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Research on remaining life diagnosis based on long-term utilization evaluation technology for concrete structures

(Part 2)

Shikoku Research Institute, Inc., Civil Engineering Department
Yuta Nomura
Shikoku Electric Power Co.,Inc., Civil Engineering And Architecture Dapartment

Fumiaki Hirose

Abstract

This paper confirms the applicability of the previously reported method for predicting the progression of salt
damage to actual structures, and reports on a method for assessing remaining life and determining the timing of
repairs based on bending strength taking into account the reduction in cross-sectional area of reinforcing bars.

In order to apply the previously reported salt damage deterioration progression prediction method to actual
structures, the variations in surface chloride ion concentration, rebar cover, and apparent diffusion coefficient that
affect rebar corrosion are taken into account, and the deterioration progression is calculated to determine the
variation in the amount of rebar corrosion after a specified period of time. The results of this method were generally
consistent with the survey results of actual structures, and therefore the effectiveness of this method was confirmed.

In order to contribute to the remaining life diagnosis of actual structures, the relationship between the rebar area
reduction rate and bending strength was confirmed through experiments, and the critical rebar area reduction rate
was set at 15% as the repair decision threshold in the salt damage deterioration prediction method. The estimated
repair times indicated were generally consistent with the actual repair records, suggesting that it may be possible

to predict the repair times of structures from the reduction in cross-sectional area of reinforcing bars.



a2 7Y — MEEW O EIE MBI 2 2 72 S B ar i W BT D0PSE(E D 2)

1. [ILHIZ

BREOREHR=a 7 U — MEEH D% 1T,
R L TR, —HTIHEES LA L
TWb, FEEar 7 ) — MEEmE2Ecbh-
DAEIER LTV 2012iE, HESLHETOIE
file 70 R TRIFE RICEE S < RFMBW, w72
HEREH O FI B 3 LB TH B,

ZZT, EHRTIE, Inboob, 2 U—
IS O E LT TR FEIC O THE L
7= (=1, K2, K1),

ARETIE, BEROEES(CHELT THIFIED EH
EM~OERMELHERT 5 & & big, KATPHIFE
DFENMEEBIE L, M A& (85 Wrim ik #2)
EHEB LT ES< K£FEMBE, 2o 0
22D & O T MHE R Ol FIEF 2D T
WET 5,

ik ‘ T ‘ mEm | %em
m ! A
N T ekt
pr / tz%\ 1 AR A
L 3 13
s PR N 2 RO GRS
g | BRCISOUENEL W 3 ; BERO U T R
FEFOUEN SR \\ {4 : SR % & S
t4
v mmmrLcEmET—

1 HESE TR

. o =EIELU—X
70 A-EEIELJ—X [
60 . T — 1
X ®x
£ 50 i
= 40
E x
X R
12 30 A . N
20
( v Al
10 i IHEE o
|EiTﬁﬁT7]BE?TU?’(F%J SR
0 T
10 15

0 5 20 25 30

BEHEEADE (%)
B2 BRA Wi B R & B R ) o BAERE

R(T,C,D)=Ro -Cr(T)-Cc(C)-Cp(D) (1)

zz, R(I,C,D): av7U— MR LY
AF U REEa ) —
B O AEEE LR
W (mg/cm’/4)

2. RBEM~OBERAMEICET S5
21 [Fo0ZEFEL-FEOLEN

EHEEMOSRGHEREIT, BHROBYIXS5HOX
WRENT=, HEELIITHE D ST &R 2w —
BICRET HOTIERL, E62X %% E L TRHF
M¥dsZEtnEZLND,

Bl Z0E, K3 WRT L OIS, BB R EICEET
HERF DX HE N L, HILEIT T %2 & &
THZ LI L THBHEBREEDIXSL DX 2 AN
ZEH T 5 Z R E BN D,

BRESTHR
BiES/F - RE C

(RHRHAS DIERENR~ iR

sy X Enl

(GERELD ShnEE -~ i)

8

hd '
WEMPE (%)
8

HHER D

(S I —FREDIEE2E)

