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ABSTRACT

Creep is a failure mode, used to describe the tendency of a material to move or to

deform permanently to relieve stresses. An example of permanent deformations is

rutting, which is caused by repetitive traffic loading that exceeds the ability of the

pavement structure to maintain its original profile. Aggregate's particle size

distribution, or gradation, is one of the most influential characteristics in the creep

performance analysis. Aggregate gradation plays vital role in the rutting behavior;

different gradation yield different strength and durability of pavement structures.

This report presents mix design and creep performance data of four gradations; gap

graded, continuous graded, open graded and dense graded. The aggregates used are

crushed granite (coarse aggregate), river sand (fine aggregate) and ordinary Portland

cement (OPC) as filler, while the bitumen used is 80 penetration bitumen. The

evaluation of creep performance is done using the Dynamic Creep Test, and the

result showsthat dense graded mixture yields the best creep resistance.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Creep is the term used to describe the tendency ofa material to move or to deform

permanently to relieve stresses. Material deformation occurs asa result of long term

exposure to level of stress that are below the yield or ultimate strength of the

materials. The rate of this damage is a function of the material properties and the

exposure time, exposure temperature, and the applied load (stress). Creep does not

happen upon sudden loading, but the accumulation of creep strain in longer times

causes failure of the material. An example of a permanent deformation is rutting,

which is caused byrepetitive traffic loading that exceeds the ability of the pavement

structure to maintain its original profile.

Aggregate's gradation is one of the most influential characteristics in the creep

performance analysis. Rutting resistance under traffic loads depends on the stability
of aggregate structure in bituminous mixture. Aggregate gradation and shape have

been recognized among the top factors that influence the stability of aggregate

structure.

A bituminous mixture consists of aggregates, sand, binder (bitumen) and filler. As

bitumen is a viscoelastic binding material, then, viscoelastic properties can also be

found in the bituminous mixtures. One of the reason there is permanentdeformation

on pavement surface is due to pavement structures with viscoelastic properties. A

way to describe viscoelastic properties in bituminous mixtures is creep analysis.

Creep involves time dependent deformation under constant compressive stress and

temperature level (Tjan and Adrian, 2003).

l
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1.2 PROBLEM STATEMENT

"Rutting is one ofthe main modes offailure in roadpavement. Various bituminous

mixtureswill result in differentcreep characteristics. "

Rutting problem often requires complete removal and replacement of the rutted

layer, which is an expensive undertaking. Rutting is also a serious safety issue for

road users. When water accumulates in the ruts, there is a potential for aquaplaning.

This phenomenon results in the tire losing contact with the surface with the

consequence loss of steering control.

Resistance to permanent deformation suchas rutting is an important consideration in

the design of bituminous mixtures. It depends on the following factors.

• Magnitude, frequency, pressure, and speed of loading,

• Temperature,

• Aggregate gradation, shape, and texture,

• Binder type, and amount, and

• Construction variables such as compaction, quality control, and

segregation.

Aggregate gradation plays vital role in the stability and strength of bituminous

structures. Different aggregates gradations will result in different creep

characteristics.

I1YAX2 PL XJKAFtYLCi CD 1LEXC. 4299
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1.3 OBJECTIVES AND SCOPE OF STUDY

The objectives ofthis project are:

• To perform the sieve analyses tests and determine the aggregates

proportion for each gradation.

• To assess creep performances ofvarious bituminous mixtures,

- By preparing various bituminous mixtures with different

aggregates gradation; gap graded, continuous graded, open

graded, and dense graded mixtures.

- By performing the dynamic creep test for these different

bituminous mixtures.

• To determine the best mixture for creep resistance,

- By evaluating the result from the dynamic creep test.

A/r.i/v',! BY XJKXAYLPH Cil ii EXC. -299
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CHAPTER 2

LITERATURE REVIEW AND THEORY

Rutting resistance under traffic loads depends on the stability of aggregate structure

in bituminous mixture. Lee (1970) has discussed the variation of the aggregate

gradation on properties of mixes, while Huang (1970) combines gradation effects

and shape effects in his study by using a gradation index and a particle index. He

found a large influence of gradation and shape of the aggregate on the properties of

the mixes. Huang also suggest that gradation should be further studied in order to

get high stability mixes with sufficient voids in the mineral aggregate to allow

sufficient asphalt binder. Pan et al. (2006) discussed that fine or coarse graded

asphalt mixtures, having either more fine aggregate ormore coarse aggregate inthe

mix respectively often result indifferent rutting performances under traffic loads.

Pan et al. (2006) also suggested that, in certain asphalt mixes, coarse aggregate are

more likely to establish physical contact due to their large sizes, commonly referred

as interlock and has been shown to be significant for increased rutting resistances.

Previous research studies that realized the important role the coarse aggregate plays

in the rutting behavior of HotMixAsphalt related stability of aggregate structure to

coarse aggregate morphologies.

Lee and Al-Dhalaan (1989) discuss the successful elimination of rutting in Saudi

Arabia using coarse graded aggregates. Sahu and Rao (1978) suggested that

asphaltic pavements constructed using gap graded aggregates perform well and have

better Marshall Design properties than those constructed using continuous graded

aggregates. Krutz and Sebaaly (1993) developed the Mohr failure envelope for four

mixes with aggregate gradations ranging from fine to coarse and several binder

contents. They found that the coarser the aggregate gradation, the less is the impact

4
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of the binder on the Mohr failure properties. Stephens and Sinha (1978) presented

data on the effect of shape of the aggregate particles, and recommended blends of

regular particles, flat particles, and rod-like particlesto achieveoptimum strength.

2.1 TESTS

The analysisofthe work ofPilat et al. (2000)concerning the influenceof mastics on

the properties of bituminous mixtures, and specifically its resistance to rutting

indicates that the assessment of bituminous mixtures resistance to rutting can be

conducted on the basis of tests on creep under static or dynamic pressure.

Triggered by traffic loading, rutting is then a manifestation of two mechanisms:

densification and shear deformation or plastic flow. Dawley et al. (1989) stated that

rutting is characterized primarily by shear deformation and secondarily by post

construction densification. According to Perl et al. (1983), asphalt-concrete creep

deformation consists of recoverable and incoverable elements, some of which are

time-dependent and some are time-independent. Sousa et al. (1991) had done an

extensive review prediction of the rut depth as a function of wheel load, time, and

temperature.

2.2 AGGREGATE GRADATION

Read and Whiteoak (2003) discussed that a continuously graded mixture was one

that contained fractions of various (but not necessarily all) sizes throughout the

range, while a gap graded mixture is one where sizes are discontinuous. The

traditional British Standards that specify asphalts emerged from the description of

asphalt asbeing gapgraded or continuously graded. BS 594 deals with asphalts (gap

JYAXA PP. XlKMA'il.Ail CiYJl ES'J. -299
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graded materials) whilst BS 4987 applies to coated macadam (continuously graded

materials).

Hunter (2007) discussed that the wearing course ofa road pavement may also be

bituminous macadam. Dense bituminous macadam provide a surface texture as a

result of the stone content of the material, andwhen compacted they can have a low

permeability. Coated stone is an open-graded material resulting from a limited mass
proportion offine aggregate. Continuously graded materials include dense bitumen
macadam commonly used for roadbases and basecourses and for wearing courses on

minor roads. Gap graded materials include hot-rolled asphalt wearing course. Table

1 shows typical composition ofbituminous mixtures while Table 2 shows typical

grading ranges.

Table 1: Typical compositions ofbituminous mixtures

Sieve

size

(mm)

Percentage by weight passing each sieve
Bitumen macadam Asphalt

20 mm open-
graded crushed
rock basecourse

20 mm dense

crushed rock
basecourse

Column 2/2

roadbase,
basecourse &

regulating course

Column 3/2,
30/14 type F

wearing
course

28.0

20.0

14.0

10.0

6.30

3.35

2.36

0.600

0.300

0.212

0.075

100

95-100

50-80

15-35

10-25

0-9

100

95-100

65-85

52-72

39-55

32-46

7-21

2-9

too

100

90-100

65-100

35-55

15-55

5-30

2-9

100

100

85-100

60-90

60-72

45-72

15-50

8-12

Lit 'ASA PP. X1KMAYLAX CHEF EEC 4299
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Table 2: Gradingrangesfor common mixtures

Coated Stone Continuously-graded Gap-graded Mastic

Coarse aggregate %wt
Fine aggregate %wt
Filler %wt

Bitumen %wt

86.0

7.0

3.0

4.0

52.0

38.0

5.0

5.0

30.0

53.0

9.0

8.0

30.0

26.0

32.0

12.0

Coarse aggregate %wt
Fine aggregate %wt
Filler %wt

Bitumen %wt

64.5

5.1

2.1

8.3

44.1

32.2

4.2

11.5

25.7

46.0

7.8

17.5

27.5

18.9

27.0

26.6

Void content %vol

Grade ofbitumen pen
20.0

100-300

8.0

100-200

3.0

35-100

<1.0

15-25

Open graded friction course (OGFC) is a type of asphalt wearing course with a
higher amount of air voids than regular asphalt dense graded surface course

(DGSC). OGFC can be placed on either asphalt or concrete pavements, and it
consists of roughly 93 % crushed stone, 7 % modified asphalt binder, and a small

amount of stabilizing fibers.

DGSC is a layer ofhot mix asphalt (HMA) that is the standard wearing course for

most asphalt pavements. Although there are several different types of layers in
asphalt pavements, what most people associate with the term "asphalt" is actually
DGSC because it is so frequently used as the top layer ofasphalt pavements. DGSC

is composed of approximately 95 % aggregate (rocks and sand) and about 5 %

asphalt cementbinder.

The most common type offlexible pavement surfacing inthe U.S. isHMA. HMA is

known by many different name such as hot mix, asphaltic concrete (AC or ACP),

asphalt,blacktopor bitumen.

LiYAFA /;/". XEOAAYi.AH CIVIL EXO. 4299



2.3 AGGREGATE PROPERTIES

Atkins (2003) mentioned that relative density (specific gravity) for Portland cement

is usually 3.15.

Mannan and Ganapathy (2005) discussed the properties of crushed granite and river

sand. The physical and mechanical properties of crushed granite aggregate and oil

palm shell (OPS) are shown in Table 3. Physicalproperties such as specific gravity,

water absorption and fineness modulus of sand are noted as 2.6, 0.95 % and 2.56,

respectively. The maximum bulking of sand due to moisturecontent has been found

to be 13 % increase ofvolume at the moisture content of 10 %.

