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Performance Tests of Epoxy-coated Reinforcing Bars - Mechanical Properties
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Abstract

Test results to evaluate the mechanical properties of epoxy-coated reinforcing bars are de-
scribed. Tests include adhesion, impact, bend, and abrasion test of epoxy coating to reinforcing
steel, specified in relevant KS and ASTM standards. Three nominal thicknesses of epoxy coat-
ing, 120um, 220um, 300um are used.

The results show good adhesion and abrasion resistance satisfying the requirements, The
results also show faily good bendability, However, the thicker the coating, the weaker the ad-
hesion 1s. Impact resistance is in the tolerable range, but it is recommended that careful
treatments are required during handhing of epoxy-coated bars. From the results, epoxy-coated
bars,with a coating thickness ranging from 150um to 300um, should well perform for fabrication
in field construction,

Keywords : bendability, coating thickness, epoxy-coated reinforcing bars, KS and ASTM

standards, mechanical properties, performance test

* J39, FHd AF e} e o it p=fioll o gh KzolH 1994 89 3090 2h =) ksl nu
s A2 dgud FAIM 19943 109 E ol B2l 8l ¢hg Al skl &)

1

tal

wk 39 R etz 21
sorick 4 3] 91, 2°IEH Eatal &

H| 6 H 3% 1994.6. 173



ot m slgraE, wE, AN s
$4 5, doby $Ael wE¥E Aosads
PR AnrAew skl Wryel aH
SHm Utk HT SdelAe 9ES @
gz siAbel RS ALgo] el R4S &7
A7 E BANE FRE Wrgel Azte wA
g A7)AAE AR08 ole g Wy E Al
A7) A% e sha gy Fol A Aol ol %
A FAE moEHE gel 7148 WeE 8
W ogase) gAY, WEAH ol $4etm, A
Aol Fxate} Tl ML Wel AgH T Uk

-

H YN E o ZA mutE
el =t A i ol sl -
U A dd A ES Aeire ol EA
<t AAE Aol Hagh oJeivbx] A
A3y ardch 3k ) 2ule A
Al ek e #8318 g Al R A o]
£Ho@ BANE=S yisie Litzo
2 Abg}ol] th ek 27} 2 A sk

B oo e o)A A3

A ol thEte] 71A A s

7} 8Lz} o), of] E A
e g & dF HE
AeE H, wr, F4, o3
7IAIH Aggell o f\lﬁé,

4 L
ﬂﬁﬁ‘m
R W
I
4u 2 Moo @ o e

.
i)

)
o
&

& B

(o

o ¥
lo i)
2
4
>

8 o
m&
rl o
{0 oz
H1
Tl
=

Mo
=
=4
=
e~
TN
>
1

=
o=
o
o

2 He
)
o o
rr
=
o)
i)
o P
2o =
RNV
)
_ﬁ_.—&rp
Eiilg
?ﬁ}')‘ tr
Fﬁj&
éﬂxﬂolﬂ
=

A So S 4RI A, EANel 4
Al SR DS A st Bt

1.2 A7 S0t He

JEA Eute 7|RFHO T Halukz] Alko] 9]
ofk e &, A B AlFAYAM &4
HAdsl7] Ysl A slodol st A=A 0]
obsbar ofo] wel @7H)E Aol shelslojof &

174

o 2 A7 S A EX A 28 E FH
A =4 Ao g wutsial Pabg o Z A £t
qzo] 71AA s AE, A5 el A
o A muk "o HEA tha) Qg

B Aol M A&t A2 dE4dt4 KS

M 5250 “7Z3 2 HZL oEA] B Lg9)
n = YEAIE71E ASTM A 775—88a “Epoxy-
Coated Reinforcing Bars"'"2 &Z71&% £4
o2 Hdgstn vZASAFIELE B3t
2 &g

2. X =3
2182

o %) wotet AL [2hol 4 4 4+e DIGE A}
gatgon 1 SR 9 AR 4Ee F 1,
2 9 g

CETE L m}a}z sEl Ye] Qo A
Mol Jarg vlAA oz He] Ak 2 A
i a .

