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Abstract

The area of asphalt additives and extenders is somewhat complex, a variety of products and
suppliers exist, and the evidence of behavior and performance is largely scattered and inconclusive. For
these reasons, prospective users in the Kingdom's highway agencies are facing a rather difficult task in
sorting out this subject and assessing whether or not a particular additive or extended can be applied to
their problem as per the environment and loading conditions, and with what technical and economic
effectiveness.

In view of the situation this investigation was undertaken to evaluate the effectiveness of a new
additive called "Hedmanite" (Rookwool natural fibers) as a filler in the local road paving mixtures. Abu-
Hadriyah aggregates were used to pepare control mix as well as modifed mixes having different
percentages of hedmanite and lime as a substitute to conventional crushed stone filler in the aggregate
gradation. Optimum asphalt content was obtained by Marshall method for the control mix for both
wearing coarse and base coarse gradation, and was used in all the modified mixes. Mixes were evaluated
for engineering properties and it was found that certain percentages of both hedmanite and line are
effective in improving the resilient modulus of the mixtures, while the marshall stability loss and tensile
strength loss is higher in hedmanite mixes. Creep test shows no specific trend for the MOC gradation
used in this study. Lime modified mixes shows better resistance to fatigue and rutting than the hedmanite
modified mixes. Results indicates that high quality asphalt concrete mixes can be prepared using lime as
a filler than the material hedmanite for the local aggregates.



Laboratory Evaluation of Hedmanite and
Lime Modified Asphalt Concrete Mixes

by

Mirza Ghouse Baig

A Thesis Presented to the
FACULTY OF THE COLLEGE OF GRADUATE STUDIES
KING FAHD UNIVERSITY OF PETROLEUM & MINERALS

DHAHRAN, SAUDI ARABIA

In Partial Fulfillment of the
Requirements for the Degree of

MASTER OF SCIENCE
In

CIVIL ENGINEERING

October, 1995



INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may be

from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate

the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and
continuing from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in reduced
form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6” x 9” black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly to

order.

UMI

A Bell & Howell Information Company
300 North Zeeb Road, Ann Arbor MI 48106-1346 USA
313/761-4700  800/521-0600



OVeloleioleiale el el el el el e Jel ! Sl el ol bl bl el bl el el e e

LABORATORY EVALUATION OF
HEDMANITE AND LIME MODIFIED
'~ ASPHALT CONCRETE MIXES

BY
MIRZA GHOUSE BAIG

A Thesis Presented to the
FACULTY OF THE COLLEGE OF GRADUATE STUDIES

KING FAHD UNIVERSITY OF PETROLEUM & MINERALS
DHAHRAN, SAUDI ARABIA

in Partial Fulfillment of the
Requirements for the Degree of

MASTER OF SCIENCE

In

CIVIL ENGINEERING

October 1995

[l et el e e e ol e e e .iifi%i#éﬁei%i#is%i%%ﬁ#ﬁ#ﬁi%ﬁ%ﬁf@fi&&iﬁe&i&

Wﬁ%&rﬁwmwm%%

7
!

~m

kY

oe

EEEIES

t

|

-

!

kS

+

-

b

1)

|

R

"3

i et R pe e IR S SR SR S

~



UMI Number: 1378708

UMI Microform 1378708
Copyright 1996, by UMI Company. All rights reserved.

This microform edition is protected against unauthorized
copying under Title 17, United States Code.

UMI

300 North Zeeb Road
Ann Arbor, MI 48103



KING FAHD UNIVERSITY OF PETROLEUM AND MINERALS
DHAHRAN 31261, SAUDI ARABIA

COLLEGE OF GRADUATE STUDIES

This Thesis, written by

Mirza Ghouse Baig

under the direction of his Thesis Advisor, and approved by
his Thesis Committee, has been presented to and accepted
by the Dean of the College of Graduate Studies, in partial

fulfillment of

the

requirements for the degree of

Master of Science in Civil Engineering (Transportation)

S S
—~" T

Dr. Al-Farabi M. Sharif
Department Chairman

Sl

Dr. Ala H. Al-Rabeh
Dean, College of Graduate Studies

»’_?,Q. [

-

“l\

Dated

Thesis Committee

A

Dr. Hamad I. Al-Abdul Wahhab
Chairman

,(}/L o, ’é’ -vL,_/t %

Prof. Mohammed Farhat Ali
Member

—

= = L2 AN

Dr. Hasan M. Al-Ahmadi
Member

ba PR
RNt

.

“‘"3«&. -—r‘""" .



(In the name of Allah the Most Beneficent, The Most Merciful)

il Glif Lzade Lo Y U g le Y Elioees

& S ele]

Glory be to You, We have no knowledge except
what You have taught us. Verily, It’s You, The all
Knower, The all Wise. (Holy Qura’n 2:32)




e M AN B

sldal
P w f S w i " - -
c/""ad('ﬂ/‘("é’(‘“*“"f\u(/t}sj . &.;L’“ Jé

And Say: " Oh My Lord ! Bestow on them Your Mercy as
They did bring me up When I was Small." (Al - Qura'n 17:24)

R ety Jf STt L (sual

Dedicated to
My Father and Mother




ACKNOWLEDGMENTS

Praise and Glory be to the Almighty Allah, for bestowing me with the health, spirit,
power and patience to complete this work. Acknowledgment is due to KFUPM for the
support given to this research work through its tremendous facilities, and the
opportunity given to me to pursue graduate study with financial support.

I acknowledge, with deep gratitude and appreciation the inspiration, careful guidance
and encouragement given to me by my major Advisor Dr. Hamad I. Al-Abdul
Wahhab. He has taken care and showed great interest in the work by assisting and
giving constructive comments with patience, inspite of his busy schedule.
Appreciation and thanks are also extended to other committee members Prof. Mohd

Farhat Ali and Dr. Hasan Al-Ahmedi for their helpful comments when reviewing the
thesis.

I particularly wish to thank Prof Farhat Ali for all his support, concern and
encouragement. Thanks to Dr. Ahmedi for the co-operation and help in different
matters.

My profound and sincere thanks to Dr. Hamad for providing me an opportunity to
work with him after completion of MS. I am thankful to the Chairman Dr. Farabi

Al-Sharif for showing special care and attention in all matters, and helping me in
securing the job.

I am indebted to many individuals whose contributions are difficult to recognize and
acknowledge explicitly. Among them are my friends and well wishers. I would also
like to express my thanks to Dr. Ergun, Dr. Senan, Dr. Aiban, Dr. Baghabra, Dr.
Maslehuddin, Dr. Sajid A.Abbasi, Dr. Abdul Aziz, Br. Ziauddin, Br. Affan Bader, Br.
Alam Nizami, Br. Zaheer baig, Eng. Dubaib, Eng. Ramdhan, Br. Mahmood and Safder
for their guidance, encouragement, moral support & patronage. Special thanks are due
to laboratory personnel Antonio Tolentino, Eng. Omer, Eng. Nihash, Eng. Mukarram
shab, Br.Hassan Zakaria, Mr.Younus and all other.

