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AR B A A 7L EAls] BAE 2 AA|E oAtk 53] A2 W TMI(Three Mile Island) AFaZ
o] % AL A ES] FAS AF7HA| LA EA L ok o tigk 71 F8.8 o)< F 3R 214
2o oxtenbA 20 nput B2 7 oo AL whE 5 ol whaAL EA

olc}, 58] oAl v, A, maps ol Ueleld vk 7
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i art =qE R om A28 AgE w3 ookt ez Ws), s o] gk o2 vhekgh a4l 7
A % 7|%ol| gt SerEEd A A7) ARk A = Qle) 123 A}
g A3k At gloj A A7 v 4ol wl} thekst 714715 (Code @ Standard 5) ©] A& ot
£ FAME A 24, FAE L Y A QAT AL AGAE AL 54, 7eE 44 Y ks
TR A3 5E A EEY QA FALE ek ARl

A Fol A A= o] £AE 2 Y IAHEALE AZY Reactor type) o] w2t A{EH vl
Westinghouse typed] 7}734 2 (Pressurized water reactor: YZHA/Z45AZ A4, H0 AHY), Ay}
CANDU type?] 7}et=42 (Pressurized Heavy Water Reactor: WZA/ZAEAZ A4, DO AR, T~
Framatome type?] 7} 42 W s=+E 3894 (KSNP: Korea Standard Nuclear Power Plant) 2] 714442
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R A s 22 PE i ek AR AL )] AR Aol et g8 St of
I AAEe A719 Felx s Ao AgEe] WAl 2Rl 2] 137171 587 MWes] Al
o2 Azkste] &2 AA" 245/657]9 441,000 MWeR S71sk o 2ukzk 1,400 MWe<] ATt
o] A2l Aefolet. gtk Fufe) A AdIEL 2 4R WEkE] o] Sl 1 S Aein
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AR AN A, 18] 1, 287]+= Y285~ & (Westinghouse type) 2] 7F}74+Z (PWR) o|H A A&
FE&AITZ (Metal containment structure) 2 o] 9t} o]+ AGAE 2)H-3Ae A& ¥ (Cylindrical
wal) & 7H)= EA 2 E (Shell) 7 & & (Shallow—dome) FEl<] 25 (rooD) 2.2 FA =™, jF-f| 1} inch F
79 247%% (Metal structure) 3} 9J5-6] LA EFZE o] Fo|A It} 2 F57-250] A9 ¢+
7] (Pressure retaining) % WA EA ] o5 WAsle 98-S sk ¢l

A dAleA, A4 1, 2, 3, 4371 (CANDU typed] 7Ile42) ¥ &4l 1, 237] (Framatome type®] 7}347
T2)& 424 "lEA 28 (Grouted tendon system) 8l Ze|AE A 232 E AVE (Prestressed concrete
containment) ©|t}. L2 AE# A Z32]E (Prestressed concrete) = Z3 2| E 127} 4&2Holl= )iy oA
ol o S Heksly] Slgk abgolri. o gt A5 o H FAAEY ¢ = FHo] A5
& A=, 53] CANDU type®] 7M455-2v 2549057 9] viel 257220 gl 959 237
E 7xE& (Concrete structure) ©] 9424 (Pressure retaining) ¥ WA EA L] 55 WA 5= 98kg 3l
Atk Prestressed concretet 3173815 sholl A WA= Aol o3 whAE b5 2719} 247} 2
Bl20) o8 2=l 23 E Q) QAL A2 AE EE A A=) o]= Pre—tensioning®} Post—tensioning
Hog FRE YA AdHEA = F2 Post—tensioning $HLE AL, w3 Post—tensioning
e ZIE tube W] W (Tendon) ZAS A& (Grout) AlA T3} A2A7]= A2 BlEA] A
(Grouted tendon system)¥} Z8]A 9] HIAEAS FA]7]= v 2HA] €= A A E] (Ungrouted tendon
system) 2.2 Uro] Ach,

AR A A, 128] 3, 43.7] D FF 1, 257]+= Westinghouse typed] 7Ita¢= o), A AE+2E v|A

z2kA] gl A 28l (Ungrouted tendon system) ¢l Prestressed concrete containment©|t}. Concrete %% ¢+
=]