\ AR |

M3 IooxaBELIEESL
ETFMDOA A=

oo 2B E L EESEITTRIFED—
DL LT, R1LICRT IO ICEESLORZE
HFIZoOWT, MR R &b EE, YR
AEEETDHE LI G ERSAEREL,
DR TEIEE RA ST TREMOMAEE ST
TEFEETHHEZITWEHEREOE S X
ERODLEHE (FrT7 ey Ial—vay)
NEZLND (K4), LrLians, I50K89
2, BRBRTOBEOIXS S IZERDMA 5
THEL TV EHEE LD R RN EREBHER D
IS A - M FIEOMENREEND Z L
5, AfFETIE, 62 OFHm T IEC OV THRET
THEEBIL, BT ANMBEYI 2L — g T
13722 BEBRTDIT S D X HO &K & K/ IME
DHMEENOHFEREOEX S X EZTHIL, &
s OMEMR L OHERICLY, TORMES
MFETHZ & & LT,

=1 ERTORFEOH]

EARERA F ¥ 3.07
it £ RE | EuEE 1.26
Qe SEREK | ABERS
sy T i 4.4
ML —
X BEREE 1.0
EeRii S ERN
HEEED F O] 1.610x10°
RAOGOMLBES | BERE | 0.483x10°
P e SERK | ARERSH




a2 7Y — MEEW O EIE MBI 2 2 72 S B ar i W BT D0PSE(E D 2)

]
& EERE
z, N
§m Ty \;/
H (=3
5 a“:f/%
g ¢ o —“, _./”
o 10 20 E 40 0
B8 (50
M4 ErFhirmsIal— g0 k580
BEEDIEL DX
4
— i MR
EMs &

3

m
% 2 I

1

0 III“I

0.2 03 04 0.5 0.6 0.7 0.8 0.9 1 11 12
sl O B
X5 =27 U— ko RETOHEBRED

AL R A

22 EELIELOEERFOEESOEDRE
(1) W R
2T, 1969 4F (BEFn 44 4F) [ZH# T L, Th
F TICHEEKE O EMEN TN TV D EERIR
# 32m X 26m D MG X R, HESLLDORE
B A DX 52 & OFHEHFEIC DV TG L7z,
YO ERRIE D22 A3 126mm By F, #iNAS D AR
39mm, AT 7 OFEHILDI6 2 200mm X F, iy
503 42mm TH B,
BHEREEOIXOLOXITHET LR L LT,
ST (REHEALA A BE, $ENSY, 2
7V — O RBNT OIEEARE) ERRET D,

@2)avo)—to R# T O R

a2y ) — O RBTOIEEKE, a7
U—hOMEERTHRIELEEZ 2 OND, RILE%
Bk, BrEEEYOLGAEITIT - EIIIKkE A B
EEW/C XEREINSD, HEHABLG GHY O
R ASERIE L 7= A s oW T, i T4 W/C
ERERT L EDRRERLE G L H D,

T, ABIETIX, a7 UL
N2 BATE G OEL A A RS A DD
Kbondar sV —boRET ONEBIREK E B
ML, KGO OPFER R P & UE
WMEZRDDLZ L L LT,

F7o, BT OIEBERE OB AT, 50
FEERLY, EHRSMATIEREES A TET
Me Lz, 7B, HIBSAMICOWTIE, BEam
DS E T MEIZEET 5 F1ETH % Rossen bluse
BRI L, BRSO E % DOnMOELLEICSE
BT, BB EREOREBICET ME LT
(4 6),
ERRET ML L aAIRED G, RENT DIk
R OFEEITLLTIC 2D,
o SEHIME 0 0.75X 107 cm?/sec
< AEmAE (L) W ¢ 0. 175X 107° cm?/sec
(0.525~0.925X107® cm?/sec)

I z 1

1/25ERED | I | ofmmn
7 = rh
3 7 x
7% i 7

] , I |
2 2 ?*.4- 4;
X I ;
0 ‘ 2{: | ki

0.2 0.3 04 05 06 07 08 09 1 1.1 1.2

kR B

6 Rossen blue ¥EIC X BHERS4E T VL

@) &mH M RY

A NS0IE, HLMEZzRITHEIELEZZION
Do B TUE, HIVE DA O GEEM OB~ 5
(ZOWT, REHME DO RIE (AX) Do & 7R
LebDThH D,

E]