Above all, Iexpress my heartful gratitude as best as I could to Mr. Ibrahim Asi, since
it is not easy to find neat, convincing sentences on the spur of the moment to
acknowledge his support, unwavering trust and encouragement at all difficult times.

Finally, I will express my profound gratitude to my beloved parents, brothers, sisters,
brother-in-laws, and all other family members for their love, continuing support,
encouragement, understanding, and for enduring the geographical distance from me

during my graduate studies. Their sacrifices, prayers and foresightedness made this
work possible.



LR )

TABLE OF CONTENTS

Chapter Page
LISTOF TABLES ...ececeerrecrecrecnenennne veresnesesnsssasssrarsseerassssenraseass iv
LISTOF FIGURES ..uiticecsnnsneseserscesssnssssessesssssssssssssssasssssssrssssssennes vi

ABSTRACT (ENGLISH) ...c.covniivrrerenerineenssiesestessessssssssasmensossessesasonssassassasssssns Xi
ABSTRACT (ARABIC) ...cocevrrrercnieceneeesisesnsesesssssnssssemsosssssssssssssassssssessassssasas xii
1. INTRODUCTION......cccetverrenenecsereniresesesisesseessenssnessesssssssnesssensenssssessnsensrsssscasane 1
LT GENETAL.........cotieiietree ettt ettt s st s s s es e s s e s s s s e s s e sas s e s s eseseseessassesesasassees 1
1.2 Problem DEfIMItION .......c.oviruveirceeceiccecer et eeeeases s eeseesessesesseesessessenesssesessesssesesessess s ssens 3
L3 RESEAICH ODBJECHIVE : .....evucveiereeieceeeee e e s e e e res s e sesse s ses s s seseeeseaseseesesassaesanees 7
L4 EXPECIEA BENEIILS : .......vureoiecreeecreitisie e seeeeseeeessen s esesae s eeassesesssseesseseeseseeneesesssessen 7
L5 StUAY APPIOACH: ...t e vt s et s s st se e e e 9
2. LITERATURE REVIEW. ......covieeieieeeeeecisieresssseseenssnssssssenssssssssessenssessessasnsseans 15
2.1 ASPRAI AQGIHIVES ....cuveveiereircececeeiee e cee et sesee s s s es e e s e sesas s eneereseasessessess s sen I
2.1 1 INITOAUCHON ..ottt eee e e s s s s e e s s s sseeeeeseeesesreneesessseesesseseens 16
2.1 2 TYPES Of AQAIIVES ......cvoecevoeeeeeeeee e eeeee e et seseees s e e enerenee s sesseseeseseens 19
2.1.3 OUtlOOK fOr AQGItIVES...........c.ovrveeeeeeeeeeeeeie e e seeseese e seesss e s esessssseseeseesasssssssssnees 20
2.2 Mineral FIlers @S AQILIVE ...............coovurveeeeeeeeeeeeeeseeeeseesessesesesseesesesesse s seseseesessessesesessssseses 21
2.2 1 DEAIDION .....ocevevitnetrtiarteecteeeeeceee e ereeeees s sseesss e s seseseaes s sessssesessesessessesesssessessees 21
2.2.2 BACKETOUN ......coocmrreietcerceeeee et es e et eses s s e ee s seseesesesseseseesessessasssessseessenes 22



1€y

2.2.3 TheoTy Of fIlIEL......cuoiiieeeeetee ettt st bn e e 25

224 FIller AWIBULES © ..ottt 26
2.2.5 Role of filler im AC IMIXES ©...cccoieiviricieirieeecer e e 27
2.3 Lime and HedMamte .........c.couioiriiieeieieiiri ettt st sbc s e b be s 32
20 59 1 LUy OO RO TP DO RO RRPUPPRRO 32
2.3 2 HEAMANIE ...ttt ettt a s s et 36
2.3. 2. 1 INTOQUCHON ...ttt ettt sbe bbb s re e s et ene 36
2.3.2.2 Typical Chemical ARalysis..........ccccceriuirierenmnniiniiiiiie et ssemenes 37
2.3.2.3 GENETAL USES.........cceriririeeeeiesiesetcreece et nssie bbb e be st beions 39
2.3.2.4 Applicationasa Filler in AC MiX ......oovviiiieinienececeecreceecitetec e e 39
2.4 Mix Design and Evaluation Methods...............ccoveeriimiierieniencnenrenieceenieescsecse st ersemn s 41
2.4.1 Marshall Mix Design Method ...............coooieieiirerrecrenirrereenrcencc st seessesssessens 41
2.4.2 Indirect TERSIlE TESt .....cvveviverriereiiene ittt ebe s 45
2.4.3 Resilient MOAUIUS TESt.........c.cvivreererieieerinieerie e bbb sae e 47
2.4.4 CIEEP TESE ..uveeercreeeriei ettt se et eaveers s eebeseseessaesa s e est et esbesbe et sbeasesras st annessresabereernsbent 48
2.4.5 Fatigue and Permanent Deformation...........cc.oeveevrevenveneerinersrcerencesescseessnmesssissssssennns 50
3. MATERIAL CHARACTERIZATION AND MIX DESIGN..........cceersinnrrnnecanrancs 54
ST INMFOQUCHON. ...ttt ittt sttt st esn e sa s eaes b s s s b e R s b e s s s et et caeae 54
3.2 MALEHAl SCIECHOMN.......c.veeerreerrinrieritreesrerane et este et steee e se st s e eaenssabs b sbe b b e ssasanans ctas 56
F.2. 1 ABETICBALE ...ttt ettt e sae e e ra e b e e e she e seeeene e st s et e bennaeas 56
3.2.2 ASPRAIL.......oee e s e b e b s 59
323 FAIET ittt ettt e et s s 59
B3 MIXDESIEN...coieictitrrrnis ettt et stacs et b st et sa s et sassnenaebassiess 65
3.3.1 Marshall Mix Design Method .............cccoirririeeneeniireeeeceneieneceeseese e s eees 66
3.3.1.1 Preparation of Test SPECIMENS...........ccvoceerereerrnreriiniiiiniceiiete s e sb s 66
3.3. 1.2 TEStPIOCEAUTE .........vvvivenecaraeeeecieteeeeet ettt st sb e s e s bt 69

ii



12y

3.3, 1.3 ROSUMS ... eeeeieiieeeieeets e cesteerttee e bes s aasraa b b s aaraae e tee s ee bt e e b s s e e e e b banrena s e e banre 71

