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Epoxy-coated Bars for Concrete Construction

Naoto MIKAMI, Tetsuzo ARAY, Kiyoshi SHIRAKAWA and Seiichi Kovama

Synopsis:

Epoxy-coated bars have been developed to prevent the deterioration of concrete structures due to
reinforcement corrosion. The properties of corrosion resistance, bendability without serious damages of
coating, bond strength to concrete, resistivity to percussion and abrasion are required for the bars. To
examine the bars, exposure test in marine environments, bend test, pull-out from concrete and trial

execution were carried out.

(1)Epoxy-coated bars did not corrode in crack-induced concrete specimens which were exposed in marine
environments for 3 years. (2) Epoxy-coated bars could be bent 180° with the radius of twice the diameter of
the bars under the ordinary conditions of execution. (3) The reduction of the bond strength of epoxy-
coated bars to concrete required 20% increase of lap joint lengths. (4) The bars embeded in concrete beams
which were subjected repeated bending stress up to 38 kgf/mm? showed no degradation of coatings. (5)
Cares for coating protection did not reduce the work efficiency of bending and construction of the bars in

execution yard.
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Table 1. Coating materials for reinforcing bar.

Composition

Elongation* (%)

Coating . Glass transition
. Gel time (s) = o
material Epoxy resin Curing agent . 0C 10C temperature (°C)
A Bisphenol A Phenolic 25 (200C) 46 9%
type epoxy compound 17 (225°C) -
B Specified epoxy High molecular 6 (200°C) 7 13 100
Reactive epoxy phenolic compound 2~3 (220°C)
Bisphenol A Phenolic 16 (200°C) :
c type epoxy compound 10 (240°C) 18~22 - 101
‘ Bisphenol A High molecular
D type e€poxy phenolic compound 15 (200°C) 9 10 87
Bisphenol A Aromatic
E type epoxy amine 5 (200C) 8 9 105

* Elbonga.tion of free film

Coating thickness uniformity
=P =210 %]

Fig. 1. Schematic diagram of longitudinal
section of epoxy-coated bar.
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Fig. 2. Typical manufacturing process
of epoxy-coated bar.

Table 2. Resistant properties of epoxy-coated
bar to alkaline, and saline solution.

Bar (coating thickness) Epoxy-coated | Galvanized (70 gm)

Test (200 gm) | + chromated
condition

g(l;{}c'l\gsas?l-(liasyosl. Excellent %Et layer dissolves
g%?:sclé as;sl. Excellent —
Ardtl g et | pacene | Soproion, o s

Artificial sea water with
excessive cement, Excellent —
20°C, 90 days
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Table 3. Concrete mix design and 28 days strength.

Design Water*-cement Slump Proportion by weight (kg/m?) 28 d(zll():f/sctrrné’n)gth
strength ratio (cm) . Fine Coarse
(kgf/cm?) (%) Cement aggregate aggregate Compression Split
240 55 10+2 262 746 1190 246 25.2
* Tap water, sea water ** Portland cement
surface of BT BRI D, WAREED & b 3 s
concrete cover Bar 0o 8D DBhKE WS O (2B TH 1000 ppm At
S 4y L HERA AV PETH DR, FAFICREE Lt
— g AR D TLX S 6om, PASD TIXF
N 7 em icF CH KA o+ v OWRE RSB BRie,

Fig. 3. Details of test specimen (mm).

10000 [Concrete[Sea water mixing[Tap water mixing
Initial —— -
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8000 [ 3 years o L
R
6000 - atmosphere

4000

2000 |

Chloride ion concentration [ppml

Ol 1 T—a—t— 1 1 1
2 4 6 0 2 4 6 8
Distance from cover concrete surface [cml

Fig. 4. Development of chloride ion concentra-
tion in concrete exposed for 3 years in marine
environments.
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Fig. 5. Rust covering ratio of bars in crack free
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Fig. 7. Variation of pH in concrete crack
surfaces.

Table 4. Loading condition and N, of bars®.