Table 3: Physicaland mechanicalproperties ofcrushed granite and OPSaggregates

Physical and mechanical properties Granite OPS

Maximum size (mm) 12.50 12.5

Specific gravity (saturated surface dry) 2.61 1.17

Water absorption for 24 h (%) 0.76 23.30

Aggregate abrasion value (%) 24.00 4.80

Bulk density (compacted), kg/m3 1470 590

Fineness modulus (FM) 6.33 6.24

Flakiness index (%) 24.94 65.17

Elongation index (%) 33.38 12.36

Aggregate impact value (%) 17.29 7.86

FIYAXA PT X>EX/ATI.'<Ii CIVIL iEEJ. 4299



CHAPTER 3

METHODOLOGY

This chapter provides an overview of theworks involved in completing the project.

There arebasically twosteps involved which arethe literature review and laboratory

works. As mentioned in Chapter 2, literature review is done to strengthen the

knowledge on this topic. Various journals are referred to study the effect of

gradation and creep characteristics in various bituminous mixtures. Also, the

journals provide the knowledge on aggregates properties and helped in conducting

the laboratory works.

The laboratory works were conducted in Universiti Teknologi PETRONAS

Highway Lab. Four tests were conducted which are the Sieve Analysis, Marshall

Mix, Marshall Stability Test and Dynamic Creep Test. The procedures and

parameters involved inconducting these tests arediscussed below.

3.1 LABORATORY WORKS

3.1.1 Sieve Analysis Test

References

1. UTP Highway Engineering Laboratory Manual

2. BS 594: Part 1 (gap graded, refer Table 4)

3. JKR Standard Specification for Road Works (continuous graded, refer

Table 5 and dense graded, refer Table 7 )

4. Federal Highway Administration (Open graded, referTable6)

FIYAEA iX'. YECA FX..-A: CIVii. EXX



Objective

1. To determine the gradation of the aggregates.

Tools/Equipment

1. Aggregates (coarse and fine)

2. Set of sieve

3. Mechanical sieve shaker

Procedures

1. 2 kg of coarse aggregate is weight to nearest gram. 500 g of sand is

weight to the nearest 0.1 g.

2. Sieve sizes varying from 28 mm to 2.36 mm (depending on types of

gradation) are used for coarse aggregate, while sieve sizes of 6.3 mm to

75um (depending on types of gradation) are used for fine aggregates.

3. The aggregates are sieved for 5-10 minutes on the mechanical sieve

shaker.

4. Aggregates retained on each sieve are weight and percentage passing

each sieve is computed.

5. Aggregates proportions are then calculated.

Figure 1: Setofsieveandmechanical sieveshaker
10
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Table 4: Gradation limitfor gap gradedmixture

Sieve size (mm) Percentage by weight passing each sieve
20.0 100

14.0 85-100

10.0 60-90

2.36 60-72

0.600 45-72

0.212 15-50

0.075 8-12

Coarse aggregate : Retainedon 2.36 mm sieve

Fineaggregate : Passing 2.36mm sieve andretained on 0.075 mm

sieve

Filler : Passing 0.075 mm sieve

Target binder content: 6.5 %

Table 5: Gradation limitfor continuous gradedmixture

Sieve size (mm) Percentage by weight passing each sieve
28 100

20.0 95-100

14.0 65-85

10.0 52-72

6.3 39-55

3.35 32-46

0.300 7-21

0.075 2-8

Coarse aggregate : Retained on 6.30 mm sieve

Fineaggregate : Passing 6.30 mm sieve and retained on 0.075 mm

sieve

Filler : Passing 0.075 mm sieve

Target binder content: 4.9 % ± 0.5 %

11



Table 6: Gradation limitfor open graded mixture

Sieve size (mm) Percentage by weight passing each sieve
12.5 100

9.5 95-100

4.75 30-50

2.36 5-15

0.075 2-2.5

Coarse aggregate : Retained on 2.36 mm sieve

Fine aggregate : Passing2.36 mm sieveand retainedon 0.075 mm

sieve

Filler : Passing 0.075 mm sieve

Target binder content: 4.0 % ± 0.5 %

Table 7: Gradation limitfor dense graded mixture

Sieve size (mm) Percentage by weight passing each sieve
28 100

20.0 76-100

14.0 64-89

10.0 56-81

5.0 46-71

3.35 32-58

1.18 20-42

0.425 12-28

0.150 6-16

0.075 4-8

Coarse aggregate : Retained on 5.00 mm sieve

Fine aggregate : Passing 5.00 mm sieve and retained on 0.075 mm

sieve

Filler : Passing 0.075 mm sieve

Target binder content: 4.5 % - 6.5 %

12
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3.1.2 Marshall Mix

Reference

1. UTP Highway Engineering Laboratory Manual.

Objective

1. To prepare the bituminous mixture samples.

Tools/Equipment

1. Aggregates (based on specified grading)

2. Bitumen

3. Marshall Compactor

4. 100 mm moulds

5. Mixer

Procedures:

1. Mixer is heated to 150 °C. Bitumen and moulds are kept at 150 - 160 °C.

2. Aggregates (which had been oven dried previously) and filler are placed

in the mixer and mixed dry about 1 minute. Then, appropriate amount of

bitumen (3.0 - 7.5 % with 0.5 % incremental) is added to the aggregate

until all particles are coated with bitumen.

3. The material is then placed in the mould. The material is distributed

evenly by tamping the material (using steel rod) 15 times around the

edges and 5 times in the centre.

4. Material is then compacted using Marshall Compactor with 76 blows on

both sides.

5. When specimen is cooled down to room temperature it is extruded from

the moulds using extruder.

6. 3 samplesare preparedfor each bitumencontents.

13
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Figure 2: Mixer Figure 3: Marshall Compactor

3.1.3 Marshall Stability Test

Reference

1. UTP Highway Engineering Laboratory Manual.

Objective

1. To determine the optimum binder content that should be used in the

bituminous mixture.

Tools/Equipment

1. Bituminous mixture samples (prepared earlier)

2. BuoyancyBalance Test equipment

3. Bathwater

4. Marshall Stability equipment

14
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Procedures:

1. Sample isweighed in air and in water using the Buoyancy Balance Test

equipment.

2. Sample is immersed in a bath water ata temperature of60 °C ± 1°C for a

periodof30 to 40 minutes.

3. Then, sample is placed in the Marshall Stability testing machine and

loadedat a constantrate of deformation of 2 inch per minute until failure

occurs.

4. The total load (kN) that causes failure of the specimen at 60 °C is noted

as the Marshall stability value of the specimen. The total amount of

deformation (mm) is recorded as flow value.

5. Results arethenanalysed to determine the optimum binder content.

Figure 4: Marshall Stability Test equipment Figure 5: Buoyancy Balance equipment

15
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3.1.4 Dynamic Creep Test

Reference

1. Universal Testing Machine manual.

2. British DD226 test setup.

Objective

1. To determine the creep performance ofbimminous mixture samples.

Tools/Equipment

1. Bituminous mixture samples (prepared earlier)

2. Universal Testing Machine (UTM)

Procedures

1. The circulating-air environmental chamber is set to 40 °C.

2. The British DD226 standard testing is set up.

3. Setup parameters (pre-load):

• stress 12 kPa

• hold time 120 s

4. Setup parameters (loading):

• Deviator stress 100 kPa

• Contact stress 2 kPa

• Rest period 1000 ms

• Pulse width 1000 ms

• Wave shape square pulse

• Test duration 1800 cycles or until fail

5. Test data is stored automatically and graphs are shown in the next

chapter.

16
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CHAPTER 4

RESULTS & DISCUSSIONS

4.1 SIEVE ANALYSIS

4.1.1 Gap Graded

Table 8: Sieve analysis resultfor gap graded mixture

Passing
sieve

Average % by weight passing
Coarse (A) Fine (B) Filler (C)

20 99.73 100.00 100.00

14 63.92 100.00 100.00

10 25.77 100.00 100.00

2.36 0.12 91.53 100.00

0.6 0.00 55.80 100.00

0.212 0.00 5.40 100.00

0.075 0.00 0.40 80.00

From calculation (sample calculation is attached in Appendix 1-a), the

proportion of aggregates required to achieve the gapgraded mixture is:

25 % coarse aggregate

63 % fine aggregate

12% filler

The grading envelope for the gap graded mixture is shown in Figure 6. The

"minimum" and "maximum" refer to the minimum and maximum

percentage passing each sieve, based on the gradation limit specified by

each standard. The grading envelope for the mixture (based on the

17
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calculated aggregates proportion) must lie within the minimum and

maximum range.

4.1.2 Continuous Graded

Table 9: Sieve analysis resultfor continuous graded mixture

Sieve size

(mm)
Average % by weight ]sassing

Coarse (A) Fine (B) Filler (C)

28 100.00 100.00 100.00

20 99.52 100.00^ 100.00

14 69.80 100.00 100.00

10 33.38 100.00 100.00

6.3 7.67 99.87 100.00

3.35 0.00 97.07 100.00

0.3 0.00 7.07 100.00

0.075 0.00 0.40 80.00

From calculation (attached in Appendix 1-b), the proportion of aggregates

required to achieve the continuous graded mixture is:

54 % coarse aggregate

38 % fine aggregate

8% filler

The grading envelope for the mixture is shown inFigure 7.

18
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4.1.3 Open Graded

Table 10: Sieve analysis resultfor open gradedmixture

Sieve size

(mm)
Average% by weightpassing

Coarse (A) Fine (B) Filler (C)

12.5 99.55 100.00 100.00

9.5 98.97 100.00 100.00

4.75 33.45 100.00 100.00

2.36 0.15 90.40 100.00

0.075 0.00 0.40 80.00

From calculation (attached inAppendix 1-c), theproportion of aggregates

required to achieve the open graded mixture is:

90 % coarse aggregate

7.5 % fine aggregate

2.5% filler

The grading envelope for the mixture is shown inFigure 8.

IIY ;XA BY EIXMA'FEAE C1VIF EXC 4299
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4.1.4 Dense Graded

Table 11:Sieveanalysis resultfor dense gradedmixture

Sieve size

(mm)
Average % by weight passing

Coarse (A) Fine (B) Filler (C)

28 100.00 100.00 100.00

20 98.05 100.00 100.00

14 58.65 100.00 100.00

10 15.32 100.00 100.00

5 2.30 100.00 100.00

3.35 0.00 92.60 100.00

1.18 0.00 66.20 100.00

0.425 0.00 30.70 100.00

0.15 0.00 4.50 100.00

0.075 0.00 0.60 80.00

From calculation (attached inAppendix 1-d), the proportion of aggregates

required to achieve the dense graded mixture is:

51 % coarse aggregate

42 % fine aggregate

7 % filler

The grading envelope for the mixture is shown inFigure 9.