Frequency n
S

0
0.0 1.0 2.0 3200 4.0 5520
Maxmum Lack on Depth of Concrete X:.(cm)

T HRAEEREEY ORI BT D
N5 R RED S AR

THIZHND 5D - X¢=Xd— AX
22, Xd:EREFS D= 3.9cm)
AXE, ERROBEERAER RO, HHOER A
ELTUTo®EY & LT,
MEESAE ;0. 35em, IEUERZEE : 0. 52cm



a2 7Y — MEEW O EIE MBI 2 2 72 S B ar i W BT D0PSE(E D 2)

Lo T, A ETIEOFEHIL,
3.9—(0.354+0.52) ~3.9—(0.35—0.52)
=3.03 ~ 4.07cm

W EEEILMIAVRE

X 8 TR T AL A A PR AT D> B B 43 AT
L7z KX R oo Rmb b1 4 2 RET,
L. 424wth ThH o7z, LnL, a7 U — FHENE
&4 2,300kg/m’ LARET HE, 27— FKRE
HAL A A PR BE I RIS TR 53 D 2\ TR-IRHF
13. 0kg/m* (£ 2 M) 1Zx L 32. Tkg/m® & FHY K
XREERD, T, B (ChEA R L
BREE) OBMRESTRRESRLIZLEZ A, =
Y7 U — s ORES GRE 0~2cm) DOMELYA
T PEELL 0. 410wt%~0. 483 wt% ThHo7- 2 &
5, RmEM A A BEICO W T,
(0.410+0. 483) X 1/2=0. 445wt% & ¥V 10. 3kg/m* 2
LT D78, BG4 BH L 10. 0kg/m® & L
776

Fio, MIKED B ATHITE Ch 5 4G F -
O RS M 7R BRBE IR B R b A A
WREEIE, HemeA ik U WEBRBE &[RRI B HLF A& o
MEREBEATLEE L, 5.0kg/m* L LT,

DATA & [Elzhigt
0.8

iy L —2 HER
4 07 TERER 6.187X107 (enf/s)
L : VIS 3. 2 (wt &
A &
roo0s L
(wt%) 047 —
0.3
0.2
0.1
0.0 7
0 5 10 15 20 25
7 & (em)
DATAf#% 7 JERREL 6.187X107% (enf/sec )
B —Z R KOG 1.424X10°° ( wi %)
LIRS 4104 0.0 4 1.293862X10°% sec DIIEE 3.309X 100 (wt %)
NO.  ¥ES(em) WL %)
1 3.000 0.6590
2 5. 000 0. 3460
3 7.000 0. 1320
1 9.000 0.0550
5 11.000 0.0420
6 13.000 0.0460
7 15.000 0.0380
v = /\ <
X 8 [l oy B SR
N N
#2 arry— b REAARE
229y — FREE A A RECo (ke/n)
— AR D DIEAE (km)
STHRAFE| 0.10 0.25 0.50 1.00
RFEADE M LB, Rk, I, b 1 9.0 4.5 3.0 2.0 1.5
REEHHDL LI MR, RB. A8, BE. AN 4.5 2.5 2.0 1.5 1.0

2.3 FHBREA~ OB A EE

AR & X5, Ak L7 7 Ak oo i
IZOWTHRFTT 5,
WESCEITHEREIL, LEICBE L 3T
HOXELTFICRT LI AT TERT 5,
K 9lWZRdT Lo, T 3RTON, FubEl
WA A PRI OWT, HAEREED D E LTV
% BRBE IR 128 LM IR0 0 7R BR BE & L C 5. Okg/m®
el iR L BREE & L C 10, Okg/m® 23R ET 5,
BIE L% 2 ORE FICBWT, Yo 2 K+
Td 5 WA OISR L SN 50 0K L H D
TICBTORKE L R/MEZKD X HIZ 48D (1
MAE, STV THILET FRIGHE 21T
IZELIKVEHEREDIEL DX EHIT D,

- REELED
A+ RE
(RIEEE)
(kg/m?)

