Int. J. Highw. Eng. Vol. 17 No. 3 : 85-95 JUNE 2015
http://dx.doi.org/10.7855/IJHE.2015.17.3.085

A 2azE 9R$U1E 9% 2478 W) 8% 2%
Zdy /A ZagES ALA AL

Application of In-Situ Mixing Hydration Accelerator on Polymer Modified Concrete for
Bonded Concrete Overlay

24 F  Kim, Young Kyu 3 - 25Tt WAL MUATR - AL (E-mail : kingdom1980@nate.com)
E M 7x{ Hong, Seong Jae 3|8 - ZEFOistn ESZSt} - HhAE R (E-mail : zkdlwl@nate.com)
0|52  Lee, Seung Woo 3| - ZEFEty ESZStn w4 - ZSHEEAL - W MK X} (E-mail : swl@gwnu.ac.kr)

ABSTRACT

PURPOSES : Recently, bonded concrete overlay has been used as an alternative solution in concrete pavement rehabilitation since its
material properties are similar to those of the existing concrete pavements. Deteriorated concrete pavements need rapid rehabilitation in order to
prevent traffic jams on Korean expressways. Moreover, speedy and effective repair methods are required. Therefore, the use of bonded
concrete overlay with ultra-rapid hardening cement has increased in an effort to reopen promptly the expressways in Korea. However, mobile
mixer is required for ultra-rapid hardening cement concrete mixing in the construction site. The use of mobile mixer causes various
disadvantages aforementioned such as limitation of the construction supply, open-air storage of mixing materials, increase in construction cost,
and etc. In this study, therefore, hydration accelerator in-situ mixing on polymer modified concrete produced in concrete plant is attempted in
order to avoid the disadvantages of existing bonded concrete overlay method using ultra-rapid hardening cement.

METHODS : Bonded concrete overlay materials using ultra-rapid hardening cement should be meet all the requirements including structural
characteristics, compatibility, durability for field application. Therefore, This study aimed to evaluate the application of hydration accelerator
in-situ mixing on polymer modified concrete by evaluating structural characteristics, compatibility, durability and economic efficiency for
bonded concrete overlay.

RESULTS : Test results of structural characteristics showed that the compressive, flexural strength and bond strength were exceed 21MPa,
3.15MPa and 1.4MPa, respectively, which are the target strengths of four hours age for the purpose of prompt traffic reopening. In addition,
tests of compatibility, such as drying shrinkage, coefficient of thermal expansion and modulus of elasticity, and durability (chloride ions
penetration resistance, freezing-thawing resistance, scaling resistance, abrasion resistance and crack resistance), showed that the hydration
accelerator in-situ mixing on polymer modified concrete were satisfied the required criteria.

CONCLUSIONS : It was known that the hydration accelerator in-situ mixing on polymer modified concrete overlay method was applicable
for bonded concrete overlay and was a good alternative method to substitute the existing bonded concrete overlay method since structural
characteristics, compatibility, durability were satisfied the criteria and its economic efficiency was excellent compare to the existing bonded
concrete overlay methods.
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Installation of Concrete Production

|| using Mobile Mixer
(Ultra-rapid hardening
polymer modified concrete)
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Traffic Blockage  |—>] Concrete Pavement | Construction
(Milling, Blasting, Water-jet, Equipments

etc) (Mobile Mixer and Paver )

!

Surface Texturing on
Overlaid Concrete

Curing and Joint

Concrete Placement [ :
Installation

> Traffic Opening

Fig. 1 Restoration Process of Existing Bonded Concrete
Overlay Mehtods
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Table 1. Criteria for Bonded Concrete Overlay using Ultra Rapid Harding Cement
Required Criteria
Test types Application Standard
Bridge Deck Pavement Mainline Pavement
Compressive Strength above 21 above 21
(MPa) KS F 2405 (4 hours curing) (4 hours curing)
Structural above 3.15
Characteristics Flexural Strength (MPa) KS F 2408 N/A (4 hours curing)
above 1.4 above 1.4
Bond Strength (MPa) KS F 2762 (4 hours curing) (4 hours curing)
below 0.15 below 0.15
. ) o . .
Drying Shrinkage (%) KS F 2762 (1~7 days) (1~7 days)
Compatibilit Coefficient of Thermal AASHTO T336-11 4.0~20.0x10°® 4.0~20.0x10°®
P y Expansion (/C) (AASHTO TP 60) (7 days curing) (7 days curing)
Modulus of Elasticity 1.13~7.8%x10™ 1.13~7.8x10™
(MPa) KS F 2438 (7 days curing) (7 days curing)
Chloride lons Penetration KS E 2711 below 1,000 below 2,000
Resistance (coulomb) (28 days curing) (7 days curing)
Freezing—Thawing above 80 above 80
Resistance (%) KS 2456 (28 days curing) (14 days curing)
Scaling Resist above Acceptable above Acceptable
caling Resistance
SS 137244 (AT
Durability (56cycle, kg/m?) (A Type) less than 1.'0 less than 1..0
(28 days curing) (7 days curing)
below 2.0 below 2.0
Abrasion Resistance(mm) | ASTM C 779 (B Type) (during 30 minutes, (during 30 minutes,
7 days curing) 7 days curing)
Crack Resistance ASTM C 1581 No~crack N/A
(1~56 days)
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Table 2. Mixture Proportion of Concrete