20
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Grading Envelope for Open Graded Mixture
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4.2 MARSHALL STABILITY TEST

In Marshall Mix, three samples were prepared for each bitumen contents. The

optimum binder content (OBC) for each gradation is determined through the
Marshall Stability Test. The weight of the samples in air and in water, diameter,

height and Marshall Stability value for each samples are presented in Appendix 2.
The following are the summary of the results. Also, the steps in determining the

OBC are discussed below. From literature review, the following specific gravity is

used for the OBC calculation.

Table 12: Specific gravityfor aggregates andfiller

Type
Bulk specific

gravity

Coarse

Crushed

granite 2.61

Fine River sand 2.60

Filler OPC 3.15

4.2.1 Gap Graded

For gap graded mixture, 15 samples were prepared, ranging from 5.5 %to

7.5 %. The voids in mineral aggregates (VMA) and voids in total mix

values are obtained from calculation. Refer Appendix 3 for sample

calculation.
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Table 13: Summary ofMarshall Stability resultforgapgraded mixture

Bitumen

content

(%)

Wei£Iht(g)
Diameter

(mm)
Height
(mm)

Marshall Test

in air in water
Load

(kN)
Flow

(mm)

5.5 1239.2 688.7 102.85 68.22 10.66 3.22

6.0 1257.8 694.2 102.72 69.92 9.76 3.37

6.5 1256.7 692.3 102.42 69.83 6.23 3.19

7.0 1266.3 707.2 102.52 68.97 6.88 4.99

7.5 1284.8 726.3 103.64 67.97 5.37 5.37

Table 14: Valuesfor OBC calculation

Bitumen

content (%)
Bulk

density
Stability Flow VMA

Voids in

total mix

5.5 2.25 10.66 3.22 20.07 7.79

6.0 2.23 9.76 3.37 19.99 7.85

6.5 2.23 6.23 3.19 20.42 7.08

7.0 2.26 6.88 4.99 19.78 5.44

7.5 2.30 5.37 5.37 19.72 2.95

LJY.iEA PI. XIKM. JEAH CE1E EXX. 4299
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Figure 15: Determining OBCforgap graded mixture

The stability, flow and porosity lines intersect between binder content 7.1 %to7.3 %.
Thus, taking the mean ofthese values, theOBC for gap graded mixture is7.2 %.

4.2.2 Continuous Graded

For continuous graded mixture, 12 samples were prepared, ranging from 4.0

% to 5.5%.

Table 15: Summary ofMarshall Stability resultforcontinuous graded mixture

Bitumen

content

(%)

Weight (g)
Diameter

(mm)
Height
(mm)

Marshall Test

in air in water
Load

(kN)
Flow

(mm)

4.0 1218.8 703.5 103.87 65.27 17.98 4.62

4.5 1236.0 711.0 103.61 65.14 12.49 4.86

5.0 1228.2 709.0 102.51 65.55 14.21 4.49

5.5 1229.7 706.3 104.57 63.80 9.85 3.93

Table 16: Valuesfor OBC calculation

Bitumen

content(%)
Bulk

density
Stability Flow VMA

Voids in total
mix

4.0 2.35 17.98 4.62 14.55 5.66

4.5 2.36 12.49 4.86 14.99 4.68

5.0 2.37 14.21 4.49 14.72 3.84

5.5 2.35 9.85 3.93 15.88 3.70
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Marshall stability vs. asphalt content
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The asphalt content having the maximum value ofunit weight and stability

is selected from each of the respective plots.

Max unit weight ~ 5.0 %

Max stability - 4.9 %

Percentair voids in compacted mixtureusing mean of limits

given inthe JKR Standard Specification for Road Works [that

is,(3 + 5)/2 = 4] = 4.90%

Therefore, the optimum asphalt content or OBC forcontinuous graded

mixture is;

5.0 + 4.90 + 4.90
4.93 %

4.2.3 Open Graded

For open graded mixture, 15 samples were prepared, ranging from 3.0 %to

5.0%.

Table 17: Summary ofMarshall Stability resultfor open graded mixture

Bitumen

content

(%)

Weight (g)
Diameter

(mm)
Height
(mm)

Marshall Test

in air in water
Load

(kN)
Flow
(mm)

3.0 1225.8 708.5 103.32 80.98 4.56 5.45

3.5 1224.5 714.0 102.71 81.53 5.37 3.04

4.0 1231.0 714.2 102.68 82.81 1.71 4.59

4.5 1235.2 710.0 101.48 82.83 3.77 2.52

5.0 1251.7 713.5 103.70 81.89 2.16 4.97
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Table 18: Valuesfor OBCcalculation

Bitumen

content (%)
Bulk

density
Stability Flow VMA

Voids in

total mix

3.0 2.37 4.56 5.45 15.79 6.32

3.5 2.40 5.37 3.04 15.16 4.38

4.0 2.38 1.71 4.59 16.31 4.42

4.5 2.35 3.77 2.52 17.79 4.86

5.0 2.33 2.16 4.97 18.92 5.28
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Figure 25: Voids intotal mix vs. asphalt content

The asphalt content having themaximum value of unit weight and stability

is selected from each of the respective plots.

Max unit weight = 3.5 %

Max stability = 3.4 %

Percent air voids in compactedmixture using maximum limits

of5% = 3.3%

Therefore, theoptimum asphalt content or OBC forcontinuous graded

mixture is;

3.5 + 3.4 + 3.3
= 3.40%
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4.2.4 Dense Graded

For dense graded mixture, 24 samples were prepared, ranging from 3.0 %to

6.5 %.

Table 19: Summary ofMarshall Stability resultfor dense graded mixture

Bitumen

content

(%)

Weight (g)
Diameter

(mm)
Height
(mm)

Marshall Test

in air in water
Load

(kN)
Flow

(mm)

3.0 1229.2 690.3 101.68 69.00 10.36 2.61

3.5 1232.8 712.2 103.81 65.66 12.45 3.51

4.0 1225.7 709.7 103.87 64.77 14.13 0.29

4.5 1224.5 710.5 101.58 66.89 21.00 1.62

5.0 1210.7 702.3 102.77 64.20 14.45 2.79

5.5 1248.2 728.5 103.67 63.37 12.83 4.07

6.0 1241.0 725.3 103.73 63.01 10.36 4.98

6.5 1221.2 710.2 103.92 62.93 9.56 5.56

Table 20: Valuesfor OBC calculation

Bitumen

content (%)
Bulk

density
Stability Flow VMA

Voids in

total mix

3.0 2.28 10.36 2.61 16.23 9.88

3.5 2.37 12.45 3.51 13.37 5.58

4.0 2.38 14.13 0.29 13.45 4.42

4.5 2.38 21.00 1.62 13.91 3.64

5.0 2.38 14.45 2.79 14.36 3.25

5.5 2.40 12.83 4.07 14.09 1.64

6.0 2.41 10.36 4.98 14.19 0.41

6.5 2.39 9.56 5.56 15.35 0.42
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The asphalt content having the maximum value ofunit weight and stability

is selected from each of the respective plots.

Max unit weight = 6.0 %

Max stability = 4.5 %

Percent air voids incompacted mixture using mean of limits given in

the JKR Standard Specification for Road Works [that is, (3 + 5)/2 - 4]

- 3.42 %

Therefore, the optimum asphalt content orOBC for dense graded mixture is;

6.0 +4.5 +3.42 =4M%
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4.3 DYNAMIC CREEP TEST

From the Dynamic Creep Test conducted, the creep stiffness for each samples are

recorded (refer Appendix 4). The following table discussed the summary of the

results.

The Smix average refers to the average creep stifmess of mixture based on the

Dynamic Creep Test results. Referring to "Nomograph for stiffness modulus of
bitumen" in Appendix 5, the stiffness modulus ofbitumen, Sb* are as follow:

Table 21: Summary ofresultsfrom Dynamic Creep Test (SmiJi) andSbtt

Cycles
Time of

loading (s)
Smix average (MPa) Sbit(MPa)

Gap Continuous Open Dense

10 20 19.562 44.531 29.904 150.433 1.50E-03

20 40 15.275 35.38 19.761 117.495 1.00E-03

30 60 13.365 30.989 17.479 103.902 7.50E-04

60 120 10.873 25.259 14.338 82.997 5.00E-04

180 360 8.126 18.848 10.63 56.016 1.00E-04

420 840 6.618 15.273 7.947 40.488 8.00E-05

600 1200 6.115 14.028 6.761 34.908 7.00E-05

1200 2400 5.356 11.831 5.327 25.576 1.05E-05

1800 3600 5.066 10.551 4.605 20.786 1.00E-05

Graph Smix average vs. Sbit for all gradations are plotted (refer Figure 31). From the
graph, linear equations for the new Smix are obtained (equations are displayed on
Figure 31). To find the rut depth, the first step is to calculate the viscous component
of the stiffness modulus of the bitumen, (Sbit)v. Refer Appendix 7 for sample

calculation.

(Sbit)v =
NT,

34
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(Sbit)v =the viscous component ofthe stiffiiess modulus ofthe bitumen

rj == the viscosity ofthe bitumen as afunction ofPT and ring and ball
temperature from Appendix 6.

N = the numberof wheel passes in standardaxles

Tw = the time loading for one wheel pass, taken as 0.02s

The rut depth is then calculated using the stiffiiess linear relationship obtained from
Figure 31. The equation below is used to calculate the rut depth:

Oav
Rj = CmXHx

&v""»y

Ra = calculated rutdepth of thepavement in mm

Cm =correlation factor for dynamic effect, varying from 1.0 to 2.0, taken as 1.5

H = pavement layer thickness, assumed 65mm

aav =average stress in the pavement, related to wheel loading and stress, taken

as 2.5 MPa

Smix =stiffness ofthe design mixture derived from creep test at acertain value of
stiffiiess which is related to the viscous part ofthe bitumen

From the calculations using the above equation, a relationship between rut depths

and cycles to standard axial loading can be established as in Figure 32. The
following table shows the summary ofcalculated new Smix, (Sbit)v and rut depth.
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As shown in Figure 32, the gradation with the highest rut depth is gap graded

mixture, followed by open graded and continuous graded mixture. Dense graded
mixture shows the lowest rut depth, thus indicating the highest resistance to creep.

