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Abstract

The goal of this study is to assess cast iron pipes (CIPs) and present a residual tensile strength

prediction model using pit characteristics and fracture toughness. The results is the followings. First,

average pit depths of collected CIPs were in the range from 0.63 to 6.49 mm, loss of tensile strength

compared with net metallic tensile strength were from -

7.06 to 67.91 percent. Second, fracture toughness

for NS-CR-1, NS-CR-2, and NS(2}-CR-1 were in the range from 62.85 to 89.39 kgf/mm? Ymm, and average
of those samples was 73.69 kgf/mm? vmm on CIPs. Third, the models developed in this study by using pit

characteristics and fracture toughness showed a litt

le good correlation for measured residual tensile

strength, and the results will be expected to help for water utilities to manage CIPs in the aspect of

rehabilitation and assessment of structural safety on CiPs
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Table 1. Characteristics of pipe samples

No.  Specimen Pipe Age of pipe Nominal
name type tyears) diameters (mm)
1 NS-C-1 CIp 1970 80
2 GM-C-3 CiP 1974 200
3 GM-C-4 CiP 1974 150
4 NS(2)-C-1 CiP 150
5 NS(2)-C-2 cP 250
6 GM-CR-1 CiP 1974 150
7 NS-CR-1 CiP 1975 200
8 NS-CR-3 CiP 1983 150
9 NS(2)-CR-1 CiP 200
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221 Q874 =5%

dtAow Aol ek AFAT Ui Frte
AFA A (Tensile test) & B+ 78 & g} £ A
Tl e ASTM E8-96a(ASTM 1996a) o whah Q1A
AP FPstda, o8 OHH JE A=, &
TEEA W3 AFEE, agn T 5o Qg
A=A 28 grlekgd th(Seica etal 2000)

o ST 1% A g 19 g 29

(
Al z
AA 2t o] nhet & S
at coupons & A &34 dr(?ﬂr
).

Alde 9s Fr2E WeAEr] (DTU 900
MHB, 100ton, Daekyeng Tech) & A}4-3 }Oﬂlﬂr O}UH
AFETE 0. 02mmfsec. 02 a3, Az

Fig. 1. Location from which longitudinal tension test specimens are
to be cut from large-diameter tube (ASTM E8-96a).
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Fig. 2. Specimen for tension test (Flat coupon).

W, = breaking loads, kef
)

A, = gross area including pit corrosion, mm

A7 ASET AR g 8 Bl AR A o ¢ 54l 08 Q4AES By () —s}oq =)
e gt A0S Z(w) 5 47 2489 A (Seicaeral, 2002; Rajani et al., 2000), ojw] &
o A e mE e QA AL AlHe]  wEd gigk FAE S sl] Hsld duE Algo)
B 7b dojd v 5oz AA dEgos e g FAZH el tiste] T8 wH(Shot blasting) 2 3}
of AT ole AA o] £gH Aol 2t A1, Eq. 3)F B AME ¢ Tl e F
€ 4= (True strength)9l FA1o] 23 Tel 87 7AE F8lglon, ofF Sk ¢ 54 dg dd
Bt} (Seica. etal., 2000) . A Algxw=4)% T390} 2oz A8 Zesa
& Eq. (4) & 3t Aakstth(Seica etal., 2000)
Chesidual s = %Vﬁ Eg. (1) -
! Gt = Eg. (2)
4,
Where, 4,01, = residual tensile strength, kgy/mm?
Table 2. Specimen standards for flat coupons (ASTM E8M-04)
Dimension

