43 ppm Alkalinity and 8.1 pH

¥

10

Pluris Water "before"

Scale (Calcium) - forming ] Sottentivg: 220 ppr

Alkalinity and 8.1 pH
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fit o @ Lrpsien#E I H 2 E R F T i Borh § 5 11450 4 ¢
#& 3% = MPa -

DNV #FRE g RUE300 § 85 0 h3vp e v Asp 38 2 £ & > Fpt
MG RN ETER R F o EER B3 4L 0 £ 2-55 DNV Columbus Inventory =
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Ve R 0 BARAAT P LR 0 Foeh B4R PF I P1004) 52 L% (No
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£2-5 1 20 AL P AR b 2 duhd s
Table 1. Results of Pull Off Adhesion Tests on Pipe ID FBE # 3

Dolly # Dolly Size Location Strength Epoxy Type Failure Type
1 14mm Flat Surface 1735psi Huntsman 8595 No Failure
2 20mm Flat Surface 3302psi Huntsman 8595 No Failure
3 14mm Flat Surface 3620psi Huntsman 8595 No Failure
+ 14mm Flat Surface 2142psi Huntsman 8595 No Failure
5 20mm Flat Surface 6632psi Huntsman 8595 No Failure
6 20mm Flat Surface 2680psi Huntsman 8595 No Failure
7 14mm Flat Surface 3388psi Huntsman 8595 No Failure
8 14mm Flat Surface 3028psi Huntsman 8595 No Failure
9 14mm Flat Surface 3734psi Huntsman 8595 No Failure
10 20mm Flat Surface 2518psi Huntsman 8595 No Failure
Table 2. Results of Pull Off Adhesion Tests on Pipe ID FBE # 3
Dolly # Dolly Size Location Strength Epoxy Tvpe Failure Type
1 l4mm Flat Surface 2376psi Huntsman 2022 Coating Failure
2 14mm Flat Surface 3497psi Huntsman 2022 Could not pull off
3 14mm Flat Surface 4144psi Huntsman 2022 No Failure
4 14mm Flat Surface 2768psi Huntsman 2022 No Failure
5 14mm Flat Surface 3618psi Huntsman 2022 No Failure
6 14mm Flat Surface 2124psi1 Huntsman 2022 No Failure
7 14mm Flat Surface 3510psi Huntsman 2022 Could not pull off
8 14mm Flat Surface 3820ps1 Huntsman 2022 No Failure
9 14mm Flat Surface 4218psi Huntsman 2022 No Failure
10 14mm Flat Surface 1500psi Huntsman 2022 No Failure
Table 3. Results of Pull Off Adhesion Tests on Pipe ID FBE # 11
Dolly # Dolly Size Location Strength Epoxy Type Failure Tvpe
1 14mm Flat Surface 1131psi 8595 Adhesion Failure
2 14mm Flat Surface  2892psi 8595 Adhesion Failure
3 14mm Flat Surface  2436psi 8595 Adhesion Failure
4 14mm Flat Surface  2176psi 8595 Adhesion Failure
3 14mm Flat Surface 1272psi 8595 Adhesion Failure
6 14mm Flat Surface 1558psi 2022 Adhesion Failure
7 14mm Flat Surface  3336psi 2022 Adhesion Failure
8 14mm Flat Surface  3092psi 2022 Adhesion Failure
9 l4mm Flat Surface 2118psi 2022 Adhesion Failure
10 14mm Flat Surface  4088psi 2022 Adhesion Failure
11 14mm Flat Surface 1466psi 2022 Coating Failure
12 14mm Flat Surface  2454psi 2022 Adhesion Failure
Table 4. Results of Pull Off Adhesion Tests on Pipe ID FBE # 12.
Dolly # Dolly Size Location Strength Epoxy Type Dolly #
1 14mm Flat Surface 1284psi 2022 Adhesion Failure
2 14mm Flat Surface 2720psi 2022 Adhesion Failure
3 14mm Flat Surface 2562psi 2022 Adhesion Failure
4 14mm Flat Surface 2364psi 2022 Adhesion Failure
5 14mm Flat Surface 2576psi 2022 Adhesion Failure
6 14mm Flat Surface 3278psi 2022 Adhesion Failure
7 14mm Flat Surface 2982psi 2022 Adhesion Failure
8 14mm Flat Surface 952psi 2022 Adhesion Failure
9 14mm Flat Surface 1344ps1 2022 Adhesion Failure
10 14mm Flat Surface 2308psi 8595 Adhesion Failure
11 14mm Flat Surface 1916psi 8595 Coating Failure
12 14mm Flat Surface 3256psi 8595 Adhesion Failure
13 14mm Flat Surface 972psi 8595 Adhesion Failure
14 14mm Flat Surface 1776psi 8595 Adhesion Failure
15 14mm Flat Surface 1806psi 8595 Adhesion Failure
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Surface

B2-63 ¥ B A4 chgp e biis 4 M

Tension Compression

r R 4 Al

Pipe
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A. Axial Deformation Along Pipe
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Curvature

Negative
Curvature

B. Curvature Deformation Along Pipe
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Urban Area Water
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Days Following Earthquake
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Situation of restoration for water supply damaged by the Great East Japan Earthquake
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Koo BEARAE IR A EI S > WIRGRRY T TR B R
FamoEok o REFFRREHREE R A 0 B TTRAGPEF IR it T
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T — L £ R O%EH300mmDIPR #54

@41 #3500mmSPiz i #5t
et g PR » 400mmDIPAg 3
% 1§I415J’5K7§1 \Iiﬂ @y LiFKENTL
l'rﬂ'lli/%ﬁﬁggﬁrﬁui% FolraNC
@ LGB EL
fHaneR 5115 600mmSPR 3%
@84 %% 4400mmSP
2RETH - 1TRBR
SREAEHOMRHER @ & 474 3%200mmCIPH7 &
BEHMTEHOHRKER @ ¥ £ %400mmPSCPH#f &
@it RIGMBF &

BEHREAXMFAthRER 200mmDIPR &34
. OE L E R — B3k
TEEXIEREB R \o / 150mmDIPR.#3& -
' 5T 4 4535 5@

B d

BI2-77 723E206% B3 & fio KRR 8 B0 k4 B At i)

ity Raldssk ok TARE N ) hisd o B AT O B ETE A
TALEF RN E  Hapd2 £ F 54 goldedid AR ERUTERE

gy B oo EALA L P 0 TR R o e FEA Y OmEATIS L BH
%ﬁ~ﬁii£ﬁﬂoiﬁé@@%iﬁ@&%%ﬂﬁ%%ﬁ’ﬁkﬁﬁ
METH KA IS B A A > ZER2-T7 0 3F 5 p RORERAR IR > 35
AR F S FUR RS B LF~ 7 :l%-g AP E o B p o B
%@ﬁﬁﬂﬁi%%\ﬁ4ﬂ&@’ﬁﬁfﬁiﬁﬁﬂéﬁﬁ~@ﬁﬁ&
AN G AW o v RATI L EE R T g ARG L phe $A 8%
e AT 8 B 500mmd F hdhe R R IRBRE IR FHREY 2 RK
FER2-78F > A Bl T 2 A B EP AR E 400mmdE B R 0 F S E
ok chghe 54 B0 - BAKRER B E R RSESF L AR RS EL o