As discussed by Uzan (2004), 12 mm rut depth is taken as the maximum allowable

rut depth for maintenance purposes. Referring to Figure 32, at 12 mm rut depth the
N (numbers ofwheels pass at standard axle) values are as follow:

Gap graded 1.9 xlO2

Continuous graded 6.8 xlO2

Open graded 5.0 xlO3

Dense graded 8.0 xlO4

The values indicate that the expected maintenance to be carried out for each

gradation is at the specified N. Dense graded mixture shows the highest value ofN
thus indicates the most stable mixture.

For gap graded mixture, the coarse aggregate used is only 25 %, while the fine
aggregate used is 63 %. From previous study by Huber and Heiman (1987), the mix
that cause rutting problem was oversand mix. Since the amount ofcoarse aggregate

is small, the stone-on-stone contact is minimal. Stone-on-stone contact is very

important as bituminous mixture develop their strength from both aggregate
interlock and viscosity of the binder. Coarse aggregate are more likely to establish

physical contact or interlock due to their larger sizes. Interlock properties has shown
to be significant for increased rutting resistance of the surface courses in high

volume roads (Pan et al., 2006).

Comparing gap graded mixture with open graded mixture; the coarse aggregate used
in open graded mixture is much higher (90 %) that those used in gap graded mixture
(25 %). This proves that the interlock property is significant in rutting resistance.
Thus, this shows that rutting resistance of bituminous mixture depends on the

^___ 39
EIYaEA /?>" XiXM.VFEAHClUL EEC. 4299



EIXAR YEAR PROBATE - DIASEREACOX

stability ofaggregate structure in the mixture. While conducting the Dynamic Creep
Test, two samples from open graded mixtures failed. Though the average rut depth
shows that open graded mixture is the third best mixture in term ofcreep resistance,
other aspects such as durability and strength must also be considered.

For dense graded mixture, the coarse aggregate used is 51 %, the fine aggregate used
is 42 % while the filler used is 7 %. As compared to gap graded and open graded

mixture, the coarse aggregate and fine aggregate used is "optimum"; not too much
coarse aggregate, not too much fine aggregate. The optimum content of coarse
aggregate gives good interlocks property, while optimum amount offine aggregate
helps to fill the air voids. From Abdullah et al. (1998), air voids play important role
in the durability and stability of pavement. High permeability to air causes

embrittlement ofbituminous binder due tooxidation, causing the pavement tocrack.

High permeability to water encourages stripping of the bitumen from aggregate
particles, and endangering the subgraded layer and the base course as well. Low
voids contents, isone ofthe main factors incausing rutting of pavement.

While for continuous graded mixture, the coarse aggregate used is 54 %, the fine
aggregate used is 38 %, and the filler used is 8%. The aggregate proportions are
similar to dense graded, but continuous graded mixture shows lower rut resistance
compared to dense graded mixture. The rut resistance is higher compared to open

graded and gap graded mixtures.

The dense graded mixture shows the highest rut resistance, thus highest creep

resistance. Apart from good rut resistance, the dense graded mixture also has other
advantages. From previous studies, it is shown that using the dense graded mixture
can increase the crackresistance, and increase pavement lifespan.
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CHAPTERS

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

This project investigated the relationship between aggregate gradation and creep
performance. There were four gradations studied, which are the gap graded,
continuous graded, open graded, and dense graded mixture. The following are the
summary ofall experimental results.

Table 23: Summary ofallexperimental results

Properties
Gap

Graded

Continuous

Graded

Open

Graded

Dense

Graded

Mixture

Coarse 25% 54% 90% 51%

Fine 63% 38% 7.50 % 42%

Filler 12% 8% 2.50 % 7%

OBC 7.20 % 4.93 % 3.40% 4.64%

Ranking on rut

resistance
4 2 3

'

From the rut depth result, it can be concluded that dense graded mixture has the
highest creep resistance, followed by continuous graded mixture, open graded
mixture and gap graded mixture. Thus, it can be said that, based on the
experimental result, the best mix for creep resistance is the dense graded mixture.
The objectives ofthe project are achieved.
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5.2 RECOMMENDATION

There are several aspects that can be improved for this project. For the Marshall Mix
sample preparation, the used of Gyratory Compactor will enhance the quality of
sample, thus improving the overall result. In Gyratory compaction, the test involves
placing sample of hot mould and applying a static pressure of a controlled
magnitude. The mould is then gyrated to allow aggregate particles to reorientate

themselves under loading.

Tests for aggregate must also be conducted to get more accurate results. In this
experiment, the specific gravities of aggregates are taken from literature review.
Hence, the actual value may differ from the one used in calculation. Also, other tests
such as flakiness and elongation index, and Los Angeles abrasion test should be

conducted to study the affect ofaggregates shape on the rutting behavior. Different
types of aggregates may affect the creep performance of bituminous mixtures.
Different aggregates have different properties, thus may affect its creep
performance. Further study should be conducted to study this relationship.

In future, the creep performance can be studied by varying the aggregates types.

Example of coarse aggregate that can be used is crushed limestone, while fine
aggregate that can be used is mining sand. Apart from studying the aggregate
properties and its effects on creep performance, other tests such as fatigue test and
wheel tracking test can be conducted to measure the strength and durability ofthe
mixture. The environmental and cost analyses should also be conducted.

42

EIYAXA IE'. XIEMAELAHCjEX EEC. 4299



IJFAL YEAR PROJECT IJ OlSSERFAYlOA

REFERENCES

Abdullah, W.S., Obaidat, M.T., and Abu-Sa'da, N.M. (1998). "Influence of
Aggregate Type and Gradation on Voids ofAsphalt Concrte Pavements. "Journal of
Materials in Civil Engineering.

Atkins, H. N. (2003). "Highway Materials, Soils, and Concretes". Fourth Edition.

BS 594: Part 1: 1992. "Hot Rolled Asphaltfor Roads and Other Paved Areas" Part

1. Specification for Constituent Materials and Asphalt Mixtures.

Dawley, C.B., Hogewiede, B.L., and Anderson, K.o. (1989). "Mitigation of
Instability Rutting ofAsphalt Concrete Pavements in Lethbridge, Alberta, Canada. "
Proc, Assoc, ofAsphalt Paving Technologists, Vol. 58.

Hawai 'i Asphalt Paving Industry (HAPI), HAPIAsphalt Pavement Guide.
www.hawaiiasphaft.coni.mAPI/modules/04 pavement types/01jnix_t^rjejjmn

Huang, E. Y. (1970). "A study of strength characteristics of asphalt-aggregate
mixtures as affected by the geometric characteristics and gradation ofaggregates:'
Proc, Assoc, ofAsphalt Paving Technologists (AAPT), St. Paul, Minn., Vol. 39, 98-

133.

Huber, G. A., and Heiman, G. H. (1987). "Effect ofAsphalt Concrete Parameters on
Rutting Performance: A Field Investigation." Proc, Assoc, of Asphalt Paving
Tecnologists (AAPT), St Paul, Minn., Vol. 56, 33-61.

43

LEXEE IFF XKM VFKAUCIUi. EEC. 4299



EIEAi. YEAREROAECI X CXAAERYVnOA

Hunter, R. N. (2007). "Bituminous Mixtures in Road Construction", Google Book

Search.

http:/foooks.googlexom/books?h)^

13&sig=G5iZ

Jabatan Kerja Raya, Malaysia (1988). "JKR Standard Specification for Road

Works."

Krutz, N. C, and Sebaaly, P. E. (1993). "The effect of aggregate gradation on
permanent deformation on asphaltic concrete." Proc, Assoc of Asphalt Paving
Technologists (AAPT), St. Paul Minn., Vol. 62, 450-473.

Lee, G. (1970). "The rational Design ofAggregate Grading for Dense Asphaltic
Compositions." Proc, Assoc, of Asphalt Paving Technologists (AAPT), St. Paul

Minn., Vol. 39, 60-97.

Lee, K. W, and Al-Dhalaan, M.A. (1989). "Rutting, Asphalt Mix Design and
Propose Test Road in Saudi Arabia." ASTM Philadelphia, Pa, 103-119.

Mannan, M.A., and Ganapathy, C. (2005). "Concretefrom an agricultural waste-oil

palmshell (OPS)".

Nicholas, J. G., and Lester, A.H. "Traffic &Highway Engineering". Third Edition.

Pan, T., Tutumluer, E., and Carpenter, S. H. (2006). "Effect of Coarse Aggregate
Morphology on Permanent Deformation Behavior ofHot Mix Asphalt" Journal of
Transportation Engineering, Vol. 132, No. 7.

^^ 44

L/J',l,V.i BE. EIEMXFLPFXEIVEMXXA. 4299



EIEAE YEAR RROAFAMAI EIR^SLEEYPRIA

Perl, M., Uzan, J., and Sides, A. (1983). "Visco-elasto-palstic constitutive law for a
bituminous mixture under repeated loading" Transp. Res. Record 911, Trans Rep

Board, Washington D.C.

Pilat, J., Rasziszewski, P., and Klabiska, M. (2000). "The analysis ofviscoelastic
properties ofmineral-asphlat mixes with lime and rubber powder" 2 Eurasphalt
&Eurobitume Congress. Barcelona, Spain.

Read, J., and Whiteoak, D. (2003). "The Shell Bitumen Handbook". Fifth Edition.

Rubber-ModifiedDense Graded Surface Course,

wjyw.gjes^emson.edii/arts/DGSCpdf

Rubber-Modified Open Graded Friction Course,

wwwxe_s.clemson.edu/arts/OGFC.pdf

Sahu, C S., and Rao, S. K. (1978). "Skip versus continuous gradations of
aggregatesfor asphaltpaving mixtures." Indian Highways, India, Vol. 9, 20-30.

Sousa, J. B., Craus, J., and Monismith, C. L. (1991). "Summary report onpermanent

deformation in asphalt concrete." SHRP-A/IR-91-104. Strategic Highway
ResearchProgram, National Academy ofSciences, Washington, D.C.

Stephens, J. E., and Sinha, K. C. (1978). "Effect ofaggregate shape on bituminous
mix characteristics." Proc, Assoc, of Asphalt Paving Technologists (AAPT), St.

Paul Minn., Vol. 47,434-456.

45
IAYAX ! BY. XECjAYEAX CE1YEEC 4299



F1XAL i EMI PROJECT II •• EiAEERFATIOR

Tjan, A., and Adrian, Y. (2003). "Analysis of Creep Properties of Bituminous
Mixture with Constant Rate ofLoad Increment Method "Proceedings ofthe Eastern

Asia Society for Transportation Studies, Vol. 4.

Uzan, J. (2004). "Permanent Deformation in Flexible Pavement." Journal of

Transportation Engineering.