=2

RETA
o

A
°©

(Hemispherical—dome) 3el9] A5 (Roof) 2.2 F-A= L} vl ZaE T2/} 23 AGAE9] 44|
(Pressure retaining) ¢35 gkch A3 2k4] wlEA 28 (Grouted tendon system) 4} H]8ko] v 4 2H4] BlEA] A
8 (Ungrouted tendon system)-& A& @ 5247} wo] =& thAo] gl o1} 71536 8= (Tendon) 2
Prestress €418 243 2= 917 3 ¢ A] 8lE (Tendon) ] A% 7Fsste] AvtAEe] 22wz} oA &
B S A w9 H ol A 7hA| AL e,

npA et Al A, £l A E A28 7HsF AR ' (Tendon) 9] Strand ABAES & 5 =%
217 (Detensioning) & 4+ 90+ = (Tendon) ¥ 537 A (Prestress force measurement) it 75
(Tendon) 22 -8t A= gl o] 73 v]2] 2|43 &% W& (Tendon) &2 Q18 7hg-F Ak 25
191 &l (Tendon) #] F2+9] A4 (Random Sampling) ©] o2} ©Alo] §le}. &3k 8l (Tendon) ¢ Strand 4

% 50, 53, 557142 % 17heE EelAst 45, 4% ®lE(Tendon) 9] PrestressE A1817] S1sl A=

ol

ot
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E1 A% AgE He
URLTAE | BBMWe) | AR 27t AlAE s
(o[HL)
= Metal Containment
7
1271 & PWR' (Shallow dome roof) HE
g JIAA442 Height(44.55m)
237 650 (Westinghouse) ID(32.08m) 1983
Metal Thick.(38mm)
127 679 Grouted tendon in 1983
257 700 Prestressed concrete 1997
94 337 700 PHWR? (Shallow dome roof) 1998
< (CANDU) Height (42.29m)
4 37| 700 OD(43.06m) 1999
Wall Thick.(1.07m)
137 Grouted tendon in 1988
Prestressed concrete
= PWR (Shallow dome roof)
=% 950 .
057 (Framatome) Height(59.44m) 1989
ID(39.62m)
Wall Thick.(1.22m)
12| 32| Ungrouted tendon in 1985
437 Prestressed concrete 1986
127 950 PWR (Hemispherical dome) 1986
" (Westinghouse) Height(59.44m)
°e | 2357 ID(39.62m) 1987
Wall Thick.(1.22m)
337| 1995
437| 1996
o1 3t
38 55y 1,000 2002
637 2002
337 1998
- 4357 Ungrouted tendon in 1999
al = 1,000 g
= 537 Prestressed concrete 2004
637 PWR (Hemispherical dome) 2005
137 (KSNP)? Height(66.75m) N
\as |27 1,000 ID(43.89m) H23
A5 Wall Thick. (1.22m) -
— 1,400 A=
4357
pgg 220000 #M5
137 _
olA |
B | g | 1400 e

'PWR: pressurized water reactor, Fuel; Enriched Uranium (U235 2~5%), Coolant; H20

*PHWR: pressurized heavy water reactor, Fuel; Natural Uranium (U235 0.7%), Coolant; D20

*KSNP: Korea Standard Nuclear Power Plant
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Strand® A== Foj 9t} vy =229 AapEbA A (KSNP: Korea Standard Nuclear Power Plant)
7} 7fikE o] BlE(Tendon) 2] F2H$] A4 (Random Sampling) ©] 7Fs3}3, Stand =7} 557Fke & FA g o ©l
= (Tendon) 2] &1 Aol A2 Strand A $lo]= 7745 PrestressE A8 = I =F A A= ‘”‘3}. 3%
337)% Z3s}te] o) o] AAH ALY LAL(GF 3, 4,5, 657 L €4 3, 4,5, 627+ A=FEFY A
PAEE ARSI, £ B AT S B9 DA oHblelh U9 QAAHAE 95 5 19
2 S epsinh

N

3. ¥HEEY YA TAL: AR E Al &H)

