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Economic Analysis with Development of Rapid Setting Alumina-based
Binder for Road Repair
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ABSTRACT In case of Korea highways, about 60% of highways are paved by concrete and more than 50% of them were repaired
due to reduction in required performance such as damage in pave or joint and delamination of cover pavement. However, repairing
old material in such structure generally costs a lot of money and induces difficulty in maintenance. Thus, enhanced material for
ensuring economic efficiency should be developed. The present study designed concrete mixtures with 3 levels of replacement using
OPC (0, 10, 20%) in calcium aluminate cement and to evaluate material performance for load pavement, experimental works for
setting time, compressive strength and flexural strength were carried out on those materials. As a result, 20% replacement for OPC
was determined as an optimized material in terms of required physical performance and its unit price. Moreover, to determine cost in
load pavement economy analysis using a program (CA4PRS) was conducted with widely used paving materials. Result showed that
application for 20% replacement for OPC was the most efficient in economical aspect, arising from 4.052 and 1.577 billion won for

total construction and user cost, respectively.
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CaO SlOz A1203 MgO F€203 SO3 KQO Na20 MnO TlOz
OPC 64.45 19.82 4.39 2.57 3.50 3.59 1.21 0.13 0.09 0.25
CAC 32.01 0.11 67.25 0.21 0.08 0.01 0.01 0.28 0.02 0.03
Table 2 Concrete mix design
Type Replacement b mwcir::rerr;)io Water Binder Sand Gravel
yp ratio (%) % (kg/m’) (kg/m’) (kg/m’) (kg/m’)
0
100% CAC 100.0 40.0 134.8 337.0 825.5 1068.1
10% CAC 90.0 303.5
40.0 134.9 826.2 1069.0
OPC OPC 10.0 33.7
20% CAC 80.0 270.0
40.0 135.0 826.8 1069.8
OPC OPC 20.0 67.5
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Fig. 1 Set-up of construction period
Table 3 Input data for cost analysis in CA4PRS
Input variable Input value Note
Direction and number of lanes One way, 2 14)
) ) Before construction 100 km/h
Vehicle velocity - 13, 15)
After construction 80 km/h
Total testing length of highway 9.2 km 14)
Unit period for closing traffic In Section 4.4
Number of closure 1 Assumed
Testing time and zone Weekdays, City
) o Car (+Bus) 18,121 Won/Number
Vehicle driving cost 15)
Truck 15,636 Won/Number
Traffic volume for truck In Table 4
. . Growth rate for traffic 2.66%
Traffic information volume 16)
Directional traffic volume
In Table 5
Hourly traffic volume
o Rate for no show up 10%
Traffic reduc.t tonn Rate for detour 15% 3)
construction
Passing time for detour 20 min
Adjusted capacity for Before construction 1,800 pcphpl 12, 13, 15)
load During construction 1,650 pcphpl 7
) Before construction
Width of load - - 34 m
During construction 3
Before construction
Top of load - - N/A
During construction
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Table 4 Traffic data of Yeong-dong high way, ranged
from Mun-mak IC to Man-jong JCT'”

Year Sum Car Bus Truck
2005 52,260 34,551 7,798 7,711

2006 47,070 32,939 3,211 10,920
2007 52,450 38,866 3,477 10,107
2008 45,015 33,646 2,910 8,459
2009 43,786 32,135 2,891 8,760
2010 50,788 35,671 3,270 11,847
2011 50,874 35,789 3,997 11,088
2012 50,990 35,645 3,313 12,032
2013 58,187 46,135 3,218 8,834

2014 57,240 45,500 3,137 8,603

Table 5 Hourly traffic data of Yeong-dong high way,
ranged from Mun-mak IC to Man-jong JCT™

Time Tra'lfﬁc Time Tre'lfﬁc
(High) (High)
0-1 547 12-13 3,778
1-2 419 13-14 3,777
2-3 396 14-15 3,917
3-4 517 15-16 4,033
4-5 835 16-17 3,989
5-6 1,311 17-18 3,869
6-7 2,092 18-19 3,442
7-8 2,595 19-20 2,921
8-9 2,983 20-21 2,563
9-10 3,570 21-22 2,146
10-11 3,876 22-23 1,643
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Fig. 3 Compressive strength of concrete with time
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Fig. 5 Compressive and flexural strength with various binder types
Table 6 Total construction cost starting from various binder types
Type Material cost Labor cost Expense Total
yp (Billion won) (Billion won) (Billion won) (Billion won)
20% OPC 0.122-0.127 0.214-0.219
Type II portland cement 0.121-0.122 0.213-0.214
Paving work| Ranid hardening slag cement 0.122 0.068 0.024 0.214
Very rapid hardening acrylic | 45 15, 0.237-0.243
polymer modified cement
Waste disposal 0 0 0.077 0.077
20% OPC 0.183-0.190 0.437-0.444
Cost per Type II portland cement 0.181-0.183 0.435-0.436
construction l\{/apld ha?;ieﬁmi sl-ag cem?n 0.183 0.102 0.152 0.436-0.437
ery rapid hardening acrylic )
polymer modified cement 0.218-0.226 0.541-0.479
20% OPC 1.688-1.751 4.020-4.083
Total Type III portland cement 1.674-1.681 4.006-4.013
construction | Ranid hardening slag cement | 1.679-1.685 0.938 1.394 4.012-4.017
cost ; . .
Very rapid hardening acrylic | ;0 5 o7 4.336-4.410
polymer modified cement
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Table 7 User cost with various binder types

Type User cost (Billion won)
20% OPC 1.577
Type II portland cement 1.831
Rapid hardening slag cement 1.679
Very rapid hardening acrylic
. 1.552
polymer modified cement
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