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Effect and Evaluation of Concrete Surface Coatings
for the Prevention of Salt Attack

Hidenori HAMADA *
Tsutomu FUKUTE e
Masami ABE e
Kunio @ YAMAMOTO *

Synopsis

Concrete is a widely-used construction material. The need to protect concrete structures
from deterioration is surveyed along with various protective approaches that may be taken to
protect them. This paper focuses on the use of protective coatings as the means of protecting
concrete structures. ) .

There is a dearth of information as to the effects of protective coatings on the prevention of
salt attack under severe marine environments such as in the splash zone. The aim of the
research reported here is to gather quantitative data on the performances of several coating
systems under the marine em?ironment.

Main conclusions obtained in this study are as follows;

1 Concrete surface coating is effective in protecting concrete structures against salt attack.
2 Most of tested coating materials show a good durability under marine environments.

3 Some epoxy-based materials show the color-change in coating surfaces from white to yellow.
4 Electro-chemical measurements of embedded steel are effective in determining. corrosion
conditions non-destructively, and also in evaluating the coating systems indirectly.

5 Colour measurements are effective in quantifying color changes in the coating surface.

6 In order to make an adequate evaluation of the coating systems, an index of weather
resistance and an index of salt resistance are necessary.

7 Cncrete structure should be coated in early stage of its service life.

8 Earlier concrete structure is coated, easier the evaluation of its effects becomes.

Keywords : Salt attack, Marine environments, Concrete surface coating, Corrosion of steel,
Anticorrosion, Durability
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— B aRD—HFl

BHOBM X SHEER I L T—1000mV (4R L T,
ZORCESHERAER (RTF L 28K ORYHENE S
HrREANCHET 2 DTH A, AAIEIZL VBN
AR —BHMEO—FEE-—121RT. ARL bbb
AE¥h, FinsBRIZEFOZAL L b IIBRALRED

LTuv s, KBL—EMHECDERL TiIT. JOEHDMHE
RGP ~OBFEOHBRI-XEI NG, 9T Lbb, &%
TR AN ABEORIZ VR, MO EMKRILL
5,

AR OBEMN RSB ORIEBOREY ESIL
HEHHET AL T, AEENMR T v FHERED
~DOBFEOHBOHS » EXULEMCHET 2 bDTH
%,

DN

ABE I JIS-A-6910- 4 L TEMBELIC, D¢ b,
B—13RT & 5 i, BEREI240X40mm DK 3 3D,
ayZY— M EBETOYLALEEAL, ZDYY
AHFBALICERCAENRERAORILED IR
PRERIC L VEF LI, HEADTIEMLL 0B,

TENSION

s
F4RY

° o 0,0 09O XY
) o
©90°0 0% 8g8

]

® F4RV (BHH) 40x40 (mm)

B—-13 fHEREMERE

ORI ERE®E]| oA LD OFERELAIEL
12
822 ) - hOEFEFRRE

Y —X1HIT2DHAIR, NY v RFEHRRS %
Mo THRETOFEDNE & b ES&H BRIE RS
KB PHRECL 12, ARSI SEHRECCR L T, HEM
bRIERCE D AL DT — XD 6D HE TR,
5 (R ~OHBHMDBARYN —FETLCIZD) Lo
SKREEAT Y, BIEDPSHVEIDEHF I
ROERCREORRD TS 2 Lo SFSEEET 5, —
¥, ¥V —X3TREBERBGOEFESL Y22 — MR
PHMOBL, 20N ENERPEBFRLIL DA
FLI, BEDE S iy 2 — FOBBRAR LA
T, 2ESORERIT- 1. i, MEFER JCI(AA
2227 — NI¥WHR) OFBECHERLL, 1, &
OREVEATCIHRABIZ DT, RBLTV2H
FOBBEOar 2y — MzowTHESBROBIERIT-
2
N MBRGHOBRE (REWHEOHE)
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PE, 1)~8) 2 TORERXHRT LI RGNS %
ACTHRL, BERSHPIROB L, 201, #BH0
RERROBELITC, Ay vy FRZERTIE L IS
FHBRE#1T-o7. SO vy FR% b L - RERMAE
DHERT-I. ¥, REWRELIL, SHL2REH
LT A REFEROFIATH Y, AN ZHC TR/ —¢
Y FTERRLIZ

