Proceedings of the International Conference on Industrial Engineering and Operations Management
Monterrey, Mexico, November 3-5, 2021

Analysis of Pavement Thickness Planning and Overlaying
Method on Trans Sumatera Toll Road, Pekanbaru — Dumai

Muhammad Isradi'**, Joewono Prasetijo', Nurani Hartatik!
'Faculty of Engineering and Technology, University Tun Hussein Onn Malaysia, Malaysia
isradi@mercubuana.ac.id, joewono@uthm.edu.my, nuranihartatik(@untag-sby.ac.id

Indah Suryaningtyas?, Widodo Budi Dermawan?
2Faculty of Engineering, University Mercu Buana Jakarta, Indonesia
indahsurval 08 @gmail.com, wbdermawan(@gmail.com

Andri Irfan Rifai®
3Faculty of Civil Engineering and Planning, University of International Batam, Indonesia
andri.irfan@uib.ac.id

Abstract

The construction of Trans Sumatera Toll Road aims to facilitate transportation and industrial sector development
along the Sumatera region. This research aimed to uncover the pavement thickness of Trans Sumatera Toll Road
on Pekanbaru-Dumai section, obtain the asphalt thickness for each asphalt overlay method, compare the AC-WC
in terms of thickness results and heavy equipment productivity, and determine the more effective method of AC-
WC overlay. This research used the field survey to gather primary data on the field and also collect secondary data
from several institutions. The road pavement was analyzed using the MDPJ 2017. Meanwhile, the heavvy
equipment productivity was analyzed using direct single overlay and double overlay methods. The heavy
equipment specifications and productivity calculations were measured using AHSP 2017. The analysis results
showed that the flexible pavement thickness on the Trans Sumatera Toll Road Section Pekanbaru-Dumai were:
300 mm LPA, 105 mm AC-Base, 60 mm AC-BC, and 40 mm AC-WC. The AC-WC thickness with direct single
overlay method was 98.7% and it needed 6 hours of Asphalt Finisher work. Meanwhile, the AC-WC thickness with
double overlay was 99.2% and it needed 18 hours of Asphalt Finisher. In terms of AC-WC overlay productivity,
the direct single overlay method was more effective. However, in terms of thickness, the double overlay method
was more effective.

Keywords: Road Pavement; AC-WC Thickness; Trans Sumatera Toll Road; Overlaying; Heavy Equipment
Productivity

1. Introduction

Toll roads are public roads that are part of the road network system and as national roads whose users are obliged
to pay a certain toll fee (BPJT 2005). The development oftransport road network in achieving national development,
economic development, and growth and brings notable social benefit (Fani et al. 2020). Toll roads are built with
the aims of accelerating the realization of road networks in which part or all of its funding are from the road users
for the sake of easing government’s burden, smoothen traffic in developed areas, improve equitable distribution of
development results and justice, and ease government fund burden through road participation (Irfan, Rasyid, and
Handayani 2018). Toll road services target the smoothness, safety and comfort of its service users (Hadiwardoyo,
Sumabrata, and Berawi 2012). In order to achieve such target, there are operational benchmarks defined in the form
of service time at the substation, toll road travel time, level of smoothness, level of facilities, level of customer
complaints and standards of road level (Ruiz and Guevara 2020).

According to PT Hutama Karya, the construction of Pekanbaru-Dumai Toll Road is a part of the Trans-Sumatera
road that connects Pekanbaru and Dumai in Riau province. This toll road has 6 sections: Section I Pekanbaru-Minas,
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Section II Minas-South Kandis, Section III South Kandis-North Kandis, Section IV North Kandis-South Duri,
Section V South Duri-North Duri, and Section VI North Duri-Dumai. The Pekanbaru-Dumai Toll Road aims to
smoothen the transportation route in Sumatera; streamline the Pekanbaru-Dumai travel time which initially took 4
hours, now it can be done in 2 hours. The maximum speed limit in that toll road is set at 100 km/hour. The Pekanbaru-
Dumai Toll Road uses the flexible pavement. At the initial stage, there will be 2x2 road section, and at the final
stage, there will be 2x3 road section.

In practice, the flexible pavement in the Pekanbaru-Dumai Toll Road Construction Project utilized 2 asphalt
overlaying methods, namely the direct single asphalt finisher with 9.2 meters of width and double direct asphalt
finisher with 5.1 meters and 4.1 meters of width. The overlayed asphalt was then solidified using heavy equipments.
The heavy equipment productivity was also a major influence on the results and speed of the work.