4 TR ek B s ARR(W2-T9)T F B BB A 2 15 Bk
Bd B ATFEFBTFCMD > EHFE = 71255 CMD » 3 4 944% » B2 75 &
BAEAEOEER > 2014 A BIFAB L T IR ER 0 ERARE
BEUSE BT ERY LT EERELKE PG FIRRE FHRRY
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1727 28 flerk BAENAE R ek B0 10440 3 R 5T 15%
% FRR o

dOHEE R A PRGN AR RNE R d N H RRICER
5%§%ﬁﬂﬁéﬁ%’é%$i%?ﬁmﬁi%ﬁﬁﬁu“ﬂ% 5
e Kﬁ%l’f%ﬁ&? TSR A ﬂﬁ? j%? ;;éz,vc,‘»]{? % X

W E MAE WS B L B RRE- AN IR AR AT R g T
Pl B i EJP i éﬁfﬂ:;é i ehit BAkER 0 T ¥ %§ﬁ°? MRHeimE L FT F

BI2-78 oH206% B 4 cifie Kizd sk 0 BUR(S k4 B Ak )
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B2-79 1-i2068 BiR- K ERE RS ARB S (5 k4 %k &)

20144 H g poha B 12014287 24p g 4 R H6.0 B 0 g = West
Napa#rhy & So3 2 g5 6 » 2297 R 2 - BETE > Bos hd 6 450 4 o
b PR R L1022 > ok A v W85F 4 0 » B S B hp kR F A
oo Bk kAR T B E2000 £ £ - 4

PR EESE P F AR SR N E s B Rk RN
7 1001 » i BERIEW2-80 350k A L K Ak L mt R 2 B AR o

\ﬂ?

b & % % 5 1950~1960 3

SPH 2R o G Brown Valleysid % # AU AT 230 E E e v 4R
o P RTR EEBREEEE F 1002 0 ¥ RRAB Y NP B RE

R E227 o GRFR 2 Bt 0 Rty 0 1 EREH KL

@ £ Browns Valley { E %1k e > > b B3 TTA 2 Ky 2
BLE D SRS 6 ) LT ERAZRERE - AP 0 A
PRBRSEORG LU R T 2 - R
F- EpEYE TER ) (Creep) TERFIIT AL
PN RIEE T I07T B napanE 2 E Ba L RARF 4 > 2015 B 4 15
=t o B2-817 0 b B {8 B 4 B chPostseismic slipa &

F @
FEAREENOT > RF LR AL R REFER 3R

=
lka
S
7

Ik
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BRI A ERABE

B - E{SEHE L 62 2 enCA Highway 12:8] =5 »

2

) FERI2-820 B E T B AR L 102 T ik

=4

T

{ #i350cm > Flut R INA AR FEHN o AT 2
SR b TRk F APF R T @ R 4% 87 (Earthquake-Resistant DIP, ERDIP) -

€] Water Main Breaks

Asphalt Cracks or
Fissures

71 Potable Water Tank
Water Mains 16" and

Active Fault Zone
Boundary

USGS Observed
Fault 2014

Water Treatment Plant
o es 1 2

Miles

Larger e

®12-80 South Napa &z fie-k & ‘Rg %2 K& B
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38°15'N

2014 Surface Rupture
___ High coseismic, no to
low postseismic

Moderate coseismic, no
postseismic

Low to moderate
- coseismic, moderate to
high postseismic

Low to moderate
- cOoSeismic, no
postseismic

== Discontinuous rupture
—— Roads

0 15 3
L ——

Kilometers

N

B12-81 South Napas & 15 284 47k 3 5 5 i o+ 7

=50

5

Cuttings Wharf
Redwood Road
w
)

T
N
o

365-day postseismic

Surface slip (cm)

5
&
o

0 10 5
Distance NNW from epicenter

F12-82 South Napai £ 13 chdsf % & 3 & 5 2,7
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253 Rt BB ERERT Y
RABET P ABRE P RAY PR T G R AR HE T
FLLERFL iHREHBEFTARE F > WERE P AP PBE
ARG A&s R B 2 up Aad REHE B A HN
ARA IR X SR NTIR

# Wiz 1.8k T ke(los Angeles Department of Water and Power,
LADWP) & ‘5 % =43 % + B30 F » BiT— =X 5 1994 & RH6.7:07 fg = &
(Northridge Earthquake) » i =5+ A iz = > U4f £3p4&:E200/% % £ > £ Ap
Rok RS R 24,1009 % £ o 2 RER22%E 427 (91599 1) iRk o
6.78 A 2 B FERLE- T Mok B ~ 60/ b -k B iRk~ 1,013
fork ¥ ik k o e 2ok W200m 40 A4 E RLAE S > B
g ?. it Boae 4 155 0 LADWPF] P B 4efikdx * 28+ 220112322 @
2 ¥ & p % RCraig Davis~ 47 A P &~ » R P ~af & ¢ 1 i af > 2012
ER A A- BLOOOW % &emEyitd » ¢ FRFSE S KTVR P A
HEAp ¥~ s R ETY - AWWAZIWWAR Higrie 2 & > R M HFF
P F AT ePb R B o 302014 F gt 33 200 B it R E H 0 $2016F %
FRRHRE202 o F AT SERDIPH R F H I AP A A Ko 2
74 A& NS GXA| 457 4545 ¥ (F12-83) -

VSR T R d@RR L G iR A & d N ERY F R R
B p AR RS ERY P Achda R F o Biom P AT R E HONSER
BO.0eAg ~ = RokdE 0 ¢ MERERE o« BB RT s 2 F 55 d9 j
k% #4(Municipal Utility) » = 2 %71902# » d j2 4,57 Fofpre & F 4 7
£ dpind ik kR4 | ¢ (Board of Water and Power Commissioners)
PR TR REER > FHM A K BB T AR T B
H4105 4 0 A BEKST A- RS LR FULLADWPAE R ¥ E
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IR EER S TN

ORIGINAL PURCHASE ORDER

— DEPARTMENT OF WATER AND POWER
AT CITY OF LOS ANGELES
p = P.0. BOX 51111, ROOM 1114, LOS ANGELES, CA 30051-0100
| ITEM MO. | QTY / UOM UNIT PRICE |
N 2[marcs: a230e0 maTL CODE: 94sass0 A $216.00
EACH|PEQTY 2 s
SPIGOT & SOCKET REDUCER,
JOINT = GENEX
SIXE (MM) = 150 X 100
s 29|MAICS: 423840 MATL CODE: 9454250 EA $271.00
EACH|PEQTY 28 e
BEND,
JOINT = GENEX
SIZE (MM) = 150 (DIA) X 11 1/4 DEGREES
6 13[MAICS: 423840 MATL CODE: 9454950 EA $411 00
EACH|PEQTY 13 WACH)

DOUBLE SOCKET BEND,
JOINT = GE
SIZE (MM) = 150 (DIA) X 45 DEGREES

7 7|NAICS: 423040 MATL CODE: 9494990 EA $375.00

EACH|PEQTY 7 EACH)