KR B0 111 11V o OO OO U OO OO PO U PO O PO RSP PSPSP TSP PP PP RSP 75
4. Laboratory Evaluation and Results ....... veessssreanensenas crenrrenee erreernenesssssaanes 76
4 ] INTOAUCTION. ..coveeiieeeeeeereeseueacaeteetescrese st e ereon e e essass e s b s essas e b e s b st a e a bbb bbbt 76
4 -2 Experimental PIOBIAIM ........ovovoiririiiiceeiienie e criiest et st ess et s st 71
4 -3 Repeated Load TeStiNG DEVICE. .......o.eevieirueeuirierieinreeniiiisiisins st sttt s 79
4 -4 Resilient Modults (MR) TeSE.......ooovviiiiieiiieiieiee et rs ettt s 82
4 4 21 TESERESUILS.....c.ovreererireciereienecrints e e s s s e s s bbb e s 84

4 -SMarshall SLADIILY.......ccoecvrrreieecererrere et e 84
325 =1 TESt RESUIS.....ooueeiieiieneretrere et eecr ettt e e st a s b 88

4 -6 Split Tensile SrENGtN.......cccovviiiireineiiie e 92
46 =1 RESUIS.....ceerveecereeerririreteeirterer ettt e et rb bt sab s b e st b s b E e a bbb b bbbt r s e s 93

4 -7 StAUC CTEP TESL....vveiireeuierireneriereerestareseeseseste st s ss e e rere b et s s s st st s b b e bbb sttt 98
4 2T sl RESUIIS....uovverececaereceneret sttt et e s 98

4 -8 Fatigue & Permanent deformation............coccocerereercininniienssssineneeece s 105
4 -8 =1 TSt RESUILS....oueeieineirereeieetei ettt b et s s 108

4 -9 Statistical ANALYSIS .....ccceivrrerererirerereereneen e et e 110
T 11111 1171 o SO OO OO SO RO OO PV IO PO PP S SPRORIO 118

5. Conculsions and Recommendations .....cccceeveeercereceesscsseserssssoscrsnscses 119

5 o] COMCIUSIONS. ... eeetistcetet et e e eeee e veeeteessssstessssssarasbanssrnesssnessreesresmansatessasbesannnsssbesareants 119

5«2 RECOMMENAAUONS. ....ccoiumeieeieeeeieteeeeeieeeeeeeereeeesssssssrssaserarssaessbereessasssressssassssssssensssstnessnnes 122

APDENAICES. .....vivieeiit ettt ettt ettt et r et bt 123

RCTOTEICES. ...t e et e e e et e e e s e ea e s e e s ea e e e 183
il



<3

LIST OF TABLES

Table Page
1.1 Aggregate Gradation for the Mixes (MOC) ...........c.ooooveveiiiieeeee, 13
2.1 Hedmanite - Typical Chemical Analysis Data ...............ccccocooeveeverennnnn.n. 38
22 Marshall Mix Design Criteria ...........c.cccoooeeiiviieiiiiiiiieeeeeeeeee e 44
3.1 Design Gradation for the MIXtures .............c.ccoocoovviiiiiiiiieeeeice e 57
32 Results of Quality Tests on Aggregates ...........cc.cceevevvveeerecreeveeiveenennae, 58
3.3 Physical Properties of Asphalt Cement ...............c..ccoovvviiiiiiiciece, 60
3.4 Hedmanite Identity and Physical Data .....................c.ocoovvecviciiicnn 62
3.5 Marshall Properties for Wearing Coarse & Base Coarse Mixes .............. 74
4.1 Experimental Design for Wearing Coarse & Base Coarse Mixes ............ 78
42 Creep Curves Analysis Data ...........cccoooveiriiieeiviiicieeeec e 104
43 Results of Fatigue Curves ............ccccoeevneiiniiiiiicceeec e 114
44 Results of Rutting Curves ..............ccoceeevieieciiiiiieecceieeceeeee e 117
D1 Statistical Analysis for Resilient Modulus Wearing Coarse Data ........... 168
D2 Statistical Analysis for Resilient Modulus Base Coarse Data ................ 169
D3 Statistical Analysis for Marshall Stability @ 35 min Wearing Coarse .... 170
D4 Statistical Analysis for Marshall Stability @ 35 min Base Coarse .......... 171
D5 Statistical Analysis for Marshall Stability @ 24 hrs Wearing Coarse ..... 172

iv



AR )

D6

D7

D8

D9

D10

D11

D12

D13

D14

D15

Statistical Analysis for Marshall Stability @ 24 hrs Base Coarse .............. 173
Statistical Analysis of Split Tensile Strength @ 2 hour for
Wearing Coarse Data ...................cccocoooovromeoooieeooeoooeeoooe 174

Statistical Analysis of Split Tensile Strength @ 2 hour for

Base Coarse Data

................................................................................ 175
Statistical Analysis of Split Tensile Strength @ 24 hour for

Wearing Coarse Data ................cocoooooooemomoooeooeeooooeooo 176
Statistical Analysis of Split Tensile Strength @ 24 hour for

Base Coarse Data .........cooooomiviiiieiiceeceeeeeeeeeeeeeeeeeeoeeeee 177
Statistical Analysis of Static Creep Data for Wearing Coarse

and Base Coarse MiXeS ................c..co..ooeiveeeeeeeereeeereeneeeeeeeeeseeseese s, 178
Statistical Analysis of Fatigue Data for Wearing Coarse mixes................ 179
Statistical Analysis of Fatigue Data for Base Coarse mixes .................. 180
Statistical Analysis of Rutting Data for Wearing Coarse mixes ............... 181
Statistical Analysis of Rutting Data for Base Coarse mixes ................... 182



‘13

Figure

1.1
12
2.1
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
4.1
42
43
4.4
45

4.6

LIST OF FIGURES

Key Elements of the Current Study Program ...,
Experimental Program Flow Chart ...,
Loading Configuration and Failure of Indirect Tensile Test ................
Flow Diagram for Material Testing and Mix Design ..............ccccceeeue.
Hedmanite Sample Micrograph at 1000X Magnification ...................
Hedmanite Sample Micrograph at 5000X and 10,000X Magnification ..
Cox & Son’s Self Heating MiXer ...........ccccoviiiniiiiinicinniininines
Marshall Mechanical Compactor ............ccccccoocoiiiiiiiiiineiiiccieiees
Marshall Stability and Flow Apparatus .............ccccccoeiiiinininieenene.
Marshall Mix Design Curves for Wearing Coarse Mix (G1) ..................
Marshall Mix Design Curves for Base Coarse Mix (G2) ........cccccoeenee.
Repeated Load Testing System .........cccoceeimmimeiecniiiie i,
Resilient Modulus (MR) Test Setup  ....ooceeeieiirieeiicicicecciecee e
Resilient Modulus (MR) for Lime Modified Mixes ...........ccoccoeeeenn.
Resilient Modulus (MR) for Hedmanite Modified Mixes ......................
Comparision of MR between Lime and Hedmanite Mixes ....................