(Andalalin Report on The Trans Sumatera Toll Road Construction Project., 2018)

2. Research Methodology

This research utilized surveys and direct field observation to gather input data and then calculated those data to
obbtain the desired performance results (Bina Marga 2019). The survey was conducted by means of manual
techniques in field observation and data collection (Direktur Jenderal Bina Marga 2017). The survey results were
processed both inside and outside the laboratory. The observation was conducted directly, while the data collection
was carried out by means of field survey and at the Trans Sumatera Toll Road Section Pekanbaru-Dumai 4A
Construction Project (Jasa Marga 2019). The research data consisted of primary and secondary data. The primary
data were collected through direct field observation by gathering the field pavement data (Isradi, Subhan, and
Prasetijo 2020). This phase of data collection was carried out by the quality control team of PT Hutama Karya
Infrastruktur by inserting core drill equipment into the test object to determine the density of field asphalt.
Meanawhile, secondary data were the data supporting existing primary data taken from a related institution, namely
maps of research locations, daily traffic data and road network images (Isradi, Arifin, and Sudrajat 2020). Road
features include roads and road characteristics such as length of tangent, length of curve, shoulder width, lane
width, and access point (Prasetijo et al. 2018)

The road pavement planning used in this research wass from the Manual Desain Perkerasan Jalan 2017 (Direktur
Jenderal Bina Marga 2017), Bina Marga General Directorate, Ministry of Public Works and Public Housing of The
Republic of Indonesia. There were 2 overlay methods ussed by the HKaston at the Trans Sumatera Toll Road,
Pekanbaru Dumai Section 4A, namely the direct single asphalt finisher with 9.2 meters of width and double direct
asphalt finisher with 5.1 meters and 4.1 meters of width. The asphalt temperature was measured first using
thermometer before doing the overlay. If the temperature has reached the standard, the overlay would then be
carried out. After the overlay, the step was followed by initial pavement using Tandem Roller, secondary pavement
using Pneumatic tire roller, and the final pavement using Tandem Roller (Isradi et al. 2021). The asphalt was then
let still up to 12 hours before carrying out the coredrill test to determine the field density. Figure 1 below shows
the research location:

Selsl 4

RESEARCH
LOCATION

Figure 1. Research location map
(PT Hutama Karya Infrastruktur’s Trans Sumatera Toll Road, Pekanbaru-Dumai Section 4A Construction Project)
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3. Results and Analysis

3.1 Pavement Thickness Planning

The pavement planning thickness at the Trans Sumatera Toll Road, Pekanbaru-Dumai used the flexible pavement.
The pavement planning thickness also utilized the Road Pavement Design Manual 2017. The pavement of pavement
used in the Trans Sumatra Toll Road Construction Project for the Pekanbaru - Dumai Section was flexible pavement.
3.1.1 Determining The Lifespan of The Plan

The lifespan of the plan was determined based on the pavement type and pavement elements to be planned (Isradi
et al. 2020). Based on Table 1, the lifespan of the plan will be 20 years. Therefore, there will only be routine road
maintenance, instead of new road construction in the next 20 years.

Table 1. Lifespan of New Road Pavement Plan (UR)

Pavement Types Pavement Elements

Plan Lifespan
(vears)(D

Asphalt laver and orained laver® 20
Road foundation

All pavements for areas where it is not
Flexible Pavement possible to get an overlay, such as:
city roads, underpasses, bridges,
tunnels 40
Cement Treated Base (CTB)

Stiff pavement Upper foundation layer, lower
foundation layer, cement concrete
layer, and road foundation

Road without cover All elements (including road Minimum 10
foundation

Note:

1. If it is considered difficult to use the above lifespan plan, a different lifespan plan can be used.
However, the lifespan plan must be analyzed using a discounted lifecycle cost first in order to
show that the chosen lifespan plan can provide the lowest discounted lifecycle cost. Interest
value is taken from the average interest rate of Bank Indonesia which can be obtained from
http://www.bi.go.id/web/en/Moneter/Bl/+Rate/Data+BI+Rate/.

2. The lifespan plan must take into account the road capacity.

Source: (Road Pavement Design Manual of Directorate General of Bina Marga, 2017)

3.1.2 Calculating The ESA Value
Based on the 2017 Pavement Design Manual, the pavement type would vary based on traffic estimates, design
lifespan, and road foundation conditions. Table 2 below shows the traffic data in Sumatera region, while Table 3
illustrates the traffic growth in Sumatera.