S EFY JAAGAEL o237} Zro] goksl &= olt) u|A Al BlE A A8l (Ungrouted tendon system) 2]
Prestressed concrete 7+2& 165719 43 1% (Tendon)-& 240°7+4 2] Hoop HHIE, 96719 42 €=
(Tendon)2 Inverted U |2 9%3 E4| (Cylindrical Shell) ¢} ¥F-3 & (Hemispherical Dome) ol A 2] %] o]
ot} (23 1). 2] ¥lE (Tendon) 2 55709 Strand® T4 =™ &+ 709 Strand (A& 1/2 inch)= 770¢] &A1
(Wire, A2 4~5 mm)2.2 oA 9ot (29 2). 29 3 9 E 2% 8= (Tendon)9) AZH-E(Anchorage
component) ol Hjgk A7} G3S By gk

- Horzontal tendon

-1 Buttress

./'\/\
o ‘o =
\/’

Wire Strand

*Tendon : A separate continuous multiwire or multistrand tensioned element anchored at both
ends to an end anchorage assembly

3 2. 7 HM AERKE (Seven Wire Twisted Strand)
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18 3. HIEY R E (Tendon Anchorage Components)

H 2. HEXEE E (Tendon Anchorage Component)

£ CEERE

)]

Bearing plate * Anchorhead?| a2 2 Z32|E L{of| ME o= g
(0]

« Bl E(Tendon) 7t=H0] Q1 &=l AEHO| A 232 E0| &F2 Jtot7| 98 D™ E
Anchorhead

18

o
| o

. Hl = (Tendon) A X| I Anchorhead®| HEHX|4+E AH 67| /8 Bearing
Shim plate

plate2} Anchorhead ALO|0f| 77| = EH(Plate)
Anchorhead?| &l =(Tendon) 7+ HOf| 7|2 Wedge/t H&HE [ F|0{LtR
Z{Lt 20X = A S WX|517| ?lsl &HotF = THPlate)

Retainer plate

Wedge * Anchorhead?®| EI = (Tendon) 712 280t = 9
AFMoz ZHCEN YESHS YHA7 = Fe
Strand * 7702 A (Wire) O] 2191 MERO| Prestress element
« M Z: ASTM A416, Grade 270, Low Relaxation Strand™
Sheathing duct « 232/ E LHof| Bl =(Tendon) 7tE0] E0{7t= S2
Trumpet « Bl = (Tendon) & 19| AAY S Aol HAE Szt
Grease « 8l =(Tendon) 2| Strand S2| F4, 3t WX|ot= ME
Grease cap « YEE HIE(Tendon) 2| HIZF 22 YEHFE E56p| /et dB|A S E
Grease injection access | * J2|AE Fo= E2
Vent/drain cUHE 37| Y HWERRSO HIE &2

4. 9744 Ad7E A 718

A S A S 7|50 Al 2004-13% AAER A9 7heF ARl B3 Aol w2t 74
o2 ZAtsteof sb, o] A AviAlE okt Fel® A s o SAR Adileel se AAE 84S
A &3tofof g}, w3 AR Ak 7] A A ) A AR (Technical Spec.) el £ 4-7]& 2 718 E3sfar Yot

£ 30 Fule) 9 A ARl A8ele 1A 7|2 a A Ao Feel el
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5. ¥5REY WS 7FF A A4

AR 27 471¢] 71| 322] (Concrete/Anchorage hardware/Tendon/Material test) 53k, AR}
9 U85 F 4o Qo o2 2l s 2 (A A E Ve A A g Ao s Avny
3} 722 A Z A=)

. AAAIE A AE (Review of Inspection Plan)

A AAA7), g E AL 7158 7 5 Akl o3 RE MRS
8= A1Z A A (Tendon sample selection)

X5 AGAEL = (Dome) Y B4 (Shel) 2] 96702] $218l%E (Vertical tendon) ¥ 135712 He =
(Horizontal tendon) |4 22k 358l (Common £-& Control tendon), €214 Bl (Detensionable tendon) 4
<37 A "= (Tendon) & AAsH=d| 7]<AMA (Technical Spec.) ol 7|22 22 ASME"™ 22 NRC

Regulatory Guide"”2] 7128 A& 238l 9t

>

.