Marshall Stability for Lime Modified Mixes .........c..ccoocviniiiccicinnnnn,

Page

10
46
55
63
64

67

89



143

4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

420

421

422

Marshall Stability for Hedmanite Modified Mixes ..............cccoeeeenceeee 90

Comparision for Stability Loss between Lime & Hedmanite Mixes ........ 91
Setup for Indirect/Split Tensile Test ..........cocooeeiieieiiinieieiicen 94
Split Tensile Strength for Lime Modified Mixes ...........c..cccoevvvicennnn. 95
Split Tensile Strength for Hedmanite Modified Mixes ............ccc.ccoenee. 96

Comparision of Split Tensile Strength between Lime and Hedmanite

Modified MIXES ......cocoeviiiiiiiiicieceie e 97
Static Creep Test Chamber ............ccccooooiiveviieeeicee e i00
Static Creep Testing Setup ..........cccocoevveieuinireeiireeciscee s 101
Typical Creep Curve for Wearing Coarse Control Mix (G1) ................. 102
Creep Curve for Base Coarse Control Mix (G2) .........cocovvevireienenes 103
Fatigue and Permanent Deformation (Rutting) Specimen Setup ......... 106
Fatigue and Permanent Deformation (Rutting) Test Setup ................. 107

Typical Fatigue Curve for Lime modified Wearing Coarse (G1)

MiX 8t 45% C oot 112
Typical Fatigue Curve for Lime modified Base Coarse (G2)

MIX At 45°% C oo 113
Rutting Curve for Wearing Coarse (G1) and Base Coarse (G2)

Control Mix at 45° C .....cooeoviiieee e 115
Rutting Curve for Wearing Coarse (G1) and Base Coarse (G2)

Control Mix at 60° € ....oooeeeeee et et 116

vii



Al

Bl

B2

B3

B4

BS5

B6

B7

B8

B9

B10

Bl1

B12

B13

Bl4

B1S5

B16

Cl1

C2

| 142

X-Ray Diffraction (XRD) Analysis Pattern for Hedmanite Sample .......
Static Creep Curve for Lime Modified (WC) Mix G1L-1% ...................
Static Creep Curve for the Mix G1L-2% .......cccoooeiiiiiiiiiii
Static Creep Curve for the Mix GIL-4% ..o
Static Creep Curve for the Mix G1L-5.5% ......cccocoeviiiiiininiine

Static Creep Response for Hedmanite Modified (WC) Mix G1H-1% .....

Static Creep Curve for the Mix GIH-2% ........cccccoiiviiiiiiniiiices
Static Creep Curve for the Mix GIH-4% .......ccccoiiiinini

Static Creep Curve for the Mix G1H-5.5% .......cccooiiiiniiiinns

Static Creep Curve for Lime modified (BC) Mix G2L-1% .....................
Static Creep Curve for the Mix G2L-2% .....cccoccooeiiiiiiniiiiiiiireeecee
Static Creep Curve for the Mix G2L-4% ........ccccocoiiiiniinicee
Static Creep Curve for the Mix G2L-5.5% .......ccocevviimmmnmniiniinne
Static Creep Curve for Hedmanite modified (BC) Mix G2H-1% ..........
Static Creep Curve for Hedmanite modified (BC) Mix G2H-2% ..........
Static Creep Curve for Hedmanite modified (BC) Mix G2H-4% ..........
Static Creep Curve for Hedmanite modified (BC) Mix G2H-5.5% .........
Fatigue Curve for Hedmanite Modified Wearing Coarse Mixes at 45° C ...
Fatigue Curve Comparision for 2% Hedmanite and Lime Modified
Wearing Coarse Mixes at 45° C .........cooveiiiiiiieeie e
Fatigue Curve Comparision for 5.5% Hedmanite and Lime Modified

Wearing Coarse Mixes at 45° C .........ccoovieeiiierenieiineiccicee e

viii



1<

C4

Cs

Cé

c7

C8

Cco

C10

c1

C12

Ci3

C14

C15

Cieé

C17

Fatigue Curve for Lime Modified Wearing Coarse Mixes at 60°C ...........
Fatigue Curve for Hedmanite Modified Wearing Coarse Mixes at 60° C ...
Fatigue Curve Comparision for 2% Hedmanite and Lime Modified
Wearing Coarse Mixes at 60° C ............c.cc.oooovieiiviiiiieie e,
Fatigue Curve Comparision for 5.5% Hedmanite and Lime Modified
Wearing Coarse Mixes at 60° C ..............ccceoviviomieevieeeeeeeeeee e
Fatigue Curve for Hedmanite Modified Base Coarse Mixes at 45° C ........
Fatigue Curve Comparision for 2% Hedmanite and Lime Modified
Base Coarse Mixes at 45° C .........cooovveeieeiiiiiniieeeeeeeeeeeeeee e
Fatigue Curve Comparision for 5.5% Hedmanite and Lime Modified
Base Coarse Mixes at 60° C ............ccooveveeieerioiecicriieree e
Fatigue Curve for Lime Modified Base Coarse Mixes at 60°C ................
Fatigue Curve for Hedmanite Modified Base Coarse Mixes at 60° C ........
Fatigue Curve Comparision for 2% Hedmanite and Lime Modified
Base Coarse Mixes at 60° C ............cooovriereciceeecreeieeeeececeeeet e,
Fatigue Curve Comparision for 5.5% Hedmanite and Lime Modified
Base Coarse Mixes at 60° C .............ccooviverecriereicieeeeeeeeee e
Rutting Curves for 2% Hedmanite and Lime modified Wearing Coarse
MIXES 8t 45° C ..ot ettt
Rutting Curves for 5.5% Hedmanite and Lime modified Wearing Coarse
Mixes at 45° C

Rutting Curves for 2% Hedmanite and Lime modified Wearing Coarse

ix



R

Ci8

C19

C20

C21

C22

MIXES @t 60° C ..ottt e e e 161

Rutting Curves for 5.5% Hedmanite and Lime modified Wearing Coarse

Mixes at 60% C ..ottt 162
Rutting Curves for 2% Hedmanite and Lime modified Base Coarse

MIXES At 45° C ..ottt 163
Rutting Curves for 5.5% Hedmanite and Lime modified Base Coarse

MIXES At 45° C ..ottt 164
Rutting Curves for 2% Hedmanite and Lime modified Base Coarse

Mixes at 60° C ...c.ooovrvriiieiiecceee et 165
Rutting Curves for 5.5% Hedmanite and Lime modified Base Coarse

MiIxes @t 60° C .....ooovirieiieicete ettt 166



12y
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Z

ame: Mirza Ghouse Baig
itle of Study:  "Laboratory Evaluation of Hedmanite and Lime
Modified Asphalt Concrete Mixes"
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Major Field: Civil Engineering (Transportation)
Date of Degree: October 1995.

