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ABSTRACT

For bridges with pavements or exposed concrete, maintenance repair is required 10 to 15 years after construction. Therefore,
preventive maintenance is required to prevent premature deterioration and further damage to the pavement. The objective of
this study is to measure the performance of epoxy thin layer pavement as a method of bridge surface maintenance. By applying
3-6 mm of epoxy over the existing pavement without removing the existing concrete pavement, the deterioration of the
concrete pavement can be prevented and the durability of the bridge deck and bridge can be improved. The use of epoxy thin
layer pavement is an economical and affordable way to maintain concrete bridges.
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Fig. 1. Required budget due to increase in aged concrete bridge surface pavement (Korea Expressway
Corporation, 2019)
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Fig. 2. Problems of bridge surface pavement
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Fig. 3. Pavement damage and deterioration due to delayed repairs

Table 1. Types and characteristics of bridge surface pavement repair methods (FHWA, 2015)

Attribute HMMA, Polyurethanes Epoxy Healer Sealer Thin Epoxy Overlay  Injection Epoxy
Typical Applications Micro-Crack Micro-Crack Extensive Crack Extensive Crack
Viscosity (cp) 20 -200 50 - 150 1500 - 3000 500 - 2000
Pot Life (Minutes) 5-45 20- 60 15-30 15-30
Minimum Cure Time (Hours) 2-12 3 1 2
Expected Useful Life 5-10 5-10 10-15 5-10

Skid Resistance Fine-grained aggregate
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Fig. 4. Detailed cross section of epoxy thin layer pavement
Table 2. Economic comparison of epoxy thin layer pavement and concrete overlay pavement
Composition Life span Cost Economic efficiency

Epoxy thin layer pavement 15 years 119,696 won/m’ 0.47

Concrete overlay pavement 20 years 252,984 won/m’ 1.0
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Fig. 6. Aggregate for thin layer pavement
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Table 3. Pot life depending on resin-hardener mix and temperature

Resin-hardener ratio

Composition
1:1 2:1 3:1 4:1
23°C pot life (min) 18 28 32 43
Temperature range (°C) that satisfies the pot life 10-25 10-30 10-35 20-40

X Aggregate spreading time is based on field pot life test first.
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(a) Pot life depending on temperature (b) Satisfies pot life (15-45 minutes)

Fig. 7. Test results for pot life
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Table 4. Viscosity depending on resin-hardener formulation and temperature

Resin-hardener ratio
2:1 3:1 4:1
23°C viscosity (cP) 700~2500 1,423 1,680 1,967

Temperature range (°C) that satisfies the
viscosity standard of 1000-2000 cP

Composition Standard

- 21-30 23-32 25-33

Epoxy Base
— (2:1)
— (3:1)

eesss (41)

:

:

viscosity(cP)

0 S5 10 15 20 25
temperature('C)

Fig. 8. Temperature range of resin that satisfies viscosity standards (1,000-2,000cP)

Table 5. Properties of epoxy resin before curing

Composition Viscosity (cP) Pot life (min) Flash point (°C)

Epoxy binder 1,680 35 95 more
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Table 6. Properties of epoxy resin after curing

Composition Standard Test result
Tensile strength (MPa) 14~35 17.3
Tensile elongation (%) 30~70 422

Elastic modulus 896 ©]5} 433
Thermal compatibility Pass Pass

Shore hardness 57~75 63

Absorbency (%) 1.5 o5} 0.03

Table 7. Aggregate physical properties

Composition Standard Flint aggregate Calcined bauxite Quartz sand
Water content (%) 0.2 Tgt 0.02 0.02 0.02
Hardness (Mohs) 6 o1 7 7 -

Specific Oven dry condition - 2.531 3.167 2.552
gravity SSD - 2.565 3.243 2.575
(g/em’) True Density - 2,622 3.426 2.614
Absorption rate (%) - 1.369 0.783 0.929
Wear rate (%)* 20 oJs}t 18.1 13.5 584

* Wear rate test applies method D using LA abrasion tester.
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Table 8. Test results of epoxy thin layer packaging mixed with epoxy binder and Jumunjin standard sand

Composition standard Test result
. 3 hours 6.9 and above 10.3
Compressive strength(MPa)
24 hours 35 and above 48.2
Thermal compatibility pass pass
24-hour adhesion strength(MPa) 1.7 and above 24
Chloride ion penetration(Coulombs) 100 and below 0
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Fig. 9. Compressive strength of epoxy thin layer packaging according to each aggregate and age
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o, B

UO
i

oF 5Hl| ot of| FA] MRS 7]& o] A-8-d0] ull-¢- =2 e &l & & qlrk

(2) A=A VY BT

ZAE S B A B of|FA| WS G/l P T JASAE A T Fig. 117 2ol F
75 AR(ASTM C1583/C1583M)2 35t QATt. 24417 Y 5 of|FA] Egkzo] 72 ZAE &35
FHHo| R A8 258 FARE§ F2 I AldS 5ot 2 SATE Fad e 48 HAARIE,

= — = 70 -
Flint A, 71AF 3% =02 =7 VeSS ™ ACH 7] 1.7 MPa2 B THESIITH(Fig. 12). SA1YS] S7+=
TR Lol o] A7) g2 2= 11 st om, FA s ol FA| 9] e, BA| Z2ABES e B &

WA Aol o] B 9L W 5o gtk

(3 BN EE) 1Y AP
Foe]E ZeE A o] o EA) 9 HES Bk, P T AoHBAE AAR T Fig. 137Ho]
A B AR BPN) A9 st TITEAeH A SeE A ERle] o] EA] HiIE S Ex

o = [e)
SHaL, 7SS AR 5 8 Foll Zsteit. m| AR A8, Fig. 143} Zo] RE EAollA] 60 BPN
opgem ZAW U=, 44 HIAARIE, Flint EA4h= 212t 86 BPN, 78 BPN. 2.2 ¢t n] 1AM -2 K
ot ol= = UlllE* A7 (24 oA 71, Eeekd Vé A7) B AR, SRR O ST sE(t

2 St 7} o2 £a 35 17 Y3 3)9] 77 BPN-S AFéleh= gholch



(2) Concrete surface (3) After spraying domestically
resin application produced silica sand No. 3

SRy

(1) Mixing epoxy resin + hardener

(5) After spraying Flint
aggregate (<#8)

(6) Bond strength disk attachment

(7) Bond strength test (8) Attachment cross section (A-base)
Fig. 11. Bond strength test photo
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Fig. 12. Bond strength according to aggregate (after curing for 24 hours)
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