46

IAYAXA BE. XIEXEXEAX CIVIL EEC. 4299



EOJECYX XX A OX

APPENDIX

47

XlEMATlAXCE'X EXO. 429'-



ENDIX 1-a

ulation for determining aggregates proportion for Gap Graded Mixture:

i Analysis Result: CoarseAggregate

Sieve

weight

(kg)

Weiqht Retained (kg) Average
weight

retained

%by
weight

retained
3 Size Trial 1 Trial 2 Trial 3

\gg + sieve Agg \qq + sieve Agg \qq + sieve Ago.

nn 1.384 1.384 0.000 1.393 0.009 1.391 0.007 0.005 0.27

nn 1.135 1.861 0.726 1.867 0.732 1.826 0.691 0.716 35.82

• nn 1.106 1.858 0.752 1.845 0.739 1.904 0.798 0.763 38.15

3fi 1.138 1.659 0.521 1.654 0.516 1.640 0,502 0.513 25.65

nn 0.985 0.986 0.001 0.989 0.004 0.987 0.002 0.002 0.12

Total 100.00

Sieve

weight

(kg)

Weight (kg) and Percentage (% Passing Average
Weight
Passing

Average
% Passing

eSize Trial 1 Trial 2 Trial 3.

Weiqht (kg] % A/eight (kg % Weiqht (kg %

I.00 0.610 2.000 100.00 1.991 99.55 1.993 99.65 1.995 99.73

1.00 0.507 1.274 63.70 1.259 62.95 1.302 65.10 1.278 63.92

LOO 0.500 0.522 26.10 0.520 26.00 0.504 25.20 0.515 25.77

.36 0.390 0.001 0.05 0.004 0.20 0.002 0.10 0.002 0.12

.00 0.393 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00

e Analysis Result: Fine Aggregate

Sieve

weight

(kg)

Weiqht Retained (kg) Average
weight

retained

%by
weight

retained
e Size Trial 1 Trial 2 Trial 3

\qq + sieve Agg \qq + sievt Agg \qq + sieve Agg

360 0.389 0.429 0.040 0.436 0.047 0.429 0.040 0.042 8.47

600 0.340 0.512 0.172 0.519 0.179 0.525 0.185 0.179 35.73

212 0.276 0.530 0.254 0.524 0.248 0.530 0.254 0.252 50.40

,075 0.255 0.287 0.032 0.279 0.024 0.274 0.019 0.025 5.00

,000 0.393 0.395 0.002 0.395 0.002 0.395 0.002 0.002 0.40

Total 100.00

Sieve

weight

(kg)

Weight (kg) •and Percentage (% Passing Average
Weight
Passing

Average
% Passing

re Size Trial 1 Trial 2 Trial 3

Weiqht (kg) % A/eight (kg % A/eight (kg %

.360 0.389 0.460 92.00 0.453 90.60 0.460 92.00 0.458 91.53

.600 0.340 0.288 57.60 0.274 54.80 0.275 55.00 0.279 55.80

.212 0.276 0.034 6.80 0.026 5.20 0.021 4.20 0.027 5.40

.075 0.255 0.002 0.40 0.002 0.40 0.002 0.40 0.002 0.40

.000 0.393 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00

culation for determining proportions ofaggregates to obtain required gradation

issing

iieve

_20
J4
JO
2.36

Average
Coarse (A)

99.73

63.92

25.77

0.12

% by weight passing

Fine (B)
100.00

100.00

100.00

91.53

Filler (C)
100.00

100.00

100.00

100.00

JKR Standard

Minimum

100

85

60

60

Maximum

100

100

90

72
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.6 0.00 55.80 100.00 45 72

»12 0.00 5.40 100.00 15 50

)75 0.00 0.40 80.00 8 12

bB + cC - P

mix: 1 2

se (% 35 25

(%) 55 63

(%) 10 12

L 1 (a=35%, b=55%, c=10%)

.sing Average %bxweight passing

3ve Coarse (A) Fine (B) Filler (C) Total

>0 34.91 55.00 10.00 100

14 35.16 55.00 10.00 100

10 14.17 55.00 10.00 79

.36 0.07 50.34 10.00 60

).6 0.00 30.69 10.00

8 :
212 0.00 2.97 10.00

075 0.00 0.22 8.00

\L 2 (a=25%, b=63%, c=12%)

ssing Average % bv weight passing
eve Coarse (A) Fine (B) Filler (C) Total

20 24.93 63.00 12.00 100

14 15.98 63.00 12.00 91

10 6.44 63.00 12.00 81

.36 0.03 57.66 12.00 70

3.6 0.00 35.15 12.00 47

,212 0.00 3.40 12.00 15

,075 0.00 0.25 9.60 10

om calculation, Trial 2 meets the gradation limit specified byBS594.
s, the proportions of aggregate requires to obtain the Gap Graded mix are:

>coarse aggregate, 63% fineaggregate, and 12% filler

(total aggregate not in
the limit specified by
BS594
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ulation for determining aggregates proportion for Continuous Graded Mixture:

3Analysis Result: CoarseAggregate

Sieve

weight

(kg)

Weiaht Retained (kq) Average
weight

retained

%by
weight

retained
5 Size Trial 1 Thai 2 Trial 3

\gg + sieve Agg \gg + sieve Agg \qq + sieve Agg

100 1.495 1.495 0.000 1.495 0.000 1.495 0.000 0.000 0.00

mo 1.406 1.432 0.026 1.409 0,003 1.406 0.000 0.010 0.48

nn 1.119 1.809 0.690 1.718 0.599 1.613 0.494 0.594 29.72

inn 1.105 1.892 0.787 1.790 0.685 1.818 0.713 0.728 36.42

sn 1.290 1.734 0.444 1.850 0.560 1.829 0.539 0.514 25.72

nn 0.767 0.820 0.053 0.920 0.153 1.021 0.254 0.153 7.67

Total 100.00

Sieve

weight

(kg)

Weight (kg) and Percentage (% Passing Average
Weight
Passing

Average
% Passing

eSize Trial 1 Trial 2 Trial 3

ft/eight (kg) % A/eight (kg % Weight (kg %

LOO 1.495 2.000 100.00 2.000 100.00 2.000 100.00 2.000 100.00

LOO 1.406 1.974 98.70 1.997 99.85 2.000 100.00 1.990 99.52

*.00 1.119 1,284 64.20 1.398 69.90 1.506 75.30 1.396 69.80

inn 1.105 0.497 24.85 0.713 35.65 0.793 39.65 0.668 33.38

3n 1.290 0.053 2.65 0,153 7.65 0.254 12.70 0.153 7.67

.00 0.767 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00

e Analysis Result Fine Aggregate

Sieve

weight
(kg)

Weight Retained (kg) Average
weight

retained

%by
weight

retained
•e Size Trial 1 Trial 2 Trial 3

\gg + sieve Agg \gq + sieve Agg \qq + sieve Agg

,300 0.512 0.513 0.001 0.512 0.000 0.513 0.001 0.001 0.13

.350 0.484 0.498 0.014 0.498 0.014 0.498 0.014 0.014 2.80

.300 0.280 0.728 0.448 0.734 0.454 0.728 0,448 0.450 90.00

.075 0.255 0.290 0.035 0.285 0.030 0.290 0.035 0.033 6.67

.000 0.393 0.395 0.002 0.395 0.002 0.395 0.002 0.002 0.40

Total 100.00

Sieve

weight
(kg)

Weight (kq) and Percentage (% Passing Average
Weight
Passing

Average
% Passing

/e Size Trial 1 Trial 2 Trial 3

Weight (kg) % A/eiqht(kg % A/eight (kg %

.300 0.512 0.499 99.80 0.500 100.00 0.499 99.80 0.499 99.87

.350 0.484 0.485 97.00 0.486 97.20 0.485 97.00 0.485 97.07

.300 0.280 0.037 7.40 0.032 6.40 0.037 7.40 0.035 7.07

.075 0.255 0.002 0.40 0.002 0.40 0.002 0.40 0.002 0.40

.000 0.393 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00
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ilation for determining proportions ofaggregates to obtain required gradation

sing Average % by weight passing JKR Standard

;ve Coarse (A) Fine (B) Filler (C) Minimum Maximum

:8 100.00 100.00 100.00 100 100

'0 99.52 100.00 100.00 95 100

4 69.80 100.00 100.00 65 85

0 33.38 100.00 100.00 52 72

.3 7.67 99.87 100.00 39 55

35 0.00 97.07 100.00 32 46

i.3 0.00 7.07 100.00 7 21

)75 0.00 0.40 80.00 2 8

bB + cC = P

mix: 1 2 3

se (% 50 52 54

(%) 42 40 38

•(%) 8 8 8

U_1

ssing Average % by weight passing

eve Coarse (A) Fine (B) Filler (C) Total

28 50.00 42.00 8.00 100.00

20 49.76 42.00 8.00 99.76

14 34.90 42.00 8.00 84.90

10 16.69 42.00 8.00 66.69

5.3 3.39 41.95 8.00 53.34

i.35 0.00 40.77 8.00

10?7i13 0.00 2.97 8.00

.075 0.00 0.17 6.40 | 6.57

U.2

ssing Average %bv weight passing
ieve Coarse (A) Fine(B) Filler (C) Total

28 52.00 40.00 8.00 100.00

20 51.75 40.00 8.00 99.75

14 36.30 40.00 8.00 84.30

10 17.36 40.00 8.00 65.36

6.3 3.99 39.95 8.00 51.94

3.35 0.00 38.83 8.00

0.3 0.00 2.83 8.00 10.83

I.075 0.00 0.16 6.40 6.56

AL3

sssing Average % bv weight passing

sieve Coarse ^A) Fine(B) Filter (C) Total

28 54.00 38.00 8.00 100.00

20 53.74 38.00 8.00 99.74

14 37.69 38.00 8.00 83.69

10 18.03 38.00 8.00 64.03

6.3 4.14 37.95 8.00 50.09

[total aggregate not in
the limit specified by
JKR Standard
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35 0.00 36.89 8.00 44.89

.3 0.00 269 8.00 10.69

)75 0.00 0.15 6.40 6.55

m calculation, Trial 3 meets the gradation limit specified by JKR.
, the proportions ofaggregate requires toobtain the Continuous Graded mix are:

coarse aggregate,38% fine aggregate,and 8%filler
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ENDIX 1-c

ulation for determining aggregates proportion for Open Graded Mixture:

3AnalysisResult: Coarse Aggregate

Sieve

weight
(kg)