The area of asphalt additives and extenders is somewhat complex, a variety of products and
suppliers exist, and the evidence of behavior and performance is largely scattered and
inconclusive. For these reasons, prospective users in the kingdom’s highway agencies are
facing a rather difficult task in sorting out this subject and assessing whether or not a
particular additive or extender can be applied to their problem as per the environment and
loading conditions, and with what technical and economic effectiveness.

In view of the situation this investigation was undertaken to evaluate the
effectiveness of a new additive called “Hedmanite” (Rookwool natural fibers) as a filler in
the local road paving mixtures. Abu-Hadriyah aggregates were used to prepare control mix
as well as modified mixes having different percentages of hedmanite and lime as a substitute
to conventional crushed stone filler in the aggregate gradation. Optimum asphalt content
was obtained by Marshall method for the control mix for both wearing coarse and base
coarse gradation, and was used in all the modified mixes. Mixes were evaluated for
engineering properties and it was found that certain percentages of both hedmanite and lime
are effective in improving the resilient modulus of the mixtures, while the marshall stability
loss and tensile strength loss is higher in hedmanite mixes. Creep test shows no specific
trend for the MOC gradation used in this study. Lime modified mixes shows better
resistance to fatigue and rutting than the hedmanite modified mixes. Results indicates that
high quality asphalt concrete mixes can be prepared using lime as a filler than the material

hedmanite for the local aggregates.
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Chapter 1

INTRODUCTION

1. 1 General

The development of modern highways has always depended upon the material
available to build them. Early attempts to seal a pavement with tar or pitch led to the
use of bitumen and to the high performance materials currently in use worldwide.
This process of development continues today and although there are no completely
new paving materials that are likely to become available in the near future, existing
materials can be made to perform better by the addition of comparatively small

quantities of additives.

The primary function of the pavement is to give the users a smooth,
comfortable and safe ride at economical cost. One of the main drawbacks of
bituminous pavement materials is that they combine "elastic' and "plastic' behavior,
that is, when they deflect under load, a small part of the deflection becomes
permanent.  After individual loads these permanent deformations are practically
invisible, but after repeated loading this effect can lead to rutting. The phenomenon
is particularly prevalent in warm climates and where the growing weights or tire

pressure of the vehicles are present.
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The behavior of flexible pavement is very complex due to the inter-relation between

factors influencing its performance. Some of the major observed asphalt pavement

problems can be listed as [1]
e stripping
e Rutting
e Thermal and fatigue cracking
e Hardening of binder

e Flushing

In order to cope with these problems (if any), use of different types of additives in
asphalt concrete mix was proposed and is in use worldwide. For example, different
types of “Filler Materials” available is one such type of additive, which is known to

affect greatly the properties of the mix produced.

Therefore any refinement of knowledge to enhance the use of such additives
in asphalt and their potential benefits, will find a good place in todays world where

lot of concern exist for these widespread asphalt concrete problems of major

importance.
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1. 2 PROBLEM DEFINITION

The Kingdom of Saudi Arabia is large, occupying an area approximately the
size of western Europe and one-fourth the size of the U.S The population is scattered
throughout the country with major concentrations in several distinctive regions.
Generally arid and Hot. To provide communication between them, huge investment
has been placed in constructing high quality roads that covered great distances, under
extreme climatic and topographical conditions. Roads were designed for a design life
of 15-20 years before any major maintenance is needed. However, during the past
few years, these roads with asphalt concrete layers have been experiencing an early

failure distress.

One of the major contributor to failure apart from heavy axle loads, high tire pressure
and climatic conditions, is the low quality of local material used for highway
construction. The local construction industry faces a serious situation in finding
good performance aggregate. The solid formations along the gulf coast, which are
the primary source of local coarse aggregate material for asphalt concrete, consists
mostly of weak, dusty and absorptive limestone. On highways and urban roads many
damaged spots can be seen after the seasonal rains, especially in eastern province
where aggregate are weak limestone and sensitive to water. Since the transport of
good quality aggregate from other nearby provinces is uneconomical, certain

modifications to the local material must be made to ensure a durable mix .
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There are a number of factors which may affect the performance of an asphaltic
concrete layer. The major factors known to affect the materials characteristics and
behavior under traffic loading are ; asphalt type and content, temperature variation,
material type and gradation, air voids, mixture density, filler type and wheel loading
or stress level. Among these asphalt content and quality of a given mix have direct

effect on the stability and durability of the mixtures.

Considerable research and development has been done World-wide to achieve a mix
which can satisfactorily resist the major distress problems in pavements. One of the
major steps towards this is achieved by incorporating additives in asphalt mixes to
improve its temperature susceptibility, especially for extreme climatic regions. Use
of additives were reported by many researchers to significantly improve the
rheological properties of the asphalt concrete mixes such as temperature
susceptibility, strength and durability. Such promising results could present a cure for

different types of distress in the pavement.[2]

Joe .\W. Button in his report on “ Summary of asphalt additives performance at
selected sites” in 1990, stated that, on the basis of laboratory test results and
findings from the older field tests in the U.S and Europe, certain polymers and
microfiller additives properly applied can be expected to provide improved pavement

performance [3].

General comments from representatives of state departments of

Transportation about use of polymeric asphalt additives in Hot Mix Asphalt Concrete
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(HMAC), in 1990 was that “They believe polymer additives offer improvements in
asphalt pavement performance but they are not usually cost effective” and are
expensive to use routinely on long stretches of interstate highways. In their view
certain microfiller additives properly applied can reasonably be expected to provide

cost effective pavement performance. [3]

Among various types of asphalt cement modifiers used “Filler Material” is
one, which is considered to improve the mix properties without affecting much on
the overall economy of asphalt concrete pavements. There are different kinds of
filler-material available and is in use worldwide depending upon the improvement
needed and the relevant functions they provide. Although different kinds of filler
used in AC mixes, may additionally results in performance improvements or better

economy. It is reported that each one has their own limitations. For example:

a) Hydrated lime is widely used as an antistripping agent in asphalt concrete
mix, but it is found to be asphalt thirsty and thus increases the asphalt
requirement of the mix thereby affecting economy and some other

properties.

b) Asbestos fibers is reported to be an excellent filler material in asphalt

concrete, but due to health hazard it was discouraged from using [4].