Table 2. Traffic Data of 2020

1 Category I (Sedan, Jeep, SW) 3952
2 Category I (Pick Up Truck, Small Box Vehicle) 967
Category I (Medium-sized Public Transportation,
3 %-sized Bus) 228
4 Category I (Big Bus) 192
5 Category II (2-axle Small Truck) 291
6 Category II (2-axle Medium Truck) 1186
7 Category III (3-axle Truck (Including CPO Truck)) 1979
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8 Category IV (4-axle Truck) 209

9 Category V (5-axle Truck) 1
Source : (Andalalin Report on Trans Sumatera Toll Road Construction., 2018)

Table 3. Traffic Growth Factors

Java Sumatera Kalimantan Average in

: 7 Indonesia
Arterial and urban 430 483 5.14 475
Rural collector 3.50 s 3.50 3.50
Village road 1.00 1.00 1.00 1.00

Source: (Road Pavement Design Manual of Directorate General of Bina Marga, 2017)

The traffic growth during the plan lifespan is calculated by the cumulative growth factor:
Traffic Growth Multiplier Factors

(1+0.010)YF — 1
- 0.01i

(1+ 0.01(4.83%))%° — 1
- 0.01(4.83%)

R =20.09%

According to the plan, there will be 2 lanes and 2 tracks. Thus, based on the Road Pavement Design Manual Number
04/SE/Db/2017 for the 2 tracks road, the value of the directional distribution factor (DD) is taken as 50%. In addition,
based on Table 4, the directional distribution value of the lanes (DL) will be 80% for two lanes of each track.

Table 4. Lane Distributional Factors

N n e i TLrnes i B Tk commercial vehicles on the design track (
% to the commercial vehicle population)
! 100
2 80
3 60
4 50

Source: (Road Pavement Design Manual of Directorate General of Bina Marga, 2017)

In pavement design, traffic loads were converted to standard loads (ESA) using the Vehicle Damage Factor. Table
5 shows the VDF value of each type of vehicle for the Sumatra region. In addition, Table 6 shows an example of
ESA Value calculation for the Sumatra region in 2020. In accordance with the classification of vehicles on toll road,

then the VDF value for each group in the pavement planning of the Pekanbaru — Dumai Section 4 Toll Road can be
calculated using the following formula:

Lij\*

ESA = (Z LHRT enicie categoryX ESA4) * D,

ESA7n. = (ELHRjk x VDFx) x 365 x DD x DL x R
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CESA4 = ESAx365xR
CESA5 = TM x CESA4

Table 5. VDF value for each category of commercial vehicle

Sumatera Java Kalimantan Sulawesi Bali, Nusa Tenggara,
Maluku, and Papua
Actual Normal Actual load Normal Actual load Normal Actual load Normal Actual load Normal
load
Type of
™lg lglsls|s|s | s|s|s|s|ls|s|s|s|g|s|g|g|gls
5] = (=R 5] 5] 5] 5] 5] 5] 5] =] 5] 5] 5] 5] 5] 5] 5] 5]
. L - L =N L =N L =N L =N L =N L =N L B L B L
SB 1o 10 Lo 10 10 1o 1o Lo 10 10 10 10 10 1o 10 10 Lo 10 10 10
6A 0.55 05 D;S 05 0.55 0.3 0.55 035 0.53 05 0.53 05 0.53 0.3 0.53 05 0.55 05 0.53 05
6B 43 T4 3j4 46 53 82 4.0 31 48 B3 34 47 49 5.0 19 4.0 30 4.0 13 30
TAI 101 134 54 74 82 144 47 64 99 133 41 53 72 114 49 67
7A.2 103 200 43 38 102 19.0 43 5.6 9.6 17.7 42z 34 294 191 3B 4.8 49 87 39 a0
TB1 - - - - 11.3 182 9.4 130
7B2 13.7 213 126 178
7C1 158 285 7.0 EX 11.0 193 T4 97 11.7 204 7.0 102 132 255 [E] BB 140 11% 102 ED
TC2ZA 19.% 380 6.1 B.1 17.7 330 7.6 102 B2 147 4.0 52 202 420 X4 B3
7C2B 207 428 6.1 BD 134 2432 6.3 83 - - - - 17.0 288 93 135
7C3 243 517 6.4 4] 181 344 6.1 7.7 13.5 229 9.8 15.0 287 306 6.9 BB
SourcddRaadPavement Design Manual of Directorate General of Bina Marga, 2017)

