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A Study of Time Dependent Diffusion for Prediction Service Life in NPPs Safety

Related Concrete Structures

Choon-Min Lee', Eui-Sik Yoon?, Seung-Soo Kim®™

Abstract: Nuclear power plant concrete structures are in contact with the coast, and durability due to chloride attack is very important because it

is used as cooling water by taking seawater. For this purpose, a 3-year long-term saltwater immersion test was carried out to evaluate chloride ion diffusion
coefficient and age apponent (m) The m values of the foundation with 4,000 class was 0.35 ~ 0.39, similar to KCI or ACI suggested values. essential
service water constructions and tunnels of 5,000 class were 0.44 ~ 0.53 and 6,000 class, and 0.62 of reactor containment buildings were similar to
the proposed values of FIB. As a result of the prediction of the service life with the measured age coefficient, all the safety related concrete structures

of the nuclear power plants satisfied the service life of more than 60 years.
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Table 1 NPPs Concrete Structue

Item Structues
RCB Reactor ('Jor}tamment
Building
Turbine Generator
168 Building

ESW | Essential Service Water

Seawater Intake and

Tunnel Outfall Tunnel

Base Basement

Table 2 Properties of cement and mineral admixtures

Chemical compositions(%o)

Items . Ig. Na,O +
SlOz A1203 F6203 MgO SO3 loss I.R. 0.658 KzO
Cement [20.48|5.72|3.67 |2.74 | 2.46 | 1.70 | 0.20 0.85
Fly ash 85.72 - 10441370 - -

Table 4 Required Average Compressive Strength

] - - Spec. Compressive Strength Required Average Strength
FF A A AS AHE-SFATH(ASTM €494, 2017) (fa Mpa) (fur, Mpa)
27.6 fy+8.27
32 E32|E Higd= 345 f4+8.27
A=) = Eo] ZEx o 3 E TAHE AaEo 3 414 fuct9.65
t?:]_;(o ‘1“:23]——“] =3 EIT: EZH, /‘]t‘ﬂ_]—— =3 é‘iﬂ S, ﬁ] o»!—xl',
Table 3 Properties of aggregates
Hems Gmax | SG. | ... |Apsorp. sr?gsr;d Fé?zsgd LA | o1 Vte‘ig;}ft #200 W[é?gl;t chloride
M. 0 . . o
(mm) (g/cm) (%) %) %) Machine | (Color) %) (%) (ke/m’) (ppm)
Fine Agg. - 2.36 2.75 0.99 0.6 - - No 1 0 1.1 - 53
20 2.67 6.80 0.97 0.6 12.0 - 0 0.2 1,586 18
Coarse Agg.
25 2.66 6.40 0.85 0.6 2 12.3 - 0 0.4 1,602 23
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Table 5 Mix Proportions for Each Structures

G
W/B| W C |FA| S

Structures | Class @ | ke | ko | ko) | ke 20 | 25
mm | mm

Basement 4,000 | 50 | 160 | 258 | 65 | 799 | - | 799
4,000H| 50 | 143 | 234 | 58 | 882 | - | 882

ESW 5,000 | 40 | 160 | 323 | 81 | 725 | - |1016
5,000H| 40 | 142 | 292 | 73 | 817 | - |1000

Tunnel [5,000T| 40 | 171 | 343 | 86 | 676 | 990 | -
RCB 6,000 | 40 | 163 | 329 | 82 | 759 | 942 | -
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(a) Specimen

(b) Mock-up c) Core

Fig. 1 Production of Test Specimens
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(2) ACI Life-365 Service Life Prediction Model
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Table 6 Result of Compressive Strength

Compressive Strength(MPa)

Class 7 28 91 180 365
Days Days Days Days Days

4,000 16.6 27.7 37.6 40.4 42.1
4,000H 19.8 29.5 35.7 43.0 432
5,000 30.9 374 46.2 51.1 53.9
5,000H 334 41.9 57.4 59.3 60.2
5,000T 28.3 41.5 50.2 56.0 58.5
6,000 28.6 39.7 49.2 53.6 59.6

42 ZZIAEo 25 Hel=0[2 Al

S ol of & Asb=ol 2 S e Al E 28 B AE
365l =353l .0m 1 A 3HE Table 7 YERA AT 1

36504 A 28U BT AR H 0 2 Sl A Bl
o, MAGE Jolol mebs] SiA7} sk 2
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54 %20 2 BAIA 57} HolA) = At LR o, o)
IS ZHEAIE AFR O 2 Q3 54 =7t & Z37
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.