DOUBLE SOCKET BEND,

JOINT = GENEX

SIZE (MM) = 150 (DIA.) X 22 1/2 DEGREES

(] 2|WAICS: 423840 MATL CODE: 9494990 EA $164 00
EAch|PeQTY 2 EACH

SPIGOT PIPE WITH FLANGE,

JOINT = GENEX

SIZE (MM) = 150

A 4[NAICS: 423840 MATL CODE: 9454950 EA $445 00

EACH|PEQTY & EACH

COLLAR,

JOINT = GENEX

SIZE (MM) = 150

19 2|NAICS: 423040 MATL CODE: 9494990 EA $354 00

EACH

2

DOUBLE SOCKET SHORT PIPE,
JOINT = GENEX

SIZE (MM) = 150

11 6|NAICS: 423840 MATL CODE: 9494990 EA $894 00
EACH|pEQTY & WACH
glslﬂ.[lﬂ SEATED GATE VALVE,
SIZE (MM) = 150

F12-83 & 15k T ALADWP3 & 4 o GX ~ NSA| A & 3 #

W2 R E 22 LSBT - o Y 2 FRE Y giTyton Joint »
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STAI4EEE > EB2-842 B > ZPushonf;t > 51 @5 T > RaT
At R AL T EAAL > BKAA R E B AR 0 L5 DR 0 FEEP ] Al
- I e SV P G LR (R S 2 S

(General JointJ | Earthquake-Resistant Joint ’
(Flexible Joint) (Chain structure Joint)

Rubber Gasket
\ Rubber Gasket Lock Ring

Spigot Projection

(= Expand No Expansion if <:> Expand / Contract
lock joint used
Deflect

@ Lock

Fl2-84 % WA asger p hat BaRe i vt R

] Deflect

i RZFS FPWHENVLAR T - KR A7 nfgd ¥ L3rph
TR Rtk R Ra g ur b RAFL S E e BH
RCEREREGe R T2 KA 22 m B L5 > 31 FRBEE- Bia-
B > A H e p AR RIBEAEL G R o § 2R P 1%
TP 2 R4 0 3 b KT R R R ) fL & 4481 ¢ (Chain Structure)
MY gdad ohaE BT ‘F"Hb i ‘“iﬂ

pPAIWWAR Z E MRG0 2 RMERT L EAWWAE H R

— A& R & MO 33 1 (Low Vulnerability) & +4 > 17 ¥ R 3|t & ¢ ch2R A o
P 2-6 0 uf R B CIxx i 7R & & 1 -K4E4% 57 (bell and spigot, B&S) ~
B](rubber gasket, RG) ~ 3% *Z4|(restrained, R) » 3 % @& 7 #-TA & K3 4
tpmERE > SRR R afhd o o dg o i £ ®US. PIPES @ 0
TR—XTREME#%EE% T RE G W ,%{F]-ﬁ it 0 3XB|2-85475 0§ *g AR
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fhe G0 PRI - B > F 0 G T iEk | (Bead) ¥+ Gk
T A gl

£2-6 2 AWWAE 158 3 35 4 (Vulnerability) & 27>

Material Type/Diameter AWWA Standard Joint Type Ruggedness Bending Flel:?lil)nI:ity Restraint | Total

Low vulnerability

Ductile iron Clxx Series B&S, RG, R 5 5 54 4 18

Polyethylene C906 Fused 4 5 5 5 19

Steel C2xx Series Arc-welded 5 5 4 5 19

Steel None Riveted S 5 4 4 18

Steel C2xx Series B&S, RG, R 5 5 4 4 18
Low/moderate vulnerability

Concrete cylinder C300, C303 B&S, R 3 4 4 3 14

Ductile iron C1xx Series B&S, RG, UR 5 5 4 1 15

PVC C900 C905 B&S, R 3 3 4 3 13

Steel C2xx B&S, RG, UR 5 5 4 1 15
Moderate vulnerability C4xx Series Coupled 2 4 S 1 15

AC > 8-in. diameter

Cast iron > 8-in. diameter None B&S, RG 2 4 1 11

PVC €900, C905 B&S, UR 3 3 4 1 11

Concrete cylinder €300, C303 B&S, UR 3 4 4 1 12
Moderate/high vulnerability

AC = 8-in. diameter C4xx Series Coupled 2 1 5 1 9

Cast iron = 8-in. diameter None B&S, RG 2 1 4 1 8

Steel None Gas-welded 3 3 1 2 9
High vulnerability

Cast iron None B&S, rigid 2 2 1 1 6

Source: Ballantyne, 1995

AC—asbestos-cement, B&S—bell and spigot, PVC—polyvinyl chloride, RG—rubber gasket, R—restrained, UR—unrestrained

FaPmE FAIVEUL S EHROFREF FRA L DE P
WA R TN R R T A A R TREERLE B XS EEHL (EH12-85
TR LFERN BT - Bat R ORIREE tbfﬁﬁf%a‘%—fﬁf]ﬁ{@
Push on«Tyton# 8¢ (T-3]):c 2 @ ke g j26~16% v+ (150~400mm)+ Hz &
B4R > f0 2 REEE 5L 1455 + (£3.680m) > B F 4 A& A je IR ER
b4 > e B 2§~ 8 aaC. Pariya-Ekkasut® £ 3+2016-# % P2E300mmz i
Fag R > 3077 ~1150 KN2 fF » 52 R 138 » M &Z o d4Z 0k E R
FrE KB WRIRE 0 G dg o S AR 0 B 1 d AR R R R
WA RN RS TER R BB K YA &7 (Eugene) i R % o
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7 TR-XTREMEmt 23 » 0% B3 MU R * o

o

=1

Fully extended
Fully collapsed

U.S. PIPE AND FOUNDRY CO.

Bead sequence is repeated 4 times along pipe length c t=—D c
—‘ /”’ .‘-““‘-\
/7 Y
. \\
{ \
| 1
\ /
\\ J
iy s
R e
' Sy —5
«Dn _______
~=—— TR-XTREME TR-FLEX—=1=—MIN. LAY LENGTH-==]
) g e
(SIZE) TR-X FIELD (SIZE) TR-FLEX FIELD |
~ —_ WELD GAGE WELD GAGE - —\ ~
™ =1
| I
| I
| |
| I
| I
| I
| I
| I
| I
| I
| I
| 1
| I
| 1
| I
| I
| I
9 | \_ 1 v
SECTION REMOVED IN THE TR-XTREME x TR-FLEX PE SHOWN
FIELD (BEVEL CUT ENDS) WASTE SECTION FOR TR-XTREME x TR-FLEX CLOSURE

NOTE: AFTER PIPE IS CUT

B12-85 % BU.S. PIPE2 & chf 24258 TR XEREME(U.S. Pipe i)

“f T RARECE 2 b AWWAS T & T H B TR 0 B P s g3
2. (Low Vulnerability) -Polyethylene (PE) ¢ - ¥ E_* #'3 ¥ (Fused)#r4% =
HE(R286 FRZ+TH) Fabmo 2 Ea R P Mipsl
(Low/moderate Vulnerability) s7PVC & B E_% i 4c F 7 %4 4% (B]2-86F =
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Bl) - @ AWWAZE 3 1 % (Restrained) 3 5 » sl gic 4 (%] 0 S R
F R RS G U LR LD LR

BNk RE 0 AR TUETR(US. Pipede i)

F12-86 % FAWWAF H 528 @ 92 53 12 i e 47 FF 94 B >

f 1 US. PIPE2 @ 2 Aic 2 p T-A|chl mimt g 2 b > BIE:Ry H i
S A wAlat R ¥ > bl4-% BAmerican Pipe2 7 #MJ Coupled
Joint % i # f=d 4~483 v (100~1200mm)3=F 3% &> & AT 4587 ehec 24
Hpprs 4ol US. PIPE 3 &b 8 BE5 34— FH% 0 54 38 05—
BARRPE > FEREF TR - AP B> E SR 0 ERI2-87 Bl o
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MJ 7|t ERi%] > FHeEds 28 FlaZodnd e84 3 Tpw
FEg 4 & AWWA:PRestrained R 4= » L3730 I cE 4 W 4Bt i

it B A HREE o 2R e 48 0 P4 201248 B g I K-Bardt B B R EE
X B2-87T B> hec 2 p KA HEp > 22 American Pipe 2> @ e9MJ Jk 514& 5 4p 02
TR Bl 0 T B A RETR 0 2 d 2P K-Bar (i MoK R Ep chfE
Togp ek e b0 R AE o FIet a0 KR BT i L p AG)REF chAmerican
Pipez_.MJ % 1] o