- R yhER - fEE A ALY
(avvV—FrRE)

(%10 cm?/sec) (cm)

RXE

EONTRE

X9 WEIKFOMAEE

(1) LB AR P HVRIREE
FLORESRME T CORERMEEZK 10 (1277, 5
BIE, BEROMFIES CTH 5 EL TR
RACHER L GRS, bRS T D4k
BRI S50 JIFOMARIZL D4 B TH
%, 3HTFOMAETIT L DEHEMICK L, BithFH#A
e L7 RIERE S 41 FERREE S OO EIR
WAL TWRWIEE OBFE & EOEREIFX
BENTWDLZ LR D, ARFHIBITHET
MEIZ K- T, BB EEFEIEOBEREOUEIL
DECTWRWEFHDIEH DX IZHOWT EFRELH
HTExTwnb,

(2) LB R B L LVBR B

FEOFREFRME T CTOREMBRELK 11ITRT, &
IV EIIA WS DD, 3 REFOMAEEIZED
F LA GG P Y IS BLHLER A A& SR e L 7 5% AR E R

>



a2 7Y — MEEW O EIE MBI 2 2 72 S B ar i W BT D0PSE(E D 2)

41 BRI R OSMIE R RO FRMENITIEE E
NTWAZENbns,

EomiELy, RFEOEL-Z2EE L
TFHIFIEL - T, WER WMHEE COSHE &
BOIXOLHOEXZHBLTE TV,

SAEN ¢
0 10 20 30 40 50 60
0 ’ B
6
100 . 8
200 &
300 S
T 400
®
2 50
% 600
=
& 700
=
800 022
900 : B AOEHEE
1000 O A (VUEKEL)
1100
No. TRER IR BEMHSY REELMAAVRE
® |15 —0.175:0.575x10 cml/s EHE —(0.35-0.52): 4.07cm
® | F#9+0.175: 092510 cni/s —(0.35-0.52): 4.07cm i
| m
@ |F459—0.175:0.575x10 % cm?/s —(0.35+0.52): 3.03cm &
1 +0.175:0.925x10%cn/s | BREHE —(0.35+0.52): 3.03cm

X 10

HESCET IR RO 7RERED)

EREN ()
o 0 10 20 30 40 50 60

100 o Q)

200

300
% 400 2
)
£ 500
ﬂ 600 =
=4
B 100 )
®

800 D22 ] B

900 B AOSEI

A EN@ OGIREY)

1000 @

1100
No. AR R BEtHSY REEELYAAVRE
@ |FE49—0.175:0.575x10 cnls | RETE—(0.35-0.52): 407cm
@ | F#940.175:0.925x108cn/s EREHE —(0.35-0.52): 4.07cm ke

Zn=. m

B | F49—0.175:0.575x10 cni/s SHEHE — (0.35+0.52): 3.03cm &
@ |F#40.175:0925x10%em/s | BEEHE—(0.35+0.52):3.03cm

X 11

24 HHEREORFMIRE
T B HERE ~DE T AL O EHIMEIZ SV CTHER T
Tl &b, AERBOKBERED TR %
LIZRFmZW R L OMERH OB ZIZo0nT
et & 92t L 7=,
Ik, B R E CRAFM T D I2H T2V,
PR A 0> L5 W R 3R &l T ) 0 BAFRME IS D
THEBREZIToT- (K 12),

b

HWEACETIR (B L WVERED)

—_— ‘

X 12 T HE e B

B 131%, ERICIVEMOBEEZRES =
Y7 U — FROMITHATRBR ATV, A I
& L7 Ef oW 2, dT A ds KOk
EE—FK27vy b LEbOTHD, Z OERE
s, WESEHMORFIRESL LT, $HER
Lo Tar 7 U — MNEBEE— R 58 kb
T— F~BATT 5 LW 1L 20%F2 % & &
2 HILD,