3. 3 RER&ER
() —X1 (ERBEIH T BRERR)
1) R E 0SB R

ZF 1 ErEA L R FoRmIZC-Th L LTBN
Tz, UL, BEOE, UOUFbh, #EEL ST,
ChWAHILRELTH LY, BL THREREL2TH
.') 12
2) BRREREN
BRAEBREMNOBESREYR— 7R T, U TEN
BETHH, ASTMHSRL TV 2BRERY Bk
REGHUET -228mV & H FOFAIL90% LI LOFER
THBEPELTCB)IDEHATHS, LL, ik
—DUIRUNEHEDEEVZLONE FiRLIc LY,
Z2) -1t TR, 2BRERHERERT I ER
BEBFETHERIT- 1205, 20BFAHRIKFDEK
EYVEMORNEMBELRIZT. Tbb, R’
ERLTUCAR UEINIBHRIEBRNEDMEE L 5,
IO, Y —XTHESALENMR, Y -X2,
YY) —X3 () tH~STEKEVHENLLCID
CHE@PER L - bDEVEFELLNS,
3) B DFHERE
HEHEOMEMPR— 7 ORT HEERERS ¢,
¥ 274 TA) (RE-A-1) B L&H L PEHOBT
HEIEL TORDUIHL, 20O RTL1RLT2
YY) - EETEVOHE, tLRav2) - A

TOBIENEL T, B¥E 2724 TA; L ™Dy (RE
-D-1) BMEDORES R F LI HRTHREREL S 2 ER
tleotzhd, TEL LI JISAGNZHMEINTV 54
B D&M (5.0kgf/cm?) 2HE LTV L, &1,
aryzY— b LORERERYID-LIELY, ©F
NOEES A7 LDBA b HERERFCMELC-LD
tyiran s, :
4)arz) - bhOESERER

arvz) - VOESERBROUELER¥RIL { &R—
TRT, ERRBEE A7 ATAPRLIEREL
g () OHREBECOCTERLIL. BEYHET
3L, ay2Y - VREAOEEIZL Y, BAHOFREAD
BT s Edbd s, beall, SHOHREK
DarzY—bOPAITE, 0.01%5%0.15kg/m?(C1-V.
Saryzy)—p) CHYT s, EREOHREDEAT
b, EHOBRBEREREEMEIZROA, 548 920mm L E
L3 L LROESLIBALTCLZCI DY B,
2>V —-x2

GREY I 2av—va Y EBTORERR)
1) HER D SRR

B A7 4B, (HtRk#4E&ES SE-B-1, SE-B-2) T
i, b2 ABRET T TOHREORRIZ K
CUOKWHYRELL, 2ORINEBE- 3 1RT, VU
ODUDIRELLE, BELLLTTRTOREIHEL
12 EDMOEE RFL2RLIERETIR, RF1
F£ORBTREBEN - 1:REBILIZED G h ik > o 7e D3,
G, O DEBORHEIHBIUIEGLTV2DHEHG
N, COFEBRERFOLEIRL O, MHs s
VEROTGRREZELLOTIR L 12,
MRBETO B E
HAGEEHOBEMELERYR— 8 I/RT. EH, "L
Hy, @, TEE tH50REZHMIORRTD
5, 212, ZRRDOTY, BK§IHE (H23) %7, T4

®-7 RBER () —-X1)

335388 (kgf/cm?)

BEaaflt (%)

oy | G20
EE | v |BEE

8521 F£i&

HKEHEMIES (mm)
5 15 25 35

RE-A-1 +12 13.1 | 6.2 50 4.3 0.001 0.601 0.001 0.001

RE-B-1 +1 21.9 | 20.6

21.8 31.2 31.2

RE-C-1 +40 18.1 | 15.5

34.3 30.0 21.8

RE-D-1 + 4 7.7 7.1 7.5 6.5
RE-E-1 —43 10.6 |22.5 25.0 32.5
RE-F-1 —-94 28.7 |18.4 40.6 40.6 18.7

RE-0-1 — 4

0.091 0.004 0.002 0.002

(v.s Ag-AgCl electrode)

(NaCl v.s Concrete in weight)



