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Performance Tests of Epoxy-coated Reinforcing Bars :
Corrosion Protection Properties
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Abstract

Epoxy-coated bars protecting reinforcing bars from corrosion and enhancing durability of
reinforced concrete structures are tested to evaluate corrosion protection properties, Tests are
performed based on the relevant standards of KS and ASTM, such as chemical resistance, salt
water spray, salt crock test and chloride permeability test with the main vanable of the coating
thickness,

Test results show good chemical protection property and chloride permeability. The results of
the salt water spray and the salt crock test show that epoxy coating well protects the
reinforcing bars from corrosion, cornparing to the black bars without epoxy coating, However,
several spots on the coated bars are rusted at the pinholes or on the bars with coating thickness
less thar. 200um. Special cautions are required in the process of blast cleaning when applying the
fusion-bonded epoxy coating.

Keywords : chemical protection properties, concrete structures, corrosion, epoxy-coated

reinforcing bars, salt water spray test, salt crock test,
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Table 1 Components of reinforcing bars(by weight,%)

Mn | Cu C ‘ Si | Cr S P Sn

D13 0.99 038 ] 0.28 | 0.17 [ 0.10 | 0.04 | 0.03 | 0.02

Table 2 Mechanical properties of reinforcing bars
I

T

tensile | vield [ | ati
1 strength strength L€ Or(x%%)xon bend test
| (kg /mm?) | (kg /mm?) ¢ .
D3| 649 42.0 239 | good

of| EAl Eu £ R
Bisphenol A—based Epoxy Resin 66 %
Phenolic Curing Agent 7%
H7HAl 1+0.5 %
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Table 3 Coating thickness targeting 120um

(unit : gm)

Sample No. 1 2 3
measuredpoint] O | @ || D@ [@|D|® | O

max, thick. [180]190|150|180|210{120{250{290|140
min__thick, | 70 [100] 60| 95[110] 65/120]130] 80

average 115|142| 81(151]174|101{174{208|115

stand.deviation] 26| 25| 18| 19| 18; 10| 38| 48| 16

__average 112 130 165
stand.deviation 34 38 53
{; : between adjacent lugs

2 lug

3 b

Table 4 Coating thickness targeting 220um

{unit :ym)

_n_ﬁgmple No. 1 2 3
measuredpoint @ |2 1@ |1 D | @ | @ 1T |1D | D
max. thick. |210 2501230250210 /120|270 330|300
min, thick, ]100/190| 90} 95!110} 65]160)|200]110
average 157194 |155]185|236 | 212 {208 | 255 | 197
stand.deviation| 36| 35] 36| 29 33| 21| 32| 37| 60
__average 168 211 220
d.dewviation 40 3 51

Table 5 Coating thickness targeting 300um

(unit:um)

Sample No. 1 ( 2 ] 3
measured point| W [ @ | @@ | @ | @1 D] ®|@
~max, thick, |350]390 330 |420(470 ]330 | 440|440 290

rrﬁn thick, [1701180]130}2501290]|160230|330{150

_average 259|311(210|307 {357 | 242 | 358 | 403 | 195
stand deviation| 48| 36| 55| 53| 48| 36| 49| 34| 33
average 258 303 318
stand.deviation 60 81 98
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Photo 1 Salt Water Spray Chamber
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Table 6 Test Resuits of Immersed Coated Bars without
pinholes in a 3M aqueous solution of NaOH

damage of coating

‘)lJ 7() 119

250 /1” No rust or blist
[e]
50|10 176 © rtu.s .r_blls ter
S v Q
190 | 110 | 242 tgo s _;Sld N
390 | 170 243 | 59 € naidec eye.
5501170304 98

Table 7 Test Resuits of Immersed Coated Bars with 4mm
pinholes in a 3M aqueous solution of NaOH

~coating thxckness(um)
max. min, |avg. |stan, dev‘

damage of coating

)( h() i 103 36 '\Io rust or bllster
} 10246 | 106 is visible to the
,F?é,(’,,Lﬁo_ﬁf?ﬁ 139 _unaided eye.
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Table 8 Test Results of Immersed Coated Bars without
4mm pinholes in a 3M aqueous solution of
Ca(0H),

coating thickness(um)
max. |min. |avg, jstan.dev.

damage of coating

230 | 85139 40

330 | 60 158 76
No rust or bhister

400 1 60 175 9% AN

| s vis .
380 1 80 214 97 is vx(s.ldz | e
310 | 120 226 57 unaiged eye.

