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ABSTRACT 

This research was conducted to assess the impact of local asphalt binders on the 

perfonnance of asphalt concrete road pavement construction in Uganda. The bitumen 

samples were collected from ongoing road construction projects where asphalt 

concrete made pan of the pavement. The sampling was done in accordance with 

procedures provided in BS EN 58: 2012 and BS EN 475: 2000. Testing was carried 

out in Central Materials Laboratory, Tan Roads. Dar Es Salaam, Tanzania to confirm 

binder classification and obtain performance properties. The penetration tests, fluidity 

and pumping tests conducted on the bitumen samples confinned compliance with 

specifications. It was noted that all penetration grade bitumen samples gave softening 

points lower than the allowable limits implying in-service performance challenges. 

Most of the samples did not comply with physical property requirements when 

compared with the binder specifications implying that they arc susceptible to rutting 

and fatigue damage. Binder Temperature zoning based on Strategic Highway Research 

Program of asphal t grading system was completed in fourteen zones and presented on 

a map. Tluee temperature zones were confirmed incorporating Perfom1ance Grade 

(PG) 70+ 3 in most of the Northern, far Eastern and Kasese regions, PG 64+6 for most 

of Central and PG 58+3 for far Western regions bordering with Rwanda and 

Democratic Republic of Congo. This study introduced a robust testing regime and 

acceptance criteria to be used in future asphalt designation and construction in Uganda. 

Accordingly. value engineering was achieved based on increased time intervals of road 

maintenance expected based on performance of binders zoned. 

xiii 



CHAPTER ONE: INTRODUCTION 

1.1 BACKGROUND 

Bitumen is a complex thermoplastic and viscous materi al produced tlirough the 

fractional d istillation of crude o ils. h 's composed of asphaltenes and maltenes with 

majority Carbon and Hydrogen elements . h is extremely difficult to predict the 

chemical properties. 

Billlmen occurs in different forms such as cut back bitumen, emulsions. polymer 

modified binders and penetration binders. 

Cut back bitumen 

These are usually used in priming surfaces of bases before wearing courses are applied. 

They create the bond between base layer and the surfacing course. Common types of 

cut back bitumen include Moist curing (MC) 70, MC 30 and MC 40. 

Penetration Bitumen 

Penetration bitumen is material used as binder in asphalt concrete surfacing or in chip 

sealing. The c-0mmon binders on the local market include penetration grade (Pen) 

20130. Pen 35150, Pen 50nO, Pen 70/ 100. They are assigned those numbers based on 

their penetration values at 25 degrees centigrade in a cup by a needle. 

Emulsion Bitumen 

Emulsions can occur as anion ic or cationic depending on whether they are positively 

or negat ively charged. Emuls ions are binders that are common on local market used in 

road surfacing as a tack coat provid ing bondage between bituminous base course and 

1 



wearing course. Similarly. emulsions are also used as base course primers where they 

provide good bondage between the base course and the wearing course. 

In gravel base construction, emulsions have been used as stabilisation materials 

especially for the low volume traffic roads. In Uganda, emulsions have been used in 

stabilization during the construction of Matuga - Semuto - Kapeeka road from gravel 

to paved bituminous standard. 

Polymer modified binders 

Polymer modified binders are not common on Ugandan market but they are used in 

cases where desired asphalt concrete pavement perfonnance may not be achieved 

when lean binders are used. 

In Uganda. bitumen is majorly used in road construction as binder in asphalt concrete 

surfacing and as a binder sealing material in surface dressing pavements using crushed 

stone chipping. 

TI1e increase in the traffic volume, loading rates and durability requirements. local 

roads has greatly impacted on the roads surfaced roads with stone chipping. Based on 

this finding, there has been a trend of introducing asphalt concrete surfacing to give 

additional mechanical strength and flexibility in the pavement to achieve desired 

pavement life. 

However, the newly completed roads smfaced with asphalt concrete have experienced 

pre-mature deterioration of the asphalt concrete raising concerns in the design base. 

materials specification, constrnct ion methods, construction equipment, quality of 

binder, traffic volume, loading rates. laxity in supervision and poor choice of binder. 

2 



This research provides a general overview of the local bitumen binders used in asphalt 

concrete construction in Uganda and the ir impact on the pavement performance ba~ed 

on local environmental and climatic conditions. 

Below is an overview of the failure modes observed on the new! y constructed Mbarara 

- Ntungamo - Kabale road. 

Figure l. I: Cracking along newly completed Mbarara - Kabale - Kaluna road 

1.2 ST A TEtvlENT OF THE PROBLEM 

There has been a trend of moving from the traditional surface dressing of roads using 

stone chipping to surfacing using asphah concrete in road pavement construction in 

Uganda largely due to increased traffic volume and speed plying on the roads and 

durability requirements. 

However. the completed asphalt concrete paved roads have experienced noticeable 

pre-mature deterioration, rising lots of concerns regard ing the quality of the materials 

used. materials specifications. design. construction methods, lax ity in supervision. etc 

(Zou, 20 17). The road projects with premature defects include Bugiri to Malaba, the 

newly constructed Northern corridor routes - locs l, 2 and 3. Based on the fai lure 

modes, this research presents the types of local binders used as and their impacts on 

pavement performance. 

3 



Figure: 1.2 - Pictorial view of road S<'Ctions from M bara ra - Ntungamo - Kabale - Ka tuna 

1.3 OBJECl'IVE OF THE STUDY 

l.3.1 MAIN OBJECTIVE 

To assess the impacts of bitumen types on the performance of asphalt concrete road 

pavement construct ion in Uganda. 

1.3.2 SPECIFIC OBJECTIVES 

The specific objectives of the study are: 

1. To detennine the consistency properties of the binders on the local market: 

ii. To detem1ine the physical properties of the bitumen types on the local market; 

111 . To determine the temperature binder zones in different regions of the country 

based on local condit ions; 

1.4 RESEARCH QUESTIONS 

The research was aimed at addressing the following research questions; 

1. What are the consistency properties of the binders on the local market? 

11. What are the physical properties of the binders on the local market? 

iii . What are the temperature binder zones distribution in the country based on local 

conditions? 

4 



1.5 JUSTIFICATION OF THE STUDY 

There is an increasing trend of asphalt concrete pavements experiencing pre-mature 

dereriormion on road projects in Uganda. This has largely been attributed to the fact 

that the quality ofbimmen on local market has not been exhaustively investigated. Not 

all bitumen produced is good for road pavement construction (Sabita. 2016). The 

provis ions in Table 4202/ l of die standard specifications for roads and bridge works 

(Mo WT, 2010) do not elaborate on the physical properties that infonn the performance 

of the binders. 

Figure 1.3: MBP - Repair of cracks MN • Shear Cracking Shear Failure and Cracking 

Table 1.2 below presents the requirements for Penetration and performance graded 

binders provided in the Ministry of Works and Transport. General Specifications for 

roads and bridge works. It was also noted that on the sites visited. no adequate physical 

property testing equipment was available and acceptance was based on empirical tests. 

Interaction with testing team indicated that there was inadequate expertise in carrying 

out physical property testing locally. 

Table I. 1 - Specification for Bituminous Binder s (Mo WT, 2010) 

Type of Binder Specification 

Penetration grade bitumen BS EN 12591: 2000 

Performance grade SP- I*) 

Cul back bitumen BS EN 12591: 2000 
Bitumen emulsions. anionic BS 434: 1984 
Bitumen emuls ions, cat ionic BS 434: 1984 

*)Appendix A. Performance Graded Asphalt Binder Specification and Testing, 
Superpave series No. I (SP - I) Asphalt Institute. 
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This research focused on classifying, determining and analysing the physical 

properties and perfomiance criteria of bitumens on the local market and provide binder 

temperature zoning for the road pavement construction in various regions of the 

country based on local conditions. 

1.6 SIGNIFICANCE OF THE STUDY 

This study has provided the bitumen grades that arc best suited for our local 

environmemal and climaric conditions such as traffic volume, speed and temperatures 

variations. The research provided adequate information required for Ministry of Works 

and Transpo1t to update the General Specifications for Roads and Bridges regarding 

bitumen binders by introducing a more robust testing regime and acceptance criteria. 

Zoning of binder application consequently would increase time intervals of 

maintenance and thus value engineering. 

1. 7 SCOPE AND LIMITATIONS OF THE STUDY 

1.7.l GEOGRAPHICAL, Tll\-fil AND CONTENT SCOPE 

The research was conducted in Uganda from December 2017 to June 2018. 

Representative bitumen samples were obtained from ongoing road construction 

projects like the capacity improvement of Kampala Northem Bypass (Penetration 

grade bitumen 35/50). Mbarara Bypass project lot I (performance grade bitumen 76-

10), Kamuli township roads (penetration grade bitumen 50170), and Mukono -

Kayunga - Njeru road (performance grade bitumen 70-16) where such materials were 

available. The criteria for binder selection depended on material availability. 

Consistency and Rheological properties of the binders were carried out at Central 
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Materials Laboratory, TanRoads, Dar Es Salam, Tanzania.to confirm binder 

classification performance propenies. Field air, pavement temperatures and latitudes 

were measured, recorded and a model was developed to predict maximum pavement 

design temperatures that enabled regional zoning of binder application and traffic 

characterization. 

The research was limited to locally available binders currently being used. No 

mixrnres are discussed in this study. 

1.7.2 FINANCIAL SCOPE 

Four thousand seven hundred U.S dollars was spent to deliver this research. There was 

50% panial Employer's career development policy contribution and personal savings 

that covered allowances for field teams. logistics, transponing and testing of materials, 

stationery and repon product.ion. 

1.8 CONCEPTUAL FRAME\VORK 

Ident ification of the ongoing road construction projects where asphalt binder was 

available and was being used in asphalt concrete surfacing. Sampling of asphalt 

binders was in line with procedures provided in BS EN 58: 2012 and BS 2000-474: 

10 12. Samples were extracted from the containers at CML and conditioned before 

testing. Determination of the consistency properties like flash point, specific gravity, 

ductility and penetration were done to confirm the classification of the binders and 

ensure safe handling during funher physical property testing. 

Testing for Rheological and phys ical properties of the asphalt binders on local market 

"'ere done to determine the early and in-service hardening of binders through 
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laboratory simulations involving rolling thin film oven tes t and pressure ageing vessel 

respectively. Dynamic shear rhcomcter tests were tested from virgin and asphalt binder 

residues to measure the resistance to Rutting and fat igue damage. Subsequently, 

rotational viscos ity tests were carried out to measure the sufficiency in pumping and 

mixing of the binder. The results obtained from the consistency tests were ab le to 

confirm the binder classi fications. The rheological and physical property tests were 

used to predict the asphalt early and in-service hardening during mixing, 

transportation, placing and compaction. Consequently, intermediate temperature tests 

using PAV aged samples were used aged to predict the mtting and fatigue cracking 

potential of the binders during in-serv ice performance and sufficiency of the binders 

in fluid mixing and pumping confirmed eventual unifom1 mixture productions that 

improve void ratios. Zoning of binder application to guide future uti lization of the 

various bitumen types on the local market in different regions of the country based on 

environmental and cl imatic conditions such as traffic speed and traffic volume and 

temperature variations. The research improved on the testing regime through 

imroduction of physical property tests and thus an improved binder acceptance criteria 

that meet local environmental and climatic conditions such as temperatures variation 

and traffic volume and speed. Consequently, the reduced life cycle costing of asphalt 

resulting from increased time imervals for maintenance brought about value 

engineering. Figure I. I 0 presents schematic diagram of the conceptual framework. 
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I Independent variable I System/Process Dependant variable Outcome Impact 

• ConsisLcncy • Binder • Improved binder properties; classification Map Zoning the testing regime; • Physical and Analysis of • Resistance to applicat ions of the • Improved binder rheologica.I Consistency and early and in- different types of 
acceptance criteria; properties; physical property service bitumen for asphalt 

• Beller performance • RTFO & PAV hardening; concrete road 
of asphalt concrete 

tests 
pavement Tests; 

• Resistance to constnict ion based on pavc1ncnts; • DSR tests; 
rutting and local cl imatic • Improved lifecycle • RV tests 
fatigue damage; conditions such a$ costing of AC 

• Sufficiency in temperature variation Road pavements; 
mixing and • Value Engineering. 
pumping 

I 
Sampling, Storage and Transportation 

j lntcrvening variables j 

Figure 1.4; Conceptual Framework 
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CHAPTER T\\10 : LITERATURE REVIE\-V 

1.1 INTRODUCTION 

This chapter provided most of the already avai lable data aboul the consistency and 

physical propenies of bitumen as reponed by researchers in recent studies. Ai.r 

lemperatures in most of weather zones that innuence the pavement temperalure and 

previous case studies where zoning of binders such as in Thailand, South Africa and 

Sud~in. Previous test results carried out in evaluating the performance of binders when 

exposed to high and intermediate temperatures to compare with my findings has been 

presented. 

Chemistry of Bitumen 

The composition of bitumen is highly dependem on the crude oil source because of 

different geological conditions while the crude oil is being formed. According to Read 

and Whiteoak. 2003. Asphalt Academy. 2007 stated that bitumen has a highly complex 

composition which comprises of mostly hydrocarbons with small quamities of sulphur, 

nitrogen. oxygen and very small amounts of metal such as iron, calcium, magnesium, 

nickel and vanadium. The exact composition of bitumen is different for each crude oil 

source because of the origin, mod ifications developed during the manufacturing 

process and in-service ageing but it usually varies between certain percentages as can 

be seen in Table 1.2. These elements form four constituents in bitumen namely 

asphaltenes, saturates. aromatics and resins . Figure 1.1 shows how these four 

constituents are separated from each other (Zyl. 2018). 
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Bitumen 

I 
n-heptane 

precipitation 

Solubles I Insolubles 

I I 
Filler Precipitate of 

I asphallenes 

Silica gel/alumina 
chromatography 

I 
I I I 

E lulion with Elution wilh Elution wilh 
n-heptane toluene toluene/methanol 

I I I 
Saturates Aromatics Resins 

Figure 2. 1: Separation of Bitumen cons1iwems (Zyl. 2018) 

T ti 2 l El a Je ementarv B' Humen c omr,os111on ( (Z I ?0 18) ~v . -
Element Percen tal!e 
Carbon 82-88 

Hvdrogen 8-1 1 
Sulohur 0-6 
Oxvoen 0- 1.S 
Nitrogen 0- l 

As1>haltencs 

Asphahenes are insoluble black to brown amorphous solids that contain carbon and 

hydrogen with some oxygen, sulphur and nitrogen. Asphaltenes have a fa irly high 

molecular weight which ranges from l.000 10 I 00. 000 with a particle size of S to 30 

nm and are considered to be highly polar. Rheological propercies of bitumen are highly 

dependent on the asphaltene comenl. An increase in the asphaltenes would produce a 

harder bitumen with a lower penetration and a higher softening point and will make 

the bi tumen more viscous. Figure 1.2 shows a typ ical asphaltene molecular strucnu·e. 