THER
BHARERE \\\\*x\x;

73 st 12

— MEMEEREBIRE
KB

R12-87 American Pipe (! )% & % & s (7 ) K-Barf "% 3 5

2013 5o Aok AR AR R R BN B2 Z EEE EEREER
KBarg > 2 BIRJ GIA Al R SREH S TR b ®a 20 BRT
A H chit B4e s A T-Bar o 5T F R4 P o e AR 2P SR
55 1k i (F12-88 = ]) » 4 JI RPFfodhe %7 o
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B]2-88 2 w4513 i T-Barls MR ep (o & F %)

# 2-7 1SO 161343 5 7t & % AR 2 [1SO, 2006]

M HE 53 EX 3 M HEE K
1 B/ 45 % (o) :; = Sf/ii;il%
[ . S5%<
(R R/L)100% S3 e==05%
A F=3d kN
B 1.5d KN<F < 3d kN
A (E) C 0.75d kKN=F<1.5d kN
D F<0.75d kN
M-1 0=+15°
B R KA (0) M-2 +7.5°<0<+15°
M-3 0<+7.5°
L % &(mm);d: 454§ A4 (mm)

IR EREHARFMAFEN A - 0 SRR Ry o X
BRPAFUSARF 2T #1205 1SO%2006% 4 p & T8 TK H R
it B Ep oA & > 12377 1SO 16134 : Earthquake and Subsidence Resistant
Design of Ductile Iron Pipelines::2006# i~ > #-4%2f i B & AR o 5 = 38

Bt W EE B s A (R27)

HP p ASINS s CXAf B4REE > PR RE %
v ”53, 'Sl st AR SEE D M-2~M-3% o
U.S. PIPE = @ enTR-XTREME it & #52p P =% 2_
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WAES S8 s A DAL 4 M35 .
§ B ® S g RUrK-Barkk 5 5 A IEAr > i v KAl R (B

1 éfﬁ.j? :S3&x w4 IBa A M-3&

—\
[a+}

I

American Pipe=MJ Coupled Joint % 71| & & I 4= P& 25 » fe 4 ip v 4 °

. ﬁkﬁ_ﬁ :S3% w4 A E D M-3%

AAasrdBEHER p AR E MR RN R GFp A5
FPAB R OPNTIEHL AT LPARENEE 0 - AL LBk
G EONRY EyE AR IURE b 5 B 9219908 K P HIE F G

% (B2-89) > @ ¥ § & r '««@lﬁwj\?img * oo

Nomina % m(; 3 ameter Annual Adoption
Sl e 1]
Main ¢ 1000~ Ductile cast—iron pipe
water (No use of mortar lining)
- 61 67 . — )
plpe /\J Ductile cast—iron pipe
¢ 400~900 (Seismic joint pipe)
¢ 300~350
Ductile cast—iron pipe
(Using mortar lining)
Sma_ll ¢ 250 Cast—iron pipe
main ]
water Adoption after
pipe ¢ 100~200 prodact testing
& 75

F12-89 A % 30Kk & ¢ Lok E B wt R AR E A
%api@mﬁﬂﬂﬁﬁ—ﬁmmﬁﬁw,_a%g'¢§%;ﬁ;
R E L 5 JIRB% K 0 BEye $11990# 5% i * & o
@ﬁi*%%ﬁﬁ%’%ﬁﬁﬁfﬁﬁﬂﬁ’iﬁﬁﬁﬁé’mmﬁé%
#30% - 2010+ { £80% =+ Z @R E I M -
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Stopper

y L/i_/ 5/ \\ (at normal times)

Lock ring

m (in earthquake)
h— =)

The lock ring and the stopper
prevent joint slippage.

B 2-90 g\j\? ‘%"390.& Y F;Q.B‘ﬁ %% I —m] mNSWTRa["" 7567

‘60 4F 4 (S36~) 10 FH(545~) ‘80 fFEE(865~)  '00 4 (H2~) ‘00 F48 (H12~) 10 FHH2~)
5 % NS# GENEX
Y ey pp— -
2 — Ea——,  Bme—— |
E A
.
v
fod
F

A KF #

|
[

U UF# US#
= e — 1
—ER¥F HERF

BI2-91 P & & fEuE (Reg)B4nit ¥ e 15
TR EARLT RERRELHEY AR > 2 AT - 72 FP
ST EhE ST R o FIY A BRE sk e e R ehe L 3 R
LACRHHM kR FrR B R RFRBAMAT R LR
ALY Rt ST L A AR 1T 42 (8 {7 IIK-Zeroshis 3 T 5L
R ek KR 2 (R L
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Hub of large-scale rescue activities

Major station
4 ‘ e Evacuation center

ST ‘
( S ¢ | I E [T
O //m’/ -

Distribution
reservolr Y, Eire tation
- station 2R O
oan D
i — Cul
A=

Area where significant damage is expected

2 [T\ A7 Nk

ﬁ?&m Eﬂﬁ / : / \\\\

Capital’s central agencies

Medical institution

CD Earthquake-resistant joint pipes

=....t!  Non-earthquake-resistant joint pipes Venues/facilities for

O——service pipes Tokyo Olympic and Paralympic Games

B12-92 & A 30k bat BE e i kg
WMREZTERVFEEMERT I TP APARFHENREE  RE
FRP k2T F RO R geee gl Rilgirg RS (Fault
crossing)sh — * A4Ed £ o F SR A R H R * W RZEF LT Syeho
LETRA BB T AF AR A NSRRI CBEROEY AHE - SR o
AH R PR EIEERT R THAK T NS B+ FE T

-

Bododele 7 B B RS T AT o R R 2 L%V S5 E
PR R BT R A R e L R A ST TR
B o 2 Rut 4848 F 27 7 1 ¢ (Ductile lron Pipe Research Association,
DIPRA)* 20174 { £ gk » (7 8 — X R34 » 7 8% W 458 - 7 44 %4
1) % =% fc B(LDAPS) > £ % I~ TR BEK B 15l AF ot B AR EE ¥ 45 E 2 7

g o
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(Single expansion joint)
Absorption of misalignment

(Universal)
Absorption of misalignment
Self-absorption of thrust force

(Single expansion joint)

Absorption of expansion
and contraction

B2-94 >t A p A% o BT ST bdh © f{'ﬁ;g”

VN SpE end FHIE TEFR 8 § R ir 8 sfep d
B A o 412930 Ft - BE SUBARFE PR AR B H e KB T ETAR -
%(@2-94) s 1T BEE R e s g R PR o @ w BAREE 4 B

TERERER B PH O R e FRE FIPNS S GXehg
FOIRGE 0 R IR 0 R E F b B g ORI e F
TR REEH A BN IA A A S )5 T 4 o DIPRAH 1 41
B2 BRP 05 B RO 0 58 (American Pipex McWane) » #c e 1% £ B
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et B ¥ 55 (U.S. PIPE) » 4-B]2-95%777 ° 3% 5 ERDIP+LDAPS # & i i3 /4