Specimen 1 Specimen2 Specimen 3 Specimen4 Specimen5 Specimen6 Specimen 7

i2.5 40 40 20 20 25 25
G - Gage length 50.0+0.1 50.0+01 2000+01 500+01 100.0+01 500+01 100.0+0.1
W - Width 12502 40.0£20 40002 20007 200+07 250+15 250x15
T - Thickness Thickness of pipe
R - Radius of fillet, min 12.5 25 25 25 25 25 25
A - Length of reduced section, min 60 60 230 60 120 60 120
B - Length of grip section, min 75 75 75 75 75 75 75
C - Width of grip section, approximate 20 50 5 25 25 40 40
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Where, G, mpmic s = N€L metalhc tensile strength, 75 8% i
W, = breaking loads, kg; T
A =net merallic area, mm?
I
8 W
2.0 A
i =t—’T Fg.(3) iﬂ N %
.
Where, £ = gross thickness including pit corrosion, mm  Fig. 3. DENT specimen for fracture toughness test.
1,4 = the ner metallic mean-effective thickness
along the fracture is determined by It o,(Nominal stress) | A4k 3}5-COD|
measuring the pit depths, mm A ARz A Brgol Zashe AR dete] 9
.= pit depth, mm 248k 535S Edl= Aottt
39 2AE Foto AU L ved HE T
Loss of srength = sta] A 4FetH thH(Rajani ecal., 2000).
Crsidual 15— Sretmetallic 15
L S O = po i, 1.0
222, 3994 5% 71, 0,& A $A &3 (Nominal stress),
S0 A8 & ASTM F399(ASTM 1990)e] 23 ane w59 o], p @2 F4e] W2 7|33}
o), dutd oz #AFAA AP e SENB(Single- & AH=(Geometric factor) o], =X Z10](g,) 9+ AJH
edge notched bend) A1 3= CT(Compact tension)  #(w)<] o]t}
NHE AHEETHASTM E399). Z18fuk SENB&
Ao ZA 5t Graphite flakes Fo2 H3 Qo] 3 HFHED
2 Aol7t e Aoz Hrhta glow, CT A8
Fo el BF CT A AAE 7Hdto] Azt 3.1, FAlo| 2= XNstol| bjxls e HWot
oldtate wHol de ALSE Hud u o 3.1 34 EA
(Rajani et al., 2000). o]& AJ¥ A 2& 93 & F Table 30]& CIP AJHo] A3 F2{& 23 571
A7y B2Ben, ZE(Curvare)S 7B W20l (Gross thickness) 9 91784418 & slaje ¢hddf ol s}
vh, wigha] B Aol A Rajani etal (2000) Tl 2 o ¥WdntE 3 & 243 ¢ & A, agn T
43 DENT (Double-edge notch tensile) 2 Simple  2]do] 52 A elldth. Table 3olA H4&
tension testE o] T A& ATt olw] % T AH AA FAE 9.07~15 Ommo| Tt 2
AN APL 9 AH2E BSAEY] MTS- AN & gad oo tiste] x8dvE &
810(100ton, MTS)S o] £8}5ic}. 5 278 BF 22470]7} 0.63~6 49mmE g‘ A &
$37Q4 AEe 93 DENT AL Fig. 3% 2 244 0§ JF57E 3.08~1333mmz 74wl
G, e Tomeln, E& 0mmolm, Aol 180 B A 2E BEel WA 9ol e F AL
mmz WATCZ 457t 60 o3 Zolr} Smmel ko 2 AHHE
A (Notch) & 9o zzb shvby dET. o F Table 304 BH, A|H NS-C-19] i 344l
DENT A& Hydraulic grips2 3 3la, Aol 3 7} 6.49mm= §-4]9] 5o 7H 1o Uﬂ GM-CR-1
2 w7A A AT olw IS 0.00245 o] 0.63mmE 7 B AR ey

mm/sec £ (Stroke rate) 2 A Ho| g2 wjrtA] Q1
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Tabile 3. Pit characteristics of tensile specimen