11 



Figure 2.2: Asphaltenes molecular struccure (Zyl, 2018) 

Where: 

C=Carbon 

R = Alphalic, naptheric or aromatic carbon chains 

Saturates 

Saturates are non-polar viscous oils thai have the lowest molecular weight with a range 

of 300 to 2000g/mol. They consist of branched or straight chain aliphatic hydrocarbons 

with alkyl-naphthenes and some alkyl -aromatics. Figure 1.3 shows the two types of 

saturate structures in bitumen, namely waxy and non-waxy. 

H R H II 

I I I I R-?-y-9-9-R 
H H R .. 

Figure 2.3: Saturate. molecular structure (Zyl, 2018) 
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Where: 

C= Carbon 

H = Hydrogen 

R = Alpha! ic, naptheric or aromatic carbon chains 

Aromatics 

Aromatics comprise of naphthenic aromatic compounds which represent the biggest 

ponion of bitumen. It is a dark brown liquid and has the same molecular weight as 

saturates. Aromatics are also non-polar carbon chains and have a h igh dissolving 

ability for other high molecular weight hydrocarbons. Figure 1.4 shows a typical 

aromatic molecular structure. 

Resins 

R 
I 

R,c /c ~c/R 
II I 

R_,...C , C -;rC , R 
I 
R 

Figure 2.4: Aromatic molecular structure (Zyl, 2018) 

Res ins are largely composed of carbon and hydrogen and contain small quantit ies of 

nitrogen, sulphur and oxygen. Resins have a dark brown colour, are polar by nature 

and can be e ither sol id or semi-solid. Because of their polar nature, resins are a very 

..uong adhes ive. The molecular weight of resins range from 500 to 50,000 g/mol and 

they have a particle size of l lO 5 nm. 
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Bitumen Structure 

Bitumen has a type of colloidal dispersion system which consists of two different 

phases namely the dispersion phase and the continuous liquid phase. Asphaltene 

micelles. dispersed or dissolved. form the disperse phase and the saturates and 

aromatics form the continuous liquid phase. The resins promote a good dispers ion of 

the solid-state asphahenes in the saturates and aromatics. When the bitumen has a 

sufficient quantity of resins and aromat ics the asphaltene micelles can move freely in 

the bitumen. These types of bitumen are known as SOL type bitumens and are 

illustrated in Figure 1.5. When there are not enough res ins and aromatics in the 

bitumen, the micelles can bind together further and form a network of asphaltenes. 

This network is then filled with an intennicellar fluid of mixed constituents. These 

types of binunen are known as GEL type bitumens and are shown in Figure 1.5. 

Aggregation and solvation provide the colloidal behaviour of the asphaltenes in 

bitumen. The degree to which the asphaltenes are dispersed will have a considerable 

influence on the viscosity. The viscosity is also dependent on changes in temperature. 

According to Asphalt Academy (2007) unmodified bitumen has a Newtonian 

behaviour due to weak interaction between molecules at high temperatures (above the 

bitumen's softening point). whereas the temperature change is directly proportional to 

the viscosity. 
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Figure 2.5: Bitumen 1ype struc1ures: SOL type (Left) and GEL type (Righi) (Zyl, 2018) 

Bitumen varies widely in consistency from solid to semisolid at normal air 

temperatures (Al. 2005). >Vhen bitumen is heated, it softens and is able to coat around 

particles during asphalt hot mix production. It has been used in road construction as a 

binder in pavemem construction and in surfacing. When discussing bitumen, attention 

regarding its rheology is paramount. Rheology is the science that deals with 

deformation and flow of materials. Rheology of bitumen is important in determining 

the properties that give qualitaiivc and quamitative relations to performance of asphalt 

mixtures, specifying bitumen grades, est imating effects of ageing and in developing 

new binders. Research has shown that Superpave performance graded binders perform 

better than penetration types in asphalt pavemem construction (AL 2003) because they 

tend to incorporate environmental and climatic conditions. The Performance graded 

binders usually include measures describing stress-strain relationships that can link 

laboratory-measured parameters to in-service pavement pe1formance. PG considers 

pavemem conditions like temperature, traffic speed and volume and pavemem 

structure. Extensive research has been conducted on the topic of asphalt performance 

testing which has demonstrated that use of such laboratory simulation tests like rolling 

thin film oven tests. dynamic shear tests on virgin and aged bitumen can improve the 
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longevi1y of asphall pavemen1s and indeed reduce on the risk of early deterioration 

(Eshan V. Dave. 2011). The PG sys1em measures the physical properties of binders 

through tests that are intended 10 be directly related to field performance by 

engineering principles. These tests are conducted under the temperature extremes that 

a pavement experiences ro simulate the three critical stage of a binder's life. namely: 

• First stage - transporrnt ion, s1orage and handling prior to mixing with aggregate: 

• Second stage - after mixing. production and construction (Rolling Thin Film 

Oven Test treaunent is used to approximate this stage of short-term ageing); 

• Third stage - binder ageing on the road (the pressure ageing vessel (PAV) is used 

to simulate long-1errn ageing of the binder). 

The United States of America under the Strategic Highway Research Programme 

(SrUlP), introduced perfo1mance prope11ies incorporating 1he complex shear modulus 

and shear angle that help grade different bitumens in terms of performance (FHW A. 

2011 ). The relationships between the shear modulus and pha.~e angles gave a guidance 

on the performance criteria. ln a few areas of the Gulf. modifications of the binders 

were not required in applications where the pavemem temperatures were less than 

64°C. It was however studied 1hat more than 50% of the Gulf countries experienced 

maximum pavement temperatures of 76°C implying that asphalt binder modifications 

were required to achieve maximum pavement perfom1ance (Wahabb, 1998). 

ln China, rutt ing has been one of the major distresses observed on asphalt pavement 

due to increasing traffic volume. heavy axle load, cominuous hot weather, etc .. 

especially in long-steep-slope sections. hus stops, etc. Many facwrs would affect 
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rutting resistance of asphalt pavement. including material properties, climatic 

condition, traffic volumes, speed, and axle types. and constroction qua lity (Zou, 2017). 

Figure 2.6: Pavemenc distress in China (Zou, 2017} 

ln Uganda, we have experienced pre-mature deterioration of asphalt concrete 

pavements on newly constructed road pavements. Such road Jinks include the Jinja -

Bugiri - Malaba road, the Northern Corridor Route - Kampala - Masaka - Mbarara -

Kabale - Katuna road. below is a pict0rial view of some defects captured during the 

site surveys; 

Figure 2.7: A~phall concrete surfacing along Mbarara - Kabale section 

These failures have largely been attributed to inadequate designs, construction 

methods, increased axle loads, traffic volumes and speed, laxity in supervision and 

quality of materials used during production and construction of asphalt concrete 
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pavements. Based on the failure mechanism. this research focused on the quality of 

asphalt binders used s ince it was the only material which was not locally available. It 

has also been observed that there bave been replacements of the Design Consultant 

specified pe1formance grade binders on some road projects by "equivalent bitumens". 

For example. on the Mbarara - Ntungamo - Kabaale - Katuna road, Lot 2, penetration 

grade bitumen 20/30 was used as an alternative of the PG 76-10 originally specified 

by the Design Consultant. The criteria for replacing the PG 76-10 was the similarity 

in penetration values obtained and brittleness resistance as indicated by fraas breaking 

point testing provided by the suppl ier of up to -7°C. It was worth noting that the asphalt 

pavement experienced pre-mature deterioration as presented in Figure I. 7 above. 

Therefore. this research focused on going beyond the bitumen consistency property 

testing and determined the actual rheological and physical properties of the bitumens. 

2.2 CLASSIFICATION PROPERTlES OF BlNDERS USED FOR AC PAVEMENT 

Bitumens can be classified using their consistence properties. The consistency 

properties were detennined through penetration testing at 2s0c. flash and fire points . 

solubi lity. ductility at 25°C. softening points. specific gravity and viscosity tests. 

In Thailand, a study was carried out to measure the consistency properties of common 

penetration graded binders since there was luck of capital investment to acquire the 

performance graded propert ies like complex shear modulus and phase angles that 

provide high temperatures of the binder and predict the hardening. rutting, fatigue 

damage and thermal resistance (Charoenlham, 2012). The Table below presents the 

test results obtained during the study; 
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Table 2.2: Current Asphalt Binders Used in Thailand ( (Charoentham, 2012) 

Pen @ 25°C TR&s PI 
RTFO R'rFO · RTFO 

Source Pen PG Original -AR PAV Oriitinal AR PAV Ori1?ina1 - AR PAV 

I 60170 64-22 63 38 23 47.1 52.3 58 -1.4 -1.2 -1.0 

II 60170 64-22 64 39 24 46.3 52.3 57.3 -1.6 • 1.2 -1. I 

I.LI 60170 64-22 I 70 43 29 45.6 50. 1 54.6 - 1.6 -1.S -1.3 

IV 60170 64-22 69 42 28 46.7 50.7 55.9 - 1.3 -1.4 ·I. I 

v 60170 64-22 68 38 24 48.5 55 62 -0.9 -0.6 -0.2 

Minimum 63 38 23 45.6 50.1 54.6 -1.6 -1.5 -1.3 

Maximum 70 43 29 4 8.5 55 62 ·0.9 -0.6 -0.2 

1\verage 66.8 40.0 25 .6 46.8 52.I 57.6 -1 .4 -1.2 -0.9 

STD EV 3. I 2.3 2.7 I. I 1.9 2.8 1.3 0.3 0 .4 

85% Percentile 69 42 28 I 47.7 53.4 59.6 - 1.1 -1.0 -0.7 

In West Virginia. studies were perfonned to evaluate the precision of test results of 

performance graded asphalt binder testing equipment and testing protocol provided 

residues of rolling thin film oven test le>s than 0.5% (Zaniewski. 2004). An overview 

is presented in Table 2.2 below. It was noted that the mass loss obtained while using 

Lhe rolling thin film oven test ranged between 0.04 to 0.31 %. These values were 

within the permissible limits (not exceeding 0.5%). Details of the test rewlts are 

provided in Appendix I of this report. The decision was made to proceed with the 

testing program and to note any differences observed between the Dynamic Shear 

Rheometer (DSR) tests conducted from drained Roll ing Thin Film Oven Test residue 

and from scraped Roll ing Thin Fi lm Oven residue. No significant differences were 

observed in the Dynamic Shear Rheomctcr test results on residue collected by the 

different meLhods. 
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In Uganda, consistency testing has been carried out on asphalt binders confonning 10 

the requirements of Table 4202/l of the General Specifications for Roads and Bridge 

Works which largely relies on BS EN 1259 I: 2009. Table 2.1 provides an overview 

of the requirements provided in BS EN 12591: 2009. It is noted that physical 

property testing is not emphasized by this requirement and yet it is the only basis of 

predicting field performance based on laboratory simulations. 
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Table 2. 3 ·Penetration Rinder Specilications (BS EN 1.2591: 2000) 

Penetration Test Method Grade 

20/30 30145 35150 40160 sono 70/100 1001150 160/220 250/330 

Pene1ra1ion at 25°Cu EN 1426 20-30 30-45 35-50 40-60 :'i0-70 70-100 100- l :'iO 160-220 250-330 

Softening P1 °c Min EN 1427 55 52 50 48 46 43 39 35 30 

(Max) 63 60 58 56 54 5 1 47 43 38 

Resisiance IO hRrde.ning 

- Change of mass % Max. EN 12607-1 0.5 o.s 0.5 0 .5 0.5 0.8 () 8 1.0 1.0 

- Reta ined P<~nctration 55 53 50 50 50 46 43 37 35 

Min. 

- Sof1ening poim af1er 57 54 49 49 48 45 ..J I 37 32 

hardening. Min. 

Flash Point, Min. °C EN 22592 (b) 240 240 240 230 230 230 no 220 220 

Solubi li ty. Min. % EN 12592 99.0 99.0 99.0 99.0 99.0 99.0 990 990 99.0 

Kinematic Viscosity a1 IP 319 530 400 370 325 295 230 175 135 100 

135°C. Min. mm2/s 
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2.3 PHYSICAL PROPERTIES OF AVAILABLE ASPHALT CONCRETE BINDERS 

Physical properties of asphalt binders are useful in predicting the in-service asphalt 

binder performance. These properties include resistance to hardening, thermal 

resistance. resistance to rutting and fatigue damage. Recognis ing the limitations of 

empirical testing. the US Strategic Highway Research Program (SHRP) sponsored a 

major research effort to develop perfomiance based tests and specifications for binders 

and hot mix asphalt mixes. This resulted in the development of the Superpave 

Performance Grading (PG) S)'Stem which lrns had significani impact on binder 

specifications omside the US (Chin, 20 IO). However, the Superpave PG system has 

been shown to have a strong correlation wi th the Australian viscosity grading. 

Superpavc PG is essentially a surrogate of viscos ity. For this reason, the viscosity 

testing at high service te mperature should be high ly considered as the perfonnance 

based test many are looking for in their binders· specifications (Chin. 2010). 

Under the Performance Grading system. (M320-05). Strategic Highway Research 

Program researchers introduced two important properties to determine the 

performance grading of a binder over a range of temperatures and loading rates that is 

to say. complex modulus (G*) and phase angle (o) that are measured using a Dynamic 

Shear Rhcometcr. Table 2.2 overleaf indicates properties of the commonly available 

Performance Graded bitumen types: 
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Figure 2.8: Performance grading {PG) specification {Sabita, 2005) 

The PG grading system is based on climate, so the grade notation consists two portions, 

that is LO say. high and low pavement service temperatures (Aspalt Institute, 2005}. 

The major concern for high temperature performance is rutting. which typically takes 

time to accumulate. therefore an average of7 day maximum pavement temperature is 

used for describing the high temperature climate (AASHTO. 2012). On the low 

temperature side, thermal cracking can happen during one really cold night. Therefore 

the minimum pavement temperature is used for describing the low temperature 

climate. For both high and low temperature grade, PG grades are graded in 6°C 

increment. The average 7 day maximum pavemem tempermure typically ranged from 

46 to 82°C. and minimum pavement temperature typically ranged from -46°C to 

-1o•c. A binder identified as PG 64-10 must meet perfom1ance criteria at an average 

7 day maximum pavement temperature of 64°C and also at a minimum pavement 

temperature of -10°C. Please note that maximum pavement temperature is typically 
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higher than the air ternperarure by about 20°C since the dark colour pavement absorbs 

the heat and retains it. The maximum pavement temperature is typically measured at 

about 25mm below the pavcmem surface. However, the minimum pavement 

temperature occurs on the surface of the pavement and is equal to the air temperature. 

The common minimum reliability used is 98%. so that means when the PG 64-10 

binder is selected, the asphalt hinder in the AC pavement should perform satisfactorily 

under nonnal traffic condit ion at the location where the extreme pavement temperature 

are within the range of -10°C and 64°C throughout its service life with a min imum 

98% confidence level. \\/here the traffic condition is not typical. such as the really 

heavy traffic like interstate highway. or slow traffic such as bus stop or intersection 

area, one or two grades stiffer asphalt binder may be used to help prevent rutting. 