Weiqht Retained (kg) Average
weight

retained

%by
weight

retained
3 Size Trial 1 Trial 2 Trial 3

\gq + sieve Agg \qq + sieve Agg \qq + sieve Agg

.50 1.375 1.380 0.005 1.382 0.007 1,390 0.015 0.009 0.45

50 1.358 1.363 0.005 1.381 0.023 1.365 0.007 0.012 0.58

75 1.223 2.590 1.367 2.540 1.317 2.470 1.247 1.310 65.52

36 1.138 1.757 0.619 1.788 0.650 1.867 0.729 0.666 33.30

0 0.985 0.989 0.004 0.988 0.003 0.987 0.002 0.003 0.15

Total 100.00

Sieve

weight
(kg)

Weight (kg) and Percentage (%) Passing Average
Weight
Passing

Average
% Passing

eSize Trial 1 Trial 2 Trial 3

A/eight (kg) % Afeiqht (kg % Weight (kg %

>.50 1.375 1.995 99.75 1.993 99.65 1.985 99.25 1.991 99.55

.50 1.358 1.990 99.50 1.970 98.50 1.978 98.90 1.979 98.97

.75 1.223 0.623 31.15 0.653 32.65 0.731 36.55 0.669 33.45

.36 1.138 0.004 0.20 0.003 0.15 0.002 0,10 0.003 0.15

0 0.985 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00

•e Analysis Result: Fine Aggregate

'e Size Trial 1

Weight Retained (kg)
Thai 2 Trial 3

Sieve

weight
(kg) \gg + sievt Agg \gg +sieve

0.043 0.440

Agg \qq + sieve
0.051 0.439

Agg_
0.050.360

.075

.000

0.389

0.255

0.393

0.432

0.710

0.395

0.455

0.002

0.702

0.395

0.447

0.002

0,703

0.395

0.448

0.002

Sieve

weight

(kg)

Trial 1

Weight (kg) and Percentage (%) Passing
Trial 2 Trial 3

/e Size

.360

.075

0.389

0.255

Weight (kg)
0.457

0.002

%

91.40

0.40

A/eight (kg
0.449

0.002

% /eight (kg

89.80 0.450

0,40 0.002

90.00

0.40

culation for determining proportions ofaggregates to obtain required gradation

issing
iieve

12.5

9.5

4.75

2.36

L075

Average % byweight passing
Coarse (A)
" 99.55

98.97

33.45

0.15

0.00

Fine (B)

100.00

100.00

100.00

90.40

0.40

Filler (C)
100.00

100.00

100.00

10000

80.00

+ bB + cC = P

JKR Standard

Minimum

100

95

30

Maximum

100

100

50

15

2.5

Average
weight

retained

0.048

0.450

0.002

Total

Average
Weight
Passing

0.452

0.002

%by
weight

retained

9.60

90,00

0.40

100.00

Average
% Passing

90.40

0.40
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mix: 1 3

se (% 70 90

(%) 28 7.5

(%) 2 2.5

L1 (a=70%, b=28%, c=2%)

ising Average % by weightpassing
3ve Coarse (A) Fine(B) Filler (C) Total

2.5 69.69 28.00 2.00 100

|.5 69.28 28.00 2.00 99

75 23.42 28.00 2.00

•36 0.11 25.31 2.00

D75 0.00 0.11 1.60

± 2 (a=90%, b=7.5%, c=2.5%)

ssing Averaqe % bv weiqht passing
eve Coarse (A) Fine (B) Filler (C) Total

2.5 89.60 7.50 2.50 100

L5 89.07 7.50 2.50 99

.75 30.11 7.50 2.50 40

.36 0.14 6.78 2.50 9

075 0.00 0.03 2.00 2

[total aggregate not in
the limit specified by
FHWA

am calculation, Trial 2 meets the gradation limit specified by FHWA.
5, the proportions of aggregate requires to obtain the Open Graded mix are:

.coarse aggregate, 7.5% fine aggregate, and 2% filler
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ENDIX 1-d

ulation for determining aggregates proportion for Dense Graded Mixture:

3Analysis Result: CoarseAggregates

3 Size

1m)

Sieve

weight

(kg)

Sample 1

Weight (kg) and Percentage (%
Sample 2

Passing
Sample 3

kOO

1.00

LOO

).00

.00

1.708

1.600

1.281

1.311

1.322

0.779

Weight (kg)
2.000

1.971

1.165

0.330

0.039

0.000

% A/eight (kg
100.00 2.000

98.55 1.979

58.25 1.176

16.50 0.320

1.95 0.057

0.00 0.000

e AnalysisResult: FineAggregates

%

100.00

A/eight(kg
2.000

%

100.00

98.95 1.933 96.65

58.80 1.178 58.90

16.00 0.269 13.45

2.85 0.042 2.10

0.00 0.000 0.00

Average
weight
passing
2.000

1.961

1.173

0.306

0.046

0.000

Average
%by

weight
100.00

98.05

58.65

15.32

2.30

0.00

Sieve

weight

(kg)

Weiaht (kq) and Percentage (% Passing Average
weight
passing

Average

%by
weight

eSize Samplel Sample 2 Sample 3

Weight (kg) % A/eight (kg % A/eight (kg %

350 0.501 0.458 91.60 0.468 93.60 0.474 94.80 0.463 92.60

180 0.433 0.333 66.60 0.329 65.80 0.097 19.40 0.331 66.20

425 0.371 0.143 28.60 0.164 32.80 ^ 0.003 0.60 0.154 30.70

150 0.336 0.019 3.80 0.026 5.20 0.000 0.00 0.023 4.50

075 0.327 0.002 0.40 0.004 0.80 0.000 0.00 0.003 0.60

.000 0.246 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00

wlation for determining proportions ofaggregates to obtain required gradation

ssing Average % by weight passing JKR Standard

ieve Coarse (A) Fine(B) Filler(C) Minimum Maximum

28 100.00 100.00 100.00 100 100

20 98.05 100.00 100.00 76 100

14 58.65 100.00 100.00 64 89

10 15.32 100.00 100.00 56 81

5 2.30 100.00 100.00 46 71

5.35 0.00 92.60 100.00 32 58

1.18 0.00 66.20 100.00 20 42

.425 0.00 30.70 100.00 12 28

3.15 0.00 4.50 100.00 6 16

I.075 0.00 0.60 80.00 4 8

+ bB + cC = P

*re a + b + c = 1 -> eqn 1

ve size (mm): Equation:

L425 30.7b + 100c = 20

1.18 66.2b + 100c = 31

3.35 92.6b + 100c = 45

0.15 4.50b + 100c = 11

).075 0.60b + 80c = 6

leufationfor determining trialmix
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Mix1

sieve size 0.425 mm & 1.18 mm

3 +100c = 20

> + 100c = 31

ng these 2 equations, get;
1.31

MO

; into eqn 1, get;
I.59

j, in%: a = 59%, b =31% andc = 10%

Mix 3

; sieve size 0.425 mm & 0.15 mm

b +100c = 20

b +100c =11

ing these 2 equations, get;
X34

3.09

c into eqn 1,get;
0.57

s, in %: a - 57%, b = 34% andc = 9%

IMix5

e sieve sizel .18 mm & 3.35 mm

>b + 100c = 31

5b + 100c = 45

/ing these 2 equations, get;
0.53

-0.04

ce the c value is -ve, eliminate this mix

a/ Mix 7

ce sieve size 1.18 mm & 0.075 mm

2b + 100c = 31

0b + 80c = 6

Trial Mix 2

Take sieve size 0.425 mm & 3.35 mm

30.7b + 100c = 20

92.6b + 100c = 45

Solvingthese 2 equations, get;
b = 0.40

c = 0.08

b & c into eqn 1, get;
a = 0.52

Thus, in %: a = 52%, b - 40% andc = 8%

Trial Mix 4

Take sieve size 0.425 mm & 0.075 mm

30.7b + 100c = 20

0.60b + 80c = 6

Solvingthese 2 equations, get;
b = 0.42

c = 0.07

b&cintoeqn 1,get;
a = 0.51

Thus, in %: a = 51%, b = 42% andc-7%

Trial Mix 6

Take sieve size 1.18 mm & 0.15 mm

66.2b + 100c = 31

4.50b + 100c = 11

Solving these 2 equations, get;
b = 0.32

c = 0.10

b&cintoeqn 1, get;
a = 0.58

Thus, in %: a = 58%, b = 32%and c = 10%

Trial Mix 8

Take sieve size 3.35 mm & 0.15 mm

92.6b + 100c = 45

4.50b + 100c = 11
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ng these 2 equations, get;
1.36

i.07

; into eqn 1, get;
I.57

», in %: a = 57%, b = 36% andc = 7%

Mix 9

i sieve size3.35 mm & 0.075 mm

b +100c = 45

b + 80c - 6

ing these 2 equations, get;
3.41

3.07

c into eqn 1,get;
3.52

s, in %: a = 52%, b = 41% andc = 7%

Solving these 2 equations, get;
b = 0.39

c = 0.09

b&cintoeqn 1,get;
a = 0.52

Thus, in %: a = 52%, b = 39%and c-9%

Trial Mix 10

Take sieve size 0.15 mm & 0.075 mm

4.50b + 100c = 11

0.60b + 80c = 6

Solvingthese 2 equations, get;
b = 0.94

c = 0.07

b & c into eqn 1, get;
a = -0.01

Since the a value is -ve, eliminate this mix

trial mix can be summarized as follow:

I mix: 1 2 3 4 6 7 8 9

irse (% 59 52 57 51 58 57 52 52

>(%) 31 40 34 42 32 36 39 41

>'(%) 10 8 9 7 10 7 9 7

AL1

issing Average %by nveiqht passing

iteve Coarse (A) Fine(B) Filler (C) Total

37.5

28 59.00 31.00 10.00 100.00

20 57.85 31.00 10.00 98.85

14 34.60 31.00 10.00 75.60

10 9.04 31.00 10.00

5 1.36 31.00 10.00

3.35 0.00 28.71 10.00 38.71

1.18 0.00 20.52 10.00 30.52

L425 0.00 9.52 10.00 19.52

0.15 0.00 1.40 10.00 11.40

)075 0.00 0.19 8.00 8.19

IAL2

assing Average % bv weight passing
sieve Coarse (A) Fine (B) Filler (C) Total

37.5

28 52.00 40.00 8.00 100.00

20 50.99 40.00 8.00 98.99

|total aggregate not in
the limitspecified by
JKR Standard
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4 30.50 40.00 8.00 78,50_l