BEE-3 ®¥s2724 [B] CRELR
KapUbh (ED 3K

*®—8 BEOGERZER (¥V—X2)
ki L LU Tha Em*"
E 5|y [xe y*2| Y X y Y X y
SE-A-1[31.250.36 | 0.37 [37.76[ 0.32 | 0.34 [40.50| 0.31 | 0.32
SE-B-1 (22.770.32 {0.33|31.94| 0.34 | 0.35 {30.52| 0.32 | 0.32
SE-C-1 (28.80(0.40 {0.39(34.60( 0.34 | 0.35 (34.94]| 0.35] 0.35
SE-D-1 |31.62|0.39(0.3837.20{ 0.35 | 0.36 {39.95) 0.34 | 0.34
SE-E-1 [46.62|0.31|0.33(39.89(0.340.36 |42.99/0.33|0.34
SE-F-1 (34.09{0.400.39(39.42( 0.36 | 0.37 {48.88] 0.32 | 0.33
SE-0-1 {20.970.330.35]20.13| 0.33 | 0.36 {18.58] 0.35 | 0.36

*1: k@, WE BEE=RfEFORELRT
2 x=X/(X+Y+2),y=Y/(X+Y+2), X,Y,Z=&D=HI{E

®-9 HBRER ()-x2)

. BRER | EREN (k) |5 TEMRT v LR &
il i ¥ RO\ s sk |mHE
(mv) | 0.1kHz (zA/cm?) (%)

SE-A-1| —184 | 0.41 4 2.8 0.00
2| -5 ] 123 5 0.7 0.00
SE-B-1 | —466 | 0.04 2 10.8 0.07
-2 | —494 | 0.04 2 10.8 2.43
SE-C-1 | —547 | 0.76 4 0.2 0.00
2| —450 | 1.63 4 1.2 0.00
SE-D-1 | -258 | 1.55 5 3.4 0.21
-2 | —265 | 1.41 4 0.1 0.00
SE-E-1 | —463 | 0.10 3 0.4 0.00
-2 | —466 | 0.14 4 2.7 0.00
SE-F-1 | —493 | o0.22 5 0.1 0.00
-2 | =330 | 7.15 5 0.1 0.00
SE-0-1 | —487 | 0.05 3 4.3 1.91
-2 | —411 | o0.04 2 10.8 3.55

(v.s Ag-AgCl electrode)

bb, Y, OIS CIEERERITIBECREVS
L s, 272, Txy, TysREAZNEHEEL, Txy

PRE L REFVBIBEL O3 AMBERL, Ty
PRAA L REBEVHECELCONBEMEYRT 1,
Txy, Tys DEFDKRE 5L, HEVGE(ELION
aEMELs, &1, EhOBRES 254 By (HRHE
#%5 SE-B-1) BREBE»HEE L LZORMEERTH A
», BEOBETRE(EMa2r2) - bOBRRAER
RERL T3, RPURTRTR, £4127-%
(3247 — ) OFHETH 5, chEx s, L
HOFHEIE, EECEST2ErTY 2903, #
72, T™xg, YK E( LT B EDDIE, 24
b, 14MEEKkOEFLZ, »OESFEXERZIEZ
Litdh, BEOREIR, BRI¥TEILIA0D TH
323, T™8PLE) he, 2, YUMHEIE-1L0
BRRZCBEB~NLEALTCRI LD DY S,
3) B ELIEIN
BEOBIIET VB R RIZTHEBIREDO L &
AHAREIZEBAI LT IRV v dd, DB RMERE % Tl
TALT—oDEREL B EPTFHREINSE . TbD,
BEOBRIENVKRICRE, ERA A2 U EE
DA A OHIEE (Eal) P30 ERbh
3,9R— I I BBEOESEHOUERRE R T, BFD
BE AT » "By BEEPHELILROMUERRT D
5, Thibh, EREOLS (BRAHKES SE-O-1, 2)
ERERTHIBNT 3 L, BEFIECHBADIER, Tihbb
ay 2 ) — b DADIEHUIFI0Q 2T F e wdd, EREH
H BIGAE, K100~ £K1000Q = kB Z Lt atbh b, %12,
BEFERAFT LT LI, No.l (GUbZL) ¢ No.
2 (VUDNEA) #HBLTIVAERLZZRZD 0T,
UCEbNPEATEI LIS AERENMOETRERAD G
nige,
4) BRREBRELL