)

7

>

F12-95 % Wt 4B A s 2 g B W S5 H e a A E 7

1500mmez ME TR F 01T 1P MEEBE S R A e 2 2% By
BT ET R A A 91 R X A ik 4E 0 11 T £ 2 (Finite Element Method,
FEM)i& 777 7 » Bf f#1500mm DIP#z s 4] * US|t R 4% 27 (ERDIP)+ ¥ 457
Fe g (LDAPS)f A~ A1 474 ¥ a0 e 4841 - A7 3 B A 47 4ok 2 i@ % 1
ST HEE 0 R RUSH A RAT > FETA S 532 R 2 AR > 3 R R
I A AE A OAR o BB 2 AZE3D kKNendRER e R RIUE 0 N &
FrEpC B M o

FAL AR A PEER b W T Y 2 8 (GERI2-96) 0 F - 1 F
He e AR LA RARSEO10R 0 TR S Rl - R BEAEG A
FEAN O PFERELARL T LRGHEE S PAAE AFFEN 0 @
FH AR S L RO F R R AR MBS F LS A
W OUTE > FEFI2-97 ¢ BlHTT e
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Straight pipe joint Large displacement
( - Expansion/Contraction ] absorption unit

- Deflection
Vault displacement /

Absorb large axial displacement

Large displacement
absorption unit

Eane

Absorb large axial displacement Fault plane

Socket/ of ERDIP Lfng collar Spigot of ERDIP

xpand/
contract

B12-96 i * at RALFF 2 W 45T e H HARER T
Yok Uk g B R B A P ATy B RN ST Y R IR36 2 1 k-
o AV T A aZonett s A RIE S%- N FRAEZATRESRRS
CHR PR S HR AL GERI2-O7TT F) 0 B R F AR A
FURA R R LIET X o A 0 8 4 B A IR LNk T -

-

R

7R ST p T B3 R AN e B 5 15 ERDIP+LDAPSE £ iE

SR T U JRAT S T RE A .

PR EREHAURFORAEEN - SRV RES Y X
BRPFRFEUSARF 2P 2750 1ISO*T 2006544 p & T T 132 4 B
it B Ep Hor AL & > 12377 1SO 16134 : Earthquake and Subsidence Resistant
Design of Ductile Iron Pipelines=12006-# 5% » #-fepmf 2 & L% L L = 7
Mt REgg s pad @ E(L2-7)
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40
2 85MPa
0
| -20 bbbl 00 SRR
o A
| -60
M -80
i | | | l | | | | l | |
20 16 12 8 4 0 4 8 12 16 20 (m)
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B AR R KSR AL RS > RN R H e Az
KeEpE R 4 R ARG TR R BT £ FA) % B R A &

2R RS b K Bl L e

32DIPF P %5 M 5k 72 B3
321 BRFAMN A2 Hith L BP

RF AR eni & RUEL S s A(bisphenol A)t £ & BR (M fLIRF & B %

epichlorohydrin) » # it &| ¥ it 5 "% (F 4 HIR8 g hs %R 4 § A4 & F
(Bep®) > B AT ac S P ap(he™ @ ~ 7 AR T B 3) o Bdp dp o R F A
PR R WRERAE > T s RN ERAZ BT AY > o EERAS RE H
i pi(bisphenol A diglycidyl ether) ~ Bf= A= 45-k 4 # p(BADGE - bisphenol A
diglycideryl ether) ~ & AR [ ¥ % p(bisphenol A-propoxylate)
F( bisphenol F) ~ #p-F= 7% ¥ 4 /¢ @i(bisphenol F diglycidyl ether) ~ #pa-F=
g7k + i p(bisphenol F diglycideryl ether) ~ BEp= AR ¥ *f pi(bisphenol F
propoxylate) % = & > # ¢ X MEARAZ BRI ER NS E £ 4 MHERS o
BERAGE B RS S nRBTRE S FEARFRRRE FEE R
B G RFRERES L EHIBP GEFHE -

FOETA R Rt 35 Y E 91 iEDIPTR ¥ M4 W% K g 2 DIP- KR AT
%i%ﬁ%ﬁ@%?’ﬁﬁ*ﬁ*“5@”\%?$@£ﬁ$%%$ﬁ%’
FER TR E R AT RGN ERADR % FEFARNER UFERL

° 5 7 f#DIPE R Aot g K2 KRR IHE R e R kokE
s A_F €03 AT 5 4+ s A(Bisphenol A;BPA) > BEESA - = ﬁi—ﬁ» LR
w1891 # B & w4 R it & TAleksandr Dianing =t £ = 41k o 3 1950# i+
p¥ > 2L7 (Bayer)Z 4 £ (GE)2 @ it 8 3 % R &8 & BAAL R (PC) %
P RERAT F Rt 2R AR E S R ¥ L% M0l R
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B AR - fach T 2T R i B T (Envirnmental En- docrine
Disrupting Chemicals) » & £ & &8 j= f: % Environmental Hormones) » # = &
QP{%*L‘E_J,‘ .\'—'_I)gl; E;(/é_-% :yj.? 0?{;!}3%;%\? Bb‘ i)/zjgﬁ_}ii‘ﬂp‘g"ii‘ﬂw

ai;\,jl' }T\}}% ‘3‘5@;;& ~€a¢f@£;}§ y 4 ?g‘;j%’%‘zg'b;[%\ § }gp\ Té‘f:}'l]ﬂ;j‘l\:[%.ﬁj

B ikl R EAEEERT A ] FRIEC A2
2R EAR T FIvEG Tug R Ponk o TS ARG B K2
I';;;E_Jo

kyp R 8 &% 2k (EFSA) R %P TAldp 4 0 - A A R B B4
Gl pE R RRE LR BRI EBER A3 REOER A HE P
SERBES RS L AN TN A 120 R BE LR RE) A

%ﬁw$~;a\@ﬁrwt@~;ﬁﬁfﬂ,wmﬁa%%ﬁ@f

@
7
AN
=it}
N
)

T BEPLETABE - F AL NER ATV PPN E > ¢ 4

ﬁﬁ@%%m%§ﬁ%ﬂﬁ%m\ﬁ#Wwﬁ&ﬁ%$\%%iﬁW%i

#%.# Y 2 BT %WAFQ%§ﬁiﬁ¢wﬁﬁmmf&ﬁ%$@%
o pdl ek & 22 (10 ppb
7 LAk R 1 pico-mole

¢
w
®
3?
?1%?
<l
4
-
_§
%5‘
‘.'rr
~7%“
4_%6»
1 N

RIS DR L L L A S TEp

e»ﬁ-

% 1nano-mole & Mk &R T o € iE 2 imre B R s o

REALET WA EGLE FELEpSd a5 BPTIHFRA T
s 85 2588 £ 221ug B¢ A pd o RERERAZ ERE X 5563
ng/day ; ¥ ¥ FLE-k 2 T30k B 7.7ug /IL(3 & 5 100%) 0 ¥k p kg2 T
Ik R2.8%g /IL(H& I 47%) > B dF S oo
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Lo jE200mm -~ F RGO A 0 B osEA u L E R R4t
PR E KIE > M R EFP R ERE KR LI FE AN
W5 1 DIPERABE +7R 5 0 W K
So¥i# 21 DIP-RIFBIR+TR § #1752 5% &

%%t 31 DIP-K R AL (4 P8 )

