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An Improvement of Quality Standard and Construction Quality Control for
Field Application of Epoxy-Coated Reinforcing Bars
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The Epoxy-coated Reinforcing bars have been proved to be able to extend a durability life because of its excellent corrosion resistance
in bridges and structures under marine and severe environments. The usage of epoxy-coated reinforcement is continuously increasing
in developed countries such as the US and Japan. However, domestic use is extremely limited due to lack of research and development,
poor production facilities, low quality, increase of initial costs, and difficulty of field management. This study suggests the improvement
of construction quality management such as manufacturing, transportation and construction for the field application through the test
construction of the proven product in the related test results of the epoxy coated steel bars produced in the recently improved
manufacturing facility.
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Fig. 1. Bridge, CRCP pavement and 34 plants of 20 states regarding
usage of ECB in USA
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Table 1. Unit prices of ECB and black bar

(D Material |2 Manufacturing|Manufacturing| Total
Deformed| cost of uncoated cost of cost cost of
bar size black bar ECB raito(%) of | O+@
(won/ton) (won/ton) ECB (won/ton)
HI0 580,000 750,000 129 1,330,000
HI3 570,000 561,000 98 1,131,000
H16 560,000 434,000 78 994,000
H19 565,000 365,000 65 930,000
H22 565,000 313,000 55 878,000
H25 565,000 289,000 51 854,000
H29 565,000 263,000 47 828,000
H32 565,000 245,000 43 810,000

1,400,000
W high strength bar (won/ton)
1,200,000 W Epoxy coated cost (won/ton)

B TOTAL (won/ton)
1,000,000

800,000

600,000

400,000
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Fig. 2. Material cost of black bar, manufacturing cost of ECB and
total cost of ECB
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Table 2. Design Condition for Concrete Structure

Concrete Bar Size/space of Clear Clear
compressive yield deformed spacing of cover of
strength strength bar bars bar
fa= I~ HI9@ 131mm 116mm
27MPa 400MPa 150mm (150-19) (125-19/2)

protective covering=116>3d,=57mm,
Varying Spacing=131>6d;,=114mm, .. (3=1.2

Table 3. Development length of deformed bars in tension

Deformed Uncoated black bar Epoxy-coated bar(ECB)

bar size | Other bars | Upper bars | Other bars | Upper bars
H13 470 611 564 733
H16 590 767 708 920
H19 710 923 852 1,108
H22 1,030 1,339 1,236 1,607
H25 1,180 1,534 1,416 1,841
H29 1,330 1,729 1,596 2,075
H32 1,470 1,911 1,764 2,293

Table 4. Lap splices length of deformed bars in tension

Deformed Uncoated black bar Epoxy-coated bar(ECB)

bar size | Other bars | Upper bars | Other bars | Upper bars
H13 611 794 733 953
H16 767 997 920 1,197
H19 923 1,200 1,108 1,440
H22 1,339 1,741 1,607 2,089
H25 1,534 1,994 1,841 2,393
H29 1,729 2,248 2,075 2,697
H32 1,911 2,484 2,293 2,981
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Table 5. Comparison of Standard manufacturing quality control, product test

Of=Al O
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wt

and inspection for epoxy coated bar(ECB)

KS D 3629-1995
(2005 confirmed)

ASTM A775-07b
(2014 re-approval)

ISO 14654-1999 /
British standard

Ry Fusion bonded epoxy coated reinforcing Standard specification for Epoxy-coated steel
steel bars epoxy-coated reinforcing bars for reinforcing bars
Outward Equality of coating film surface and no
appreance [Visible identification holes, bubbles and cracks| ) i
. 180£50.m D10~16 : 175~300xm
Epoxy Thickness (130 ~2304m) DI19~57 : 175~400m 170~300um
coating Tnspection ) [Test a minimum of 2 bars of each sizeTest a minimum of 2 bars of each size
every 2 production hours every 1 production hours
Pin hole No more than average No more than average No more than average

(coating _continuity) of 5 per 1m of 3holes per 1m of 4holes per Im
Dia Dia Mand | Bend Time
Bar ) Bar ) Bar | ral Dia. | Angle of  |1) Bending
(mm) (mm) .
' (mm) | (Dgree) |[Completion|sD36 below : less than
Bending, DI0 100 | D29 230 | 10| 75 o
180° (23.5sec)
mandral D13 125 D32 250 13 100 180° 15 . D36 exceed -
diameter D16 130 | D35 | 280 | 16| 125 sec > exeeet:
, and D19 150 | D38 350 |19 | 150 90°(11.8sec)
Coating bendi D22 170 D41 400 22 175 2) Mandral diameter
flexibility e? 1tng D25 200 D51 580 25 | 200 45  |Dia. 20mm and less : 4d
€s 29 230 180° T .
requirements Less than 90sec 120° 32 250 see Dia 20mm e?;ce?d s 6d
(SD50-FBE:90°) 36 | 280 ) Test Velocity :
43 430 O 45 min. 8rad/minute
57 580 %0 sec
. Test a minimum of 1 bar of each size[Test a minimum of 1 bar of each size
Inspection - . .
every 4 production hours every 1 production hours
Anchor pattern 0.05~0.1mm 0.04~0.1mm 0.05~0.07mm