Table 7 Result of NT BUILD 492 Test

D, ..(10", m%s)
Class
28 Days 365 Days

4,000 26.0 7.92
4,000H 21.8 7.75

5,000 13.8 3.43
5,000H 10.9 3.10
5,000T 11.6 3.59

6,000 13.5 3.73

é%ﬁl* 612 b}E} 65 ?J%?J 9‘r365<ﬂ D(,”/l
AARATE 0892 xﬂegol —7}@;* AT A=
Z& Hol Feto|of A& ARERF FAY EE 2T AW BT 4
Z|AEANA AEFHF =} AslEol AT w2 T
A7 BAEE A & Ath
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A7NZA A o3 AtEo] 28| =(Long-term
Immersion Chloride Diffusion Coefficients, |3} D), )Z e
E Ao GAYEE 95t Hi-S AlL|g EA o F

Al T8-S S8 Al -G ARSI A8HE0]2 3 %0l EA
21 7t 23 E o] AlHS ZF XA Hol] TH o ZHE]
0.5 mm 74222 mm A w23} st Tt v EdslE 3
Y E Zlo|¥ A|8E Automation Titration ZH| S ©]-83}]
AASHTO T260 PO 2 2] (7)3} 2o] dA3}Eo] 282 90
¥, 180¢, 1'd, 2\d, 31d%te] AstEol o mEH A Lol
H3E =2k 48 =353 D, A3}E Table 8ol U
ERALTE o] 2 EA415HA 91 Y HE] 1,095 714 4,000 Class
o 1= 8.30E-12~3.69E-12 m%s®]™, 4,000H Class:=
6.42E-12 ~ 2.47E-12 m?/s, 5,000 Class=4.17E-12 ~ 1.45E-12
m%s, 5,000H Class:= 3.89E-12 ~ 1.16E-12 m?/s, 6,000 Class
£ 4.22E-12 ~ 0.92E-12 m*/sE YERN I )t} 534,000,
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1E-010 -

1E-011

Diffusion Coefficients(m?/s)

1E-012 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1
2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
Compressive Strength(psi)

(a) D, and Compressive Strength(28 Days)
Fig.2 D

acc

Table 8 Chloride Diffusion Coefficients

1E-01

1E-011

Diffusion Coefficients(m?/s)

1E-012 1 I 1 I 1 | 1 I 1 l 1 I 1 I 1 I 1
1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
Compressive Strength(psi)

(b) D, .. and Compressive Strength(365 Days)

and Compressive Strength with Ages

Class Long-term Chloride Diffusion Coefficients(m?/s)
91 Days 180 Days 365 Days 730 Days 1,095 Days

4,000 8.30E-12 4.76E-12 4.79E-12 4.24E-12 3.69E-12
4,000H 6.42E-12 3.81E-12 3.69E-12 2.93E-12 2.47E-12

5,000 4.17E-12 2.46E-12 2.11E-12 1.75E-12 1.45E-12
5,000H 3.89E-12 2.36E-12 1.49E-12 1.32E-12 1.16E-12
5,000T 4.12E-12 2.83E-12 1.92E-12 1.53E-12 1.29E-12

6,000 4.22E-12 1.97E-12 1.49E-12 1.38E-12 0.92E-12

4,000H Classi= W/B 50% Hl@tollA D,+ 6.42E-12~
2.47E-12 m*/s°] 2L, W/B 40% HI <1 5,000, 5,000H, 5,000T,
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Table 9 Comparison Various Code m and This Study

Code : Time Exponent
Equation m

KCI
————— 0.2+ 0.4(FA/50+SG/70) 0.36

ACI

FIB - 0.6

. W/B 50% :0.35~0.39

This Study - W/B 40% :0.44~0.62

Note) Using F/A 20%

AshEo]
40%5 71E 0% 3o 34131 7.94 x 10-12 m¥solH, Z}
oJo§A] 20% 712 m
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Table 10 Estimation Service Life NPPs Structures

Cover Crmc.al Servive Life | Service Life
Structure (mm) Chloride (m*) (m**)
Contents
Base 50 15 >60
ESW 75 Binder x 10 >60
Tunnel 75 0.4% 11 >60
RCB 50 28 >60

Note) m" : KCI, ACI Rcommend, m™ : This Study
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