WRLID B iR % F1B > B R BRI kE o 2 2

Pk AEg > 4oB3-15 2 3-16757F > A p Kok A o B REHREF o

4 )

1=k 2%

! J

20mm¥ &b
KA
HEiiE L

200y, D"[P:b’ﬂc
n

20mm ¥ &

LA o SSP

20mm sSSP

LANSF/ANSI 6135 F 7%=
20mm SSP B2 248 K Ak

B13-15 % J138%k 2 F %k A5 B
Frdie @R R0 R 5 84 0 s WA pH=8(F 100ppm A A 2 0
pPMAR % )2- B3k - H G H 3 2 4o

1. NaHCO;:## 16825 » fie i 22023 7% o
2. BoCaClyzg 2 22225, » fie B =2

A o7
'J/f:v\/l’? °

3. B1 27 B4 FRETF ﬁ’}iﬁ‘%iZOO N4, 9% pH 8% B
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4, FIEBRR 0 N E KR L FTRE -

B13-16 % IR % ILSf B R

3.23 %% %

AR RNSF/ANSI 61 ¢ #4173 11388k A2 5 > T 4R % 5 BEE B2 > 4 B30
3ADIPE #id ik HP3di > 3R R E 2451 P o JEd PR RATER 147
PRI HFELSA TR VR R EFRPASIT(FLR); L #F P T
Ru RS ERATARATR W NE PR 0 Y IR L TR 2441 BES
Mir ¢ IR Rl SRR AT (R 23 )0 LR Y AR PoRBR S
EATLSATR LT R o wR3-17 R AHH 254810415
219X BB EBORHEAY o #3279 142 18X ¥R F 4 > A IrE

3-19 7 o
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2.3-1 DIPF #i3 1385k £2 5

p & ERER | ndrpEm
11/6(- ) 0d | **3:ADIPF iLik 5 Pridi
FREPOREIL P FEopp
11/7(=) 24+1h 1d % 5 AT RE BRI L B
B Rk ELL(29)
S o AT S PR
11/9(z ) 24+1h 3d gi’ﬁ‘kiﬁw’ék%,$+
PR
BB EPORIRIL (e HH 24 )
11/10(3 ) 24+1h 4d - xﬁ; B F 3R T B
IR
11/13(- ) 72+1h 7d #E; ERORZ A EATLRE
PR
11714(= ) 24+1h 8d | FEEFPOREIL B PP FEok
PRS0 EATLG PR
11/15(=) 24+1h ad i;:q%kiﬁMe’iq? 1% E
PR
BB EPORHEIL (e HH 24 )
11/16(= ) 24+1h 10d OB Bk gt % e F 31 B BB
IR
11/20(- ) 96+1h g | ENFERI R £ATARE
PR
11/21(=) 24+1h 154 B EPORHEIL PN F ok
K% M’ ’ _-é__?T/'_/$__r Fé‘/p?
11/24(3 ) 72+1h lgg | BNFRRFIRE LAARY
B i
FREPOREIL (e mF24) F
11/25(+) 24+1h 19d

NEPORPRL 0 EATLR E
R

*2ES & > 5 2017# > i&NSF 616785 > 2 B4k » ¥ #-k 4302017 # 11

FETSEE SIS

LA

BT o
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BI3-17 i » Z P38 2 Bk

324 BHES
B AR PR RR SR RE 2R LR F 0N RR $ 12
223 R BERAY B S AR 0 o4 322 B3-18 -

232 Z 6 Hid N ER ERARRIE R

PR (R) |$ 1 BRI EE £ 2% ad K F | Skrmm g
1 ND 0.00809 ND
2 ND 0.00387 ND
4 ND ND ND
8 ND ND ND
10 ND ND ND
15 ND ND ND
19 ND ND ND

7 UND” & 7 100 3 IR -

s AR R 2. & 2 1 PR "IMDL=0.92 pg/L
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J & (mg/L)

" #, i ik & (TAC) 0.1mg/L (NSF 61)
0.1

o8 -t LB LS

0.06 - ¢ 2aHE A ¥

0.04 1 —ef KRR

0.02 -

1 2 4 8 10 15 19
P (%)

I3-18 = 464 173 11 25 BER At iRl 3 %

Lo =g i MR E ok SRR B % 5% 2DIPRkE #7a % 34
KA R S1% 2 523 e ERAY o & 1 DIPHRF #H5
WAk E 2 8 3DIPR AR E > ERABE AR D

. &NSF61 & #3 N:E% A T FBIP2  fdpiTh 22 o0 TR
HAGER ) H TR ) A RO AW 0 B TR $15
% ficdy 5 Dayl ; 12 eh £ K48 % 105% #icdy > 5 Day90 - Dayl#icdy 7
¥ 476 ‘2 % B ©(STEL) ;; Day90:# ¥ (Statics)#icdy » ¥ 42 MCLS
B TR AFERTAC) - SR AE HERAZ N2 ERE L &40
#.3-3> Dayli@ 35 2 ND(& #& 1) » 3@ £ & 0.2 mg/L » Day90
@735 ND(AH D) » Mt de 37 @01mo/l» 57 = f63 ¥ i
BAZD  WREER %A ©
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%33 ZEHEFRASR N ZEER G R
5 H Dayliz Tl AR E Day90 i& B FEFE
(mg/L) STEL(ma/L) (ma/L) MCL(ma/L)
3 lLbHE LR ND 0.2 ND 0.1
e ND 0.2 ND 0.1
i 3 RIEARALE ND 0.2 ND 0.1

3.25 R R F ¥ v ip NP
B AR ROE G ERAS A

B AINSFOLaEsk > 2%k EREL %GR B -ZTRARTEHE B 205

FhbESPAERAFLIFERRR T S RPN

ﬁg« » Al TV R| R Jét,jm,jq;:rmﬂ 4y

dod & f% > H IV R Z

CNS 152747 1 2%5% = ;2 & NSF 6135k = j2 i (7 He o (% 3-4) o
234 L HEEFRT R IRE B < PLE S Rk
il CNS 13273 CNS 15274 NSF/ANSI 61
13§ & 0.5 2
2.4 B 1.0 5
34FRE 0.7
4.5k 2 whif 23 ¥ 23 ¥
5.440F st 50
6.5 1 0.005 0.005 0.2
7.5 PRV 0.01 0.02
8.% & i 0.01 0.004
0.1%%7 PRV 0.01
10.2,4-7 ¥ - = 0.002(= % 31)
11.2,6-7 ¥ - & 0.001(= 7% 31)
12.9 5 0.08 0.1
135 ¢ % 0.002 0.01
14,2 fi e % i 0.01 0.002
15.12-7 - % 0.001
16.13-7 - % 0.001 0.00002
17. A 0.01
18. A T § 4 il 0.1
19.7 0.4
20.7 A 27 0.7
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33DIPE p LM % %2 # 3t

RN REIEFRN2BA4LT » p2017#8? Kiz 45 © #2448 4 &5 7
PR RS ERADREHEAF L RokE R (F3-19) 0 # F iR
B R EE TR A SRS LG ’i'éﬁ*’?%ﬁ-ﬁ?%iﬁﬁ
o 2_4k% 4 (Adhesion) 7 &_g\ ks 88 2_ 5 F 4 (Cohesion)# &_> @ i ¥ 48 %

3-19 4 4005 3 & K &

= & ALCNS 13273-G3254" 2t 4+ %@ﬁq? itz ?, ER NN W Y L
Ao RFPHOLHFZERRAD > * AT E2 WM ERA P 2 2

ETHRIE S AP AR RLE BT 0 B PARB MR Bk &

Fil)