o A gk

et

o |0 Ho
krl

H 3. HXE AGHE ISSEA VA
ALAZ AAH HMAY HAEY FRIIEIIE
) y=l PWR
Metal Containment ), # (Westinghouse)
3 PR | Pecutoy e .90
#1,#2, #3, #4|  (CANDU ’ eguiaiory gulae 1.
Grouted tendon in ( ) » CAN/CSA—N287.7"
prestressed concrete o x| PWR . ﬂgkig_gl | .
#1, #2 (Framatome) U LRI IOe 1
* RCC—G Part 3*
= o M| 2IA|
Ungrouted tendon in #3, #4 PWR + US NRC Regulatory guide 1.35"
prestressed concrete A (Westinghouse) | * ASME Sec. XI, Div.1 IWL"™
#1, #2 + ACI 2010
* ASTM A416—74, A512—67, D992—-71,
o] D95-70, D664—58, D974™!
e » APHA No. 427"
#3, #i, f5, #6 o LTPHS]
| « FSAR™
Ungrouted tendon in | #3, #4, #5, #6 PWR « KEPIC. MIL'®
prestressed concrete NDg (KSNP) . 7_1.5;7'_{’% TAEEL AJAE JHEE 2 A
#Ae 75 74 TN U ZAIRA
Ll . 232|E Qs HUBAA®
il i « KS M 20019
*CP3A&1D.16"
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C. 238 E 4 g=AAEEZ A2 Concrete & Tendon Anchorage Components Examination)

2E Zazlegd 9 gEA23E (Tendon Anchorage Component)> Z2ZE Q3 AAAAA, ACI
201.1,"" 2= E AW A AL 5 7] A4 (Technical spec.) ol w2} ARt

D. An| A, &8 4 9A& =4 (Equipment Calibration, Prestress Force & Elongation)

7] A1¥HA (Technical Spec.) ol w2} Jacking force ram, 948 A¢] 2] (Pressure gauge), 2E=A (Load cell) 5
2] ] (Equipment) & %71EF 57| HelA AE= QL AUES AFE A L AE Fof —.7—}4"7}— ak=} El
E (Tendon) 2] 3-8 A} (Prestress force measurement) < Lift—off test -2 1.9} §-AFEH b 0 = &A1)

E. AlE A& (Material Test)

8= (Tendon) Strand/Wire A& ZAAFE 413 2] 89l= (Vertical tendon) ¥ 4% (Horizontal tendon) 9|4 Z}

7t 1745 $HAs] Al st AA A0S Abete d3t571E Ak} E8 'l (Tendon) Strand ol A] &4
10, Fetoll A 1705 AF 8ked ASTM Spec.ol] whet 7| A4 A|Q (FEZ=, A=, A48 & 53814 7<
A¥FA] (Technical spec.) ] 4 AL wlEA Ak gt} 18] A (Grease) 33X 8 oll4= water content,
alkalinity, water soluble chlorides, nitrates % sulfide’} ASTM D95, ASTM D974, ASTM D512, ASTM
D3867 % APHA 428 878 SZA|A0} 3l9, AZ (Viscosity), 472 (Color), WA (Smell) So] 7]&A]uA

H 4. A ES L LIE (Examination ltems and Contents)

Categories SH=(ltems) ZQ &4 WE(Main Contents)

*Crack e« Spalling « Corrosion
«Grease & - EHIFAE

* Deterioration  « Disintegration

* Distress & Damage  * £S&5t

« 232 E 32 (FelEAE 2 543
<OSFH - 232 EH|IRZEE

« QEHHZAA
(Dome, Shell, Buttress Z &)
Concrete | * Anchorage component 2| &

+ Gallery Ceiling Z A
« 232 EOHY HUZAA

EI -IAl-

* Bearing plate

*» Anchorhead

* Shim plate

Anchorage | * Strand & wire

Hardware | *Wedge

* Retainer plate

* Grease cap, Gasket ring, Vent cock
* Grease injection access

* Corrosion  *Wear  Abrasion

*Crack Dent «Scratch e Failure

* Fracture ¢ Deformation * Degradation
*Damage * Grease Leakage

« Strand/Wire/Wedge Slip & Breakage

* Wedge Balance & Mismatch

* Wedge Looseness

Tendon * Prestress force * Lift—off force test

* Chemical Analysis

* Grease : )
* Color e« Viscosity ¢ Smell
* Free water * Chemical analysis  * Quantity
Material Test * Corrosion  * Crack * Mechanical damage

* Yield Strength
« Ultimate Tensile Strength
* Elongation

« Strand/wire
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LK AR A28 NAH o AN