Therefore, correct selection and use of a particular type and amount of filler additive
among various available and new emerging products becomes important to ensure a

properly designed mix as per the local existing environmental and loading conditions.
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In view of the above facts, a material called “Hedmanite” available in local
market has been investigated in laboratory to evaluate the potential benefits of this
material to be used in asphalt concrete mixes as a filler. Hedmanite is the commercial
name of a Rockwool kind of natural fiber, obtained by crushing the rock called
Lizardite. This material containing fibers in powdered form and non-pathogenic in
nature has successfully proven itself as an excellent improver of asphalt mixes,
especially in overlays. And is used in Canada, Austria, and in some other European
countries [4]. As the cost of Hedmanite-Lizardite mineral filler is far less than other
asphalt additives and it may permit the use of thinner layers of better, longer lasting
pavement, It could be expected that the overall quantity of raw materials and the

overall cost of paving can be considerably reduced [4].

Also literature indicates that, other types of Rockwool fibers had been used in Great
Britain and France, where fibers were added to the mixture during mixing, it was
reported that it improved the resistance to reflective cracking, deflection in pavement

and there were no construction constraints. [5]

Filler materials such as, Baghouse fines, cement dust, limestone, fly-ash, were already
investigated in the gulf region for use in AC mixes. Since Hedmanite mineral filler
has not been tested before as an additive for asphalt concrete mixes in the middle-
east.  This research is designed to investigate the engineering properties of modified
asphalt concrete mixes prepared using Hedmanite as a filler, and look for any

improvements obtained as compared to lime modified mixes (since lime is considered
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to be an effective modifier as filler in asphalt concrete mix) and conventional crushed

stone filler mix. The key elements of the study program is shown in Figure 1.1.

1. 3 Research Objective :

The main objective of this research was to study the engineering properties of the
asphalt concrete mixes prepared using Hedmanite as filler material, and to compare
them with lime modified mixes and the conventional asphalt mix (containing crushed

stone filler). Which require the following steps :
1. Material characterization i.e., Aggregate and Asphalt in the laboratory.

2. Mix design using Marshall procedure to come up with optimum mixes for the
gradations of wearing course and base course as specified by Ministry of
Communication (MOC) specification. For the mixes having crushed stone,

hedmanite and lime as filler.

3. To study various characteristics of the modified asphalt mixes and carry out

comparative analysis.

1. 4 Expected Benefits :

The area of asphalt additives and extenders is somewhat complex, a variety of

products and suppliers exist, and the evidence of behavior and performance is largely
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scattered and inconclusive. For these reasons, prospective users in the Kingdom's
highway agencies are facing a rather difficult task in sorting out this subject area and
assessing whether or not a particular additive or extender can be applied to their
problem as per the environment, and with what technical and economic effectiveness.
In the Kingdom several studies were undertaken in order to cope up with major
pavement distress problems, such as, National Research Project on Rutting in which
one of the recommendation was to use the filler additives in the asphalt mix. Some
other studies were also conducted to explore the use of polymeric additives like,
polybelt, novophalt, crumb rubber, sulfur etc. In view of this situation the output of
this research program is expected to be a step in evaluating or deciding the use of

new locally marketed material in Saudi Arabia.

1. 5 Study Approach:

In order to achieve the study objectives, a systematic approach consisting of three

main interconnected phases have been proposed :

The first phase consist of material collection and characterization. The second phase
involve mix design and laboratory evaluation. The third phase involve data analysis,
conclusions and recommendation. A schematic flow chart for study approach is

shown in Figure 1.2.

Phase 1: Material collection and Characterization.
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1) Material collection: This involve collection of materials to be used in the Mix
design. Which include Abu-hadriyah Aggregate, Asphalt from Ras-Tannurah

Refinery, Hydrated Lime and Hedmanite from local suppliers.

if) Characterization of the binder is as follows:
¢ Specific gravity (ASTM D-70)
* Viscosity @ 135°C and 60°C (AASHTO T-202)
¢ Penetration (ASTM D-5)
¢ Softening point (ASTM D-36)
¢ Ductility (ASTM D-113)

e Flash point (ASTM D-92)

Asphalt Aging by Thin-Film Oven test (TFO) (ASTM D-1754)
i) Aggregate testing include:
e Specific Gravity
* Coarse aggregate  (ASTM C-127)
* Fine aggregate (ASTM C- 128)
* Filler (ASTM C- 128)

e L.A Abrasion Test (ASTM C-131)
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e Soundness Test (ASTM C-88)
e Sand Equivalent (ASTM D-2419)

e Plasticity (AASHTO T-90)

Phase 2: Mix Design and Laboratory Evaluation

This Phase involves the following tasks:

i) Optimization of mixes by Marshall Mix Design Method (ASTM D-1159)
using the aggregate gradations as specified in modified MOC specifications

(Table 1.1). For different fillers i.e.;
¢ Crushed Stone
¢ Hedmanite

¢ Lime

if) Evaluation of optimized mixes includes

e Marshall Stability test @ 25° C and 60°C. (ASTM D-1559)

¢ Modulus of Resilient test @ 45°C. (ASTM D-3497)
e Indirect Tensile Strength @ 25°C. (AASHTO T-245)
o Static Creep test @ 60°C. (Reference # 48)



Table 1: Agregate Gradation (as per modified MOC specifications™).

Seive Size % Passing
G1 G2
11/2" - 100
1" - 75- 90
3/4" 100 65 - 80
1/2" 76 - 92 55-70
3/8" 64 - 79 45 - 60
#4 41-64 | 31-46
#8 23-37 -
#10 - 18 - 33
# 40 7-20 5-18
# 80 5-13 3-13
# 200 3-8 2-9

G1 - Wearing Course
G2 - Base Course

' - ' Indicates the size is not included
' * ' MOC Specifications, March 1986. [36]
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¢ Fatiguetest @ 45°C and 60°C. (ASTM D-3497)

s Permanent Deformation @ 45°C and 60°C. (Reference # 51)

These tests will provide a base for comparison between the necessary properties of

modified and conventional mixes.

Phase 3: Data Analysis and Results

This phase involves the analysis of test results obtained from different tests. It
shows the various characteristics of modified asphaltic concrete mixes and the
conventional asphalt mix for the comparision. And in order to come up with
conclusions and recommendations regarding the engineering properties of Hedmanite

and Lime modified asphalt concrete mixes.
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Chapter 2

LITERATURE REVIEW

2. 1 Asphalt Additives

An asphalt cement (AC) additive is a material which would normally be added to
and/or mixed with the asphalt before mix production, or during mix production, to
improve the properties and/or performance of the resulting binder and/or the mix, or
where an aged binder is involved, as in recycling, to improve or restore the original
properties of the aged binder. An asphalt cement extender is an additive which
replaces a part of the AC that would normally be used in the mix, and may additionally

result in performance improvements or better economy [5].