R FE RN D AT R LR R D 0 T R
GERFLPUEESTLTIREF R 2P LB PHBERAPTRP4E
AR TR J{n’gﬁfi;&;mn"%ﬁﬁi}i PR AP ;H‘Ef—%%/ T 2}'&/ °
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331 kM EHRERENL
1 e p At BB E R g T T eh Tt e F M AR-TR F B b 1%
2 | IDPATAT#757 » 45 RE %5 4L 22 5% A % 4L ek 353 = i 4240 ] 3-20

<otk > -

bt oy by e

( OO% o0/0 TN o
SO

SIS (HR) R AT R B AT BRI (RIESE IR ES)
<h#hEER> HE —m [EHy #———— A
B4, FEIE e
AL BUE
— S
ks
eSS ORI (BRESE R AE)

?‘razll (R IR RE)
B13-20 % B8k AL 270 i AL etk RS R 1B A2
2&iﬁ%%@@ﬂW@&iﬁ%~ﬁﬂw,ﬁﬂ’¢ﬁw@$ug

S AL TR Lt

;p;;_‘}ﬂ gyl» it S }3%%'-{1

Lo & o %33 MITH L
LB EWERL

&

3. RR% A E D By f?’}’l"]“%f’?‘f'l‘«pk
R ARAL RN P L LE B

N

\

7 E AR fEERG SRR
ERAfrd d i S anFRE Ayl 52 8

4. JDPAT 47~ alﬁ il
) <o SRR T BT

YPRTRES BBHE FF p F o BRASTRE

|8 R A

%\ﬁrr'év”zl’p“%g’ f;%;?:ﬂﬁ N fe
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FRPR MR T

D7 7 ERUSFF 2 FH3H > 7 R FREFT A
Wid G THF o EERT § TG WA RIS LA S 7

AR A fRR DR AL > FME
R B AR AT B Aot T R ERE MR RE D

S
™
“
<
&
4
Ik
Ja v
A
Wi
¥
b
i"’é
wac»

(3)7% B IR A G
T T SO R TY=
BB R
RARELEL

(4% g RTTEE
o HRE R ] e Rk ()
3-21) » @WAer¥T B & p b1
R R . R

B 3-21 T F A 44

C ¥ L g S R

(1) 53 of % 2 ¢ Bl 4o £ 3 (160~230°C) > * f B+ 45 Tk F 47y
Fo g TR ep g g ngRd L o G 1A A
A E AR YD F (R3-22) o

O [ P =z == ::E,'ﬂ‘" ;’:
13 7

B13-22 gy g2 "
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(2% T % 5 5% td B MR R E PIE 4 2 o o 4 280 12 B R (40-80 KV)
THEPWT T TRBBIRTEI I uET (L
)RR EF AT > B A AR B A
£ * 3t % (§]3-23) o

B (BARE160~230C) BAGH ®om
':+ ' m%f ’Li fie¥
40~80kV
/;'»
r
\ T rt L \ =7

F13-23 ## ¢ % %
OI EE SIS E I E SO E RS TSI R
Fhte R E £ B o
OL R SEIE S & ol X B RN RCL AR S M A - § S SRS
RGP HEE R S R BN TR A AR ¢ BB o

7. AR P AR AR (W3- 24)Ap bk B AL L FLE A B ik
WA S BGER o A R WAERE S BRE B BRI L P
PR FF SR s BWE k- FE(BHER) -
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%’WHFE‘

B13-24 #: % P ARE TR AR
8. ThF My Mg KR
O EREERT SRS ﬁ%‘ﬁ’kv‘ B ik 0 4R
f3i-24 fﬁt%%fﬂ* IR S RTS S RTE A 4 X 8
PHE ~ § & % #rf|Rrk A 2 o

(2% % 5§ BARB L G FRR 0 T AL B RIRP AT AL LR

@) * @iaHAULA > 2 eGP TREE LT BEE
A k2 R o

332 B3 ik
71 3 ik g ASTM D 4541(Standard Test Method for Pull-Off Strength of
Coatings Using Portable Adhesion Testers) *°2. TYPE Il % B i& {7 %% o

1 PHREZ fei 45 (F3-25)
(1) 44 F : 3 ASTM D4541 4 22 TYPE NIk B » ¢ 3# RElcometer
P2 A2 1083 2w B AES 4 2 4URIER E  (Hydraulic Adhesion
Tester) o p* I EF p & 4 (Self-Alignment) ic & £ 2L » 25 3> 18
$ BRI AL > FFE 4 #FO0L25MPa v ik B3 £+3% or
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60psi(0.41MPa) (3 B+ i) > 4 i & &1 MPals 11 -

(2) =+ (dolly) * £ F ipl324F 2g > #2194 mm > p Z3.7mm > £ 5
#%2.84 mm2-

(3) #:%% : 4:3M Scotch-Wild MC 1500 » & i3 4 35 & 20MPa » 1 {e38
50180 C: % %5 & & | *02mme % B KRicE T FLE
kB2 iR o FE L1230 o (AR uE Y P W R S
R R A B R gk 4 2 AL

(4) % F(dolly cutter) : * k> 2lk ik k45 2 BE GRS b

= A T e o

&
- i
(- 1} T
¥ Wi -,
e \'"// |
8 ! ST
w1
am l
foh et
l_‘.:HE’-.:l-;
L% ] a

B]3-25 +4% % % fie i [§]
2. ek E M ER
(1) E ¢ +#DIPKZ|&ENST| 2 <8 % £ ¢ #
F200mm DIP KA 448 2 ¢ 1% » % ¢ 4 £.2016F » & 5 £5:3 Bk >
$ T2 PR o ¥ E200mm DIPNSA A E H 14 (12 %) 3% F &
2017& % p A2 8 KA 2D 2 Hph o
(2) ¥ 24DIPKA| NS 2 H 4% %3
Er KRB RARETRG M RREAFG RPN S B RE
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(B A~B)¥ &E % - ¢ f27& F 150mm ~ 200mm - 300mm 2 400mm >
B —k/J‘gﬁ\‘tfg’P‘;\fr_{;gB seE e 2 Z i B (Ear
) (+435)c EHERGFEIEL R HERAT LG R=
Bz g fldsk YE0178w p A2 F &2 7B
20022544 FF1 7

3. itz

PAGERBR B FRE H 3L 7 B (B]13-26) > v I AR B AR(F G R
AT SRR PRER )R 2 G PN E A LRERE
PHGFRLERFRS { FRALE B E AR IR R B o

AR E B F R E MR LR

B13-26 iRl E H 2L o 2
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235 5k R ELH A