Physical properties of the PG binders arc measured at various temperatures both before 

and after laboratory aging (FHW A, 2011 ). The laboratory aging is conducted to 

s imulate field conditions imposed during the aspha lt pavement production process as 

well as from long-term environmental exposure. Physical property measurements 

include; 

Permanent deformation or rutting resistance 

This is a complex phenomenon influenced by packing of aggregate, stiffness and 

qual ity of the binder and underl ying support, and is compounded by high surface 

temperatures and high traffic volumes. Rutting usually occurs at higher temperatures 

and is measured by applying an oscillating shear stress and also measure the 

corresponding strain using the Dynamic Shear Rheometer (Sabita, 2005). It is a 

common type of d istress in hot mix asphalt layers. and can lead to ponding of water in 
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wheel tracks. which can be a serious road pavement hazard in wet weather. Rutting 

can also lead to poor riding quality, which in turn results in increased vehicle operating 

costs. From the stress suain relationship, the Materials Modulus will be deduced from 

the ratio of stress-strain which is indeed a measure of the material stiffness. The DSR 

test provides the Complex Shear Modulus. denoted as G* and phase angle,&. The ratio 

G· 
between Complex Shear Modulus and the s ine of phase angle =--;---; corresponds to 

Slnv 

rutting resistance. 

It is specified that the natting specification sc ·• > 1.00 kPa on unaged binder and 
O to 

G• . 
also s· • > 2.20 kPa on RTFO aged bmder. 

U!Q 

ln order to resist rutting. an asphalt binder shou ld be stiff (it should not deform too 

much) and it should be elastic (it should be able to return to its original shape after 

load deformation) . Therefore, the complex sbe.ar modulus elastic portion. G*/sin o 

should be large. When nming is of greatest concem (during an HMA pavement's early 

and mid-life). a minimum value for the elastic component of the complex shear 

modulus is specified. Intuit ively. the higher the G* value. the stiffer the asphall. binder 

is (able to resist deformation), and the lower the 8 value. the greater the elastic portion 

of G* is (able to recover its original shape after being deformed by a load) (Princeston, 

2003). 

Another way to look at this is that. nming is basically a cyclic loading phenomenon. 

With each traffic cycle, work is being done to deform the pavement surface. Part of 

this work is recovered by the elastic rebound of the pavement surface. while part is 

dissipated in the form of permanent deformation, heat, cracking and crack propagation. 
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Therefore, in order to minimize rutting, the amount of work dissipated per loading 

cycle should be minimized. The work dissipated per loading cycle at a constant stress 

can be expressed as: 

W, = rr q .,2 ( 
1

. 
8

) ... . .. . . .. . . ... . . . . . ... . . ... .. .. . . . .. . . . . .. .. Equation (2.1) 
G •I 5111 

Where: 

We= work dissipated per load cycle 

0 0 = stress applied during load cycle 

G* = complex modulus 

o = phase angle 

In order 10 minimize the work diss ipated per loading cycle, the parameter G*/sin o 

should be maximized. Similarly. the resistance to thermal cracking shall be determined 

by proper choice of binders taking into consideration the maximum temperatures that. 

a pavement is likely 10 experience at least in 7 days in its entire life. 

Resistance to fatigue damage 

This usuall}' occurs at intermediate temperatures. In the DSR test. the relationship. 

G*.s in o correlates to fatigue resistance and it is specified that G*sin 15 < 5000 kPa on 

PAV aged binder. In order to resist fatigue cracking. an asphalt binder should be elastic 

(able 10 d issipate energy by rebounding and not cracking) but not too stiff (excessively 

stiff substances wi ll crack rather than deform-then-rebound). Therefore, the complex 

shear modulus viscous portion, G* .sin 15 should be a minimum. When fatigue cracking 

is of greatest concern (late in an HMA pavement's life). a maximum value for the 

viscous component of the complex shear modulus is specified. Another way to look at 
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this is Lhat fatigue cracking can be considered a stress-controlled phenomenon in thick 

HMA pavements and a strain-controlled phenomenon in thin HMA pavemen!s . Since 

fatigue cracking is more prevalent in thin pavements, the parameter of most concern 

for fatigue resistance can be considered a strain-controlled one. With each traffic cycle, 

work is being done to deform the pavement surface. Part of this work is recovered by 

the elastic rebound of the pavement surface, whi le part is dissipated in the form of 

permanent deformation. heat. cracking and crack propagation. The lower the amount 

of energy dissipated per loading cycle, the less likely fatigue cracking is. Therefore, in 

order 10 minimize fatigue cracking the amount of work dissipated per loading cycle 

should be min imized. The work dissipated per loading cycle at a constant strain can 

be expressed as (Princeston. 2003); 

We= rrE/ ({G*}{Sin8}) ....... .. .. .......................... ...... ......... Equation (2.2) 

Where: 

W c = work dissipated per load cycle 

&o = strain during load cycle 

G* =complex modulus 

o = phase angle 

This relationship between G* .sin Ii and fatigue cracking is more tenuous than the 

rutting relationship. In order to minimize the work dissipated per loading cycle, the 

parameter G*.sin Ii should be minimized. Therefore. maximum values for G*.sin Ii for 

the DSR tests conducted on PAV aged asphalt binder are specified. 
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Tahle 2. 5- Dynamic Shear Binder Specifications (AASHTO, 2012) 

Material type Value Specification (AASHTO HMA Distress 
T 315) of Concern 

Un-aged binder G*/sin I) l.O kPa (0.145 psi) Min. Rutting 

RTFO Asphalt Residue G*/sin o 2.2 kPa (0.3 19 psi) Min. Rutting 

PAV Residue G*. sin I) 5000 kPa (725 psi) Max. Fatigue 
Cracking 

Studies were performed LO evaluate the precision of test results of performance graded 

asphalt binder test ing equipment and testing proLOcol provided high and low 

temperature dynamic shear rheometer test results on virgin and aged asphalt binders 

a~ presented in the Table 2.4 below (Zaniewski. 2004 ). 

Low Tem1>erature Cracking Resistance 

The low temperature characterization is analysed using the bending beam rheometer 

(BBR) test that determines the creep stiffness (s) of an asphalt binder at low 

temperatures. This therefore implies that if a binder is too stiff at serv ice temperatures, 

then low temperature cracking shall be expected (Princeston, 2003). 

There are two types of thermal cracking. namely low temperature cracking and thermal 

fatigue cracking. Low temperature cracking develops due to the entire pavement 

contracting and as a resu lt. the pavement is subjecced to tensile stresses within the full 

depth of the asphalc layer. Transverse cracks suddenly appear that run the full depth of 

the pavemem due to these su·esses. Thermal fatigue cracking. on the other hand, is 

when cracks develop from the surface downwards into the asphalt layer due lo the 

propenies of the surface course (Zyl. 2018). The high temperature range test results 

that predict pavement resistance w rull ing and fatigue damage are presented in 

Appendix I of this report. 
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figure 2.9: (Left) fatigue cracking, (Middle) Rutting and (Right) Low temperature 
cracking (Zou, 2017) 

Test results to measure accuracy of low temperature binder testing equipment provided the 

test results presented in Appendi x I of the report. The resul l~ obtai ned ind icated that the 

llindcr would resi st low temperature cracking. 

Resistance to pre-mature aging 

Asphalt binders undergo aging through the loss of volatiles (always known as loss of 

light ends) and oxidation (CITGO, 2003). Aging usually takes place during storage or 

transportation, during construct ion in the plant and placement at the site. Aging also 

occurs in the life of the pavement usually 7 - 10 years in service depending on the 

loading criteria and service temperatures (Princes1on, 2003). 

2.4 ZONING OF BINDER APPLICATION INV ARIO US REGIONS IN THE 

COUNTRY 

In the United States of America, the performance grading system of specifying asphalt 

binders has been adopted since it covers all types of environmental conditions. The 

system recognizes that the main distress mechanisms affecting pavement performance 

include rutting. fatigue damage and thermal cracking. Bitumen plays a major role in 

resisting those fai lure mechanisms mentioned above. The system recognizes that the 

resistance to those distresses arc not similar and are measured at d ifferent temperatures 
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that seem to simulate field conditions (M.F.C. van de Vent. 2004). Acceptance of 

binder is based on specific pavemcm temperature and traffic conditions. 

ln Thai land. a relationship between high temperature and low temperatures was 

developed by simply measuring the air temperature and pavement temperature at the 

surface and 50mm below the surface. This activity was done in five regions of 

Thaihmd. A linear regression was developed using the measured air temperatures as 

the independent variable and pavement temperatures as the dependent variable. In th is 

relationship. wind speed, sun radiation. moisture in the atmosphere were not 

considered (A.Charoentham, 20 12). 

Table 2.6: Maximum Pavement Design Temperatures for Thailand (A.Charoentham, 2012) 

Region % Rel iability T n1r 17 <bv" . Maix) °C ·TPAV <esurf<KC' ngx. UC T p,w to SOmm (Max) °C 
North 50 41 42 44 

98 45 5 1 54 
North East 50 41 47 48 

98 43 55 57 
Central 50 40 48 49 

98 44 57 59 
East 50 38 47 47 

98 42 56 57 
South 50 38 39 44 

98 40 47 53 

The low pavement temperatures at the surface was obtained by us ing the Super pave's 

low temperature model at the pavement surface given by; 

T PAV@SURFACE (mm) = 0.286+0.692T AIR (m;nl . ... ......... .... ........ ............ . .. . Equation (2.3) 

However, at any specified depth, the low temperature can be obtained through 

To (m;n) = TrAV6.lmm (Mio>- ((0.00123TPAV6Jmm (Ml•J (d-6.4)) + 0.0 146(d-6.4) ...... Equation (2.4) 

Where 
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Tdonin\ = Minimum Pavemem Tempermure at Depth. d 

d = Depth from surface 

Tr"V65mm (Min =Minimum PavemenL Temperature at 6.4rnm 

= 2.2 + 0. 778T."R (~llNl for air tempermure below 0°C. ..... Equation (2.5) 

= 6.83 + l.Ol4TA1RcMrNJ for air temperature above 0°C .. .. Equation (2.6) 

The Table below ~hows the minimum pavement temperatures for Thai land; 

Tnble 2.7: t\fo1imum Pnvemcnt Design Tem1>eratu res for Thailand (A.Charocmham. 20 12) 

Region '7o T :11: (Mii11" C "f PAV @~url.>C't ~l 1n• T PAV 4i 50n1m Temperature 
Reliabil ity oc <Mini OC Zoning 

North 50 5 4 12 -2 to 54 °c 
98 - I -2 6 

North East 50 6 4 13 o0c to 57 •c 
98 2 0 9 

Central 50 10 7 17 1°c to 59°C 
98 4 I 11 

East 50 12 9 19 4°C to s1°c 
98 8 4 15 

South 50 16 11 22 s0c to 53°C 
98 JO 5 16 

Based on the volume and speed of traffic. a performance grade with maximum 

temperature of 70° C was considered. 

Table 2.8:· Proposed Performance Graded Binders for Thailand (A.Charoentham, 2012) 

Proposed Grade PG 58 PG64 PG 70 

High Temperature Grade 58 64 70 

Low Temperature Grade +8 I +2 1-4 +8 I +2 I -4 +8 I +2 1-4 

In South Africa, zoning of asphalt binder application has been done in a way to 

achieve maximum pavement performance. The principle rules included; 

32 



• Performance grading zoning should rely on bitumen specific constituent 

models of stress - strain relationships under loading conditions experienced in 

the field; 

• Consider pavement conditions including temperature, traffic volume and 

speed; 

• Acceptance limiLS deri ved from experience and documented field perfomiance. 

In the case of the first criteria, the existing van der Poe) nomograph which allows 

estimation of creep sti ffness at a range of temperatures and loading times using lbe 

penetration index can be used to derive the bitumen constituent models based on 

Penetration and softening point measures (M.F.C. van de Ven I, 2004) .. 

For the case of pavement conditions like temperatures, details were available at the 

weather bases in South Africa to obtain the maximum and minimum design pavement 

temperatures. These were used to zone the performance grades needed for various 

regions in the country. 

Based on experience and past field pe1formance, several binders would suit the 

temperature ranges in the different regions. An overview is presented in figure 2.2. 

(M.F.C. van de Ven I. 2004). 
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Figure 2.10: Van der Poe I Nomograph 
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Figure 2.11 : Design Pavement Temperatures in South Africa (M.F.C. van de Ven I, 2004). 

Regarding the acceptance limits, the performance ought to be selected such thai the 

acceptance limits or the binders are fu lly defined in relation to workability, rutting 

resistance and fatigue res istance. 

In Sudan. based on the equation developed by SHRP researchers, determination of the 

highest and minimum pavement design temperatures has been done and divided the 

country into two major categories of performance graded binders (Kobbail, 2005). The 

categories recommended are PG 70-10 and PG 64- 10 . The daca was obtained from 
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eighteen weather stations (Kobbail, 2005). They used theoretical analysis of actual 

conditions performed with models for net heat now, energy balance, and assuming 

many factors each with a typical value such as solar absorption (0.9), radiation 

transmission through air (0.81), atmospheric radiation (0.7) and wind speed (4.5 m per 

sec). The equation for Maximum Pavement Temperatures at 20mm depth is as follows; 

T2omm = (T.;, - 0.00618Lat2 + 0.2289 Lat+ 42.2) (0.9545)- 17.78 ....... Equation. (2.7) 

Wl1ere, 

T1omm = High pavement design temperature at a depth of 20 mm 

T,;, =Seven-day average high air temperarure. °C 

Lat = The geographical latitude of the project 

Similarly, the Canadian Strategic Highway Research Program measured and designed 

low pavement temperatures based on data captured from the eighteen weather stations. 

The Equation developed for the Low Temperature is provided below; 

Tmin = 0.859Tair + l.7 ............. ..... . .... ... ...... .. ... .... .. . .. , .. .... .. .. Equation (2.8) 

Where: 

T min= Low Pavement Design Temperature at 20mm depth; 

T.;, =Air Temperature. 