Table 6. ESAS Value

L | Category | (Sedan, Jeep, | 11 33 015146 | 20 48% [ 2000% | M% | 30% | 180 | 100 100 | 316160 | 316160 | 23183889 | 23133889
W

L | Category 1 PickUp | L %7 uBnn |0 A8% [ 2000% | M% | 0% | 180|035 030 |4254F | 38680 | 2297 | 2836634
Truck Small Boxx)

3| Category I (Mediom- | 12 3 WE |0 48% [ 2000% | M% | 0% | 180|430 | 740 | R0K0 | 134076 | 6019413 | 00831
sized Public
Transportation, ¥-sized
Bug)

4| CategoryI(BigBuw) | 12 192 o0 |0 A0% [ 2000% | M% | 0% | 180 | 1040 | 1840 | 133136 | 282624 | 11377043 | 20726493

5| Category IT (-axle 12 bl a0 A0% [ 2000% | M0% | 30% | 180 | 1030 | 2000 | 244440 | 463600 | 17026236 | ML43LIL
Small Truck)

6. | Category I (2-axle 12 1188 e4T |20 A8% [ 200%% | M% | 30% | 180 | 1380 | 2930 | 1308392 | 2789.60 | 1106340.02 | 203264344
Medium Truck)

7. | Category I (3-axle 12 1979 e |0 48% [ 2000% | M% | 30% | 180 | 1980 | 3000 | 3134736 | 6174480 | 22088790 | 43811033
Truck (Tnclygjag CPO
Truck))

§ | Category IV (4-axle 121 209 B6% |0 48% [ 2000% | 0% | 30% | 180 | 2070 | 4280 | 346104 | 715616 | 23381860 | 32480367
Truck)

9| Category V (S-ale 120 ! A 0 40% [ 2000% | M% | 0% | 180 | 2430 |3L70 | 1960 | 4136 W73 |00
Truck)
TOTAL 2005.00 | 2313005 31736 | 10931232 | 42767726 | 801632100

Source: Author’s Process,2020
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3.1.3 Determining The Pavement Type

The choice of pavement type is influenced by traffic volume, design lifespan, and road foundation conditions.
Therefore, with the 20 years of lifespan and traffic value on the planned lane 8.016.521 ESA5 from Table 5 and
Table 6; then in Table 7, the pavement structure was determined using AC > 100 mm thick with a grained foundation
layer with Design chart - 3B.

Table 7. Road Pavement Structure
ESA (million) in 20 years
Pavement Structure Design Chart power of 4 unless otherwise specified’

=30 -200

Stiff pavement with heavy traffic
(above the soil with a CBR > 4
2.53%)

Stiff pavement with low traffic
(rural and urban areas)
Modified AC WC or modified
SMA with CTB (ESA to the 3
power of 3)

AC with CTB (ESA to the power
| of 3)

AC =100 mm thick with a
grained foundation layer (ESA to 3B
the power of 3)

Thin AC or HRS over grained
foundation layer

Burda or Burtu with A-Class
LPA or real rocks

Soil Cement Foundation Layers 6
Perkerasan tanpa penutup (japat,
jalan kerilil)

4A

Note:

Level of difficulty:

1 — small — medium contractor;

2 —big contractor with sufficient resource

3 —need special skills and skilled labors — Burfu /Burda specialist contractor.

Source: (Road Pavement Design Manual of Directorate General of Bina Marga, 2017)

3.1.4 Determining The Pavement Foundation Design
The California Bearing Ratio (CBR) value of subgrade used in this research was the minimum value of 6 %. Table
8 illustrates that the minimum road foundation design chart was obtained with a subgrade CBR value of 6% and the
traffic value on the planned lane of 8.016.521 ESAS5, so the subgrade strength class was SG6 and no subgrade
improvement was required for flexible pavements.

