BIKHAM FFEIeES & Biaho] et &2 3R

Effects of Different Paints on Steel Rods
Anticorrosion of Reinforced Concrete in Salt Water
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Summary

The objectives of this paper were to measure the bond strengths of reinforced concrete
‘in which the steel rods were coated with five different kinds of anticorrosion paints, and
to compare their prevention effects in salt water. The paints used in the study were
epoxy resin [-]-J[, Z.R.P., and silicone resin, which were applied at rates recommended
by the manufacturers. The bond strengths were measured on the 7-, 14-, and 28-th days
.after molding. Corrosion conditions of coated steel plate under fresh water, seawater, 10
% salt water, and 209 salt water, were inspected every month during four months test
peoriods, respectively.

The results obtained from tests are summarized as follows:

1. Paint-coating may reduce the bond strengths of reinforced concrete. Silicone resin
_paint showed some 20% reduction in the strength compared to those without the paint.
However, the other paints seemed not to significantly affect the strength.

2. Picture analyses showed that epoxy resin [ and ] significantly prevented corrosion
steel plates in seawater. Epoxy resin ]| and silicone resin coating did not do a good job
‘in corrosion prevention. Z.R.P. paint was found to be moderate as preventive coating
paint.

3. Varying soluble salt contents had little effects on the corrosion prevention of tested
‘paints.

4. Epoxy resin [ and ]| were found to be appropriate as a coating material to prevent
“the corrosion of steel rods in seawater. Z.R.P. may also be used for the purpose.
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T [tem\ Result | K.S.
\

Item)
M‘ Resultj K.S. |
Specific gravity ’ 3.161 ‘—|Heat of [ 7days ’ -‘ —
: hydration(cal/g) — A e—
Piness |Blainess(cm?/gr) [ 3011[ 2600 23days | { —
Standard si 4 : .
_»rg;?iuir( p §1eve 4 ’ —1 —. Drying shrinkage(%) ’ —’_;
Standard sieve 149 N _ [ 3.0
residue( %) . ‘ ‘ Ignition loss(%) ! 1.2] <
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Fig. 1. Gradation Curve of Fine Aggregate

Fig. 2. Gradation Curve of Coarse Aggregate
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Kinds ngth!| ratio | e )™=} Bkl 220] = Silicone #/5(Silicon)to»
‘ ' [ " suitable
S.B.D.BO(H.Q 05.3 23.7% gOOd to 11)% Gi}”ﬂ@-‘}i th ‘3‘:‘6]- i,%f"nf"." *'WM‘T‘H _1—];_01 gf‘:/;lt_‘.
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Table-5. Properties of Coating Paints
Ttom ™ Epoxyl | Epoxy I Epoxy § | ZRP. | Silicone
Mix. P - .
(mmﬁa:rdener) (thinner : 20%) 723 (Water 2) shaking ~ nature
Specific Gravity } 1.15 | 130140 | — ! 2.797 ’ —
Pot Life 20min. 10hours 2hours . Smin.
(23°C) (27°C)
Recoat Time above 10hours | _ 2hours in 12hours _
(24°C, RH50%)
Hardening Time { \
touch Thour 4hours 2hours 20-30min. Thour
primary t Shours — — — 24hours
fully | 5-10days — 1-7days 14days* 2-7days
- non-solvent - waterproof - waterbased . protection - insulates
Characteristics |- waterproof . anticorrosion |- waterproof against rust |- waterproof
- medically . chemically and rust - weatherproof
cured cured creepage thr- - permanently
! . nonflammable| ough electro-| flexible
- non-toxic chemical
. odorless action
| selfhealing |
. glass cloth . concrete . interior & ~ . protection . glass
Use lining structures exterior wat- against - woods
- chest - steel erproof of | corrosion of |- metal
. file structures masonry | iron & - porcelain
. steel bar surfaces ( aluminum ceramic
Note: *30minutes at 150°C
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Table-7. Thickness of Coating Paint of
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Fig. 3. Specimens for Bond Strength Test
at Each Age (one set per age)

2) HiEEE R
MEmEs Sz
A4 RESHAS. BREEE
WEZasE ek (Universal Hydraulic Test
Machine)& /38t %j‘mﬁﬁi(fj)% TE =
oalE ERS B [EREEE K

74, 1449, 28Y ) &
%AJ»\%ATi‘ﬂ] 9\)\{‘

Fig. 4. Bond Strength Test of Reinforcing
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Table-9. Average Bond Strength at Pull-out Test

\\\ Ages! 7 days 14 days 28 days
\\\ } Bond sirength ‘?‘?Srgeé?pr Bondv strenzgth OB‘?;gerilItnpr- Bond strenzgth c}?\?élrie;?pr'
‘Steel type \\\ (kg/em®) 777, tor ; (kg/cm?) factor (kg/em?) factor
Non-coated | 29.5 l 1 46,5 1 71.3 1
Epoxy | | 4.0 1 Lo 45.6 | 0.98 69.2 0.97
Epoxy [ | 3.4 | 1.00 47.4 1.02 72.7 1,02
Epoxy J j 26,7 i 0.93 46.7 1.00 77.7 1.09
Z.R.P. 39.1 ‘ 0.9? 46,1 0.99 71.4 1.00
Silicone ’ 0.8 | 078 | /4 076 51.3 ’ 0.72