The tables below show the maximum and minimum pavement temperatures measured 

in the various states in Sudan. 
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Table 2.9: Sudan Average Maximum and Minimum Temperatures (Kobbail, 2005) 

ST . 2 00 1 2002 2003 2004 2005 
>Jo. yc nr Avg Miu Avg Min Avg Min A v it Min A,·g Min 

I~ 
111.aX ( 1-day) 111a x ( 1-day) llll\X ( 1- llL'lX ( I-day) 111a x ( 1-day) 

(7-day) (7-clny) (7- day) (7-day) (7-day) 

' d a y ) 
Na1ue High.:s1 LO\V¢S[ High.: s t L ow.: s t High.:s1 L ow.:s t High.: st Low.:st High.:s r Low .:sr 

co c ., c ., C "' c o co co co co co 
1 \Vau 39.64 11. 70 4 0 .00 12.00 39.66 15.20 39.93 15.00 4 0.29 15 .00 , Ar bra 45.41 12 .0 0 45.50 7.50 45. 17 10.00 45.54 8 .50 45.27 8.20 
3 Elfas h.:1· 4 0.49 5 .0 0 4 0 .8 7 4 .30 40.64 8.2 0 4 0.71 6 .4 0 4 0.51 4 .20 
4 E lsz.:n.:na 39.84 7 .00 4 0. 14 5 .50 39.71 8.00 39.47 9 . .20 3 8 .99 8.00 
5 S .:iurn1· 42.0 6 9 .00 43 .51 4 .70 4 2 .65 7.70 4 2.93 9 .0 0 43.0 9 7 .4 0 
6 Malaknl 40.6 7 11.50 41 .00 12.50 41.54 13.60 4 2 .14 13. 50 42.10 15.50 
7 >Jvala 39.96 11 . .20 41.0 4 9 .00 40.33 12.00 4 0 .50 11.50 4 0 .56 10.90 
8 W a di 7 .00 44.99 6.00 44.6 9 6. 50 44.24 4 .00 44.06 4 .50 

H alfa 44.0 3 
9 El 41.29 10. 50 41 .8 6 9 .50 41 .79 11.00 41.25 11. 50 4.2.16 11 . 70 

D ru.unzin 
10 Donszla 46.19 7 .3 0 46.17 3 .60 4 6.06 5 .3 0 4 6 .14 4 .60 46. 10 6 .00 
1 I P o rt 44.04 14.00 4 .2 . 7 7 1.2.00 4 3 .40 1.2.00 43.12 13 .00 4 3.04 15 .30 

Suda n 
1.2 Kassa la 41.99 13 .50 43.41 8.20 42.7 1 1 1.50 42.74 10.30 42.9 0 11. 30 
13 Juba 39.54 13.70 39.40 14. 50 39.94 14.00 39.56 14.50 41.3 6 13.80 
14 Rashad 37.86 12.00 38.63 9 .00 39.30 14.20 39.00 14 .50 3 9.06 11.50 
15 Elsz.:dar.:f 42.26 13.60 43.66 10.50 43.07 14.00 42.63 13.10 42 .96 12.00 
16 Elobi.:d 40.30 9 .00 41.54 7 .00 41.51 10.50 41.43 9.80 41.5.~ 9 .00 
17 KhartOUUl 43 .36 10.50 44.14 S.60 4 3 .36 1.2.00 44.0 1 11 .00 4 3 .46 10.30 
18 K a duszli 41.29 11.60 4 1.7 1 7.50 41.97 7.60 41.76 8 .50 41.97 10.0 0 
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High Pavement Design Temperature 
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Figure - 2.12: High Pavement Design Temperatures in Sudan (Kobbai l. 2005) 

Low Pavement Design Temperature 
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Figure - 2.13: Low Temperature Design Temperature (Kobbail, 2005) 
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The Maps below show the typical Binder application based on pavement temperatures 

measured in the various states in Sudan; 

Figure 2.14 
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Figure 2.15: Zoning of Binder application in each state in Sudan (Kobbail, 2005) 
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Uganda experiences generally higher temperatures that no low temperature risk is 

envisaged to affect the eventual asphalt pavement. The perfonnance of bituminous 

mixtures varies from region to region based on the variation of environmemal factors. 

Based on record from the meteorological cemre the Northern districts experienced 

highest temperatures with isolated areas in Kasese. These varied from 40 to 37°C 

(Bmaze. 20 16). 

To achieve satisfactory pavement performance, an asphalt binder that conforms to the 

dai ly average 7 day maximum temperatures and traffic loading is key in determining 

the most economical binder type and grade for the asphalt concrete design miit. The 

figure below shows the maximum and minimum 7 day temperature variation in 

Uganda. 
"" 0 50 1QOU. l 

°"'{_ '° '!00"' SUDAN 

I.. ' ' 

OEM. REP. 
~ 

OF THE 
COHCO 

Figure 2.16: Air Temperatures in 
Uganda (Bataze. 2016) 

A linear regression model in the form y = a+ bx1 + cx2 + E was sought for 

Uganda to relate latitudes, air and pavement temperatures. where a is a constant 

, band care regression coefficients, y is the dependent variable (pavement 

design temperature) and x1 and x2 represent the maximum or minimum 

temperatures and latitudes respectively and e is the error in the model. 
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CHAPTER THREE: l\llETHODOLOGY 

3.1 INTRODUCTION 

This chapter provides Lhe necessary equipment and test procedures to achieve Lhe 

objectives. II further describes the scope. conditioning of asphalt binders before 

testing, the Standards fol lowed to achieve the test results and the temperature 

measurements that informed the temperature zoning of the binders in the d ifferent 

regions of the country. 

3.2 STUDY AREA 

The study was conducted in Uganda and bitumen samples were obtained from ongoing 

road construction s ites. The selected binder sources included; 

• Capacity improvement of the Kampala Northern Bypass project involving use 

of penetrat ion grade bitumen 35/50. The Civil works coatractor is Mota-Engil 

Africa. The Supervision Consultant is COWi A/S: 

• Upgrading of Kamuli, Gulu and Arua township roads where penetration grade 

bitumen 50170 was being used. The Civil works Contractor is China 

Chongqing International Construction Company (CJCO) and Supervision 

Consultants is the in-house Uganda National Roads Authority (UNRA); 

• Mbarara Bypass project where pcrfonnance grade bitumen, PG 76-10 was 

being used. The Civil works contractor was China Railway Engineering Group 

Seven. The Supervision Consultant is COW! A/S; 

• Upgrading of Mukono - Kayunga - Njeru road project involving use of 

performance grade bitumen. PG 70-10. The Civi l works comractor was SBI 

International Holdings AG and Supervised by M-PEP and Multi-plan. 
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3.3 SAMPLING TECHNIQUES, SIZE AND INSTRUMENTS 

Three representative samples of bitumen from each selected road project were 

obtained following procedures provided in BS EN 58: 2004 and BS 2000: Pan 474: 

2004 (BSi, 2004). The samples from the Capacity Improvement of Kampala Nonhem 

Bypass Project, Mukono- Kayunga- Njeru project and Mbarara Bypass Project were 

obtained using pemianently installed systems. The samples from Kamuli, Gulu and 

Arua Township road projects were obtained using hand tools like chisels and hammers 

from drums. 

The samples were clearly and durably labelled and delivered to the Central Materials 

Laboratory, TanRoads Agency, Dar Es Salaam, Tanzania for test ing. 

3.4 TESTING PROCEDURE 

Testing commenced witb consistence tests to confirm the Binder Classifications. The 

classification cests included penecration tests, ductility, specific gravity, viscosity, 

softening point, flash and fire points. The Binders were then subjected to physical 

property testing staning with virgin samples and ending wid1 aged samples. The 

physical property 1es1ing provided in-service properties using laboratory simulation 

tests. These tests included rolling thin fi lm oven tests, Pressure ageing vessel, 

rotational viscosity and dynamic shear. Testing was done at CML TanRoads, Dar es 

salaam, Tanzania. 

3.5 DATA PRESENTATION 

Test results were presented on Standard Test Forms and summarised accord ingly as 

shown in Appendix I to give a quicker overview in interpreting results. Further 

41 



presentation were made in form of figures with representative graphs showing the 

overall behaviour of the materials. 

3.6 DATA ANALYSIS 

The test results obta ined were analysed using Micro soft excel. 

3.7 RESEARCH APPROACH Ai"ID DESIGN 

This research was experimental since different bitumen samples were taken for 

laboratory testing to classify them and determine the consistency and physical 

propenies. Air and pavement temperature measurements were taken to obtain the 

relationship between air temperature, pavement temperature and locat ions of the 

weather stations. 

3.8 CONSISTENCY TESTS 

Samples were tested for handling propenies to detennine the penetration value and 

specific gravi ty and thus confi rm the class ificat ion of the binders. Binders were further 

tested for ductility co measure their tensile res istance. flash po im co understand the 

safety in ha11dling the various bitumens. softening point to determine the tendency to 

flow during service in elevated temperatures, viscosity for fluid in mixing and 

pumping and ductility to measure the cohesive abi li ty of a binder. These were tested 

in accordance with the relevant AASHTO testing procedures. 

3.8.1 PENETRATION TESTS (ASTl\1 D 5-86) 

A: OBJECTIVE 

Penetration test was canied out to measure the consistency of bituminous materials 

expressed as the distance in tenths of a millimetre that a standard needle vertically 
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penetrates a sample of the material under known conditions o( loading, loading time 

and temperature. The distance the needle penetrates in units of 1110 mm is tenned as 

the penetration value. This method however applies to penetration values in the range 

of 2-500. Penetration tests is usually carried out on virgin binders to confirm the 

classification of penetration grade asphal t binders. 

B: SIGNIFICANCE 

The significance of the penetration test was to confinn the binder nomenclature and thus 

classification. 

C: SAMPLE PREPARATION; 

Heated bitumen was poured in co two penetration tins filled to at least lOmm above 

the expected penetration depth. They were immediately covered to protect them from 

dust using lids and allowed to cool. These samples were later placed in a transfer 

containers and placed in a water bath to achieve the test temperatures. 

D: TEST APPARATUS 

• Standardized Pcnctrometer; 

• Standard penetration needle; 

• Penetration cups; 

• Stop Watch with accuracy of O. ls; 

• Perforated plate supponed minimum 50mm above bottom of the bath and 

minimum 100111111 below the water surface; 

• Water bath 

• Standardized thermometer; 
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• Calibrated 1henn ometers to calibrate the water bath: 

• Source of light 

E: TEST PROCEDURE 

1. Well prepared samples were placed under the penetracion needle and levelled 

venicall y below the spindle: 

11. The spindle was lowered for the tip of the needle to just torch the top of the 

bitumen sample in the can: 

iii. The need le was released for about five seconds and later the read ing on the gauge 

was recorded: 

iv. The test was conducted each time using two cans and an average value was taken 

as the accepted penetration value; 

v. This data was recorded in a standard form for analysis 

F: REPORTING 

The depth of penetrat ion of the needle in the cup conta ining the bitumen sample was 

read off the scale and recorded to the nearest whole number. 

3.8.2 FLASH AND FIRE POINT TETS (ASTM D 92-90 & AASHTO T 48) 

A: OBJECTIVE 

Flash point is defined as the lowest temperature at which the vapour from a liquid is 

ign iced by an open flame. Fire point is the lowest temperature at wh ich the liquid will 

continue to bum without further heat supply for at least 5 seconds. Fire point 

ccmperatures arc usually higher than flash point temperamres. 
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The major objective of the test was to measure the binders' combustibility. Flash and 

fire points give temperarure ranges for safe handling of asphalt binders . 

B: SIGNIFICANCE 

The importance of carrying out the flash and fire point tests was to determine the 

temperature above which asphalt binders shall not be heated and ensure safe hand ling 

of binders. 

C: SAMPLE PREPARATION: 

The material in the conta iner was heated to about 40°C or just below the expected 

flash poim to allow it to be placed in a cup. The cup was fi lled with then sample unti l 

the requi red mark. 

():APPARATUS 

• Cleveland open cup apparatus; 

• Square shield. 460mm wide by 610mm tall , with open front; 

• Gas supply with Test flame wi th rad ius not exceeding I 52mm; 

• Temperature measuring thermometer, ASTM I JC; 

• Barometer for confirming the atmospheric pressure. 

E: PROCEDURE 

1. The apparatus was set up in a dust free room shielded from strong light to 

ensure the accurate determination of flash point; 

11. A them1ome1er was placed vertically and the tip in the sample in the cup with 

the bulb about 6.4mm above the bottom o f the cup and located at a point half 
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between the cemre and the side of the cup on a diameter perpendicular to the 

arc of the sweep of the test flame and placed on the opposite side; 

111. Asphalt binders were obtained from their containers. pre-heated just below the 

expected flash point and placed in the sample cup to the requ ired mark. 

iv. The samples were then heated starting with high rate and then gradually 

reducing towards the flash point with a test flame between 3.2 to 4.8mm 

diameters being passed over the surface of the bitumen sample in cup usually 

2mm above the surface of the binder; 

v. The rate of heating was approximately J 7°Ctminute init.ially and 5-6°C before 

attaining 1he expected flash point; 

v1. \Vhen a flame just started to show up a1 the top of the bitumen in the sample 

cup, the temperature was recorded as the flash point; 

v11. Further heating of bitumen and passing of the test flame over the sample cup 

prnvided a continuous flame for about 5 seconds; 

v111. This temperature was recorded as the fire point; 

ix. Care was taken to remove any bubbles on the surface of the binder in cup to 

ensure false !lames were no1 recorded; 

x. There was no need io apply the conversions during the test result calculations 

since we maintained atmospheric pressures throughout the testing process. 

Otherwise. Corrected Value= C + 0.03x (760-P) would apply. 
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Figure 3.1; Flash and Fire Point Test 

It was worth noting that a significant difference between flash point and fire point 

temperatures indicate generally the presence of highly volatile and flammable 

materials in a relatively non-volatile or non-flammable material. 

F: REPORTING 

Three trials were recorded to the nearest I 0c and the average temperature was taken 

as the flash point and fire point. 

3.8.3 SOFTENING POINT (ASTM D 3461-14) 

A: OBJECTIVE 

Softening point is a consistency test carried out to measure the temperatures at which 

asphalt binders tend to flow at elevated temperatures during in-service performance of 

asphalt concrete pavements. 

B: SIGNIFICANCE 

The test was important in describing the maximum temperatures at which the bitumen 

binders can be heated during road operations. 
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C: SAMPLE PREPARATION 

Samples were obtained from their original containers and heated in the oven lO ensure 

that they could be retrieved and fi lled in the softening containers. The samples were 

filled in the containers and allowed to cool down just below 1s0c. 

D:APPARATUS 

• Softening point apparatus; 

• Ring and balls 

• Temperature measuring thermometer 

• Heat source; 

• Stirling rod 

E: PROCEDURE 

1. The prepared samples in the ring were carefully placed in the water bath with 

balls placed on them; 

11 . The samples were subjected to gem le heating, r is ing the temperature gently; 

iii. The temperature of the water in the bath was adequately maintained by 

continuous mixing or sterling using a glass rod to ensure uniform distribution 

of temperatures and thus bitumen softening at the same rate; 

iv. The balls were observed passing through the rings and when they reached the 

both d isc. such temperatures were noted; 

v. An average temperature was calculated for such balls that fell at different 

periods of time; 

vi . The average value was recorded as the softening point of each binder. 
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Below are figu res showing how different binders softened; 

Figure 3.2; Softening Point in Progress 

F: REPORTING 

An average of two trials was recorded as the softening point to the nearest whole 

number. 