AR Nl

s p e Y e e s o
DBA41-06001-C |z 4 43 & % 3B 4 ¢ 150mmx11.25 R 1 2016 1 |2016
DB41-06002-C |z |+ 43 @ PRI 150mmx22.5 3 1 2017 O -
DB41-06004-C |2 |4 19 /& 5% 3 4% 5 150mmx45 F 1 [2017] o -
DB41-06009-C |z |47 fi FURIEE 150mmx90 3 1 2017 O -
DB41-08001-C [t # F/BR 5% K46 §¢ ¥ 200mmx11.25 3 1 |2016f 1 |[2016
DB41-08002-C [#f 4 47 /B 3% -3 5* ¢ 200mmx22.5 3 1 2016 1 2016
DB41-08004-C |[#f 14 47 /B 3% -3 4* ¢ 200mmx45 3 1 ]2016] 1 |2016
DB41-08009-C |[#f 4 &7 B 5\ -4 5 200mmx90 3 1 |2016f O -
DBA41-12001-C |z {43 R 5% k3B 5 ¢ 300mmx11.25 R 0 - 1 [2016
DB41-12002-C [af #8755 K46 5 300mmx22.5 3 1 2016 1 2014
DB41-12004-C |t (47 B 5\ K36 54 8 300mmx45 3 1 |2015( 1 |[2016
DB41-12009-C |[#f 4 47 /B 3% -3 4* ¢ 300mmx90 3 1 J2017| O -
DB41-16001-C |[#f #4475\ K46 5 400mmx11.25 5 0 - 1 2012
DBA41-16002-C |2 443 & ;% k3B 5 ¢ 400mmx22.5 3 1 J2017| O -
DBA41-16004-C |z {447 R 5% RFE 5 ¢ 400mmx45 R 1 2017 O -
DR41-0604-C |z 4 47 & % 36 X 0] B 150mmx100mm I3 1 2017 0 -
DR41-0806-C  [#f 4 47 /B 5\ -4 < /] B 200mmx150mm 3 1 2016 1 |2016
DS20-0670-C | iR E R Eg 150mm 5 1 |2016f O -
DS20-0870-C  [uf HiF R\ E R & ¢ 200mm 3 1 2016 1 2016
DS40-0600-C | | riiﬁl@ AR EE 150mm 3 1 2017 O -
DS40-0800-C PRRNERT 2 200mm 3 1 |2017( O -
DS40-0612-C  |u mgl,rg S E R Rged  [150mm R 1 2017 O -
DS40-0812-C |2 4% fi'e ;v Bar ¥ 24%eF  [200mm 3 1 2016 1 |2016
DT40-0600-C | {4 B 8 ik v = 3 4 150mmx150mm v 1 [2017] O -
DT40-0604-C rii,%l@ ;\ ke =i g 150mmx100mm 3 0 - 1 [2016
DT40-0800-C  |af [FiF R\ EEK v =3 ¢ 200mmx200mm 5 1 |2015( 1 |[2016
DT40-0804-C |2t iRV Ko = 30 200mmx100mm 3 1 2016 1 |2016
DT40-0806-C  |af {443 R\ ko = 3 200mmx150mm 3 1 2016 1 |2016
DT73-0603-C |t g B 8 kv H 2% =13 [150mmx75mm I 1 2017 0 -
DT73-0803-C  |af {48 /B 8 ke B %= @4 [200mmx75mm 3 1 2016 1 |2016

333 PREPRH R

PHGRRALE A L 25 L ~ 3% 7 TR E PRERREE
WAL F BIRET BARFR A FIEFOER RN R 0 ERE
RELLF Bod 17 URIEFRIF PR PIGR > PHRBRLEHH
o (B]3-27)

R L MRy AEEFER G A G o RIRERG G 0% AW
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4,

(1)
(2)
(3)

(4)

ZE9 1 AR b 3 R4 (Dolly plug) e B =5 ¢ v o s 5 FE4 Ty P

Sl ok PR B RIS B AT B LA D NI A S
BB oe E AR R IILT A Mg R AT S P

ﬁu
Ve

Eal F + S R R RERPGER
BEFMBE BB R I > BAEARE T T S B N
PRAG Ry I FRHEBRIAE R R BRI g R
T *ﬁﬂrﬂ&ﬂa;%ﬁaﬁﬁ%;'méyqupm§w+,Juﬁgﬁg
PR o (R BT a0 ARE M6 A2 AR A PRk

%)

PR R B R

TRV s TSN SRS E

PP REEF T # £ BIESRIE B3 i ¢ & o

#L#%*é@?”%#%$*%+T i FEF ALY
%+T?&“" Fie® sh+ 1 R phs AR 4R EAE
Mol S AT B R T  WLBEEP KRR

EREEAE RSP RS > BT R(FT Rd e £ A
P8P E o 24 R Al MPals 12T B 3100 ) B R )i
FRBERG o PR AT BT S PR A
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« b
AT

4. 3% FRNFFR &

P

8. %o F P AR 0. Bk E

T BRI R AR T
F13-27 #4385 % 2
i ASTM D 454150, 4 3. %0 385 Hodp i & B 445 B 2 BRI 204 i -
PHERTERFPHBOLGEE o BB E R ER & AT 5 B Ep
B2 R ATk 2ol B 0 T ELP BUR A4 ik 2 N (13-28) ¢
(1) #BF%k L Fni|gErABC.. 5847 %2 %R #ib2 b
BEREELACES LR EELB-C-D £ AMLY BT
27
(2) HBFhRKeEg KL E@EIABBIC,C/D.. S 47 2§ KT
b2 W B o
MR G B Bk d CR 4R BB 4 Bk (Cohesion) 22 CE 2 DA #E %
4 g 5% (Adhesion) &+t £ 50% > ASTM:hk 4% % % C50% > C/D 50% -
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T A BRCRRA) R (4 H)
S S T S DT TR
A RE |AB O RER/E—R
B %2—& |BC %—R/Z2-A
C g8 | C/D S —_R/F=R
D  %=F |VE %z=R/FwA
E 2wk |EY SBwg/fm
Y sl | V7 pmsusT
Z ¥ N
AL T SR
E ‘
D
- ¢ 50% 50%
B
A R ASTN D 4541 B M1 8 i i
@ C 50 % C/D50%

B13-28 7 K % K OEUR A4 it
ASTM SRR A dhfe 3 A %G55 o0 R $0DIPTR 5 Afg ks P A p
LG PMER P S - eRm g E SR AL R S
0L e Bl3-2947 5% b S s it EASTMe o T Bl ade it 0 A K
DR BB (RN )A A A AT

3

1. 4548 % sk (Adhesion Failure) @ L3k 4B 2 ko882 2 (A/Bw 7 %
AWE o ARE T R AIIR) R A RHEES 5 A REE A
B FARBE DN A XEF VT 25w ik AR ) B
FALLEFER A R T A o

2. ¥ # . 3% (Coating Failure\ Cohesion Failure) f etk &4 48 & (BE ) » 45
#o XA (ABO%) & 45 8 AL & F 5t B o 2 AR R
B g RN o

3. 2" B8 (No Failure\glue Failure) » 8 etk &2 6 (Y/Zw 22 Y K 2
YIZ% ) 3R b pF o BRTIEPHRBRAEZ A2 PHE L2
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S RIS 2% o RASTM DABALRZ > A% 6 & 4+ 6 +
A T5%PE > B X AR L P AEME A PO 4 hFF AR ¥ - A LAY
WARAFREI LT RARTZEE MELRBRRK F 2 RFT A
ARG AL L S RS > AR A LR o % A

RV R A Z RS @ (P AEAEE) ) MR R R
SR R A R 19 2] LG el -

4, P44 B 3| & £r L35 3% (Could not pull off) » gt 45255 4 >* A B R T
B E AT AR BT 5 A gk b K o

— e
y
By g Bt Bt

JERE /B 0 50% #r50%  EAR bt 50% - Ayil/Mdo50% Araf 50% - kraf/ B d@50%
%4 d HUHL50% &% 55 do HUHEO0% s 4 B 25 0%

ASTM D 45414 i A AL ik
NIoSF 8, » WS Sty it

Niohrift » Wby #8 5235 5

SR 4 do mE o SRS BTN
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