]

Table 1 Chemical components of reinforcing bars
(wt, %)

Mn Cu C Si Cr S P Sn
115 1 0.64 | 0.21 | 0.22 | 0.18 | 0.05 | 0.05 | 0.02

Table 2 Mechanical properties of reinforcing bars

(wt, %)
Tensile Yield .
Elongation Bend
strength strength (%) test
(kg /mm?) | (kg /mm?) ° e
65.2 40.0 23.3 good
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Bisphenol A—based Epoxy Resin 66%
9HE (Si0,, CaCO,, TiOy) 25— 27%
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Phenolic Curing Agent 7%
oA 1 + 0.5%
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Table 4 Coating thickness targeting 220um
(unit : um)

_average 6 ar 2
stand,
40 35 | 51

dewviat,

devmt ’

Table 5 Coating thickness targeting 300um

oo A= wub F7) 120um, 220pm, 300u (unit : pm)
mE 282 2uksh o Al Tk g Al §Ek Sample : ) 5
q_ AR Uk EAE doslvlsls BE S N 1 o ‘
S = measured ) . o ; . X
2 Hrg AN Adsted mub ol FHEA poit i e vlele o6
1
1:}. n}a,- Mg AE el Bivd 9 44 T max, s
0@ 158] o4 =AREE ol o), ¥ A thick 350 1390 | 330 | 420 470‘350 40 | 40 | 290
RS R A Y A T r I
o = 21o]110cm H:roll thste] vir)el vir]Ab t;m:( 170 | 180 | 130 | 250 | 290 | 160 | 230 | 330 | 150
ICK.
©oo 111 nyher o] "LzL 90y =L ] Al e e .
o], vbr} wh gl 2]H ubR g5 bzt 205 E Y, average | 259 | 311 | 210 | 07 | 357 242 | 38 | 403 | 195
% 60wHlE Z4ate] zhzrel 2070 gl A sand, | 6l wl sl sl s 5] 6l ul @
o), Ha, B EENRE pshan, oAl shel e | TP P T
average L 303 318
Table 3 Coating thickness targeting 120um T etand 1
(unit : ym) deviat 60 8l ®
Sample
3
NO v..] l S— 2 —' R
measured ] l , 3? 1 1(2 \(3 : t(z 3 Aot Al 2AE gk v Z 60709 oA #HF
[ 21 i3) il (2) ] 1 3
et il ‘ - | S #} FEANE Pkl (K 3,4,5) Y2 =%
t(:”; 18 | 190 | 150 130J21( 120 | 250 | 290 | 140 7 220um EER HE HI FolA 3UA AlFEA
ICK,
T o] &% Ay, W& 220um FFH 2= 51umo|

70 100 60 95|10/ 65120 130’ )

__thick, v
average | 115 | 142 | 81 | 151 { 174 | 101 | 174 | 208 ] 115
stand.
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; :
stand, g% | 3 53
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(1) between lugs and luga

&3

2y : top of lugs
@ : top of ribs
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Tabie 6 Coating thickness comparision of domestic to 3M

products

(unit : pm)
measured |average | stand. max. = min.
points thick | deviat. | thick. | thick.

domestic
20 208 32 270 160

products

3M*
72 244 23 317 193

products

+ 3M : produced in U.S.A
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Table 7 Adhesion test

coating thickness(um) coating after
max. min. average test
168 149 159 good
322 217 252 good
456 322 395 good
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Table 8 Impact test (500g X 500mm)

coating thickness{um) coating after test
coating punched with
120 + 20 . .
2mm diameter
coating punched with
220-+ 20 .
B 1Imm diameter
‘»;’)‘()0 + 20 coating pressed

Tabie 9 Impact test . .
P (falling weight : 1kg)