3.8.4 SPECIFIC GRAVITY (ASTM T228/D70) 

A: OBJECTIVE 

To determine the ratio of volume of semi-sol id bitumen ro the volume of water at 

room temperature. 

B: SIGNIFICANCE 

• To determine the quantit ies of material~ in the job mix formula; 

• To classify the materia ls according to the Specific gravity; 

• To determine the foreign material present. 

C: SAMPLE PREPARATION 

The Bitumen samples were carefully hearted in an oven until they become sufficiently nuid 

to pour out. The heating did not exceed 30 minutes. 

D:APPARATUS 

• Specific gravity bottles of25ml capacity; 

• Water bath with them1ometer; 

49 



• Weighing Balance. 

E: PROCEDURE 

1. the asphalt binder was heated to (75 - J00)°C: 

11. the asphalt binder was mixed dw·ing the heating continuously for gett ing a 

uniform and with no voids asphalt : 

111. the pycnometel' was cleaned and weighed; 

iv. the pycnometer was filled with pure water at 25 °C and weight it; 

v. the pycnomctel' was half filled with asphalt binder then cooled for half hour 

in water at 25°C and weighed; 

vi. the rest of the space remaining was filled from the pycnometer in step (v) 

with water at 25°C and weight it: 

vii. the results were then computed. 

F: REPORTING OF RESULTS 

The Specific Gravity was recorded to the nearest three decimal places. 

3.8.S DUCTILITY (AASHTO T 51-94 & ASTM D 113-86) 

A: OBJECTIVE 

Ductility is the measure of the cohesive strength of a binder. It is done by stretching a 

standard-sized briquene of asphalt binder unti l its breaking point. The stretched length 

in centin1etres at break ing is then reported as the ductility. This is an empirical test and 

is only tested at 25 degrees centigrade. 

B: SIGNIFICANCE 

The test provided the visco -elastic behaviour of a binder. This test was important as it 

measures the binder's resistance to temperature change cracking and fatigue cracking. 
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C: SAMPLE PREPARATION 

Bitumen binders were heated to ensure they can flow imo the test apparatus and then 

cooled down in a water bath at a temperature of about 27°C. The excess bitumen is 

cut off or trimmed off using a hot knife. The binder in the moulds were then kept in 

the water bath of the ductility machine for about 90 minutes. 

[):APPARATUS 

• Water bath capable of maintaining 25 degrees centigrade; 

• Ductility testing apparatus: 

• Briqucne mould including base plates: 

• Thermometer; 

• Release agent; 

• Oven: 

• Trimming tool: 

• Specific gravity additive; 

• 0.300mm sieve: 

Figure 3.3: Ductility test 

E: PROCEDURE 

1. Assembled the ductility testing machine: 
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11. Applied the release agent on the base and sides of the mould to prevent the 

binder from adhering on the surfaces; 

iii. The s ides were then removed. the clips hooked on the machine and the ductility 

machine operated to elongate or stretch the binder unti l breaking point. 

iv. Great care was taken to ensure un iform rate of pulling. controlled pouring 

temperature and temperature of testing was controlled; 

v. The d istance by which the binder spre.ad or extended just unti l breaking was 

recorded as the ductility value in centimetres: 

v1. The values that were obtained were compared to those specified in BIS. 

F: REPORTING 

The distance at which breaking of the binder occurred was recorded in centimetres to 

the nearest whole number as the ductility value. 

3.9 PHYSICAL PROPERTY TESTING 

3.9.1 l\·IASS LOSS TE.ST (AASHTO T 240 & ASTM D 2872) 

A: OBJ ECTIVE 

The roll ing thin oven test was conducted on virgin asphalt binder to measure its 

resistance ro early harden ing potential during transportation to the asphalt mixing 

plant. during mixing and on-site compaction. 

B: SIGNIFICANCE 

The loss of volatiles increases the binder's viscosity. This test provided s imulated short 

term aged asphalt binder for physical propeny testing (TRL. 2002), The purpose of 

52 



th is test was to determine the earl y hardening potential of the binder and predict its 

susceptibi lity to cracking and fatigue damage. 

C: SAMPLE PREPARATION 

The sample was inspected to establish whether it was free of water. The virgin binder 

in its container was heated 1101 exceeding I S0°C to ensure that the sample is 

completely fluid. Manually stir the sample while avoiding adding air bubbles . In three 

RTFO glass containers, a weight of about 3Sg was taken in each container. 

D: APPARATUS; 

• RTFO Glass containers; 

• Balance readable to 0.0 l g; 

• Forced ventilated Oven with a vert ical turntable 

• Flow-meter; 

• Cooling rack 

E: PROCEDURE 

1. 35g of the sample were poured into each of the required glass containers, 

providing sufficicm material for characterizing tests which are lO be run on the 

residue; 

11. Immediate ly after pouring the sample in the glass containers, the container 

was turned to a horizontal direction: 

111. Rotated to pre-coat its cylindrical surface; 

iv. Care to be taken not to pour out the sample; 
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v. Placed the containers horizontally in a clean cooling rack that is maintained in 

a draft-free, room-temperature located away from ovens and other sources of 

heat; 

v1. Allowed the glass containers to cool in the cooling rack for a minimum of 60 

minutes and a maximum of I 80minutes: 

vii. The prepared samples were weighed and allowed to cool down in the RTFO 

glass containers; 

viii. The samples were then kept in an Oven capable of attaining 163.5°c in ten 

minutes; 

1x. After 85 minutes of keeping in the oven. the samples were removed, allowed 

to cool down and weighed to determine the final mass of binder and glass 

container; 

x. The difference between the original binder mass and RTFO mass is due to a 

partial distillation and oxidation to which the binders were subjected. 

x1. This change in mass simulates the short-term ageing which occurs during 

heating. pumping, spraying. and mixing with aggregates in the plam. during 

road layer finishing and compaction: 

xii. The mass loss was compared with the specification to confinn adherence with 

general requirements for use in the road asphalt pavement construction as 

presented below; 
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Figure 3.4; Rolling Thin Film Oven Test in Progress 

F: REPORTI NG 

Tbe mass loss after ageing were measured to the nearest O.OOlg and percentage loss 

computed and recorded in standard roll ing thin fil m oven test forms. 

3.9.2 PRESSURE AGEING VESSEL, PAV (AASHTO T 316) 

A: OBJECTIVE 

An Asphalt binder ages from the time it is trans poned to the Asphalt Mixing Plant, 

during mixing. placement and in pavement performance. The in-service hardening will 

govern how long the asphalt concrete pavement remains imact before deterioration. 

These Asphalt binders were exposed to heat and pressure to s imulate in-service ageing 

over a 7 to I 0 year period. 

B: SAMPLE PREPARATION 

The residual binders from the rolling thin film oven test samples were used for the 

pressure ageing vessel test. 

C:APPARATUS 

• Pressure ageing vessel complete with all accessories; 

• Weighing scale capable of measuring up to 0.0 I g 

• RTFO glass containers; 

• Stainless steel pans for PAV testing 

D: SIGNlFICANCE 
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To determine the in-service hardening potential of binders and lowest temperatures at 

which the binder can be exposed to before asphalt concrete pavement fai lure can be 

witnessed. 

E: PROCEDURE 

1. RTFO aged asphalt binder samples were placed in stainless steel pans and 

then aged them for 20 hours in a heated vessel at 110 °c pressurized to 305 

psi (2. 10 MPa or 20.7 atmospheres); 

11. The temperature of 110°c other than 100°c for moderate cl imate and 90°c 

for cold climate was chosen co simulate the in-service hot c limate where the 

binders were being applied in the asphal t concrete mixtures; 

iii. The temperatures and pressures subjected ro the binder were adequate to 

completely oxidise the binder thereby increasing its viscosity until such a 

point when there was no more oxidation th.rough immobilization of the most 

chemically reactive elements: 

iv. After the ageing period, the samples were cooled in a vacuum degassing oven 

to ensure all the entrapped air bubbles dry out and then stored for use in 

Dynamic shear testing. 

Figure 3.5; Prcs.~urc Ageing Vessel (P A V)Tcst Machine 

Figure 3.6; PAV Aged samples 
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It is evident that oven teSlS u ·ually rely on high temperatures and thin asphalt films to 

accelerate the oxidation process. This provides a higher volatile loss than in service 

HMA does and Pressure te ·ts work by using high pressure to increase the d iffusion 

rate of oxygen imo an asphalt binder sample. In general, this approach limits the loss 

of volatiles while aging the asphalt binder sample. 

3.9.3 DYNAl\1IC SHEAR TESTS (AASHTO T 320) 

A: OBJECTIVE 

The dynamic shear tests were carried in order tO characteri ze the viscous and elastic 

behaviour of asphalt binders at medium to high temperatures which simulates in­

service res istance of evemual mixture to rutting. The tests were conducted on both 

virgin and aged binders. The tests were large ly software controlled but procedures that 

were followed complied with those set out in AASHTO M332 - 14. 

B: SIGNIFICANCE 

The test allowed prediction of early and in-service harden ing potential of the binders 

when used in the mix tures through laboratory s imulations. The laboratory simulations 

were used to mimic field or operational conditions. 

C: SAMPLE PREPARATION 

For virgin samples. the original binder was heated in its container to 140°C and a small 

sample obtained for the test. 

0: APPARATUS 

• DSR apparatus complete with al l accessories; 

• Computer Monitor; 

• Weighing scale capable of measuring up lo O.O lg; 
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E: PROCEDURE FOR TESTING 

1. The Dynamic Shear lests were conducted on both virgin and aged binders: 

11. These samples were obtained after pre-heating each sample to about l40°c to 

flow; 

iii. The DSR machine was set up in both cases noting that for virgin binders, a disc 

of 8mm was used and for aged binders. a disc of 2mm was used: 

iv. Ftuther still, when testing virgin binders, the machine is set to 1.0 SHRP mark 

and for aged or residue bitumen, the SHRP Point is set at 1.5 mark; 

v. The tes1ing for the performance graded bitumen types is commenced at 

temperatures significantly below the specified rnaxinuun temperatures and 

oscillations a1 different temperatures are measured until sample failure with 

frequency maintained al l.59Hz or JO radians per second. The purpose of 

maintaining the frequency at I 0 radians per second is to s imulate the shearing 

action that corresponds to a traftlc speed of about 90km/hr: 

vi. At sample failure, l were able to conclusively define the grade of the binder 

s ince fai lure maximum temperature is recorded. 

Figure 3.7: Dynamic Shear Test~ in progrc.<;S 
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The combination of the complex shear modulus G* and phase angle o were used to 
characterise the visco-elastic properties of the binders. DSR software used in these 
testing was Bohlin Software - Integrated DSR IOM that performs the necessary 
calculations automatically as it uses the following equations: 

Tmax = 2
r
3 

.. . . . . .. ... . . .... . . ..... . .... . .... ... .. . . . .. . . . .. equation 3.1 
rrr 

y max = 8
: .. ...... .. .. . . ................. . . .. ... .. ... .. .. .... equation 3.2 

Where: 

tmox =maximum applied stress 

Yrna• =maximum resultant strain 

T =maximum appl ied torque 

r = specimen radius (either 4 or 12.5 mm) 

e = deflection (rotation) angle (in radians) 

h =specimen height (either I or 2 mm) 

Then, the complex modulus (G*) and phase an€gle (d) are determined 
by: 

* _ Tmax(stress) . 
G - ( 

1 
l ...... ..... .... . .. .. ....... .. Equation 3.3 

ymax stra n 

Where; 

G* = Complex shear modulus 

In order to resist ruuing. the asphalt binders were tested for stiffness to ensure they do 

not deform greatly and yet remain elastic. Therefore. the complex shear modulus 

elastic portion, G*/sin o should be large. When rutting is of greatest concern (during 

an HMA pavement's early and mid-life), a minimum value for the elastic component 

of the complex shear modulus shall be determined and compared with the specified 

value. Intuitively, the higher the G* value, the stiffer the asphalt binder is (able to resist 

deformation). and the lower the o value. the greater the elastic portion of G* is (able 
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lO recover its original shape after being deformed by a load. The results of the DSR on 

both virgin and aged binders are summarised in the mble 3.3 below; 

F: REPORTING 

The dynamic shear tests were conducted and the pha~e angles and respective complex 

shear modulus values were recorded. The relationship between the ratios of complex 

shear modulus and the sine of the phase angles were recorded to predict the binder's 

early harden ing during mixing, placement and onsite compact ion. Similarly, the 

products of the complex shear modulus values and the sine of the phase angles were 

recorded to predict in-service hardening. 

3.9.4 ROTATIONAL VISCOSITY TESTING (AASHTO T 316) 

A: OBJECTIVE 

Rotational viscosity was carried out and the apparent viscosity of bitumen at elevated 

temperatures was measured. The torque on the apparatus measuring geometry, rotating 

in a thermostatically controlled sample holder containing a sample of bitumen was 

used to measure the relative resistance to rotation. 

B: SIGNIFICANCE 

To analyse the ability of the binder to be pumped and mix well with aggregates in the asphalt 

mixture thereby reducing the volume of voids in the mix and improving the overall density of 

the mix. 

C: APPARATUS 

• Rotational viscometer, capable of measuring the torque required to rotate the 

selected apparatus-measuring geometry at selected constant temperature while 
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sub-merged in asphalt binder at constant desired test temperature, and with the 

capability to convert the torque measuremem to viscosity in Pascal seconds (Pa-s). 

• Apparatus measuring-geometry; 

• Temperature-comrolled Thermal Chamber Heater: for heating the sample of 

asphalt at the test temperature; 

• Re- usable Sample-chambers; 

• Temperature Controller. capable of maintaining the specimen temperatures to+/-

1.00c for the test temperature between 150 and 260°C; 

• Balance readable to 0. lg for determining the mass of the sample; 

• Platinum Resistam Thermometer (PRT) 

D: SAMPLE PREPARATION 

The material was obtained in its original state or aged state. In the original state, 

adequate ample to fill the disc was used. The rest of Lhe excess binder was cleaned 

off the disc. 

E: PROCEDURE 

1. lnstrumem's electronics were warmed up for at least 15 minutes before 

conducting the analysis; 

ii. The Temperature controller was set to the desired test temperature: 

iii. An apparatus measuring geometry that would develop a resisting torque 

between 10 to 98% of the instrument capacity at the selected speed was 

selected: 

iv. Higher torque readings for accurate measurements were maintained. 
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v. The sample was pre-heated in sample apparatus-measuring geometry unti l 

Lemperature equilibrium was obtained for at least 15 minutes; 

vi . An adequate volume of sample was added to the apparatus-measuring 

geometry that was used to the sample chamber; 

v11. This amoum was obtained by calculating from the approximate density data 

for the sample and then returning the sample chamber to the temperature 

controlled chamber heater; 

v111. The sample was thoroughly stirred to obtain a representative sample before 

weighing. Care should be taken not to overfill Lhe sample chamber bearing in 

mind that the apparatus-measuring geometry will be completely immersed; 

ix. The selected pre-heated apparatus-measuring geometry was inserted into the 

liquid in the chamber. and couple it lO the viscometer: 

x. the asphalt sample was brought to the desired temperature in 30 minutes and 

allow it to equi librate at Lhe des ired test temperature: 

xi. The mortar roLation of the viscometer was started at a speed Lhat would develop 

a resisting torque that is between 10 to 98% the full scale insLrument capacity; 

x11. The speed was maintained and allowed the sample to equilibrate for an 

additional 5 minutes: 

xiii. Either the viscometer or torque was measured at l min intervals for a total of 

three minutes; 

xiv. The above was repeated for eacb test temperature required. 