—J, RRBRAKO=a 7 U — NOJEESD 5\
TGO 3 A T 2 BEO 2> O # P ) & FHE
Lzt 2 A, BRIZL VRS N5 T
BRI X DI Il R T E L A T
776

T, BREINT-EAWIREo 27 U — b
IS, M EMEOEROT R ERD, B
DEWEd 2 X0 AR B U — MR
OTHRITET DEMrimE D FE L2 RO L 2 A,
a7 J— MNEEE— RO EHMNTE— F~B
1T 2 S RIL, IBWRETH D Z &b
N T,

ZORREY, RFMBWNITISIT D RIS
/D RIT L EMT A =15%E L, SR EN
OIF-EIWr i F 5 LA D &SRO Y R 7 3
PEHYZ L E LTz,

4.0 ‘
i
o | 5
@.0 i u 'I. ' i A i
E .l.i A 0K
=l o " o=
220 @ A
e g
= 5 0
S - e S
1.0 = : e Siiii-oo.
naYy ) —|~DIEE :
1355 0K OERmsskmoRs
00 LeSAEDMEE] ! '

K13 =7 U— 2O LM miEd R L

iy T ) D FR RS R



a2 7Y — MEEW O EIE MBI 2 2 72 S B ar i W BT D0PSE(E D 2)

B 14 1% 10, (%] 11 AR o> B SR8k 7 W e s>
REMEHWOBME LTHE L LT, HEM
BRHHERLIZLOTH D,

HELCHEITHRR RO RBRER) 122\ T,
50 AELL EFRIE U 72 AR 38 0 T BRI Sk A 9T i I
D IBNAERBIEL TR LT, AN RRS
T2 s d, EESCETHER (BL
WERBE) (22T, 9 15 AR [R5 85k 17 1 it Ik
DHERIZELTRY, FFE RWEHEE I EIE
ELHACKT D METEAEE TR TS, &
D Enn, RAGHEEEICREFEE ITELL
TWVDERMIZONTIE, BEEEZA L TV D00m
MTDZENEFELL, HEZGETHIIET 24
ERHDHEBZZOND,

EREH (R
0 10 20 30 40 50 60
0 .
5]
100 ®
8 2
200 ‘
300 =
& 400
g ®
£ 500
2 600
& | EREBRAY
700 [EimRLEISY
b
800 || oz
900 : BAr— AOEAM
1000 o : R (DUBhEL)
1100
R TA o,
(FBo 7 B BE)
AT ()
. ° 10 20 30 20 50 60
100 — o)
200
300
§ w0 @
>
£ 500
-] L~ A
@ o0 Wﬁi 5
L E1504 @)
ﬁ 700 |-HmmE A
800 D22
900 : B — 2O Rl
1000 A : KAE (CURhEY)
@
1100
(Bt LWOVBRER)

14 HEEACETIR (UERER)

3. F&H
AWFENZEBNTIELLTD B Y, EffEY~D
XH D& 2B E LI ESET TRIFIEOREH
PEEHERT D &L b, SRR (BRI
DER) B LT K-S < KFmBwr,
72 BNT 2D & W T e R ol FIEE IS
DWTHRF 1T T2,

(D) EMEM DTS ST LB/ LILSEHEEEL
TR D720, REHCYA AR, SR 0
50, AT OIRBREE BN L, HE
FERREZ S LIZERFOILOEZFMIL T
RS L OR/MEDHMEE L SR RREL
TR LR, EMEOMARR S MRES
TOMEPFEONTZ LD, KFEEOFME
INHER T & 72,

(2) BRI = B (R W i =) & il i /) o> B
PRPE 2 BT 0 MERR L, RS ER A W i s 5
(ZHES S REFMHMEEEZR T D LT, HiE
W ORER TR T & 2 /REMEN R b7,

T D ORRETE R ORdE &2 X 15 1283 AREt
R ESHROERKEHORZE LTEH L TN
ZEEMGT D,

HHREEORE — [SHREEEFERX @HR)

- REELY - RBGOHRERE - SHHRY
1+ VRE (@avs)—taHE EIRH

(REEE) (%10 cm?/sec) (cm)
(ke/m3)
BAiE | x | B | @
BAME | x | ®ME |
BME | x [ BKHE | BEEREE
arl| x [ Bk ] E5D%EEE