Content (kg/m)
Gmax| WB Binder
Sfa (%) Fine |Coarse
(rm) | (%) Weter [Polymer i Etc
e et | YO0 | | g '
Accelerator
Retarder
(Cx08%)
19 |45 | 42 |18 | M 300 120 719 | 951 | Defoaming
agent
(Cx06%)
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Fig. 3 Fundamental Evaluation of CRS Mixture
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Table 3. Mixing Characteristics of CRS Method

Test results

Polymer modified concrete : flow

Slump after hydration accelerator in—situ mixing : 210mm

Air contents 6%

Setting time Initial set (25 min.), Final set (40 min.)
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Elasticity

=

(b) Flexural Strength Measurement

(c) Bond Strength Measurement by Pull-out Test

Fig. 4 Structural Characteristics Measurements
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Table 4. Structural Characteristics of CRS Method

Application | Required
Standard Crfteria || Loot Results
Compressive
Strength (MPa) KS F 2405 21 23
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Fig. 5 Compatibility Measurements

-HM17E M3z 91



USHAE FAAE 74 FB T Fig. 4(@°lA AA
A3t o] LVDT(HAAA)E 27 HA|ste] Wy E
ol WE A FE EE5HT

Table 5= CRS ¥ 9] Ax4%, 9944+ 2
AAg 584 3E Yerd
d 2 A7 WAl 2 FFE lil 7
2o ZAo|H3ztE 243 A3} 0 03%4 Ax2TE5ES
UebfQlt, ol H871F 0.15% olstEct @As] W
2 AR Ax5Fo] o3t 27|58 WA 9 A7
A W4 FE7} 7 Ao woEh A9 A
E3F A87)F 4.0~20.0%10 ¢ HYS W=ESH= 5.5%
10°5 Yetisith, &34l $443 2.39%10° MPa
£ Uetdo] 2444 A& 232 E 929719 A
3

AN i

4

Table 5. Compatibility of CRS Method

Application ) o
SeEngkm Required Criteria | Test Results
Drying below 0.15
Shrinkage (%) KS F 2762 (1~7 days) 0.03
Cof:zren; O |AASHTO T336-11] 40~20.0x10° 1o
Expansion (/) (AASHTO TP 60)| (7 days curing)
Modulus of 1.13~7.8X10*
X
tasicty WPa) | ST 28 | 7 das cuing) | 239X

43. iS4 4E

Table 404 AAIZE HEe} o] 2&AA H2H4] F3
g E Q27| YHEA HEFES dRIFA
FAFHATY, 2ALZAIA X vp Aol e,
U] B AdE, dd 2= 24 W] Wi
o TAGHATEE ER2EZFA wf- S8
o}, o] #Iste] CRS 4 A=Y 463 o5 v
Ato]Zol gt AHde B7Ish7] fi3t Aoz KS F
245601 w2t 57] FolA F&54ste] fEolA 8l
A7l RHEE ARS8kl Fig 63 o
AlH2] 27]= 412mm X 101mm X 76mmE A &Fs}2.
o, SAE Alo]FE FAIA Y 25 2~4A17F Abo]
oA AR 4ColA —18CE Hol=e|il ~18T 4] 4
02 AL THY HHESle] & 300402 Eof =
AtA 4 ZerA WS 24519t A8 2B AT}
A ZAYEY Haol T izt AAS wE

A|7bol| Lol 7] 93t 2o KS F 27110] whet

—

;

=
L=

aejEY A7) ARES AP AFS ANsHt
AP FAAE AHES Fol7] 913 0100%200mm
FAA Fhed $8e £ semz AYstel AXsH
gon goe R4 kST YHIES 3.0%
S /1% GIHER +§3 0.3M SASHIES §
2 Azste] APS AASAL AAAGHITA 4

S TAUSHE ARAS) Lz Ao] Aol ufel

(c) Scaling Resistance

Fig. 6 Durability Measurements
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Application ) . Test
Standard Required Criteria Resuls
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Scaling Resistance |SS 13 72 44|above Acceptable| Good
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