F: REPORTING 

The test resu lts were recorded to the nearest significant figure. 
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3.10 PAVEMENT AND Affi TEMPERATURE J\.fE ASUREMENT 

Pavement and air temperatures were measured during the month of August and 

September where it is expected 10 be very hot in most pares of the country. Low Air 

temperatures were measured between 0530 and 0630 hours and high temperatures, 

between 1330 and 1500 hours. The record was recorded in pre-determined templates 

and analys is done. 

3.10.1 Affi TEMPERATURE MEASUREMENT 

The temperamres were measured by hand held gadget~ that were able to give minimum 

and maximum temperatures during morning hours and afternoon periods respectively. 

h was imponant to ensure that no air interference prevai led at i:he sites of 

measurements . Presence of traffic whose affect the air temperatures was taken into 

consideration during measuring and no such records have been considered. The 

temperature readings read from the gadgets were recorded after steady values were 

obtained. Care was taken to measure low temperatures on typ ically rainy and cold 

nights to obtain the estimated low temperatures the pavement may be subjected to. 

3.10.2 PAVEMENT TEMPERATURE MEASUREMENT 

Pavement temperatures were measured both on the surface and 20nun in the surfacing. 

Before readings could be taken, the sites were cordoned off to ensure no interference 

with environment. The Temperature gadgetS were simply lowered for the tip to contact 

the road surface unt il readings became steady. For the depth measurements. the 

surfaces were drilled using a hammer and 2 inch nails to provide a test depth required. 

The temperature gadgets were lowered to the entire drilled depths and steady readings 

were recorded. Several read ings were recorded to even out effects due to moving air. 
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It was observed that surface temperatmcs were generally lower than depth 

temperatures largely due to absorption of heal. 

Figure 3.8: Pavement Temperature Measurements 
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CHAPTER FOUR: PRESENTATION, ANALYSIS M'D DISCUSSION OF 
TEST RES UL TS 

4.1 INTRODUCTION 

In this Chapter, the test results obtained through the testing processes were presented 

in Table 4 .1. Table 4.2, Table 4.3 and Table 4 .4 and Figure 4. 1 and Figure 4.2. Test 

Results Analys is was carried out to give the relationship between the findings and the 

standard constrnction requirements. Explanations have been deduced to give a 

qualitative understanding between the find ings and standard requiremenL~. their 

impact on the eventual asphalt mixtures and thus leading to conclusions and 

recommendations. 

4.2 CONSISTENCY AND CLASSIFICATION TEST RESULTS 

Table 4.1 below presents the results from consistency tests that were performed with 

an aim of confinning the asphalt binder c lassificntion and appreciate the handling 

procedures during conditioning, mixing and placing. The test results in Table 4.1 

overleaf presents the ductility, penetration, softening point, flash and fire, kinematic 

viscosity aL 60 degrees. rotational viscosity, mass loss and specific gravity. 
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Table 4. I - Binder Test Results 

Bindt:r Binder Sain pie Oue-tiUty Pcoclr:11ioo al Soflcoing Point Flash Poinl Specific Ki.oe1natic Visrosily Rotational Viscosity Rolling Thin Filnl Dcosi1y Fire 
Source Type No. BIS 25"C ASTM /\.STM 0 34U I· ASTM 036 t;rJ\' ily al 1.l5"C cSt • l I 35'C (Pa-s) Ovc.."11 ageing ASlM P<lint 

0 5-86 14 (•c ASTM 070- (ASTM 0 2170) 1\STM 0 7741 AASllTO T 240 and 070-97 
18 ASTM 02872 

Value Spec Valu Sp<..: Value Spec Value Spec Value Spec Value Spec Value Spec f\tlass Spec glee •c 
(ctu) (cm) e loss(%) 

I 140 Min. 75 30.3 N.A 48.05 N.A 327 N.A 1.028 N.A 740.2 N.A 0.759 Max. 3.0 0.62 Max. O.S 1.025 368 
MKN PG 2 140 f\·lin. 75 30.7 N.A 45.50 N.A 346 N.A 1.016 N.A 73 1.7 N.A 0.743 /\1ax. 3.0 0.71 f\•lax. 0.5 1.0 16 384 

70·16 3 140 fl.·1in. 75 29.0 N.A ,16.4 N.A 331 N.A I.QI(> N.A 73 1.7 N.A 0.743 Max. 3.0 0.87 Max. 0.5 i.OJ6 376 
I MO /\1in. 15 19.7 N.A 55.:2S N.A 28$ N.A 1.018 N.A 13(,0 N.A 1.380 Mox. 3.0 0.27 Max. 0.5 1.0 15 352 

MBP PG 2 J40 Mio. 75 20.3 N.A 54.60 N.A 333 N.A l.018 N.A 1360 N.A 1.380 ~,fax. J.O 0.25 Max.0.5 1.0 14 362 
76-IO 3 140 Min. 75 22.3 N.A 54.60 N.A 3.)3 N.A 1.018 N.A 13709 N.A 1.390 Max. 3.0 0.28 P.•1ax. 0.5 1.0 17 362 

I 140 f\·lin. 75 61.3 50.70 42.10 46-54 316 Mu>. 23-0 1.027 N.A 409.9 ~fin. 295 0.420 Max. 3.0 0.01 Max. 0.5 1.024 352 
KTR ""' 2 140 ~·1 m. 7S 62.7 5().70 4 1.75 46-54 315 Min. 230 1.029 N.A 442.7 ~tin. 295 0.454 Max. J.O 0.0 I M:tx. 0.5 1.026 357 

50/70 3 140 Min. 75 62.0 50.70 41 .75 46-54 316 Mln. 23-0 1.029 N.A 442.7 Min. 295 0.454 Max. 3.0 0.02 Max .. 0.5 1.024 356 
I 140 f\Hn. 15 45.7 35·50 41.70 50·58 345 Min. 240 J.029 N.A 433;2 ~lin. 370 0.444 f\·lax. J,O 0.028 f\1ax. 0.S J.026 369 

KNB Pen 2 140 l\Hn. 75 46.3 35-50 40.80 5().58 345 f\1in. 24(> 1.029 N.A 446.8 ~lin. 370 0.460 l\·1ax. 3.0 0.1125 f\1:u:. ().S 1.029 379 
35/50 3 140 ~'1in, 75 45.3 35-50 4 1.95 50·58 343 f\t i:n. 240 1.034 N.A 431.3 ~fin . 370 0.450 Mox. 3.0 0.027 Ma.,.0.5 1.031 382 
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4.2.1 ANALYSIS AND DISCUSSION OF CONSIST ENCY TEST RESULTS 

PENETRATION TEST RESULTS 

The test results as observed from Table 4.1 for Pen Grade 50170 ranged between 61.3 

and 62.7 and Pen Grade 35/50 ranged between 45.3 and 46.3 indicating compliance 

with the classification requirements for the penetration grade binders co which they 

infer. The penetration test results for PG 70-16 varied between 29.0 and 30.7 implying 

that the binder tends to Pen Grade 30/45. The values of penetration obtained for PG 

76-10 varied between 19.7 and 22.3 implying that the binder tends tO Pen Grade 20/30. 

The PG samples were stiffer than the pen grade samples implying that there is presence 

of increased amount of asphaltenes making the binder harder. Higher temperatures for 

mixing of binder with aggregates and compaction are required for the eventual 

mixtures where PG samples are used. 

SOFTENING POINT 

The softening point test results from Table 4.1 above for the Pen Grade 50170 varied 

between 41.75 and 42.I0°C. When compared with the provisions in ASTM D 3461-

14, these values were found to fall below the acceptable range of 46-54°C. The 

softening values for the Pen Grade 35/50 obtained varied between 40.8 and 41.95 °c. 

When compared with the provisions in ASTM D 3461 -14. these values were found to 

fall below the acceptable range of 50-58°C. This therefore implied that such b inders 

can only be used in regions where high pavement temperatures do not exceed 40°C co 

achieve satisfactory pavement performance. Otherwise. mixture wi ll be prone to 

damage during service when the pavement temperatures exceed the binder softening 

points. 
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The softening point test results obtained for PG 70-16 varied between 45.5 and 

48.05°C. When compared with lhe provisions in ASTM D 3461-14, for equivalent Pen 

Grade 30/45, these values were found to fall below the acceptable range of 52-60°C. 

The softening point values obtained for PG 76-10 varied between 54.60 and 55.26, 

giving an average of 54.8°C. When compared with the provisions in ASTM D 3461-

14, for equivalent Pen Grade 20/30, lhese values were found to fall below the 

acceptable range of 55-63°C. This therefore implied thai the PG binders can only be 

applied in regions whose high pavement temperamres do not exceed 45°C for PG 70-

16 and 54°C for PG 76-10 binders to achieve satisfactory pavement performance. 

FLASH AND FIRE POfNTS 

The tlash point test re.suits obtained for Pen Grade 50170 (Table 4.1) varied between 

315 and 3 l 6°C and for Pen Grade 3 5150; varied between 34 2 and 345°C. These values 

were far above t.he specified minimum of 230°C. This therefore implied that the 

binders could be handled safely without causing any fire hazards during laying 

operations. 

The flash po int test results obtained for the PG 70-16 varied between 327 and 346 and 

for PG 76-10; between 288 and 333°C. When compared with equivalent Pen Grade 

binders. it was concluded that both binders exceeded the minimum specification of 

240°C. The findings confinned lhat the binders complied with all penetration grade 

specifications for flash points and would be safely handled especially during mixing 

and laying. 

SPECfFIC GRAVITY 
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The specific grnvity test results obtained for PG76-IO was 1.018 (Table 4.1). This 

value was within the acceptable range 0.97 to 1.02 (BSi. 2007) implying that the binder 

did not contain increased aromatic type mineral impurities that would bring about 

stripping of aggregates in the mix. Specific Gravity test results obtained for PG70-16 

varied between 1.016 and 1.028. Pen Grade 50170 varied between l.027 and 1.029 and 

Pen Grade 35/50 varied between 1.029 and 1.034. This implies that the binders 

conta ined traces of increased aromatic mineral type impurities that have potential to 

surface stripping as binder flow is slowed down. This ultimately affects the flow of 

binder around aggregates . 

DUCTILITY 

The ducti lity test results obtained for penetration and performance graded binunen 

samples were all greater than the minimum specified value of 7Scm (Table 4.1). This 

therefore implied that the binders could effectively extend or elongate under local 

conditions and fill the voids in the mix. easily compacted to reduce air voids and 

adequately coat around aggregmes forming a dense aspbalt concrete mixture. 

KINEMATIC VISOSITY 

The test results obtained for kinematic viscosity at l 35°C for Pen Grade 50170 varied 

between 409.9 and 442.7 cSt and for pen grade 35/50. varied between 43 l.3cSt and 

446.8 cSt (Table 4.1 ). \Vhen compared with ASTM D 2170, the values were above the 

minimum 295 and 370 cSt specified respect ively. The test results obtained for 

kinematic viscosity at 135°C for PG 70- 16 varied between varied between 731.7 and 

740.2cSt and for PG 76-10. varied between 1360 and 1369 cS t. When compared with 

ASTM D 2 170, the values were above the minimum 400 cSt for Pen Grade 30/45 and 
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530 cSt for Pen Grade 20/30 respectively. The results obtained indicated that the 

binders complied with all penetration grade specifications for Kinematic Viscosity and 

thus could flow around the aggregates to form a dense mixture when compacted. 

ROTATIONAL VISOSITY 

The test results obtained when binders were subjected to elevated temperatures are 

presented in Table 4 .1 above. It was observed that PG 70-16 gave rotational viscosity 

test re~ults varying from 0.743 to 0.759 Pa-s, PG 76-10 gave test results varying from 

1.380 to J .390 Pa-s, Pen Grade 35/50 gave test results varying from 0.450 to 0.454 Pa­

s and Pen Grade 50170 gave test results varying from 0.440 to 0.450 Pa-s. These test 

results were all within the permissible maximum limit of 3.0 Pa-s when analysed in 

accordance with requirements provided in ASTM D 7741. This therefore implied that 

the binder can effectively be pumped and mixed with aggregates and any additives to 

form a uniform and dense asphalt concrete mixture. 

Having observed that all the binders have rotational viscosity values less than 3.0 Pa­

s, it is wo1th noting that the binders with very low values are susceptible to lower 

mixing and compacting temperatures as compared to the binders witl1 higher rotational 

viscosity values. 

MASS CHANGE TEST 

The mass change obtained when the bitumen samples were subjected to 85 minutes of 

drying in the oven indicated that mass Joss varying between 0.62 to 0.87% for PG 70-

16 was recorded (Table 4/1). When compared with AASHTO T 240 and ASTM 

02872, it was found to be higher than the specified maximum of 0.5%. This implied 

that the binder had been oxidized and thus susceptible to early hardening bringing 
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about brittleness. During service, brittle binders are susceptible to surface cracking that 

leads to pavement deterioration. 

For PG 76- I 0. a mass change between 0.25 and 0.28% was recorded. The mass change 

obtained for Pen Grade 50/70 varied between 0.10 to 0.20% and Pen Grade 35/50 mass 

loss obtained varied between 0.025 and 0.028%. The values obtained in these three 

cases indicated that the binders would res ist early hardening when used in asphalt 

concrete mixtures. The binder would retain nexibility properties under various loading 

when used in the asphalt concrete mixture. 

4.3 PHYSICAL PROPERTY TEST RESULTS 

The physical property test results were conducted on all Binders using high 

temperatures and intermediate temperatures lO s imulate field conditions from 

laboratory testing procedures. The findings are presented in Table 4.2, Table 4.3, Table 

4.4, Figure 4.1 and Figure 4.2 below; 

Table 4. 2-Un aged High Temperature Rheometer Test Results 

HIGH TE~IPERATURE RANGE 'fF.'iT RF.~Ul.TS- UNAGED BINDER 

Source Grad« fn.'<j. Fin:d Confumc.-d tv1odulus. PhaS<. :wgJc. G•/sin ~ Min. G•/sin 
(rad/st<) Tentp. 