Note: Compressoin Strength ¢,=147kg/cm?, o,,=186kg/cm?, 0,,=252kg/cm®

A

Fig.5¢] 4% Epoxy @i 12 #Ea RE2 7
2. EEHMRAE B A FF AABAY AREE Adsns A

BRG] oA G%th $F AF A= 4

T [T
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o s ‘}EZOiays __ N
fresh water 10,2990, 55(2)1.10(2%) ﬂ— E l ! F F —m
seawater )O.SO {O.é] 1 17 E ? I i [ i
102 salt water 0.13 ‘;O. 27 O 62 ’ E ! 5 | | , j
20% salt water  |0.07 0.7 0.38 . ‘ 3 \ | | l
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Note: A : before immersion | E ! | 5 -i_ i
B :after 30days EREENRE L u-——]
C : after 60odays (ab i (o) (dy (a) (b (c) (d)
D : after 120days C D
(a) fresh water (b) seawater Fig. 5. Corrosion Behavier of Epoxy Resin
(¢) 10% salt water I-Coated Steel Plate Immerged in
(d) 20% salt water Each Solution



Wkl N gEaded @ el A Bk R

1T T T T NEXEEE

T TN

P I E . !

I l

J et 1] .J.J_J

{8} (b) {c) (o (a) {0} {c} id)
A B

—— _T_T_ . :lrlv- T T F‘r‘!q ﬂlﬂj

Fig. 6. Cerrosion Behavior of Epoxy Resin
II-Coated Steel Plate Immerged in
Each Solution

He pEANY FFez A7,

Fig.6o] 4 Epoxy gl = A4 60474 &
F g A HEel B —#H4% Adstz
= Beig Aol gdodt, B 1209 ®KdAE= &
= dgtet K A e KEEZRAA RiEF
Bige] 2 A VEvtzm, 104 2 20% BKAAE
743 Al fuhd Bekdgel A+

Fig.7sl 4 Epoxy #iglle = S9dA B
el =@ ol A4 (localized and subsurface
corrosion) HH{L 9o s 2%KHA €A AAQ
o, 53 #kelAe Bahel o 2A BEe
2E2E X= YAt

Fig.8dl 4 Z.R.P. & Baie] A9 =A ke
v, B 304014 iERAA mEd KEetd &
8 o] /A RETez ez, B 60Y
A E 10% EERANE Ry Bl B A et
Ny B 120804 204 Bk AT 2 A
e, Tk A e FHTE Beke] #IEHA F71F
U A9 Baho] BHFHAE &l AL Z.R.P
A BEBEED HEd A 2.

Fig.9¢] 4] Silicone #ifss 2 2+dl B 309
A ¢& JMF ANE Atz BEERK]

T 7T 1]

(8 b {o (g

WL DI N ANT

Fig. 7. Corrosion Behavior of Epoexy Resip
11I-Coated Steel Plate Immerged in
Each Solution

g ggtett, B 60delAE WwikE AT
Z ool Mooz BaElel F&ES BEUE S
WHEAS Joslz A% T kst ZeA vzt
. B 1200045 Bape] 2% o #HRAA T
wa el SEEGe) FH At

HER BHREE HEES 5255 Bl BE
Aoz AASP e} Rip R il A w
o] BEd QT Hkel &F¢ Yol BES wdT
= B#Efo] €

HEAA e REAAE Table-10%t o] &
ag WAe dekigc, oldg HHEL Moy
Alexanders} F g o of & EHEDKEEHERM(ASTM
AF)N A ATHAES KA Jake] ol H
=, NaCl 20% 31} NaCl 10% o] A JEfRe] v we)
Hyohs RS FEele ol F HAs Fe A
o2 Bgid

28]z @ikl A= Epoxy iRl & A¥stz 2
E mle A A9 BEREGHe] vEbvA @S

3. REREL KMiEREERAS] BAMR

7 HEMHE Beikies [HEEEG AT M5

— 7 3 —



T

=
—_—
j

]

]

| I

3 |

N B {e) (4 & (b | (d}
A B
NI TR
ﬁ‘ zl Q:P,,? a‘u ! '.i‘_‘l ’;.
T il
: | i Eie } 1] "’}, °
] l ! i | | .
[ !
s |
i n
| i SRy
! |
! _LJ iUl Lil] J_.__ ;_I__J i
@) () (¢} (d) (& (o) gy d
c D

Fig. 8. Corrosion Behavior of Z.R.P.-Coated
Steel Plate Immerged in Each Solu-
tion