0 7.96 40.00 8.00 HH
5 1.20 40.00 8.00 49.20

35 0.00 37.04 8.00 45.04

18 0.00 26.48 8.00 34.48

425 0.00 12.28 8.00 20.28

15 0.00 1.80 8.00 9.80

375 0.00 0.24 6.40 6.64

0.3

ssing Average % by weiqht passing

eve Coarse (A) Fine(B) Filler(C) Total

7.5

28 57.00 34.00 9.00 100.00

20 55.89 34.00 9.00 98.89

14 33.43 34.00 9.00 76.43

10 8.73 34.00 9.00

5 1.31 34.00 9.00

.35 0.00 31.48 9.00 40.48

,18 0.00 22.51 9.00 31.51

425 0.00 10.44 9.00 19.44

1.15 0.00 1.53 9.00 10.53

.075 0.00 0.20 7.20 7.40

M_4

ssing Average %by weight passing

ieve Coarse (A) Fine(B) Filler (C) Total

J7.5

28 51.00 42.00 7.00 100.00

20 50.01 42.00 7.00 99.01

14 29.91 42.00 7.00 78.91

10 7.81 42.00 7.00 56.81

5 1.17 42.00 7.00 50.17

3.35 0.00 38.89 7.00 45.89

1.18 0.00 27.80 7.00 34.80

(.425 0.00 12.89 7.00 19.89

3.15 0.00 1.89 7.00 8.89

(.075 0.00 0.25 5.60 5.85

AL6

assing Average % bv weightpassing
sieve Coarse (A) Fine(B) Filler (C) Total

37.5

28 58.00 32.00 10.00 100.00

20 56.87 32.00 10.00 98.87

14 34.02 32.00 10.00 76.02

10 8.88 32.00 10.00

5 1.33 32.00 10.00

3.35 0.00 29.63 10.00 39.63

1.18 0.00 21.18 10.00 31.18

0.425 0.00 9.82 10.00 19.82

0.15 0.00 1.44 10.00 11.44

0.075 0.00 0.19 8.00
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L7

sing Average % bv weiqhtpassing
sve Coarse (A) Fine (B) Filler (C) Total

E5

!8 57.00 36.00 7.00 100.00

!0 55.89 36.00 7.00 98.89

i4 33.43 36.00 7.00 76.43

10 8.73 36.00 7.00

5 1.31 36.00 7.00

35 0.00 33.34 7.00 40.34

.18 0.00 23.83 7.00 30.83

425 0.00 11.05 7.00 18.05

.15 0.00 1.62 7.00 8.62

075 0.00 0.22 5.60 5.82

U_8

ssing Averaae % bv weiqht passing

eve Coarse (A) fine (B) Filler (C) Total

7.5

28 52.00 39.00 9.00 100.00

20 50.99 39.00 9.00 98.99

14 30.50 39.00 9.00 78.50

10 7.96 39.00 9.00

5 1.20 39.00 9.00 49.20

i.35 0.00 36.11 9.00 45.11

.18 0.00 25.82 9.00 34.82

.425 0.00 11.97 9.00 20.97

1.15 0.00 1.76 9.00 10.76

.075 0.00 0.23 7.20 7.43

AL9

tssing Average % by iweiqht passing

jeve Coarse (A) Fine(B) Filler (C) Total

37.5

28 52.00 41.00 7.00 100.00

20 50.99 41.00 7.00 98.99

14 30.50 41.00 7.00 78.50

10 7.96 41.00 7.00

5 1.20 41.00 7.00 49.20

3.35 0.00 37.97 7.00 44.97

1.18 0.00 27.14 7.00 34.14

L425 0.00 12.59 7.00 19.59

0.15 0.00 1.85 7.00 8.85

L075 0.00 0.25 5.60 5.85

rom calculation, Trial 4 meets the gradation limit specified by JKR.
js, the proportions of aggregate requires to obtain the Asphaltic Concrete are:

%coarseaggregate, 42% fine aggregate, and7% filler
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ENDK2

Its from Bouvancv Balance Test and Marshall Stabilitv Test

ip Graded

men

itent
Sample

Weight (g) Diameter

(mm)

Height (mm

in air

1 1254.5

.5 1236.0

1227.0

1276.5

.0 1235.0

1262.0

1254.5

i.5 1263.0

1252.5

1283.0

'.0 1248.0

1268.0

1279.5

'.5 1256.5

1318.5

in water

699.0

692.5

674.5

707.5

688.0

687.0

705.5

692.5

679.0

708.0

695.0

718.5

727.5

710.5

741.0

104.98

101.96

101.62

104.62

101.87

101.66

104.15

101.60

101.50

101.54

104.41

101.62

101.54

104.62

104.77

imary values obtained from the abovetable

1

66.75 66.43

68.65 68.02

69.57 69.67

68.72 69.01

68.36 68.23

72.21 72.49

65.62 67.04

71.48 71.35

71.93 71.55

71.69 72.12

66.66 65.54

68.56 68.57

69.53 69.59

65.63 65.66

69.03 68.60

jmert Weight (g) Diameter

(mm)

Height
(mm)

Marshall Test

ntent in air in water Load (kN) Flow (mm)

>5 1239.2 688.7 102.85 68.22 10.66 3.22

i0 1257.8 694.2 102.72 69.92 9.76 3.37

S5 1256.7 692.3 102.42 69.83 6.23 3.19

7.0 1266.3 707.2 102.52 68.97 6.88 4.99

7.5 1284.8 726.3 103.64 67.97 5.37 5.37

;ulated VMA and voids in total mix

umen

ntent

5.5

6.0

6.5

7.0

7.5

Gbcm

2.25

2.23

2.23

2.26

2.30

Bulk

density
2.25

2.23

2.23

2.26

2.30

Stability

10.66

9.76

6.23

6.88

5.37

Flow

3.22

3.37

3.19

4.99

5.37

VMA

20.07

19.99

20.42

19.78

19.72

Gmp

2.44

2.42

2.40

2.39

2.37

66.30

68.54

70.04

69.57

68.37

72.36

66.13

71.36

71.98

71.84

66.61

69.12

68.99

65.46

69.21

Voids in

total mix

7.79

7.85

7.08

5.44

2.95

Average
height

66.49

68.40

69.76

69.10

68.32

72.35

66.26

71.40

71.82

71.88

66.27

68.75

69.37

65.58

68.95

Marshall Test

Load (kN)
6.07

11.43

14.47

6.93

10.48

11.86

4.03

7.08

7.57

7.98

4.51

8.14

7.15

3.91

5.04

Flow (mm)
1.82

3.88

3.95

5.68

2.78

1.64

3.64

1.44

4.49

5.16

3.88

5.93

6.41

5.09

4.61
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>ntinuous Graded

imen

itent
Sample

Weight (g)
in air in water

Diameter

(mm) 1

Height (mm Average
height

1 1214.5 703.5 104.80

.0 1229.5 709.5 105.07

1212.5 697.5 101.75

1211.5 697.0 104.61

-.5 1243.0 714.0 101.44

1253.5 722.0 104.78

1223.5 708.5 101.41

i.o 1225.0 705.5 104.69

1236.0 713.0 101.44

1233.0 707.0 104.58

>.5 1240.0 713.5 104.51

1216.0 698.5 104.61

tmary values obtained from the above table

jmen

ntent

1.0

*.5

5.0

5.5

Weight (g)
in air in water

1218.8 703.5

1236.0 711.0

1228.2 709.0

1229.7 706.3

Diameter

(mm)
103.87

103.61

102.51

104.57

dilated VMA and voids in total mix

Height
(mm)
65.27

65.14

65.55

63.80

64.02 62.87 64.24

65.36 65.57 65.48

66.36 67.19 66.35

64.64 63.29 64.30

64.65 64.93 65.24

66.60 66.13 66.46

65.45 65.78 66.65

65.00 64.81 63.47

66.06 66.82 65.88

64.85 63.95 64.12

63.94 63.94 64.16

62.94 63.21 63.12

Marshall Test

Load (kN)
17.98

Flow (mm)
4.62

12.49 4.86

14.21 4.49

9.85 3.93

umen

ntent
Gbcm

Bulk

density
Stability Flow VMA Gmp

Voids in

total mix

4.0 2.35 2.35 17.98 4.62 14.55 2.49 5.66

4.5 2.36 2.36 12.49 4.86 14.99 2.47 4.45

5.0 2.37 2.37 14.21 4.49 14.72 2.46 3.84

5.5 2.35 2.35 9.85 3.93 15.88 2.44 3.70

63.71

65.47

66.63

64.08

64.94

66.40

65.96

64.43

66.25

64.31

64.01

63.09

Marshall Test

Load (kN)
13.04

15.92

24.97

10.88

15.77

10.82

15.91

9.66

17.06

11.16

11.03

7.36

Flow (mm)
5.76

5.34

4.37

5.29

3.78

5.81

3.89

5.41

4.32

2.07
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jen Graded

men
Sample

Weight (g) Diameter

(mm)

Height (mm Average
height

Marshall Test

itent in air in water 1 2 3 Load(kN) Row (mm]

1 1207.5 687.0 104.10 79.55 79.68 79.73 79.65 2.75 4.81

n 2 1247.0 716.5 104.27 80.07 81.03 80.57 80.56 4.18 5.27

3 1223.0 722.0 101.60 82.70 82.71 82.80 82.74 6.75 6.27

1 1221.5 713.0 101.71 83.12 82.88 83.41 83.14 5.13 2.72

5 2 1233.5 719.5 101.65 82.36 83.25 82.80 82.80 8.42 2.24

3 1218.5 709.5 104.78 78.10 79.21 78.64 78.65 2.55 4.16

1 1227.5 711.5 104.76 80.37 80.11 80.33 80.27 1.71 4.59

0 2 1239.5 721.0 101.61 84.44 84.65 84.83 84.64

3 1226.0 710.0 101.68 83.68 83.20 83.68 83.52

1 1247.5 716.0 101.74 82.52 82.34 82.16 82.34 4.34 2.30

5 2 1229.5 706.5 101.64 81.84 82.21 82.10 82.05 3.83 3.02

3 1228.5 707.5 101.05 84.07 84.31 83.88 84.09 3.13 2.24

1 1269.0 722.5 104.81 81.42 80.52 80.68 80.87 2.23 4.67

»n 2 1240.0 704.5 104.81 80.09 80.36 79.71 80.05 1.52 5.75

3 1246.0 713.5 101.49 85.02 84.66 84.59 84.76 2.74 4.48

mary values obtained from the above table

jmen

itent

L0

J.5

L0

L5

5.0

Weight (g)
in air in water

1225.8 708.5

1224.5 714.0

1231.0 714.2

1235.2 710.0

1251.7 713.5

Diameter

(mm)
103.32

102.71

102.68

101.48

103.70

;ulated VMA and voids in total mix

Height
(mm)
80.98

81.53

82.81

82.83

81.89

Marshall Test

Load(kN)
4.56

5.37

1.71

3.77

2.16

Flow (mm)
5.45

3.04

4.59

2.52

4.97

umen

ntent
Gbcm

Bulk

density
Stability Flow VMA Gmp

Voids in

total mix

3.0 2.37 2.37 4.56 5.45 15.79 2.53 6.32

3.5 2.40 2.40 5.37 3.04 15.16 2.51 4.38

4.0 2.38 2.38 1.71 4.59 16.31 2.49 4.42

4.5 2.35 2.35 3.77 2.52 17.79 2.47 4.86

5.0 2.33 2.33 2.16 4.97 18.92 2.46 5.28
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nse Graded

men

tent
Sample

Weight (g)
in air in water

Diameter

(mm)