''C 
Binder grade G• (kl';i) (0.grees) (kPa) 5 (kPa) 

MOP PG76·10(1) JO 87.0 &2 J.6 17 7S.3 0.96 J.00 
\\1BP PG76·10(2J 10 R7.9 &2 0.926 70.0 0.99 1.00 
~·I BP PG76·10(3) JO &6.4 &2 J .11 7M.7 O.t!.1 1.00 

1\ •IKN PG70·16(1) 10 74.6 70 0.846 S l.3 O.M J.00 
1\1 KN PG70-I6(2l IO 7-1.S 70 0.826 ~l.S 0.84 1.00 
~·!KN l'G70-16(3) 10 75.0 70 {.770 83.I 0.89 1.00 

KTR Pen 50/70( I I IO 65.4 64 1.149 81.4 1.16 1.00 
KTR Pl'll 50/70(2) lO 66.3 •• 0.621 79.7 0.6:.' 1.00 
KTR Pen 50/70(31 lO 66.6 64 0.656 83.7 0.66 1.00 

KNB Pen 35/50( I) IO 70.D M 0.987 82.5 1.00 1.00 
KNB Pen 35/50(2) 10 69.) 64 0.893 83.1 0.90 1.00 
Ki'JB Prn 35150(3) IO 68.7 6J 0.836 83.5 0.84 J.00 
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Table 4. 3 - Aged high Temperature Dynamic Rheometer Test Results 

HIGH TEMPERATURE RANGE TEST RESULTS - IU'FO - AGED lllNl)f.R 

Sourrt" Gradt:: r=i. Finl ! ConfimlC:d "100ulus, Phase angle G•/sin 6 t-.tin. G*/sin 
(ntd/S('(;) Tt:n1p. 13indi:r G• (kPu) (Des= > (kP•) 6 (kPa) 

"C gradC' 

MBP PG16-10(1 > IO XS. > 88 l. >7 75.9 Z.24 2.20 
MBP PG16· I()( I) 10 SS.l 88 2.21 77.4 2.27 220 

~·1 KN PG10-16rl > 10 11 76 1.21 76.6 1.25 2.20 

KTR Pen 5()170( I ) IO 68.7 64 1.81 81. I 1.83 2.20 
Kl'R l'cn 5()17(~ I J 10 68.9 64 1.85 81.5 1.87 2.20 

KTR Pen 50.'7()( I ) 10 6Q.7 64 2.06 80.1 ?.09 2.ZO 

KNB Pen 35.'SO(I/ 10 67.8 6-l 1.6-1 84.6 2 .20 
KNR Pen 35150( I) 10 {l 7.(J 64 1.69 75.7 1.75 ?.?0 

Most of the Binders failed to meet the High Temperature range requirements 

Table 4. 4 - PAV Aged Dynamic Shear Rheome/er Test Res11/ts 

INTF.RMEDIATE TE~I PERATUl!E RA:-IGE TEST KF.SUl.TS- l'AV -AGED BIN!IEK 

Source- Gr.td(• Fh:q. Final Binder ~iodulus, Phase angle G" sin 0 ~1ax . G•sin 
(r<id.'S('C) Temp. °C gr.ide G"(kPal (Dcgr<cs) (kPa) (\ ( kP3) 

~·IBP PG76- IO( I) 10 37.4 ·10 8.783 28.6 •.209 5.IJiJO 
MBP l'G76· )(){'2) 10 )4, I -10 9.273 26.5 4, )43 5J)Xl 

l\·IKN PGJ(). 16( I) 10 35.2 ·16 7.686 33.9 4 ,290 5,000 
~,1KN PG70.16(2) 10 33.5 -16 9 .295 J0.9 4.775 5.000 

KTR Pero 50/10( I) 10 35.6 -10 7.9~4 JJ.6 4.417 5.000 

Kl'lll Pen 35150( I) 10 29.3 ·10 6.0~8 43.3 4.175 5.000 

The intermediate temperature range test results were marginal if compared to studies 
in Thailand that were done when determining the super pave grading system 
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Figure 4.1: Variation ofG*fSin (\with Asphalt Binders 
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Figure 4.2: Variation of values of G*. Sin o with Asphalt Binders 

Figures 4.1 and 4.2 present graphical overviews of performance propcnies of the 

binders. 

4.3.J ANALYSIS AND DISCUSSION OF PHYSICAL PROPERTY TEST RF.SUL TS 

The Dynamic shear tests conducted on virgin binders and residues from rolling thin 

film oven tescs and Pressure Ageing Vessels are summarised in Table 4.2, Table 4 .3 

and Table 4.4 above. 

DYNAMIC SHEAR RHEOMETE R TEST RESULTS 

Performimce Grade 70-16 

The ratio of complex shear modulus 10 phase angle obtained varied from 0.84k.Pa to 

0.89kPa (Table 4.2). These values obtained were below the specified minimum of 1.00 

kPa when analysed in accordance with AASHTO T3 I 5. Th is therefore implied that 

the binder had probably been oxidised. Such binder is susceptible 10 early hardening 

leading lo formal ion of a brittle pavement susceptible to nllling under traffic. However, 

the ratio or complex shear modulus 10 phase angle obtained for RTFO residue binders 
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varied from 2.24 kPa to 2.27 kPa (Table 4.3). These values were above the minimum 

specified of 2.20 kPa though marginal under ambient conditions when compared to 

similar studies carried out in Thailand regarding development of a performance 

grading system for asphalt binders used in the country (Charoenlham. 2012). 

The values obtained when product of the complex shear modulus value and the phase 

angle perfom1ed on pressure aged vessel binder residues varied between 4,140 kPa to 

4,410 kPa. These values were less than the maximum specified value of 5000 kPa 

(Table 4.4). Under ambient temperatures. these values are marginal (Charoemham. 

2012). 

Performance Grade 76-10 

The ratio of complex shear modulus to phase angle obtained varied from 0.83kPa to 

0.99kPa (Table 4.2). These values were below the specified I .OOkPa when analysed in 

accordance with AASHTO T3 I 5. The ratio of complex shear modulus to phase angle 

obtained for RTFO res idue binders varied from 2.06 kPa to 2.24 kPa giving an average 

value of 2.16kPa (Table 4.3). These values were also below the minimum specified 

value of 2.20 kPa when analysed in accordance with AASHTO T3 l 5. This therefore 

implied that the binder had been oxidized and would suffer from short term ageing 

before the expected service life and cause the mixture to suffer from mning under 

traffic. The values obta ined when product of the complex shear modulus value and 

phase angle performed on pressure aged vessel binder residues varied between 4,290 

kPa to 4,782 kPa (Table 4.4). These values obtained were below the maximum 

specified value of 5,000 kPa. However, these values were too marginal when 
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compared with the similar studies conducted lo developing performance graded 

binders in Thailand (Charoentham. 2012). 

Penetration Grade 35/50 

The ratio of complex shear modulus to phase angle obtained varied from 0 .84 kPa to 

0 .995 kPa. These values were less than the I .OOkPa when analysed in accordance with 

AASHTO T3 l 5. The ratio of complex shear modulus to phase angle obtained for 

RTFO residue binders varied from 1.65 kPa co 1.75 kPa. These values were below the 

minimum specification of 2.20 kPa for RTFO aged asphalt binders when analysed in 

accordance with AASHTO T3 I 5. This therefore implied that the binder would become 

britt le and would cause the a ·phalt concrete pavement to deform or crack under traffic 

load ing. 

The vn lues obta ined when product of the complex shear modulus value and phase 

angle performed on pressure aged vessel binder res idues varied between 4.144 kPa to 

4.175 kPa which were below the maximum specified of 5000 kPa. These values were 

found to be marginal when compared to studies carried out while developing binder 

performance grnding for Thailand (Charoentham. 2012). 

Penetration Grade 50/70 

The ratio of complex shear modulus tO phase angle obtained varied from 0.611 kPa to 

0.660 kPa. These va lues were far below the J .OOkPa when analysed in accordance with 

AASHTO T3 I 5. This impl ied that the binder is susceptible to early hardening, forming 

a brittle binder that can make the eventual mixture liable to crack development. The 

ratio of complex shear modulus to phase angle obtained for RTFO residue binders 
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varied from 1.830 kPa to 2.06 kPa. These values were also below the minimum 

specificat ion of 2.20 kPa. This therefore implied that the binder would be liable to 

rutting failure during ambient temperatures and traffic loading. 

The values obtained when product of the complex shear modulus value and phase 

angle performed on pressure aged vessel binder residues varied between 4.03 l kPa to 

4,788 kPa which were below the maximum specified of 5000 kPa. However, these 

values were too marginal when compared with the standard requirements. This 

therefore implied that under ambient weather and in-service, fatigue damage is 

predicted when the binder is used in the asphalt mixture. 

4.4 ZONING OF HINDER APPLICATION IN UGANDA 

4.4.1 DETERMINATION OF PAVEtVIENT DESIGN TEl\·IPERATURE 

Hist0rical air temperatures were obrnined from the Meteorological Centre to 

understand the air temperature distribution in the Country. The data was obtained 

backwards from 14 weather zones with an assumption that no great variation occurred 

between individual stations within a zone for the years 2017. 2016. 2015 and 2014 . 

The hottest seven-day maximum and the lowest one-day temperatures for each year 

were calculated and recorded respectively. The data for all the four years was 

standardised as presented in Table 4.5 below with a purpose of studying tl1e variation 

of the individual readings from the average reading taken. The air temperatures that 

were measured in the field were not used directly in the determination of the 

temperature zoning because the pavement temperatures are usually higher tlian air 

temperatures. Pavement temperatures were measured between August and September 

2018 with a purpose of determining the highest and lowest pavement temperatures 
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possible in different regions of Uganda. These pavement temperatures were correlated 

with air temperatures and lati tudes (North or South of the Equator) of the stations to 

provide an equation derived from regression analysis having neglected the effect due 

to solar absorption. atmospheric radiation and wind speed. Latitudes were considered 

because they influence temperatures depending on the North or South distance from 

the Equator. Areas closer to the Equator re.ceive high sunlight as compared to those 

quite away. Based on SHRP Superpave grading system, the highest and lowest 

pavement temperatures were measured at 20mm below the pavement surface. Table 

4.5 below presents results showing the highest and lowest air temperatures. Figure 4.3 

and Figure 4.4 provide Maximum and Minimum Air and Pavement Temperatures. 

4.5 ZONING OF BINDER APPLICATION IN UGANDA 

4.5.1 DETERMINATION OF PAVEMENT DESIGN TEMPERATURE 

Historical air temperatures were obtained from the Meteorological Centre to 

understand the air temperature distribution across the different regions in the Country. 

The data was obtained backwards from 14 weather zones with an assumption that no 

great variation occurred between individual stations within a zone for the years 2017. 

2016. 2015 and 2014. The hottest seven-day maximum and the lowest one-day 

temperatures for each year were calculated and recorded respectively. The data for all 

the four years was standardised as presemed in Table 4.5 below with a purpose of 

studying the variation of the individual readings from the average reading taken. The 

air temperatures that were measured in the field were not used directly in the 

detennination of the temperature zoning because the pavement temperatures are 

usually higher than air temperatures. Pavement temperatures were measured between 
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August and September 2018 with a purpose of determining the highest and lowest 

pavement temperatures possible in different regions of Uganda. These pavement 

temperatures were correlated with air temperatures and locations (North or South of 

the Equawr) of the stations to provide an equation derived from regression analysis 

having neglected the effect due to solar absorption, atmospheric radiation and wind 

speed. Latitudes specify distance of a station from the Nonh or South of the Equator. 

Latitudes influence precipitation, prevailing winds ad temperatures. The areas closest 

to the Equator receive the highest amount of sunlight which then impacts onnthe 

pavementntemperamres. That's why I considered latitudes other than altitudes and 

longitudes.Based on SHRP Superpave grading system. the h ighest and lowest 

pavement temperatures were measmcd at 20mm below the pavement surface. Table 

4.5 below presents re,~ults showing the highest and lowest a ir temperatures. Figure 4.3 

and Figure 4.4 provide Maximum and Minimum Air and Pavement Temperatures. 

Max. Air and Pavement Temperatures 
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u 50.0 
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Figure 4.3: Max Air and Pavement Temperatures 
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Figure 4.4: Minimwn Air and Pavement Temperatures 
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Table 4. 5 - Air and Pavement Temperatures 

Air Temperatures, Pavement Temperatu res measured at 20mm depth a t selected Stations in Uganda 

Average Higli Air Temperature "C Average Low Air Temperature ''C Measured Measured Standal'd 
High Low Deviation Mean+ 3*St0ev 

Station/ Lat itudes Paven1enL Pave£nent Highest LO\.\'C.')( 
Year 7 Day Max Air Temperature I Day ~'1 inin1um Air ten1pe.ra1ures Temp Temp Temp Temp Highest Lo"1es1 

2014 2015 2016 2017 High 2014 20 15 20 16 2017 Lov.• "C "C •c •c •c •c 
Ka bale 28.4 28.8 29.5 29.5 29.5 7.8 7.5 6.8 7 6.8 · 1.2-1857 38.0 21.0 0.54 0.46 .ll. 13 8.17 
Mbarara 32.8 33.5 33.7 33 33.7 13.8 13.4 13.3 13.2 13.2 0.6057 -19.3 18.5 0.42 0.26 34.% 13.99 
Masindi 34.9 34.8 36.7 35.8 36.7 14.2 13.0 13.8 14.6 13.0 1.6444 48.9 17.6 0.89 0.68 3937 15.05 
Kampala 33.0 34.3 33.2 34.0 34.3 12.8 14.2 16.0 16.4 12.8 0.3 1628 50.3 19.5 0.62 1.67 36. 17 17.80 
Jinja 33.8 36.0 34.2 37.7 37.7 13.5 12.8 13.2 12.6 12.6 0.439()2 54.5 18.5 1.79 0.40 43.08 13.81 
Kasese 35. l 37.4 36.7 36.5 37.4 13.5 13.5 12.0 I 0. 1 10.1 0.1833 56.7 19.8 0.96 1.61 40.29 14.94 
Gulu 36.8 38.4 37.6 37.6 38.4 16.4 12.7 14.4 12.7 12.7 2.77466 57.4 20.0 0.65 1.76 40.36 17.98 
Pakwach 39.3 40. I 40.3 40.0 40.3 11.7 11.0 10.3 10.3 10.3 2.457 16 59.7 21.0 0.43 0.67 41.60 12.31 
Lira 39.0 36.8 37.6 36.0 39.0 14.3 13.8 12.5 12.5 12.5 2.23333 56.6 20.0 1.28 0.92 42.84 15.25 
Arua 34.7 35.5 36.0 35.0 36.0 11.7 11.5 13.3 11.5 11.5 3.02013 52.1 17.8 0.57 0.87 37.7 1 14.12 
Soroti 36.9 37.7 37.2 37.2 37.7 15.8 14.4 10.8 10.8 10.8 1.7 1464 53.4 19.0 O.'.l3 2.55 38.69 18.44 
Tororo 36. 1 37.2 37.2 37.2 37.2 11.5 13.2 13.2 11.0 11.0 0.69299 54.0 18.0 0.55 1.14 38.85 14.43 

Kamuli 36.7 37.4 36.5 37.2 37.4 11.2 12.6 13.2 11.2 11.2 0.9403 54.5 19.5 0.42 1.01 38.66 14.23 
Sembabule 34.0 35.4 35.0 34.0 35.4 12.5 12.3 12.5 10.8 10.8 -0.07722 52.S 20.0 0.71 0.82 37.54 13.27 
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4.5.2 TRAFFIC SPEED AND LOADING EFFECT IN SELECTION OF PERFORMANCE 

GRADING 

Selection of pe1formance grade is greatly influenced by the speed and loading of 

traffic. Two cases involving traffic speed and traffic loading influence the binder 

selection criteria. Based on loading criteria. the Strategic Highway Research Program 

researchers set adjustments in the selection of high temperature binder grade which 

was included in the standard specification for Superpave Volumetric Mix Design 

AASHTO MP-2 for slow and standing load conditions to offset the effect of slower 

loading speed as shown in Table 4.6 below. One grade shift for high temperature 

design equals 6"C. such as the PG 64 instead of PG 58. II should be noted that when 

the high temperature grade increases by one grade. the stiffness of the binder will be 

approximately double. Usually, one grade shift is used for slow moving traffic and two 

grades shift such as PG76 instead of PG 64 is used for standing design load conditions. 