RIL{R-9CAREBREMNONUERRERT, Th ‘

sobrateh, KoV -—XQRUEHERIXY —-X1
LHANT, Y TR, Of%RE Ty 5, ASTM $is
24 5L, -228mV (SR —BALSRER) LIT TR ARERY
WHEMEINTV2D, hEHHIrT 2L, BEY
25 & TA) OHERME (SE-A-1, SE-A-2) LISk +~
THBELTCAI LIS, RIZ B, Ry —
K, BE-8 iRTHETEMPRMELI, ZOHikE
e, A—-7&RTHE () - 1THA) ch~
THIZEINAELIR T8, LR 3EEMIDE, CDItD
3L, AEORESRS M TR thotbDLE
2o s, BENOMEZDbDTHRHMOEEKAXHL 5
CLRHBESETIREEL O,

5)RENED v 4 F




HEMSEHES VHELLAHED v F2RIC
(KR—-9ZRT. CDFAL, BE 274 By (SE-
B-1, SE-B-2) REBIMEZOBELRTH S, ¥
Rat, ¥k B4 (SE-B-1, SE-B-2, SE-O-1,
SE-0-2) BZ'vA FH T2, RiRTHADIzxL, RIE
PHTHEAE, ZVvAFY T4, 501275, Th
5, DI tLY, BEOL HREDOHRGEDORENEIL
—EHERCHIEI N T DIIAL, BELAET A HR
FOGBHIIHBMBITFLATELXRLTV5b0EE L
Lha,

) EBHLR 7 v 7k

EEMRAT v PEOUELE (EFERBFULER
FE) PRIC(R-9IRT. I0BALEE 2T L
"By (SE-B-1, SE-B-2) REBHEZROBELRTH
5, ThFRB L, BEDLVIFEA(SE-B-1, SE-B-2,
SE-0-1, SE-0-2) i2 4 ~10uA/c?BETH 5 DIt
L, 8% EHT 2358120.1~3 .4 A/ cm>DEE - 275
LTwa, kb, BEFPFETALIZLY, 22
Y- NP ~DEBEFEOBAFIMBINTV 2 Ldibd
3, iz, ®¥%¥> 25724 TF) (SE-F-1, SE-F-2) it 2
HRE L 120 14A/cm*TH H, BERAIGIHES
KECIEWREINS,

NERHGHOBERIR

FIC(R— I RSB ORFEHE (BHOLEH
BMUIMTARFEROAND) 2R T, BEO L CHA(SE
-0-1, SE-O-2) T b 2 ~ 3 %DORFHHEL»RL TH
57, 2TOHRET e OHBORRIBELBIFTCH-
2o SOHT, BEOFEORBYH®T 5L, ¥ES
AT 2R GIOBHRIELAEREVZD N
10, BEOL CH#REFOHBIZIR, LETIRD 3¢
REVED NI,
8arzs) - b OESFEHE

R-1022>2 Y - POESERFROVEER YR
FT. ShER3L, EE»OSOEILHEBMAAS HEHE
(50~70mm) Ti2, BEOFEL L 2IEHEHFROER
oo, CTFNb0.003~0.005%DIEL k-7, L
L, RAD LDES /I3 GIBA 30mm) BREBEOH
SOREIED 6 NI, BEYF T 2 #tRETI2, 30mm
DA 50mm DFA L IZFEHET, 0.005%REDIES
BRERTH A, BEDL VIS (SE-O-1, SE-0-2)
i, 30mm T0.013~0.017%DEF*EHL T H, ¥
ReBT2H20BIZ3ETH5, 2t Y, BEEE
FT52ti2dhar2) - h~DEZRORADNH S
NTULZ Ldtbd s, 27, HOEL TV LEBDME
HOESSHARIRGOBI - LB L TEDTKRS k-

£-10 22y —-1holESEFRE
(¥Y)—=x2)

R REHREUES (mm) BREGD
& 3 30 50 70 FEd
SE-A-1 0.003 | 0.005 | 0.005
-2 0.005 | 0.003 | 0.003
SE-B-1 0.009 | 0.003 | 0.005
-2 0.0609 | 0.003 | 0.003 0.476
SE-C-1 0.005 | 0.005 | 0.005
-2 0.006 | 0.003 | 0.005
SE-D-1 0.005 | 0.005 | 0.005
-2 0.005 | 0.005 | 0.005
SE-E-1 0.005 | 0.005 | 0.005
-2 0.005 | 0.005 | 0.005
SE-F-1 0.005 | 0.003 | 0.005
-2 0.005 | 0.005 | 0.005 0.009
SE-0-1 0.013 | 0.005 | 0.006 0.641
-2 0.017 | 0.006 | 0.005 0.440