1%below per 0.3m

1%below per 0.3m

0.5%below per 1m

Damage

Min. thickness of repair coating :175/m

Min. thickness of repair coating :180/m

Coating interval after surface
preparation

No more than 8 hour

No more than 3 hour

No more than 30~180 minute
according to relative humidity

Table 6. Comparison of flexural bond strength between epoxy-coated

bar(ECB) and concrete

KS D 3629-1995
(2005 confirmed)
Fusion bonded epoxy coated
reinforcing steel bars

ASTM A775-07b
(2014 re-approval)
Standard specification for
epoxy-coated reinforcing bars

Flexural bond strength of epoxy
coated rebar shall be more than 80%
of uncoated reabr

Flexural bond strength of epoxy
coated rebar shall be more than 85%
of uncoated reabr

TEST: Appendixl of KS D 3629

TEST: Test Method A944
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by Air&Water (Box Type)
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3) Holdding Roller
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Preventing deformation
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1t & 2™ Blasting for Surface Preparation
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Pre-Heating

11) Transport
after Packing

Transporting to field

ne | | after ECB packing
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Fig. 4. System flow chart of maufacturing line for ECB
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Table 7. Quality evaluation result of epoxy-coated bar by test

Division Coating Pin-holes Coating Bond
thickness (continuity) flexibility strength
ASTM ASTM
Applied ISO KS D 3629
ATT5/775M4 | AT75/7715M4
standards | 14654-1999 2014 2014 (Pull-out)
Allowable Min. Less than 180°(15sec): More than
L . 85%(ASTM)
criteria 175¢m over 4unit/m No crack
of black bar
. 0,
Test Average Average 180°(ASTM) 3OMPa:101.8%
results | 215>175/m | 3.8<5 unit | No cracks |ooMra937%
" e 8OMP2:96.7%
Evaluation| ISO OK! ASTM OK! | ASTM OK! | ASTM OK!
e \ N
Testing
pictures
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Table 8. Comparison of standard construction specification for ECB in Korea and USA

Standard Construction Specification in Korea

CRSI Manual and ASTM Specification in USA

Trans-port
and
storage

* Bars shall be carried in bundles of the same dimensions and length,)
and shall be identified by placing plastic tags with the grade and
dimensions of the manufacturing plant, melting, heating number and
rebar at the exposed location after tightening

* After the rebar reaches the Field, it must be stored or covered in|
an appropriate storage facility to prevent direct contact with thel
ground and Do not damage the rebar with moisture, dust, oil or
any other matter that may interfere with adhesion to concrete

* Zinc plated steel and epoxy coated steel should be handled and
stored to prevent damage to the coating.

* Bars should be lifted using a spreader bar or strong-back with multiple
pickup points to minimize sag. During sagging, steel may rub on each
other, causing coating damage.

* At no time should coated steel be dragged.

* Nylon or padded slings should be used and at no time should bare chains
or cables be permitted.

* Steel should be unloaded as close as possible to the point of concrete
placement to minimize rehandling.

* Bundles of steel should be stored on suitable material, such as timber
cribbing. At no time should steel be stored directly on the ground.

* If the steel are to be exposed outdoors for more than 30 days, they should
be covered with a suitable opaque material that minimizes condensation.

* Coated and uncoated steel should be stored separately.

Bend
ing,
handling
and
fabrication

* The repair of the damaged coating shall not exceed a maximum
surface area of 1% per 0.3 m of rebar.
* All coating areas damaged during production and handling should
be painted using repair paint.
* If there is a defect in the adhesion of the coating, the coated film|
should be removed, cleaned and painted with the repair material,
* Repair parts should also be applied to the cutting site of the rebar.

1) Criteria for damage to "epoxy-coated steel"

* If the epoxy-coated reinforcing bar has more than 1% of its area damaged
in any given 1 ft section it may be rejected.

* Prior to repair of all damage, the areas to be repaired should be prepared
using a wire brush that removes any rust or other contaminants.

D) Criteria for the repair of "epoxy-coated steel"

* Damage to coatings should be repaired using a two-part epoxy approved
by the coating manufacturer.

* Repair materials should be provided with sufficient time to cure prior to
concrete placement. Some coatings require 8 hours.

* All repairs should be strictly conducted according to the written
instructions furnished by the patching material manufacturer, and this
material should conform to Annex A2 of ASTM A775 or A934.

Dam
age
and

repair

*If it is close to the finished surface of exposed concrete, a soff
stainless steel wire should be used. For galvanized steel, galvanized
zinc wire should be used.

* The accessories (bar-spacers, filler blocks, suspentes, bar-chairs,)
binding wires, etc.) used in epoxy-coated bars are to be coated with
nylon, epoxy or plastic to comply with KS M 6070.

* Bars should not be dragged or placed directly on the forms as this may
result in oil contamination of the bar surface.

* Bars should be placed on supports coated with non-conductive material,
such as epoxy or plastic bar supports, and these should meet Class 1A,
as defined in the CRSI Manual of Standard Practice.

* Bars should be tied using coated tie wire. This wire is typically 16.5 gauge
or heavier and black annealed. When used with epoxy-coated reinforcing
bars it is typically coated with PVC.

* Coated bars may be cut using power shears or chop saws and cut ends

should be repaired using a two-part epoxy. Bars must not be flame cut.

194 vol.
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