coating | ) . coating after
thickness(um) fmpac  test
: ) coating punched
220 £ 20 : 1kg X 400mm ) .
- | with 2mm diameter
: ! coating punched
220 + 20 | lkgx450mm B D
. with 3mm diameter
. coating punched
300 + 20 1kg x400mm . .
with 2mm diameter
coating punched
300 £ 20 | lkgx450mm | D& P
with 2mm diameter
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Table 10 120° bend test at 23C
- = coating thickness
33 UH=ZA A 1N thicknes coating after test
(um)
. Istand. | number | total crack
o 7hgalol] walA i olul e = ToaX. | TR AVEL ) gevia, | of crack | length(mm)
wo| Zex FAo| AM7)A] PFEE Ture] A& 150 | 60 | 103 | o7 9 47
5 - . 210 85 142 35 0 0
Ao|iL} ¥atAo] 283 of &t} 7|&: - L{! |
© ,l gl & ?P@l F ek 7IEe 200 | 100 | 178 | 5B 0 0
SO gute] 57848 Kup e Y §ol ot 250 | 130 | 185 | 35 | 0 0
A Aoz AHFe) FHol A= &oto g 960 | 150 | 201 31 0 0
W 2= 9l ol Wi Fo| kst H] 8-S 300 | 140 | 209 42 2 4
370 130 260 63 0 0
3 Z o ¥ AF 9T
FAIEeR gata at. ) 470 | 200 | 302 66 0 0
BAFAE Alen 23colM Fa4d Al 40 | 150 | 311 . 101 0 0
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742 A48 FEo of wf FHH WAFE Al Tabie 11 135" bend test at 23C
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o qrmme st wo, 57 T8 9 ¥ max. | min, |aver,| SN | mber | fote) crack
,. . evia, |of crac ength(mm
A =} _11-}_:/Hu odx 2 9ty 9B
Al &7 7 7 88 o .- f', 1515t 19 | 65 117 | 36 0 0
o -7 A 6AIZHERN g g A 190 | 70 | 122 | 38 1 10
ol vk 90°9} 120°7H#] 38 Algl st 210 90 | 151 37 1 12
FEA A Lo E olstey wure] ZBHO 250 80 152 44 0 0
o 320 | 170 ] 221 | 35 0 0
2 vl wel @R AFEHNA nA g ol 130 | 110 | 230 57 9 4
et odokh Sote s el Aok WA 390 | 180 | 255 | 58 0 0
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40 | 170 | 326 | o1 2 5
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gt Ao FguEc) coatmg(; t}:ll)ckness coating after test
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I 1100419} o] 1357 WAl e i ) | stand, | number © total crack
o] tha wo] YeElum Ut BEF mureA 1204 max.. | Tun. AVeL o via | of crack . length(mm)
me} 300um Hitol A Fa Fdol AHom wut 200 | 70 | 136 | 43 0 0

. 250 | 85 | 162 44 8 22
o] grefE wabHoe] ] wol MAISHA o] 4 &

I ke Hel o | agsrat, 290 | 70 | 185 74 16 42
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Table 13

120° bend test at —7C

coating thickness

coating after test

(pm)

. stand. | number total crack
max. | mu. | aver. devia. | of crack | length(mm)
250 80 | 163 50 5 10
290 | 100 | 183 61 6 12
370 | 145 | 245 60 5 9
440 | 145 | 282 73 12 23
530 | 260 | 375 61 21 75
620 | 190 | 425 133 3 41
a8 139 28 AL 2 A 2oA et u}
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FEEA 7HeAol BRI Atk oleld AALL
e, AR(-7C) 2 FH4%E 90° 120°, 1307l

120
100

total crack length(mm)
»
5

20
: —
220 300
coating thickness( m)
[ SN 120 degree [ 185 degree |
Fig. 1 Coating after bend test at 23C
120
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P
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°
300
coating thickness( m)
[ SN 90 degree [ 120 degree |
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Fig. 2 Coating after bend test at ~7C
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Table 14 Abrasion resistance test
coating weight weight .
. weight
thickness(um) before after
_ loss(mg)
max. | min, |aver. | test(g) test(g)
65 75 70 60.4335 60.4332 5.3
70 30 75 60.3111 60.3050 6.1
70 30 75 62.3271 62.3209 6.2
70 85 78 59.7115 59.7063 5.2
80 85 84 60.0845 60.0816 2.9
80 95 39 60.5959 60.5889 7.0
85 105 96 60.1306 60.1242 6.4
55 | 200 | 129 62.0522 62.0507 1.5
120 200 168 63.4969 63.4960 0.9
310 | 500 | 418 65.3890 65.3886 0.4

average of weight loss : 4.2 mg
stand. deviation of weight loss : 2.4 mg
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