(NaCl v.s Concrete in weight)

T35 2 DRSNS,
(3> Y — X3 (FZiBkR bR L{EERER)

1) Rk S BiER

AY -z Th, 2V -X2 LK BEIR
7 & "By DB AED RS TEI o 12, {REY A 27 vEtE
%, DTOEIA 2 BCBBEIRI R OT b0 RE
L, BERSLTTRTHE HELL, 200
AT LTI, REFA Z21220F A 2V T12BTH
T3, HE Brat oK LEEHLRED R
hotz, LLLd6, RY) —XDFA LYY - X
2 LEMRLD, —SOBES AT AL TRBEOERED
HE»PLGRE~NLEBLIZLDV D1,
2)BRBBOAREBEN

B —14~21 - {BEMBER 1A 20T ECRIELICE
MOBRREERT, k¥, FUWEREED> CIBEHORK
BUBTLLERCE-8IIRTHETERLI &,
zD Lt 3aDHKRELE (15C) OKETHD, h# R
5L, BEIRAT 4 BIOHRAKOERZBOEN6
YA INEHE TR, ~ 72 b LTCBRIEDbd 3,
CoEALLTE, 120RBBOVT LN, HEE 2
BOEZELONG, L LLdG, DD EREOHR
HTREMIKS (BT sEmRBD N, 12,
REAT LB UNORERR L ITHAGTIRR,
NOGA LIREY 4 2 VBkER, Y420 (2~34
4 2n) DEIREMH5I100mV BERILT 2 DD, 2
DEHRRIZ—FEOHLHEFL T3, BREGELOH
EMHR, KBOBH L 2RCEETLIENHOTHNOZE
EFRLTOCA,"ZBEGOBTHMAIRI(ENTS L IZ
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Eiohlhv, SO L PR, (REMETOESHE
BN OBRREL ) EET HIL, (BH#204 4 22O,
HMERED (ZORHEORIRLED T) T Kk3 L TRE
LThvbDEtFErLNE,
NAMBEDO V4V

K—1NAREF 4 202004 2 v 24T 125RKD I
THEDZ VA VERT, CheRat, B R724
"By (A-B-1, A-B-2) ¥t U'ERE#HR A (A-037-1,
A-037-2, A-050-1, A-050-2) D2 v 4 Fid k¥ 2
BETHY, TEHEORELVRIB v (FEED—
BHYBECHESQTV3) JEdbd s, —F, 20
DEELPBLTCAHHREDZ v, FReThb 4 b L
(RSP RLTHFD, THBORBRED TR LY
bh s,

4)BERBHOBERR
FRICAR-NIBRSEHBORBEAEELRT, EEHE
DEREO—H - RETEEN 1 ~4.1% L5 b DS
HaH, tDMBIRCTNLL.0UBLUTTH Y, BHORE
HBAEREBY TEBETHE L b2 s, CObTHILR
SERNOBENTESET 2 L, EXEOHRETIL, b
THIRELTOVCIEMPZDONIDEMNLT, B
PHERLTCIHRABTRIRLAFRGRED T, B
EOMEVDHL I LbH 3,
55a2vz) — rhOESAHR
RILLER-11izar2) - M FOBESEEROUES
FERT, ¥, FUER, BREHOEFE L b IRIL
Raryz)—rRPREBLELTRYFTFT0DT, 8

®-11 HEBER Y —-X3)

me | AOED | RAERE | EARAR
BREES | L 0 | (%) (%)

A-A-1 5 0.0 0.005
-2 4 0.1 0.008
A-B-1 3 0.0 0.020
-2 2 0.0 0.016
A-C-1 4 0.0 0.005
-2 4 0.1 0.008
A-D-1 5 0.0 0.005
-2 5 0.0 0.006
A-E-1 5 0.0 0.005
-2 5 0.3 0.006
A-F-1 5 0.0 0.005
-2 4 0.5 0.019
A-037-1 4 0.0 0.053
-2 2 1.9 0.131
A-050-1 2 1.0 0.126
-2 2 4.1 0.276