490 | B0 291 130

Table 9 Test Results of immersed Coated Bars with 4mm
pinholes in a solution saturated with Ca(OH)2

coating thkaness(ym)

T .
max, 'min, |avg. Istan dev.:

190 | 60125 39 ~No rust or blister
430 | 100 le2s e
370 110 (231 76

damage of coating

15 visible to the

unaided eve.

Table 10 Test Results of Immersed Coated Bars without
pinholes in a 3M aqueous solution of CaCl,

coating thickness(um) damage of coating

max. | min, avg. |standev,
180 1 60 | 116 33
3101 70 | 143 65
310 | 130 | 201 51
350 1100 | 214 85
440 1 210 | 337 76
570 | 240 | 342 90

after 30days

No rust or blister is
visible to the unaided eye.

Table 11 Test Results of Immersed Coated Bars with
4mm pinholes in a 3M aqueous solution of
Ca(l,

coating thickness(um) damage of coating
after 30days

Rusted around 4mm pmholes

max. | min. |avg. stan.dev,

. or
1;:: 120 i;: :; No rust or blister is

o } ‘ l visible to the unaded eye
400 | 210 | 307 67

except above.

M6 6Z 1994.12.

32 AT ERAE

1

i

AFRAFAIFEA A 30U 604 o) 4
Al E RARSE AT, Db ] ok He
Hol W ajo] wjlom, o ZA|wut Hity -‘r’-
o5 ol vhAE A} o] gk LN ofis
FobE 7F 2 4t (holiday ) ol A F 82 WA
AbE3) m RV B 2 O(Jum uj 01
ol A gel wAsAH(3 12). A gtol
ALt Aol M LA B ale] whalsll o olg 4
e At el Wi EENYER FHEUY
(AR 4) whapi] ol EA gl o)l FHel A /q
gl upgol Folf g8k}

B 13eA M ~-x°l g 7H AgAE gl gl
o AEAY AR FAEY dmm A 59

wakd Aoz ;q] % o RN o o gke Fx]

o
B . =

b
Tlo
r

e
{1

LFF
10_:;,’-!
;9:1_9.01»;54,:31

@y Ao R yhEs gl

Photo 3 Typical Rust Spot on Holidays from Salt Spray
Test

Photo 4 Rust Spot on Coating Defect from aIt Sray Test
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Table 12 Salt Water Spray Test Results of Coated Bars
without pinholes

coating thickness(ym) i No. of rust or blister spot
max.|min. avg.Istan.dev. after 30 days | after 60 days

200} 751130 42 0 10
190 | 90| 132 29 2 2
210 | 80| 142 36 2 13

2401 901167 45 14 18
340 | 80| 169 72 6
380 | 120 | 220 80 2

3
2
470 | 130 | 253 96 4 13
0
2

490 | 120 1256 | 100
490 | 160 | 266 79

Table 13 Salt Water Spray Test Results of Coated Bars
with 4mm pinholes

v ) No. of rust or blister spot
coating thickness{um)
except pinholes

max.|min, |avg. stan dev.| after 30 days after 60 days

|
240 90]137] 46 4 14
30| 75[157| 68 11 20
230 115|174 37 0 ‘ 1

270105174 | 56 | 10 22
370} 90187 74| 0 6
200120191 52 |

200| 90193| 55 | . A
340|120 198 | 59 2 : 9
320|140 | 226 | 57
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Photo 5 Swelled Spots from Salt Crock Test

Table 14 Salt Crock Test Results

Sal\rz)ple ioqtlngﬂthfjj_;e:;s(u{g)_e; damage of coating
s [ 1 % 40spots swelled
o JﬁF 281 % | 10spots rusted
o OO M5 79 | 30spotsrusted
fﬁ 230 \ 100 FS()\*Q 56 spots rusted or swelled
N 100 159 52 0 good
R %7() &) “1'9} i i 2-3 spots rusted
00161 s [ spotsswelled

NEDI ‘,39,,‘, 83| 8 | 23sposrusted

3090 |29 82 3-4 spots rusted

i W] 1,12'- spots rusted
P Lo eood
B ; 1 l/ ) P 2 23 spots @itgd
i‘)() 1o T i ,,,,,,,g‘?f),‘,i

) )] 160 | | 56 spots rgé}rerd
17(J V(JL

20100 ¢

__ 23 spots rusted

45 spots rusted

7 f‘ ?1 ?Of i ‘T 51’ ?:1 v},

ppm( ).0001 Mole) 0]6}5#_
(X 15)

Table 15 Chloride Permeability Test Resuits

coating chloride ions permeating

i
|
) Fb}f‘}([le%% pm) ‘ through films (ﬂiiIE(iir 1>d(wx ppm)
S E U 51 I
| 0.57
t
|

02,62
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