—BE x0T

e

3
&

(Technical Spec.) 84S FEA A oF gt} w3k 18] 27 (Grease cap) ol AR A4 (Free water quantity)
9 pHE 7% HAeta, 222 AA% U HAR S 715 9 vla 43k 22| 20F H7HE gk olgd B
< ArE g F 28 28|27 (Grease cap)-& FAHAIE 93l RE=A] 79 (Coating) A2]E gk

F. %7} (Evaluation)

npAte ® B E AAMATE A7 H A A 20041335 AR A Tlsg A ALl Bk 1A of] W AIEE 7]
%7|% % 71 A4 (Technical Spec) ol whet H7lete] 342/284& A4, B34 A4 Bay/aA =
2 1o wje} 2730},

al

>

i
v

4

) DAL= 197890 18] 137]7} AL A RS A Aste] AA) 20 27)7) 7FEFoH Ak
B8 A 6319 723 M o, Aiel 9 N84 Sold 24 52 3% AL $U B4 Yo 4
gawel oA DA dEre bE AR Zlolr}. 7] v, Ayt T2 5 o Yol A kA
b 5ol Fuhe] AL E AU RS A A2 et b LA FEE A
o4 A2 HAPE71E Sol WAL Felel wiet th2A| A vt A 2o 37 A A
chekst Fej 2 w3l s of vpAY S 2y AAR AT ARt A H Yo S u AR A A
< v Z2o] 4R H3E sigkeh AR 25497 E (Metal Containment), &4 2H] ®lEA 2~
(Grouted Tendon System)2] Prestressed Concrete Containment, A& 8] 2] A] 2~ ® (Ungrouted Tendon
System) 9] Prestressed Concrete Containment, PFA] 20 2 3253 AbAEo| o) 72 A A A 7]
FAAAE Hares 7 0= st st oy A A A9 AR O JAS Fol 7]e7]E e
35 o BpAo| i QA Ag-star Qlet ARbA ]l s A AF ARl A g AT EE 781 o] F A 574
2071914 S A5 dAR gL, 789 A A S Al w1 2] Al 30doR 71AdEof
A A2 A e AdE FA Foloh @A QA At E TR A AR oA v 7]11/};} e
F20 Vle7|ES 8 AR E AYska glou, A tigr| g3 oA ek uWr1e7]Ee A

1 =
m{n}n;&l-%r

a3

¢

GAiA71=7]E (KEPIC) o] 8. 77| o2 A= 7] g3l F1] Fo|vh 53] Adzleel 3=+ vEd
2HLZ (Tendon Anchorage Hardware) ©] 7] 74 A] tj¥E n]=r2] VSLo A A =3l o A|7ke] 35

of whe} w2 FFo] Akt ks gle), e AR A g 37] 9 4 30,000 set o]4o] Bogk 917
(Wedge) 1) 717}9] Prestressing Equipment 5 58 3-5-0] o}2l % 49]of o|&3} 1 gl AA ot} wlelA, &
A 714 A1 8 o] g fEUetel| A= o] gk FE2] Ak to] Al5gt AFStolrt

ol U

r-[n

[1] =g AA-EF A 34} KHNP, Homepage (www.khnp.co.kr), 2007
[2] Jihong park et al, to be published, “Present status of nuclear containments in Korea”, 15th International

Conference on Nuclear Engineering, Nagoya, Japan, April 22—26, 2007
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[8] Canadian Standards Association, CAN/CSA—N287.7, “Inservice testing and examination requirements
for concrete containment structures for CANDU nuclear power plants’, Canada, 1980
[9] AFCEN, RCC—G Part 3, “Design and construction rules for civil works of 900 MWe PWR power
plants”, France, 1981
[10] US NRC Regulatory Guide 1.35 “Inservice inspections of ungrouted tendons in prestressed concrete
containments”, USA, 1990
[11] ASME Sec. XI, Div.1 IWL, “Requirements for class CC concrete components of light water cooled
power plants”, ASME, USA 1989—-2004
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(13] g LAAF A 3]2L KHNP, ‘922 AWE 47175 A R A A8 A7, 1985-2004
[14] &= 212852 3 A}, KHINP, ‘Final Safety Analysis Repor”, 1978—2005
[15] A4+4171€71%, KEPIC MIL “{A7} 5524 A2, ti3hA 7] 93], 2005
[16] ASTM A 416/A 416M “Standard Specification for Steel Strand, Uncoated Seven—Wire for Prestressed
Concrete”, USA, 1996
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