The justification or reasons for using an additive or extender would include the

following;:

1. Solve or alleviate a pavement problem.

2. Realize some benefits such as
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i) Economy
ii) Environmental
iii) Energy

iv) Application and Performance.

2.1.1 Introduction

The concept of modifying asphalt binders and mixtures is certainly not new, but has
become much more prominent during the past few years. One reason for this
resurgence in interest has been the changing process of how oil refineries obtain and
process crude oil. Following the 1973 Arab oil embargo, the traditional sources and
supply lines changed. Many refineries that were accustomed to a single crude source
and supply lines changed. Also many refineries that were accustomed to a single crude
source were faced with the prospect of processing oil from multiple sources. These
changes made it more difficult to meet specifications for paving grade asphalt cement.
This situation provided additional opportunities for enhancing asphalt cement through

modification.

Other factors that may have some influence on an increased interest in modifying

asphalt cement include at least the following:[ 2]

e Traffic factors have increased; including heavier loads, higher volume, and

higher tire pressures.
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e To accommodate the shift from larger projects such as the Interstate
System to smaller projects such as maintenance of the existing road

network.

e Higher costs have created a tendency to construct thinner pavements, thus

reducing the service lives of pavements.

e Environmental and economic pressure to dispose of certain industrial waste
materials (i.e., tires, glass, ash, etc.) has prompted the idea of converting

them to asphalt cement additives.

Because some of these problems existed in Europe prior to their emergence in the
U.S., there was an earlier move towards asphalt modification in Europe. Also, some
countries require contractor guarantees for performance and this promoted the use of
modifiers in an attempt to ensure better performance and to lower life cycle costs. This
approach is in contrast to the U.S. where low initial cost is the governing factor in the

existing bid process [2].

A family of products and processors are aimed at a variety of pavement application.
The highway engineer knows that the complexity of pavement distress requires a
choice of repair or rehabilitation options (one or two methods may not suffice). The
appropriate modification of asphalt binders has broadened the choices available to the

engineer.

Engineers who are familiar with the field performance of Hot Mix Asphalt

(HMA) pavements generally agree on three potential modes of distress: [ 2]
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1. Distortion

a) Settelment

b) Rutting
2. Cracking

a) Repeated load (fatigue cracking)

b) Non-load (thermal cracking)
3. Disintegration

a) Raveling

b) Stripping (moisture damage)

Although most HMA pavements perform satisfactorily, problems still do occur.
Consequently, there is an increased interest in making changes that include several

possibilities:

e Improved pavement design (structural, drainage, materials, etc.).
¢ Revision of specifications for paving materials and pavements.

e Improvement in the quality control of construction.

o Improvement of binders systems.

All of these will be necessary for improvement of pavement performance, however the

binder system has gained a primary interest [ 5 ].



2. 1.2 Types of Additives

The generic classification has led to the following types of asphalt cement

additives [2] .
*  Filler
* Extender
*  Polymer
*  Rubber
*  Plastic
* Fibers
*  Oxidant
*  Antioxidant
* Hydrocarbon
* Antistripping agents
* Combinations

Each of the additives noted above provides benefits and improvements to the asphalt
binder and for mixture, either actual or perceived. The impetus to use one or more of
these modifiers is generally based upon several factors. For example, a user agency

may have a particular pavement problem and is in need of a solution. They in turn
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seek out additives or modifiers that provide some hope. Another approach has been
to seek new markets for materials that are already available and have traditionally been

used in other applications [5].

2. 1.3 Outlook for Additives

Vehicle weights, traffic volume, and tire pressures are steadily increasing and
demanding more and more from pavement structures. Engineers are faced with serious
problems regarding quality of paving material. Often aggregates are shipped long
distances at high cost because local aggregate supplies of high quality have been
depleted. As a result, bituminous binder additives have been widely accepted by the
paving industry for the present time. The concept of additives is logical, and results
from laboratory testing look positive. Even though field test results using many
additives are incomplete, many of those responsible for pavement quality are willing

to use because the results appear to be in their favour [ 3 ].

The bituminous binder additive industry and associated technology are advancing at a
rapid rate. By the time results from the field are available for the additives being
currently marketed, it is reasonable to assume that a whole new generation of bitumen
additives will be on the market. It is, therefore, surmised that the outlook for additives

in asphalt paving materials is excellent.
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2. 2 Mineral Fillers as Additive

2.2.1 Definition
Any fine powder added to bituminous mixture in the course of manufacture,

and which has been ground to such a degree of fineness that not less than 85 percent

by weight passes a 75 micron sieve [ 6] is called a “Filler” .
Examples of Filler are :
1. Mineral Fillers :
i) Crusher fines
ii) Lime
iii) Portland Cement
iv) Fly ash
v) Granite dust
2. Others :
i) Carbon Black
it) Sulfur
iii) China Clay and Fuller's earth.

Mineral Fillers: They are generally considered to be fine inert mineral materials a high
proportion (at least 65 percent by ASTM and AASHTO specifications) of which will

pass the No. 200 sieve”. [ 7]



-

22

This description is improved by adding a statement to the effect that filler is important
because of the surface area involved, and that properties of a pavement which may be
improved by the use of filler include strength, plasticity, amount of voids, resistance to
water action, and resistance to weathering. In short, if filler isto be adequately
described it is necessary to turn to the literature to try to determine what others have

learned about it, or to attempt independent analysis in the laboratory and field.

2. 2.2 Background

Extensive research, most of it from the early part of the century, has been done on

the properties of mineral filler and its influence on asphaltic concrete mixtures.

Richardson [8] was one of the first investigators to report on the effects of mineral
fillers. He postulated that the function of the filler is more than mere void filling,
inferring that some sort of physicochemical interaction occurs when fine mineral dust

is added to asphalt cement.

By the late 1930’s many studies had been completed on the properties of mineral
fillers and mineral filler-asphalt investigation of fillers with respect to their
performance in asphaltic concrete, Traxler [9] considered size and size distribution as
fundamental filler properties in that they affect the void content and average void
diameter of packed powders. More recent work by Traxler confirms his earlier

findings [10].

Mitchell and Lee [11] also attempted to find a single parameter that would

adequately predict the ability of a mineral filler to stiffen the asphalt to which it is
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added. Their data were obtained for mineral filler-asphalt mixtures with relatively
small concentrations of solids. Their results indicated that the bulk settled volume of

filler in benzene is a good predictor of the performance of the mineral filler.

A very extensive series of experiments on mineral fillers and mineral filler-
asphalt systems has been reported by Rigden [12]. In particular, he studied the
relationship between filler properties and the viscosity of mineral filler-asphalt
mixtures. At filler-asphalt ratios similar to those found in typical asphaltic concrete
mixtures, the fillers stiffened the asphalt by as much as three orders of magnitude. His
data also indicate that fillers affects the temperature susceptibility of the asphalt,
however, the stiffening effect did not correlate with any of the fundamental properties

of the fillers.