MEE B W, Epoxy BRI, 0, D& #Wie I
HRE] 5 B9z 2 F9 /‘1 I+ I= 0
RS EFd HEMEEA EBaste, IS
PithmiRe 2AX Filgeoernz WEMBEZ {FEo
AHEES T2 B g 9T

Z.R.PE @ B8FRS4] vYekuat = Lk
EE A gkernz PramgEde] s MEE
Ex 34 vYeernz #BBEGEEA ] Algt
Sprba ®ilc,

22}, Silicone g PaftE = A9 9=,
EBEEE AN BPIAEE BEVEEA £
g & gz A=At

N. & &

o] %‘Et it #KiE i £=28e52 e
el Premmple HEE 229 MEEES B8
KAEE Bt o (EHARES semEsteA
ek oot o] RERAIA #Himd HHEEEe &
WEBHZ M 74, 149, 289 BEE Hs
R, RERES T AEBRNE WK K, B
K 10% 9 20% <) BiEAA 3094, 60d, 12090 ¥

rlr

[TT] [T TTHTT WT

Uiy }

LL..L J E‘ c B.n._;_

)
=
o)
=

Fig. 9. Corrosion Behavior of Silicone Re-

sin-Coated Steel Plate Immerged in
Each Solution

o B S e Rk

ol¢] ¥3 REERE B o 2o

(1) Epoxy #ifget Z.R.P. Pifthis #EA

e WEBEEE
3, Silicone gjge 209% Lil 2w e JE
st

(2) Epoxy #ifis I, 19 #EEEE #Kd o
g PresiEst RE Hglz, Z.R.PE g7 B
BEe dehlAGS 2 Db e A9 HA g%
o}, Epoxy ##fig [ ¢ Silicone g -] Braksh
Bt 9 Aoz ey,

(3) EEA Baies Jakd A 13 o] B
HRz, BRkd 2858 9o EEA0%, 20%)E
FAdsE BB £ %

(4) o] RE& T3t kel st WOMEEY
o FERAEE &Y HEMEEAs Epoxy #E ]
I &&=, Z.R.PE fF Alfestdz BR=
o
< (5) ¥l HEadE BEYe Yoz TH
= dEo] w@o] #£HEE BYenz FUMEMEK
St @A o} WL/t Bl AA HE{IE ook 3
BALE detd EN St BBEAESd Hi

— 74—



{723

™

10.

Wkl A FfFEazlee @5 e Ad BRY BE

HE pER e B,
2% X B

EEE(1972), A zgd g £z E B4
WA #g 47, BREETZEaE, F£UB
452 %, pp.30~41.
EER, WEALA9TY), Adzgd gF E3
HE JANA g FH AT, RERTEAE
#15%, 32 %%, pp.70~82.
—-(1974), T3 E WTFHAY, ERETHE

W SE16%, ZE2%E pp.8~I12
i
V) — b oL 2o T, AARLARESRTH
4%, No.181, pp.91~98.
HIEE, P4EER(1982), BFTIHETE, W
BEALit, pp.1~9,
2ER(1972), EaIE Hipd @& oJdx
Fa&Zzd  #Aitd, BEBITHE, HE208
55 4 %E pp.58~63.
GINEIE LB Pioeer (1978), A REHIREE,
KIEEHE, PP.222~248.
BEU=CRI(1933), EA v v TE  JEAEg,
PP.332~333.
WEEEQ978), BigigRlel R, BREMBE
55 BTH, 8525, pp.18~23.

Yk, WHIAE(1978), &BRIRERY, BEE

~

11.

12,

13.

14.

15.

ﬁé%@%a % 7 %’ % 3 ’nlﬁ; pPp.21~26.

—(1979), PighER, BREMPEE £8&
$E 2%, DP.27~36.
Ailor, W.H. (1971), Handbook on Corrosion

Testing and Evaluation, John Wiely and.
Sons, Inc., pp.113~124, 507~516.

Chung, H.W. (1975), Epoxy-Repaired Reinf-
orced Concrete Beams, ACI Journal Procee--
dings, Vol.72, No.5, May, pp.233~234.
——(1981), Epoxy Repair of Bond in Rei-
nforced Concrete Members, ACI Journal
Proceedings, Vol.78, No.l, pp.79~82.
Chung, H.W. and L.M. Lui (1977), Epoxy-
Repaired Concrete Joints Under Dynamic
Loads, ACI Journal Proceedings Vol.74,

No.6, pp.313~316.

16, —(1978), “Epoxy-Repaired Concrete Joints,.

17.

18.

ACI Journal Proceedings, Vol.75, No.7, pp.
264~267.
Kotahari, N.C. and Bonel, E.A. (1978),
Strength Properties of Concrete Reinforced
with Epoxy-Coated Steel Fibers, ACI Journal.
Proceedings, Vol.75, No.10, pp.550~553.

Spetter, Frank N. (1951), Corrosion (Causes.
and Preventation), McGraw-Hill Book Co.

Inc., 3rd Edition, pp.365~376.