BREGERE

: EE D E15% T ERNERSEO

XGBHRISELTLRERRIIES EBEH
SHBHEOER
15 WESETTRHFEB LD

EHRIWRE O [ %

(B E%]
AWFIEE, DHEE R ARSI L Y ZRtE

ZTEMBLIZBDOT, ZHHWTEEWTZBERAAT

WL EH W= LET,



a2 7Y — MEEW O EIE MBI 2 2 72 S B ar i W BT D0PSE(E D 2)

(&% 3 #k]

1)
2)
3)

4)
5)

6)

7)

8)

9)

10)

11)

12)

13)

TARFEa ) — MERER T E

a7 ) — MERERE (MR PR ]
FEAR 9L, RER RESR, B BE Sk o
EEEERIZLA2NED a7 U — kORI
BELZOTH, LARFEWIE,
No.802/V-69, pp.209-222, 2005.11.
a7 ) — MERERGE [KEHR]

Vi CESL, T KeE, HE O E=, HDE R
Fix OWFFERESRMICB TS U —Fh
D RT & SHEEICE 2 DD FER
WHoE, LA CHE, No.599, V-40, pp.91-
104, 1998.8.

=
reinforcing steel in concrete, FHL KT
AL, 1985.2.
StratfullLR.F. :
structurally
HRR433, pp.1-11, 1973.12.

Stewart,C.E. : Consideration for repairing

# % . Early chloride corrosion of

Corrosion autopsy of a

unsound  bridge  dech,

salt damaged bridge decks, ACI journal
Vol.72, No.12,pp.685-713, 1975.12.

B M, B 5A, R T, EE OHH
EEmHER L ORI RERBRE R S &
DWW TS RC WEEMITI T 288 B IR
HEFEICET 2HE, tATEWmXE E,
Vol.64,No.2, pp.335-347, 2008.5.

B OFnEH, A% B —, Misra Sudhir, LA B
M F s g KICEEST 232 U — o
BB RICET L KR, a7 UV — P L%
R G C4E, Vol.13, No.1, pp.651-656, 1991.
Flh L o7 ) — MR L HE
A, g, 2000.10.

Il iz, kel RN, BiH &, 5 5
MEFRFMICESWTHELS L EZ T a7
U— MEEM OFL TR AT L DB,
a7 ) — MESEWOHIE, fim, 7y 7T
L— R URY T Lfm i EtE, # 8 &,
pp.139-144, 2008.10.

Manabu Matsushima, Masaru
Yokota,Hiroyuki Nakagawa Study on
Prediction of Deteriorated RC Structures
Received Chloride Induced Damage Based

on Reliability Theory, Advances in

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

Structural Durability,

International

Concrete
Proceedings of the
Conference  Durability of  Concrete
Structure, Vol.2, pp.1026-1031, 2008.11.
FAWEF RERGE, A R, BEE O, I M
NHEEEXZ T HE8Mm=a 7Y — MEEY
DOHERTRET VL, LRFERE 63 [HI4FE
UCFIN R A A B4R, 56 5 88, pp.363-
364, 2008.9.

FE &, Il e, e 5 s
RICESWIABEELZ T2 7Y —
N ) O BRI B HELT T HNE ORE, =
7 U — MEEWOMIE, MR, 7y 7T L—
Ry U RY T AfSUHRESE, 6 &, pp.67-
74, 2006.10.

M 8 HEREMRICL S22 Y — O
B RET=2Y) U, a7 ) — MEEYD
DORE, W, 7o 77— R BRI T A
FOCHAEEE, B2 &, pp.333-338, 2002.
BEH (R, ZH RS, B4 U, sk
A BRE FICB 5227 U — FHogkih
JEREE BT 5 %8k, 27 U — hT%
R CHE, Vol.12,No.1, pp. 569-574, 1990.
FARE BLER, B 4%, VEN EME ML <
DREZFINLET D27 U — MMEED O
BRI R AEITRIM Tk, LRSS,
No.634, V-45, pp.303-314, 1999.11.