(NaCl v.s Concrete in weight)

FE3i20~30mmBETHS, i Rat, BEOE
BRIHAGC»TDH 5 . EREOHURKDIFR, 0.05~0.
I%THBDIHL, BELPHELILERE (2T 4B,
BT, 0.005~0.02%THH, FHMIIRT, &
ZEHREDEFERARREREHRED 2 HOHL05D
1BETHS,

3. 4 #E£E
(DEEORAME L & FI B RRFR

ABEORERDHERE LI 6 BEOBESRTLDI D
Tid, B A7 LBIOBREOTHAE KL Bh - 1.
YY) -X2HIVFVY —-XJ b0 T, REXBL LU
IR ERERBALETR, TP 1 ~2»BTERBEIIOU bR
DEL, BELRLTRTHELL, LrL, ¥V -1
TRIDEI LUV UbN, HEREL ko2, ) —
X1z TR, BHRERYY) -2V —X3
TRUBIILEBRIBRLBZILG, TDILEE
25k, COHLDFERIR, EBBOELTHEI LD
FH3NE, T4bbh, BECRT7LBIORBOESE
IHEEVRSCbDEFr6hd, BES X7 LB L
AD AT LATRZOERERIIREBIZ->HLRED N
T, BLTBEERERELTH- 12,

1, 2RI RTREYFE T stk tkDar 2 ) —
PRSI EEINAESRI, BELAE L Rk
T, BEOEESRVER IO, —F, &
FOBALEORENHFET LI LIZL Y, EREDa Y
7Y —PIHRRTAHEL LT3 2 EDRELRINI,
IOTELY, BEPEETAIECLY, ANEHD
PR ML TCE I LPBAGHLTDH 3,
(QBEERED BEIEDH IE

-2 UR-23- U ERRO—FERT,
R—22ixgE 272 TA) OHRFEORELERTH Y,
R-23ER ok, T bbarz) — P EAD
BEORNERRTH S, BE AT LTAJRRERCE
o TULBRBEORREIHREB~EERL TV,
B-25bbd»3styxh, FROBHEE (AR) ¥k
FHFLTLHEE, RE~TBRLTVICH L PHAFBCRS
ant, —4, B-23%R3t, EEOTEIFIIBEH
HEThovaryz)—brERCTRLYEOLCBESSE
PRLTVBI LD b5, 2Ly, RIROEGEYE
HRELTI) LS O ERMANCTET 5 2 L 30RET
HsLIRINI,

(3N RED D BIULENRZEDH ik

H-24~E-26-BBOETAILZANELR L REE
BIROBMERRT. k¥, vV —-X1~30RRER?
Fl—REHPIzRL T 3,
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R—24i- x50 BREREN & RFEREORFE LR
T KRB HEERED ol vdt, REPEC T
28 (RPCHEATEHANNES) OBREREAIZV
T b ~400~—500mV b, FE TH, LfEERLI,
370,805 AN, BREJBEMH3-100~-300mV ZED
ey TEy REEPRLCSBCRRFRED ey
o1 L LUDG, SBOEMREHOKREDA TR
E3NBLUTREL, BHOREFGEOHELZ,
»OBMEFE (a2 — b DEKKRE) OBBLZY
5, Lo T, BIEINICEMDOEDATEBDRKIR
PHETAIILRELCIDEELLNS,

R 2512 HBOAIFEBD I v 4 F L REEHREORME
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RT, BRELVED O OLHEY (MR EATHALS 1
D) BOTALZVAFD 26 LR3I TH-1, HiC
SR, ZUAF4L LIRS Euor, TEEH R 2; S DubhEy 4
BRUBCIHEIALEDCCRRERID ORI D »
e
E—26-EBIAT v FHEL OV BONLERTE LR
BEREOMEYRT. ML 0 bd s i), REEHE
HONLCBARERTE LS v, LL, BHEE
BRI BBIRECREVEDONL IS, &
BOoRINETIY, ZOFREBBOI VA FEEEMR
7y FHELBAMCTMET 52 LIt b, NBEBOK
MEHBOI(HEET I LD TEEILERLT Y
B, O, BHEOTREEL L LRIEIH 5 b (FEh
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