Height (mm Average
height

.0

1 1251.0

1235.5

706.0

700.0 101.68 69.71 68.61 68.67 69.00

1201.0

1242.5

665.0

717.0 104.93 64.86 66.29 65.33 65.49

.5 1230.0 710.0 101.58 67.57 68.01 67.96 67.85

1226.0 709.5 104.91 62.97 63.10 64.85 63.64

63.18 64.86 63.39 63.81

.0

1218.0

1225.0

703.5

710.0

104.85

101.60 65.39 66.16 66.60 66.05

1234.0 715.5 105.17 64.32 64.70

,5

1237.5

1237.0

1199.0

717.5

720.5

693.5

101.57

101.53

67.11

101.64

66.05

67.68

67.02

65.25

68.45

i.O

1218.0

1210.0

1204.0

709.0

703.0

101.58

105.16

695.0 101.57

65.34

62.31

65.19

64.19

61.49

65.20

i.5

1267.5

1252.5

1224.5

741.5

729.0

715.0

104.67

101.51

104.82

63.09

65.94

61.23

62.94

65.69

60.95

LO

1234.0

1248.5

1240.5

719.5

730.5

726.0

104.71

101.64

104.83

61.28

65.92

61.76

62.08

65.05

61.02

5.5

1199.0

1221.0

1243.5

694.0

711.0

725.5

104.66

105.15

101.95

62.40

60.78

65.64

62.21

61.04

65.86

imary values obtained from the above table

umen Weight (g) Diameter

(mm)

Height
(mm)

Marshall Test

ntent in air in water Load (kN) Flow (mm)

3.0 1229.2 690.3 101.68 69.00 10.36 2.61

3.5 1232.8 712.2 103.81 65.66 12.45 3.51

4.0 1225.7 709.7 103.87 64.77 14.13 0.29

4.5 1224.5 710.5 101.58 66.89 21.00 1.62

5.0 1210.7 702.3 102.77 64.20 14.45 2.79

5.5 1248.2 728.5 103.67 63.37 12.83 4.07

6.0 1241.0 725.3 103.73 63.01 10.36 4.98

6.5 1221.2 710.2 103.92 62.93 9.56 5.56

culated VMA and voids in total mix

64.30

66.76

65.64

68.07

65.65

63.19

65.27

63.77

65.69

61.02

63.20

65.43

61.33

60.87

60.90

66.65

tumen

>nteni
Gbcm

Bulk

density
Stability Flow VMA Gmp

Voids in

total mix

3.0 2.28 2.28 10.36 2.61 16.23 2.53 9.88

3.5 2.37 2.37 12.45 3.51 13.37 2.51 5.58

4.0 2.38 2.38 14.13 0.29 13.45 2.49 4.42

4.5 2.38 2.38 21.00 1.62 13.91 2.47 3.64

5.0 2.38 2.38 14.45 2.79 14.36 2.46 3.25

5.5 2.40 2.40 12.83 4.07 14.09 2.44 1.64

6.0 2.41 2.41 10.36 4.98 14.19 2.42 0.41

6.5 2.39 2.39 9.56 5.56 15.35 2.40 0.42

64.44

66.96

65.65

68.07

65.06

62.33

65.22

63.27

65.77

61.07

62.19

65.47

61.37

61.83

60.91

66.05

Marshall Test

Load (kN)

10.36

10.63

17.63

9.09

10.45

20.77

11.18

17.05

20.97

24.99

16.44

10.93

15.97

9.66

18.64

10.18

8.52

13.11

9.46

8.18

9.87

10.63

Flow (mm)

2.61

5.39

1.62

0.42

0.07

0.39

1.04

2.20

1.81

4.68

1.88

4.44

3.63

4.13

6.00

4.10

4.85

6.30

6.12

4.26
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APPENDIX 3

Calculation for determining VMA and voids in total mix:

E.g.: For 5.5 %bitumen content Gap graded mixture

->Bulk specific gravity ofcompacted mixture, Gbcm

r - Wa
Wa-Ww

Where Wa= weight in air

Ww = weight in water

Gto= 1239'2 =2.25
1239.2-688.7

^ Therefore, the bulk density is 2.25 x1.0 g/cm3 =2.25 g/cm3

Where 1.0 g/cm3 isthe density ofwater

-» Percent voids in the mineral aggregate, VMA

Gbcm* Pta
VMA =100-

Gbam

Pca + Pfa + Pmf
vJbam Pea Pfa { Pmf

Gbca Gbfa Gbmf

Where Gbam = bulk specific gravity of aggregates inthepaving

mixture (asphaltconcrete)

Pta =aggregate percent by weight oftotal paving mixture

(asphaltconcrete)

Appendix 3



Pca = percentby weightofcoarse aggregate

Pfc = percent by weight of fineaggregate

Pmf - percent byweight ofmineral filler

Gbca = bulk specificgravityof coarse aggregate

Gb& = bulkspecific gravity offineaggregate

Gbmf = bulkspecific gravity of mineral filler

Determine Pea, Pfa andPmf in termsof total aggregates:

PM= 0.25x94.5 = 23.63

Pfa = 0.63x94.5 = 59.54

Pmf= 0.12x94.5 = 11.34

23.63 + 59.54 + 11.34Therefore, 0^= 23.63 | 59.54 (11.34 ~266
2.61 + 2.60 3.15

2 25 * 94 5
and VMA = 100- \„ = 20.07 %

2.66

-> Percent air voids in total mix, Pav

Gmp

Where Gmp =maximum specific gravity ofthe compacted paving»mp

mixture

100
vJrap

Pta Pac
+

Gea Gac

Where Gea = effective specific gravity ofaggregates (assumed tobe

constant fordifferent asphalt cement contents) = 2.65

Gac = specific gravity of asphalt = 1.03

Appendix 3



100Therefore, Gmp =——^j- =2.44

2^5 +L03

0 44 - 2 25and Pav=100 l,, =7.79%
2.44

Appendix 3
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APPENDIX 6
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PENDIX 7

m nomograph, get the Stiffness modulus of bitumen, Sbit

r80 pen bitumen, the softening point is44 °C
lamic creep test operating temperature is40 °C
-ius, the temperature difference is 4 °C
letration index is at 0

lix average is taken from Dynamic Creep Test result at specified cycles.

Time of

loading (s)
Smix average (Mpa) Sbit (Mpa)_ycies

Gap Continuous Open Dense

10 20 19.562 44.531 29.904 150.433 1.50E-03

20 40 15.275 35.38 19.761 117.495 1.00E-03

30 60 13.365 30.989 17.479 103.902 7.50E-04

60 120 10.873 25.259 14.338 82.997 5.00E-04

180 360 8.126 18.848 10.63 56.016 1.00E-04

420 840 6.618 15.273 7.947 40.488 8.00E-05

600 1200 6.115 14.028 6.761 34.908 7.00E-05

1200 2400 5.356 11.831 5.327 25.576 1.05E-05

1800 3600 5.066 10.551 4.605 20.786 1.00E-05

aph Smix average vs. Sbit is plotted based on the above table (Figure 31).

id Stiffness modulus of bitumen viscosity, (Sbit)v

nt )i> =
3// where nfrom GraPn viscosity of bitumen (Appendix 6),

jVT „ get 5x10'3
N= numberofwheels passes standard axle, in million
Tw = loading time (0.02 s)

:ForN = 1

3ittv = 3* (5E-03) =

(1)*(0.02)
0.75

e new Smix is calculated based on the linearequation shown in Figure 31,

iix, y;

jp y = 81.663(x)

mtinuous y = 208.93(x)

>en y=196.37(x)

snse y= 1467.4(x)'

,0.2500

0.2635

0.3283

0.3681

where x = (Sbit)v

Appendix 7



For N = 1,(Sbit)v = 0.75

) y = 81.663(7.50E-01)A0.25 = 75.996
itinuous y = 208.93(7.50E-01)A0.2635 = 193.678

in y = 196.37(7.50E-01)A0.3283 = 178.673

ise y = 1467.4(7.50E-01)A0.3681 = 1319.953

N
Smix (Mpa) (Sbit)v (Mpa)

Gap Continuous Open Dense

I.E+00 75.996 193.678 178.673 1319.953 7.50E-01

1.E+01 42.736 105.579 83.899 565.534 7.50E-02

1.E+02 24.032 57.555 39.397 242.303 7.50E-03

1.E+03 13.514 31.375 18.499 103.815 7.50E-04

1.E+04 7.600 17.103 8.687 44.479 7.50E-05

1.E+05 4.274 9.324 4.079 19.057 7.50E-06

1.E+06 2.403 5.083 1.915 8.165 7.50E-07

1.E+07 1.351 2.771 0.899 3.498 7.50E-08

1.E+08 0.760 1.510 0.422 1.499 7.50E-09

t Depth calculation:

= CmX H X
CTav

ere Cm = dynamic efficiency (1.0 - 2.0), take 1.5
H= height ofpavement between 60- 70 mm, take65 mm
oav = 2.5 Mpa

;ForN*1

'P
ntinuous

ien

nse

Rd = (1.5*65*2.5)/75.996 = 3.207 mm
Rd = (1.5*65*2.5)/193.678 = 1.259 mm
Rd = (1.5*65*2.5)/178.673 = 1.364 mm
Rd = (1.5*65*2.5)71319.953 = 0.185 mm

Rut depth (mm)
N

Gap Continuous Open Dense

1.E+00 3.207 1.259 1.364 0.185

1.E+01 5.704 2.309 2.905 0.431

1.E+02 10.143 4.235 6.187 1.006

1.E+03 18.037 7.769 13.176 2.348

1.E+04 32.074 14.252 28.060 5.480

1.E+05 57.037 26.144 59.757 12.790

1.E+06 101.427 47.958 127.259 29.853

1.E+07 180.366 87.976 271.011 69.676

Appendix 7