Table 8. Minimum road foundation design chart

Soul repairment can No repairment neede
["The Torm Of cement = =

stabilization or selected 100 150

embankment material 150 200

(according to the 175 250

requirements of General

Specification, Division 3

— Soil Work) (compaction
layer <200 mm thick lush

Source: (Road Pavement Design Manual of Directorate General of Bina Marga, 2017)
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3.1.5 Determining The Pavement Structure

The alternative design of flexible pavement structures suitable for traffic on the planned lane 8.016.521 ESAS was
the design chart - 3B Flexible pavement design - Asphalt with Grained Foundations. The following table shows the
Flexible pavement design in Design Chart 3B :

Table 9. Flexible Pavement Design — Asphalt with Grained Foundation

Design Chart-JB. Flexible Asphalt Pavement Design with Grained Foundation Layers
(As an alternative to Chart Desipns-3 and 34)

PAVEMENT STRUCTURE
FEF R | P | MM | FFES | PR | FRED | FERS | )

Soltion Chosen See Note ]
Comuleive 20 year axle oad on the plan lne il -4 A7 A0 A0-200 ) G030 000 | S0-100 | 00200
(IESAS)
THICKNESS OF PAVEMENT LAYER (nm)
ACTC 4 q q 4 4 q q 4 4
ACRC fl il il fl fl il il fl fl
ACBase 0 1l il 103 4] 160 10 | 14
LPA Clazs A 40 30 300 0 30 30 gl 0
Note ! 1 ]
Desiza Chart-38 Notes:

|, FFFT or FFF should take precedence over the FFF | and FRED (Chart Destzn-3A) solutons o n siruations where HRS has the potential o undergo routng,

1 CTB pavements (Design Chart - ) and shiff pavement opfions can be more cost-ffecfve, ot wil ot be practiea ftherequired resousces are ot avatlable.

3. Forflexible pavement desizn with loade® 10 milion CESA3, Chart Destgn - 3 is preferved. Chart Desiga - 3B 15 vsed ofthe CTB s difieulto implement The FFFS - FFF solvtons can be more practcal
than the Chrt Design - 3 or 4 solutions for construction situations such as: () stiff pavement or CTB can become impractical on widening the existng Rlxible pavement or (i) on soil with potential for
comsalidation, o (1) aoa-uasform movemeat (m the case of st pavemeat) or, (1) fthe contrackor’ esources are nof avalable.

4. The minswum thickeess of the agpresate foundation fayer Lsted i Design Charts -3 and 3A 1 requred to ensure adequate dramage 50 25 fo lmit the Joss of pavement strength n the wet season. These
coditions apply to ol desiga charts except Design Chart - 3B,

. LA thickness based on Design Chart - 3B can be reduced for subgrades with higher bearng capacty and pavement stuctores can drain water well (0 factor). See Dessg Chrt 3C.

6. All CBRs were values after betng immersed for 4 days.

Source: (Road Pavement Design Manual of Directorate General of Bina Marga, 2017)

Based on Table 9, the FFF4 pavement structure with the thickness of the pavement layer to be used in the Planning
of Pavement Thickness for the Pekanbaru-Dumai Toll Road is listed in Figure 2 below:

AC-WC =40 mm
AC-BC =60 mm
AC — Base =105 mm

LPA Class A =300 mm

Subgrade

Flgure 2. Road Pavement Thickness Sketch
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Source : Author’s Process,2020

3.2 Overlay Method

There were 2 overlay methods used in the Trans Sumatera Toll Road, Pekanbaru-Dumai Section 4A Construction:
direct single asphalt finisher with 9.2 meters of width and double direct asphalt finisher with 5.1 meters and 4.1
meters of width. Table 10 shows the comparison of two AC-WC overlay methods at STA 56+400 - 58+400:

Table 10. Comparison of Overlay Methods

WORK DURATION (hours) PRODUCTION CAPACITY (tons/hour)
No. | Heavy Equipments
Direct Single Overlay Direct Double Overlay Single Direct Overlay Double Direct Overlay
1. | Asphalt Finisher 6 13 153,677 66,190
2. | Pneumatic Tire Roller 18 42 47908 20,960
3. | Tandem Roller 16 36 55.680 24360

* without taking into account the distance of the AMP to the location and the inhibiting factors of asphalt work
Source : Author’s Process, 2020

Based on Table 10, it can be seen that direct method had faster work duration than the indirect method. In terms of
overlay and solidification, the direct method required 6 hours of overlay work using the asphalt finisher, while the
indirect method needed 13 hours. The Pneumatic Tire Roller needed 18 hours of duration for the direct method and
42 hours of duration for the indirect method. Meanwhile, the Tandem Roller needed 16 hours of duration for the
direct method and 36 hours of duration for the indirect method. The Asphalt Finisher’s production capacity for the
direct single overlay method was greater than that of the double overlay. The Asphalt Finisher’s production capacity
for the direct single overlay method was 153,677 tons/hour, while the capacity for double overlaay was 66,190
tons/hour. The Pneumatic Tire Roller’s production capacity for the direct single overlay method was 47,908
tons/hour, while the capacity for double overlaay was 20,960 tons/hour. The Tandem Roller’s production capacity
for the direct single overlay method was 55,680 tons/hour, while the capacity for double overlaay was 24,360
tons/hour.