No. Sfalg:‘!:?gg?; l:;sls; )mtensuy g"éﬁgﬁg of Remarks
Upper limit g, | Lower limit oy failure Ny '
2 3030 600 1186 x 103
3 3380 670 1040 x10% | Straight
4 3870 770 152 x 103
7 3030 600 1010x10® | Lap joint
13 3030 600 210 x 103
14 3380 670 233x 103 Mechanical
15 3870 770 91 x10% | Joint
16 2760 540 743x 103

concrete.
3.5
Concrete | sea water | Tap water
"E" 3.0 Environment mixing mixing
—
In marine
225 atmosphere —— —0—
o,
o In sea water —h— | —
s 2.0
=
=
2 1.5
=]
é 1.0
=
0.5}
0 1
4 7

Covering depth [cm]

Fig. 6. Maximum depths of pits in uncoated bars
embeded in crack free concrete. (2 years exposure)
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Uncoated bar Galvanized bar EPOXy-, damaged part
Sea water| Tap water Sea water|Tap water [Sea waterjTapwater
mixing mixing mixing | mixing | mixing mixing
— 4.0
._E_. [ In marine atmosphere j
» 3.0F o - = ~
a
w 2.0F - - = - —
K~
2 1.0} - = - - -
~
g L In sea water
1.0} = - - -
fo I Fig. 8. Maximum depths of pits in
1 {
0 24 7 i:ﬁhag’ % 4 7 4 4

Covering depth [cm]
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L, BT 5 E COBE L% Table 4 1R
5:3-2 FFEMER

2V 7 ) — MBI LB ESESHICOWTEER
REBET oL 0 h, BRA, 5IEE IR LT %
B BRI EAL (BAT AT LT IReL GERAE
) ETIIEE A EBEA ot T LT
DOEHET R B, ZRME ¢ 2hzh 19.8%,
22.9% THot. TOEFKRE T H LM AL TIL
ERE 1% CHBHO R EITHE 2 5. BE L
T Lo TCEMBHOL LOBTRIEINERL, Th
X ORI TEfLS~ A 720 25y 25V ETHIK
CHROETT . M ERERO X SO0 b, B
B UBHT 2R e AL EH LB E EXTE
. UL, 20X 5 IegkFiAnc b RopEr 23T
%% LOBTOREBEIBIE Shignor. bR
HLENBEO vk - RBRTEE L TRELTWS
1000V #FILich ) F—FF 72— T RIETES
E Yk — E R Lie o, B 12.7mm, EX
2kg, T B X 0.5m O &HTfTokk FEHEAR
(ASTM-G14 ¥#l) CTIREE= R ¥ -2 X % BEY)
MUTES ) E SR LB bh, A B
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fehyote. X BHIT 4 AT o Sk A & ol &
B L H, 50 FOFET Cilks LEAFED
B L FHEER O N H T HIUIED bh iz oo,
UEnXowr, av 7V — b BRTHERGHIDEG
KEDEE LT R ELYZ B ESHOBBIXBE L
TE WO R HER L.

) —%—? bars embeded in crack-induced concrete.

(3 years exposure)

5-4 gh{FiERE

=Ry VBIERESHOMTIE, THe -5 —, K
v—F—ROF - I A%y vr VEER & CHE Lk
FHERT I AEOCTAT 5. BV EE 2~Ts T 180°
HFEET L, PS> oRMAROBRIKBERE Y B
TRHET 5. 7o b 2 EEARFEROMEHE () 1385
BRE% 20+2°C, 5+1°C & LTRDOBDEMGED 2 15,
SfEDEE TS, ToLEoBEObh, HIMERDS
SEDOREFEDN 0% UTThHAHZ LERDTVS.
Table 5 13 gif RBFE RO —BITchH o T, HHRE 5°C
THBRD 2 f5DFED 180° T i 2. % Bkhos
BohTws.
55 Ao y—pIHT BHEMRE

HA=z v 27 ) - b BN R L5 EBRHE T
Dt Rk VIERESEG D2 v 7 ) — VT B E
MRE%R Fig. 9 wRT7. O CEBABEICHE © 138k
mrems bhi-Bllk PR a2y 7Y — FICEDAR T
o REBE CRLMET, ®XThExbhb.

t=P/r-d-l
(d: NFREEFER, | SRA LR X)

Table 5. Appearances of epoxy-coated bars after
180° bend (coating thickness 160~220xm).