TR B BRI OB RIS W8k =
v 7 ) — NEEY O Fm RSB 25,
HOX R FR S, 1986.

YrE CES, R O%SE, EE B, D R
i 2 OWFHERBESRMICBT 2327 ) —
DGy IRTE L BB REICE 2 b D R
9E, LA EFSCE, No.599,V-40, pp.91-
104, 1998.8.

Bl &2, 82 M, kg 7 EESEE
=5 RC HiEMOLILTH, =227 U —
b TEAER G S, Vol.22, No.1, pp.419-420,
2000.

RS HLRR, PEIN EME : R T O R ERIC
X 2 OB L% O8RS RN, AR5
R 61 MIERFINGET 2, pp.583-584,
2006.

o B, | %, R M BREMNE



24)

25)

26)

27)

28)

29)

30)

a2 7Y — MEEW O EITE MBI 20 2 7 S o

IZBE DT FE(E D 2)

W T80 & & o & &Rl FIEICEE T 5
e, =227 U — N LEFERGR U5, Vol.26,
No.1, pp.1065-1070, 2004.

HH=—Y v 7, RW.L Y —  JEEKG &
T O (% 3 i), PEXENE, pp.97,1989.
Takahiro Nishida : Influence of
Temperature on Deterioration Process of
Reinforced Concrete = Members Due to
Steel Corrosion, H A T 2 K441 154
2006.1.

ARy ERE, et 55, N 2R R <
DRIPIEST D27 U — MEEW O
B I B AT A 7 1%, BB R SE T
1999.3.

AV MR a7 ) — FEMEAES M
fb= 7 ) — oG HEEIZET 5 R
Boms F-18, A Y M, 1967.9.
AV S 27— NEMEES
M:V&U~b®mé%mL%#éAmﬁ
B (20 2) F-23, A2 FMpE, 1971.3
VEfsg FORR, JEF 2, KR SCHE Bk
MR & 72 5 1 O WA LT B 3 I
DR, AR CE (A fR), Vol
45, No.391, pp.220-226, 1979.3.

SR Ik, Ot B, WD B SRR
ERWza s ) — b ORIKIZEE T 5 JEE
MIRFZE, BARFSHCE, No.360, V-3, pp.
61-70, 1985.8.



VU EEE S, WUEESEEE, U ERRA AT
WFZeaR121 (20244E12H) 9—15

= RN FEHAIUKE SR E DS

IRIUERRSIFIERT %L — R Weke  FEnk
BRI ERR GAFFEAT =L — A % B
(Bl DUEGHA 360 BAEHER)
IRIUERREMFIERT %L — R Tm HEE
(Bl DUEGHA T30 vEEF2E0T)
RIUERREFIERT AL A AR it 2%
F—U—F: KEHE Key Words :  Particle Counter
SR B R Suspended Matter Concentration
Ar— ) Scale

RA THaK
RA TG

Boiler Feed Water
Boiler Chemical Cleaning

Development of the High-performance Water Quality Analyzer Utilizing a Particle Counter

Shikoku Research Institute, Inc., Energy Engineering Department
Takashige Kaine, Ken Watanabe, Masahiko Tsuchida
Shikoku Research Institute, Inc., Chemical Technology and Biotechnology Department

Tsuyosi Yamaji

Abstract

We developed a new High-performance Water Quality Analyzer which can measure suspended matter
concentration of boiler feed water in a thermal power plant.

There were some troubles about thermal damage of boiler evaporation tubes and accumulation of powdery scale on
the inner surface of tubes might cause those troubles. If we can measure the amount of iron carried into a boiler, the
period of boiler chemical cleaning to remove the powdery scale can be expected. However, it is very difficult to
measure, because the concentrations of total iron is under minimum limit of determination.

Therefore, we devised a new method, suspended matter concentration of feedwater, to manage the amount of scales
carried into a boiler and developed a new analyzer to measure suspended matter concentration in real time.

In this paper, we describe a measuring method of suspended matter concentration utilizing a particle counter,

system configuration of the analyzer and the result of the field test in a thermal power plant.
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