ID Nominal diameter, Specimen width, Gross thickness,  Avg. pitdepth,  Net metallic Gross area, Net metaliic
mm mm mm mm thickness, mm mm? area, mm?
NS-C-1 80 12.62 9.57 6.49 3.08 120.77 38.76
GM-C-3 200 12.73 11.92 3.49 8.43 151.74 106.64
GM-C4 150 12.64 10.10 410 6.01 127.66 75.54
NS(2)-C-1 150 12.46 11.95 1.42 10.54 148.90 131.16
N§(2)-C-2 250 12.48 16.35 3.23 13.12 204.05 163.74
GM-CR-1 150 12.50 9.07 0.63 8.44 113.38 105.37
NS-CR-1 200 12.61 9.60 1.73 7.87 121.06 99.02
NS-CR-3 150 12.60 9.62 1.58 8.04 121.21 101.34
NS(2)-CR-1 200 12.55 15.00 1.67 13.33 188.25 166.34
3.2, 8389 24 T
7t Al tiate] QFAI R urE HF-HY A om0 et
% Fig 4] JERAQTH 9 (Smain) & 27] AR | AP
o] (Gauge length, 50mm)e)| thale] 3150 w}E Lo 131500 | [ Quar i
wste] v ATk Fig. 44 2 2 Aol & 2 e
Fol Z7hgel me} AWe) ZolWaE NFPHoR
kel Bastge] =2alA Hu, Alge] sy 7
- 3 =) I Q L
= Zig‘i EC‘)—E} ‘zrzé%g 01—%‘31]' %SH j‘ﬁq O] 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
48 54 2370 08 % A2 BRAFA
. . . Fig. 4. -strain plot of i imen.
7 (Semi-flexible) i 7} 7 (Flexible) 3= o 2 e ig. 4. Loads-strain plot of tested tensile specimen
Aoz stz (Rigid), #4 (Brittleness)o] A A&
7HA 3 7] wgolvth. weka FEBL dFo] o= 3000 5
o[} FUVetA HW, skl tig %%ET%(Buffermg 2500 F ¢ e o o
effect) §lo] vl FLR ool T o by limreo O e
ol =5 Ao w wetHy Z //’/ R = 0207
R . . 8 1500 | ®e .27 o
G Fig. 59X sdetad 348 299 T4, g
293 & FE B 7o ABAL BE AA Alm ooy e O Loads-gross tiokness
. //’ @ Loads-net metallic thickness
o gl e 2T AS o & 750 B w0 | g o
Aol B Ao BUAT ok wle B4 Fo N
E T\’l‘iﬂ ‘Hoﬂ Eﬁg,% :él‘_odi} % _\_:’i_/_\_}% X}'iﬂ7} 31{1,9‘ 4 2 4 6 8 10 12 14 16 18
Gross or net metallic thickness of specimens, mm
Ao viAE Gl ¢ &L orlFte Aog
B Fig. 5. Breaking loads versus gross or net metallic thickness.
& F Utk o] TR0 E Ao ofHT #A
Ul FARNEE F A o] B LREOR o}
sou T2} ArE AR Rk Ao® Hag 313, A2
ik let, Fig. 691 CIP97) Aol g3 248 288 5
uebA #ol e AmE olEd HZlolE A9 A, & F&o] U T, 18u fsEe uds
@ AR Yk Ro] e, A4 2ol 2 o WY ¢ BE QPR AT ARE, 28
© AdEE B0 & AYste] s o] @ 1 FEed 58 3 Yo
8% Ao & AetHT} Fig. 6914 97 A|# 9] & 24 AFREE 11,61~
26 .28kg/mm’ (Y7 16.3%kgy/mm?’) o] Q11, BAL 11
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Fig. 6. Residual and net metallic tensile strength of CiPs.
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Fig. 6ollA 34 5
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o gt %}%%EC 0415‘: s 49_31
L e Aurk NRC
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Aa7] SQste] e AEd »8E 7]1E0l
9] .1 (Rajani et al., 2000), ol A= olejgt
of A7t @de] xlgslojol & How ¥
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Fig. 7. Pit characteristics(pc/t) versus residual tensile strength.
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Fig. 8. Observed and predicted residual tensile strength
considering pit characteristics.

3.3. TN o83t RELUT
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CE-3, NS(2)-C-1, z1e}31 NS-CR-1 Zo] z}bz} 3}
o W2 ME g& COD Wals Hol: Ao
gt ol A AFE vk 2ol o]F Aol F
Afolrle it Al2A7] e A T
AddoZe thd zpel7h 7] EeR wd
(Rajni etal., 2000),
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1400 | o @ <« Observed residual tensile
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NS(2)-C-1 E2 |} Ave. of f h
1200 S ) vg. of fracture toughness
:_ = 76.39 kg /mm3/mm
1000 3 N oK,
2 NS-CR-1 - S P L
G 800 ] ¢ -@ BB/t . ]
| 2
3 e | 8 10 ® o =019, s =018
3
a0 g @ /
8 5
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200 | & e
0 . o ‘ ‘
0 001 002 003 004 005 008 007 008 0.00 0.20 0.40 0.60 0.80 1.00
Crack open displacement(COD), mm Avyg. pit dpeth/gross wall thickness
Fig. 9. Loads versus crack opening displacement. Fig. 11. Prediction of residual tensile strength by fracture
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Fig. 10. Results of fracture toughness test.

A P

hsd

=

I Ak 4 %= Spun CIPY] o]
S8)e 93914 e Pit CIP(1880ki Zutol A 1930

QA mjad® B)e] AL 5~ 15SMPavm(=80.6~
160.12kg/mm™Nmzn), Spun CIP(1920dt] Z¥Hie

1970t 274A wAd® #)E 10~ 1SMPavm
(=160.2 ~ 285kg/mm*Nmm) ©| AT},

mreba B Agelld 23 3y ghol %
CIPE Y EE 4+& ¢1.21 Rajani etal.(2000) 5°) &
35 n] = Ayt oz 2213 CIP &9 b
& w39 R Adido g e oz g
.

A

e
,‘l‘
&

i
=
s

3.3.2, FAAGE o] &3 FHELE OS5

Fig. lldl& 42 ¢ 454 A4 o
L3t d&g AE AL EE eI

Fig. 11914 32904 & o4& %=& Rajani etal.
(2000) Fo] A3t AAAYE o] &3 2AFYE

873

toughness and pit characteristics.
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Fig. 12. Observed and predicted residual tensile strength by
fracture toughness.
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