For extraordinary high numbers of heavy traffic loads, there is an additional shift 

whicb suggestS where the design lane traffic expected to be more than 10,000,000 

equivalent standard axle loads which is defined as 80KN, four-tired dual axle. Also if 

the designed traffic is expected to be between 10,000.000 and 30.000.000 ESALs. then 

you may consider selecting one high temperature binder grade higher than the selection 

based on climate. If the designed traffic is expected to exceed 30,000,000 ESAL. then 

the binder should be selected one high temperature grade higher (Kobbail, 2005). 

These adjustments can be used in all regions where such cases exist. The Table below 

presents the Superpave specifications for high temperature design grade adjusu11ent 

based on traffic volume and speed conditions. 
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Table 4.6: High Temperature Binder Grade adjustments based on Traffic 

Speed and Level 

Adjustment to 8inder PG Grade 
Design ES A Ls Traffic Load Rate 
(Million) Standing (Avg. Slow (Avg. speed Standard (Avg. 

speed <20km/hr) 20 to 70km/hr) speed > 70km/hr) 
<0.3 . . . 

0.3to<3 +2 +I . 
3 to< IO +2 +I . 

10 0 < 30 +2 +I . 

> 30 +2 +1 +I 

Design ESALs are amieipaied project traffic level expected on the design lane over 20 

years period. Adjustments of one grade for high temperatures for the case that appl ies 

keeping the low temperature grades. Its also advisable that care shall be taken in not 

specifying binders stiffer than PG 82-XX. In such a case. if the design ESALs is with in 

I 0 to < 30, increase the traffic designation to> 30 ESALs. 

4.5.3 DEVELOPMENT OF REGRESSION EQUATIONS 

Relationship between maximum air temperatures. latitudes and maximum pavement 

temperatures was developed in fo11n of a linear regression model. It was developed to 

formulate a relationship bet ween high or low air temperature, latitudes and high or low 

pavement temperature. Equation 4.1 below shows the developed model with 

con-elation= 0.95 

Design Pavemement temp= - 21.75 + 2.13 x temp - 0.35 x /atitude .. .. Eqn. 4. 1 

Figure l below shows the predicted and measured maximum pavement temperature. 
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Based on the Equations obtained from the developed regression model , the Design 

High and Low Pavement Temperatures were calculated for each station as shown in 

the Table 4.8 and presented in Figure 4.7 ru1d Figure 4.8. Following the high and low 

temperature determinations, binder temperature zoning based on performance grading 

system was developed as presented in Table 4.9. It is also reconunended that based on 

traffic characterization, speed and loading, adjustments using factors provided in Table 

4.6 above from these temperature zoning can be done to meet the desired level of 

pavement performance. 
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Station 

Kaba le 

Mbarara 

Masindi 

Kampala 

Jinja 

Kasese 

Gulu 

Pakwach 

Lira 
Arua 

Soroti 

Tororo 

Kamuli 

Sembabule 

80.00 
70.00 

Table 4.7: Pavement Design T emp<!ratures 

High Temp. Min. Temp. 
Latitudes High Pavement Low Pavement 

•c •c Temp. "C Temp. •c 
31.13 8.17 -1.24857 45.00 -3.91 

34.96 13.99 0.6057 52.50 7.83 
39.37 15.05 1.6444 61.53 9.73 

36.17 17.80 0.3 1628 55.18 16.06 

38.87 13.81 0.43902 60.89 7.51 

40.29 14.94 0. 1833 64.01 10.01 

40 .36 17.98 2.77466 63.24 15.57 

41.60 12.31 2.457 16 66.01 3.61 

42.84 15.25 2.23333 68.71 9.96 

37.71 14.12 3.02013 57.53 7.26 

38.69 18.44 1.71464 60.07 16.93 

38.85 14.43 0.69299 60 .76 8.75 

38.66 14.23 0.9403 60.27 8.24 

37.54 13.27 -0.07722 58.23 6.53 

H igh Pavement Design Te mperatures 

60.00,-----~-.....,--11-... -11--+t-~--...... .-- - =­
so.oo 

;..) 40.00:- "!'l"'-+i-*-+!--*-++--P!--i!l--!+""'1t-i+""'it-"*'--l+-
c 30.00 :. c 20.00 
~ 10.00 

0.00 

Sta tion$ 

Average High Pavement Temperature 
Low Pavement Temperature 

Figure 4.7: High Pavement Design Temperatures 
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Figure 4.8: Low Pavement Design Temperatures 

Table 4.8: Binder Temperature Zoning in Uganda 

High 
Pavement 

Temperature 
oc 

45.00 
52.50 
61.53 
55. 18 
60.89 
64.01 
63.24 
66.0 1 
68.7 1 
57.53 
60.07 
60.76 
60.27 
58.23 

Zonin of' Binder A lication 
Low 

Pavement 
Temperature 

oc 
3.9 1 
7.83 
9.73 
16.06 
7 .5 1 

15.57 
3.61 
9.96 
7.26 
16.93 
8.75 
8.24 
6.53 

Proposed Binder Selection 
Binder 
Grade High Temp Low Temp 

Grade Grade 
PG58 58 +3 
PG 58 58 +7 
PG64 
PG64 
PG64 
PG70 
PG70 
PG70 
PG70 
PG64 
PG64 
PG64 
PG64 
PG64 

Uganda does not experience challenges with low pavement temperatures. The 

greatest challenge comes with high pavement temperatures. As presented in 
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Table 4.8 above. the high pavement temperatures vary from 45°C in Kabale to 

66°C in Pakwach. We have observed from the coosisteocy testing that the 

sortening point values for pen grade bioders ranged between 40.8 and 42°C. 

This therefore implies that the pen grade binders will flow under traffic caus ing 

the eventual mixture to rut especially under the wheel paths of vehicles during 

service conditions. 

The PG 70-16 binders had softening points ranging between 45 and 48°C. This 

implies that the binders can selectively be used in Kabale and Kisoro regions. 

Their application in central region will not provide the level of pavement 

performance expected. Rutt ing as a result of flow of binders in the mix is 

expected especially under the wheel paths. The PG76- IO binder whose 

softening poirn ranged between 54 and 56°C best suites the regions from 

Mbarara and Kabale. l t has indeed been noted that the binder has been applied 

along the Mbarara Bypass project. Bi11der selection criteria is based on high 

pavemem temperatures since the risk associated with low pavement 

temperatu re$ are very low. 

As presemed in the map of Uganda below. it is clearly observed that PG70 was 

zoned for generally northern Uganda and Southern Rwenzori areas - Kasese 

with maximum pavement temperatures obtained as 66°C in Pakwach. Jn 

Cemral Uganda and Arua sub region, because of the maximum pavement 

cemperanrres measured as 61°c, PG64 was zoned. In Western Uganda, 

covering the districts of Mbarara. Kabale. Rukungir i, Kisoro, Isingiro. 

86 



Kabarole, Ibanda, PG58 was zoned since the maximum pavement temperamre 

obtained within these areas was 52°C . 

As presented in Table 4.6 above, adjustments to these temperature zoning 

based on performance grading can be made depending on the traffic loading 

rate and des ign equivalent standard axial loads. The traffic loading rates 

include standing traffic with average speed not exceeding 20km/hr, slow traffic 

with average speed ranging between 20 to 70km/hr and standard rate where the 

average speed exceeds 70km/hr. 
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS 

CONCLUSION 

The objective of this research; to assess the impact of bitumen types on the 

performance of asphalt concrete pavement construction in Uganda was 

:1ccomplished: 

• The classificat ion of penetration graded bitumen used on local market has 

been found satisfactory; 

• All penet ration graded binders had probable traces of increased aromatic 

type mineral impurities: 

• The performance temperatures for al l types of binders were found to be 

lower than specified as observed from softening point values obtained; 

• The laboratory in-service simulation of perfonnance requirements 

indicated that most of the binders exhibited potential to early and in­

service hardening; 

• Most of the binders exhibited potential to nilling and fatigue damage 

during high and in termediate temperatures when used in the mixture; 

Based on the availab le data from the Meteorological Centre in the founeen 

ouL or sixteen zones in Uganda. and the subsequent analysis based on the 

Strategic Highway Research Program Superpave system of analysis, l deduce 

the following; 
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• The lowest ai r temperatures ranged from 6.8°C at Kabale to 13.2°C i.n 

Mbarar;1 and highest air temperatures ranged from 29.5°C in Kabale to 

40.3°C in Pakwach; 

• The study of the environmenta l conditions in Uganda showed that the 

highest pavement de.~ign temperature is 66°C and the minimum pavement 

design temperature is -4°C; 

• The High Temperature z.oning in Uganda has been distributed in three 

Temperature zones including PG70, PG64 and PG58. 

RECOMMENDATION 

• Historical air temperatures were obtained from each of the fourteen zone.s 

in Uganda. It is recommended that each station within a zone should be 

measured separately and data analysed to provide accurate air temperatures 

which indeed impact on the pavement temperatures; 

• Measurement of Pavement Temperatures should be done between January 

and March where maximum air temperatures are recorded each year. This 

is because air temperatures impact on pavement temperatures ; 

• Further research by varying the test frequencies to simulate the various 

field speeds of traffic to enable binder master curves development; 

• A robust testing regime and acceptance criteria for asphalt concrete binders 

should be embraced by extending the current consistency property testing 

that only give empirical values and precautionary handling properties to 

physical property testing that provide in-service perfomrnnce us ing 

laboratory simulations ; 
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• Chemical composition of the binders on the local market should be 

detenn ined to analyse the amount of saturates, aromatics, resins and 

asphaltenes present since they impact on the colloidal structure of bitumen 

and hence performance of the binders. 
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Rolling Thin Film Oven Test Result~ (Zaniewski, 2004) 

Pre- Post-
Average 

Sample RTFO Condrtioned Condrtioned Mass Loss 
Pint No. Mass Loss 

Set Bottle No. Mass Mass (grams) (%) 
(cirams) larams) 

1 10 Bottle 1 34.992 34.821 0.00489 0.3069 
Bottle 2 35.056 35.012 0.00126 

2 11 
Bottle 1 35.399 35.387 0.00034 

0.0411 
Bottle 2 35.211 35.194 0.00048 

3 12 Bottle 1 34.826 34.796 0.00086 0.1064 
Bottle 2 34.713 34.669 0.00127 

4 9 Bottle 1 34.852 34.800 0.00149 0.0933 
Bottle 2 34.785 34.772 0.00037 

Thermal Cracking Investigation (Zaniewski, 2004) 

T C:SI femp. Lond. Detledio Creep l'\1ax. $(6(1) 01· Min. 111{60} 

No. I (''C J p n. S 1iffn1."'' Allow. T~>i value. Allow. Test 
<mN1 5 ' Resulls 01(60) 111(60)

1 Results • SC60)" 
(nun) $(60) IMP<i) 

(MP:i1 

I I - 12.4 10.0J 2.546 322.257 300 Failed 0.311 [).300 Passed 
2 

12 -1 1.2 9.89 2.56J 246.392 300 Passt!d 0.329 [)_JOO Pas~d 

4 

15 -12. 2 10.01 2.636 JOl.202 JOO Failed O.'.\O!l 1).300 Pa~o;ed 

6 

16 - 12.5 10.02 2.7 14 J02.951 300 Failed 0.301 [).300 Pnsscd 
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Physical test values analysis (Zanicwski, 2004) 

HIGH TEMPERATURE RANGE TEST RESULTS: RTFO-AGED BINDER 

Final Strain Phase ""ntmum 
Test Frequency Temp. Amplitude 

Modulus, G' 
Angle, G'/sin Allowable Test 

Number (Rad/sec) (kPa) (kPa) G' /sin Status (°C) (Percent) (Degrees) 
lie Pal 

1 10.08 70 10.01 2.546 83.2 2.564 22 Passed 
2 10.08 70 9.89 2.564 83.6 2.580 22 Passed 
3 10.08 70 10.01 2.n~ 83.I 2.656 22 Passed 
4 10.08 70 10.02 2.714 82.7 2.737 22 Passed 
5 10.08 70 10.29 2.463 83.I 2.481 2.2 Passe<I 
6 10.08 70 9.93 2.1 83.4 2.134 22 Failed 

61> 10.08 70 9.98 2.019 84.3 2.029 22 Fa I led 
7 10.08 70 10.06 2.410 83.3 2.427 22 Passed 
8 10.08 70 10.06 2.548 83.0 2.567 22 Passed 

INTERMEDIATE TEMPERATURE RANGE TEST RESULTS: PAV-AGED BINDER 

Final Strain Phase 
Maxim..n 

Test Frequency Temp. Amplltude Modulus, G' 
Angle, 

G'sin Allowable Test 
N..nber (Radlsec) 

(°C) (Percent) 
(kPa) 

(Degrees) 
(kPa) G'sin Status 

<•n•• 
9 10.08 28 1.03 3879 50.6 2999 5000 Passed 
10 10.08 28 1.01 3722 50.5 2873 Passed 
13 10.08 28 1.01 3641 50.4 2804 5000 Passed 
14 10.08 28 1.00 3226 50.4 2486 5000 Passed 

HIGH TEMPERATURE RANGE TEST RESULTS: UNAGED BINDER 

Final Strain Phase 
Minimum 

Test Frequency Temp. Amplitude Modulus, G' Angle, G'/sin Allowable Test 
Number [Radlsec) 

("C) (Percent) (kPa) 
(Degrees) 

(kPa) G'/sin Status 
lkP» 

.u 10.UH IU 12.LX> Ltu7 84.4 12fa 1.0 t'assed 
34 10.08 70 12.07 1.200 84.6 1.205 1.0 Passed 
.i'> 1U.un IU 11.~ 1.LL4 n:11,1 ,,~ 1,U t'assed 
36 10.08 70 11 .83 1.074 85.1 1.078 1.0 Passed 
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