3.3 Field Density Method

The field density of the Pekanbaru — Dumai Toll Road Construction was carried out at least 1 x 24 hours with asphalt
overlaying and pavement. This study uses the Asphalt Concrete Wearing Course as a test object. Table 11 shows the
AC WC pavement comparison (core drill) at STA 56+400 — 58+400 :

Table 11. Comparison of The Two Overlay Methods

NO LOCATION OVERLAY METHOD DENSITY RESULT AVERAGE DENSITY %
STA LR *
L 56+400 - 57+400 Rl Direct Double Overlay Method 99.3%
1 56+400 - 57+400 R2 Direct Double Overlay Method 99.3%
3 56+400 - 57+400 L1 Direct Double Overlay Method 92.2% B
4. 56+400 - 37+400 L2 Direct Double Overlay Method 98.8%
5. 57+500 - 53+400 E Direct Single Overlay Method 93.9%
6. 57+500 — 38+400 L Direct Single Overlay Method 98.3% 987%
Source : Author’s Process,2020
© IEOM Society International 4168
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Table 11 illustrates that the density of the double overlay method on the STA 56+400 — 57+500 R1 was 99.5 %j;
STA 56+400 — 57+500 R2 was 99.5 %; STA 56+400 — 57+500 L1 was 99.2%; STA 56+400 — 57+500 L2 was
98.8%. Meanwhile, the density of the single overlay method on the STA 57+500 — 58+400 R was 98.9 % and the
STA 57+500 — 58+400 L was 98.5%. The results showed that the double overlay of asphalt finisher produced higher
density compared to the single overlay of asphalt finisher.

4. Conclusion
From the analysis, it can be concluded that :

1. The pavement thickness of the Trans Sumatera Toll Road, Pekanbaru-Dumai Section for the lifespan of 20
years and planning using the 2017 Road Pavement Design Manual will be as follows: the thicknesses of the
Aggregate Base of 300 mm, AC-Base of 105 mm, AC-BC of 60 mm and AC-WC of 40 mm.

2. The Asphalt Concrete Wearing Course Density at STA 56+400 — 57+500 R1 was 99.5 %, at STA 56+400 —
57+500 R2 was 99.5 %, at STA 56+400 — 57+500 L1 was 99.2%, at STA 56+400 — 57+500 L2 was 98.8%,
at STA 57+500 — 58+400 R was 98.9 %, and STA 57+500 — 58+400 L was 98.5%.

3. The comparison of Asphalt Concrete Wearing Course overlay methods in terms of coredrill test results, work
duration and heavy equipment productivity were:

a. The use of Asphalt Finisher with 9.2 m of width resulted in a production capacity of 153,677 tons / hour,
a work duration of 6 hours and a field density of 98.9% and 98.5%.

b. The use of Asphalt Finisher with 5.1 m and 4.1 m of widths resulted in a production capacity of 66,190
tons / hour, a work duration of 13 hours and a field density of 99.5%, 99.5%, 99.2% and 98.9%.

c. The use of Pneumatic Tire Roller with 9.2 m width resulted in a production capacity of 47,908 tons /
hour, work duration of 18 hours and a field density of 98.9% and 98.5%.

d. The use of Pneumatic Tire Roller with with 5.1 m and 4.1 m of widths resulted in a production capacity
0f20,960 tons / hour, work duration of 42 hours and a field density of 99.5%, 99.5%, 99.2% and 98.8%.

e. The use of Tandem Roller with 9.2 m of widths resulted in a production capacity of 55,680 tons / hour,
a work duration of 16 hours and a field density of 98.9% and 98.5%.

f.  The use of Tandem Roller with 5.1 m and 4.1 m of widths resulted in a production capacity of 24,360
tons / hour, work duration of 36 hours and a field density of 99.5%, 99.5%, 99.2% and 98.8%.

4. The direct single overlay was a more effective method for the Asphalt Concrete Wearing Course in terms of
overlay productivity. However, the direct double overlay was more effective in terms of density.
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