Coating |SubstratelBending radius 2 x D|Bending radius.3 x D
material bar 0°C 5°C | 10°C 0°C 5°C | 10°C
A o O~0[0~0/0~0| © (-] o
B o [¢] O {0~0; © (-]
B o o [e] O [ (-] (]
[ (o] o o |o~ej0~0| ©

C o (o] O |0~0|0~0{0~00~0

QO : No crack in coating O : Hairline cracks
D : Nominal diameter of the bar 13~16 mm
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-#= Epoxy-coated(perpendicular lug)
=0= Uncoated ( " )
—s= Epoxy-coated(threaded Tug)

150 |- ( " )

=t~ Uncoated

100

50

Average intensity of bond stress [kgf/cm?]

tp

1 1 1 1
0.1 0.2 0.3 0.4 0.5
Slip distance of free end : S [mm]

0 1

Fig. 9. Average intensity of bond stress and
slip distance in the pull out test of epoxy-
coated bars.
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%. YIRS T 2o S 2 B ) By
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BT 20838 E LV ARU Y 2 TIToBA R, K
feLicBte v A v — 75 v dic kb REL, WiEH
BRI BT 5.
BRYTBBNEAry P T2y ) — b EITHRA
UHE, TALEENEL kb EBHOEHE 3 L ¥ —
XY BEVBEETLRENDS. FRIhE=a v
D — FDITRALE SN Im LUTFehhid GECgETs
Cle. FTRAZREE Y 2m P ke % & B FE
LEED D 0D, 7ok 2i¥ 2m oBE, REFEBIISE
BRI 1m %0 3~7 [HCHEO K X Xk 0.5~2 mm?
ENNE. HRES [y 7Y — EERFE| Gy
ALEIOFAMEE 1.5m HEL TR, o
DERAITHILEH OBFHRIC X 5 EFEA~DEEILIT &
AL FEDICERONE 1 7 v—% —%BW5
BEXBECHEE S 2 XS EETS. av s ) —
FRTCIRIRBI = A A F -2 v 2 ) — PRI SR B P
B, N T V= - NBECEML CLBECBRE A
Cig\. L LR CEfRT 2 L BEEAAE T 5 2 & ot
BHDTAATVv—F - ITAFL =V IxETRED
SRV ETH S.

6. & H B

EREERSBT ILFNC X BRIk E OB E LT 7 »
VA CERAIND = Ky B IR IS5 4ERT 55000~
73000t (1982) LlETHBE Vb IRTWS. BATIX
1981 4g, Jb#BEBARE Lo T WEREC TS THW
LT LK, BfEZ o BRAGEE XtHe RA v
%. B T=RE VEIRRESHMER S h s i
Bl EARPDER, EETHOMBE~DORE) %
B EEEY K L CHEEOME~DRETH LS
%\~ (Table 6). EERBHAEETIEFIXIE & L CoBESS
53 % B O RR S M C D BB I D SRR A I {eh
THRELIEBDTREDLEELLRLY, B0l 5
BRERTD .

= RF VRIS A EHA L PC BoB THRED
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— 83 —




1896

YL M 72 4 (1986) Hl4m

Table 6. Application examples of epoxy-coated bars.

Structure E::é‘{ﬁgﬁ'enm Bar size Execution
Sea-side road bridge Upper splash zone
(main girder, cross beam, ~Marine atmosphere gég’ D16, D19 1984, 7~1985, 4
floor slab) (Hokkaido)
Clear-water driving Chlorinated water D13, D16, D19
tunnel (wall) (Wakayama) D22 1984.2~1985.8
High-way bridge Deicing salt p
(floor slab) (Akita) Bég, D16, D19 1984, 9~1985. 4
Gas-pipe supporting block Tidal zone (Osaka) D16, D25 1983, 6

. . Upper splash zone
Sea-side road shield pper, Sp D13, D16, D19

~Marine atmosphere > ’ 1983.7

(wall & roof) (Hokkaido) D25, D29
Tank supporting tower Sulfuric acid (Ehime) D10, D13, D16 1984, 6~1985. 5
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