The rheology of mineral filler-asphalt systems has been studied by Winniford
[13] using the sliding plate microviscometer. Winniford suggested that the role of the
filler is more than volume filling, and postulated additional stiffening mechanisms

including;

(1) A gelation of the asphalt by the mineral surface, which increases the non-

Newtonian flow characteristics and lowers temperature susceptibility.

(2) Formation of thick viscous coatings which increase the effective solids

concentrations, and

(3) Surface shielding by absorbed asphaltenes. It was also shown that the stiffening

effect of the mineral fillers was more pronounced with smaller sized material.
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Tunnicliff has comprehensively reviewed the research on mineral fillers prior to
1967 [ 14,15]. He concluded that a substantial amount of the mineral filler acts as

though it is part of the asphalt film.

Warden et al. [16] presented data on filler-asphalt mixes in conjunction with
field observations. This study was motivated by field failures that were attributed to
filler type. An easily measured parameter was sought that would predict the
performance of the filler in the field. The tests performed on the fillers were empirical
tests in use in the late 1950s. A reexamination of the early work by Traxler again
demonstrated that no single parameter was sufficient to predict the behavior of
different mineral fillers. The softening point of the filler-asphalt mixtures was found to

be critical with respect to filler type.

Puzinauskas [17] reporting on The Asphalt Institute study of mineral fillers,
concluded that the mineral filler plays a dual role in asphalt mixtures. He stated that
“they are part of the mineral aggregate, they fill the interstices and provide contact
points between larger aggregate particles, when mixed with asphalt, mineral fillers
form a high consistency binder or matrix which cements larger aggregate particles

together”.

Anderson and Goetz [18] used rheological parameters to study the stiffening
effect of fine mineral powders on filler-asphalt mixtures. A number of powders were
separated into closely sized fractions: 0.63 to 1.25 um, 2.5 to 5.0 pum, and 10 to 20
pum. Their studies showed that the rheological behavior of the mineral filler-asphalt

mixtures appended on the size and mineral properties of the filler and the source of the
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asphalt.  The stiffening effects of the filler were relatively small at short loading times
or low temperatures, but were very large at higher temperatures and long loading
times. The temperature susceptibility of the asphalt increased with the addition of
mineral filler. The authors concluded that a single test on mineral filler cannot be

expected to predict the behavior of the filler in an asphalt mixture.

Craus et al. [19] dealt with the effect of the physicochemical properties of
filler on mixture performance. In particular, they examined the geometric
characteristics (shape, angularity, and surface texture), adsorption intensity at the filler
asphalt interface, and the selective adsorption of the filler-asphalt system. They
concluded that the physicochemical interaction between filler and asphalt increased
with the adsorption intensity, geometric irregularities, and selected adsorption of the

fillers.

2.2 .3 Theory of filler

Two fundamental theories, based on the results of studies, observations, and

experience, have emerged regarding the functions of fillers in bituminous mixes.

1. Filler theory :

The filler theory postulates that “the filler serves to fill voids in the mineral

aggregates and thereby create a denser mix”.

This theory presumes that each particle of the filler is individually coated with

asphalt and that such coated particles, either discrete or attached to an aggregate
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particle, serve to fill the voids in the aggregate. By virtue of such filling of voids,

mixes of higher stability and density can be attained. [20]
2. Mastic Theory :

The Mastic theory proposes that the filler and asphalt combine to forma
mastic which acts to fill voids and also bind aggregate particles together into a dense

mass [20].

When filler is added to asphalt, part of it will have a mechanical function where
physical contact is not established, then filler and asphalt work together in the form of
what can be called a binder. This finest portion of filler will be suspended in the
asphalt, changing the properties of binder films. It will act as a filler within the asphalt
itself, since it will replace a certain amount of asphalt in the mixture. A Mastic of this
type is harder, stiffer, tougher, and possesses a lower temperature susceptibility than

the original asphalt cement. [ 21]

2.2 .4 Filler Attributes :

The desired practical and functional quality attributes in a filler material should

include the following [16]:

The filler in the completed mix must be non-critical. Variations in the filler
content which may be expected under normal plant operation must not cause
undesirable fluctuations in the physical properties of the pavement. The yardstick or
means of judging is the sensitivity of all the following quality attributes as a function of

F / A (filler - asphalt) ratio.
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The quantity of filler desired for functional reasons must not unfavorably affect
the mixing, placing and compaction of the bituminous mixture. In other words at the
desired concentration to meet design criteria the mortar softening point or consistency

must not be so high that the mix is unworkable.

Added mineral filler should be economical (availability and cost) and should be
readily transported, stored, proportioned and mixed with customary equipment.
Yardsticks for storing and proportioning are that the filler be non-hygroscopic and not

form lumps or cake or bridge in the bins.

A completed pavement surfacing must be stable and durable over a wide range
of temperature and over an extended period of time. This means that from the
functional viewpoint the type and quantity of filler in the bituminous mixture must be
such that the viodage is maintained within the desired limits, both initially and after
ultimate compaction, and that there is sufficient resistance to deformation by traffic at
the highest service temperature. Concurrently the filler must not decrease the
resistance to water or the bond of the asphalt or mortar to the aggregate and must not
decrease durability through loss of flexibility by inducing cracking of the pavement

[16].

2. 2.5 Role of fillers in AC mixes :

In general the functions of a filler can be listed as follows [6]:

1. To increase the viscosity of the binder and hence increase density and stability

of the mixture.
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2. To enable a thicker film of binder to be held by the mixes.

3. To improve the resistance of the binder to weathering.
4. To increase the effective volume of the binder.
5. To reduce the apparent temperature susceptibility of the mixture (for dense

surfacing - filler/binder mixtures have lower temperature susceptibility then

straight binders of the same viscosity).

6. It tends to reduce the brittleness of a mix in cold weather, where the quantity

of the filler can be considerably increased.
7. It gives a close texture on the surface after compaction.

The role of mineral fillers in asphalt mixtures was addressed in a
comprehensive paper by Heukelom [22]. Bitumen number, dry compaction, and the
kerosene absorption test were used to determine the void characteristics of mineral
filler. The bulk volume ( definied as the total filler volume to filler solids plus voids, at
the condition of densest packing) determined from the kerosene absorption test
yielded approximately 17 percent greater than that obtained from the dry compaction
procedure. Assuming that the penetration index (temperature susceptibility ) of the
asphalt and the filler-asphalt mixtures is the same, Heukelom measured the softening
point of the filler-asphalt mixtures and calculated the stiffness of the mixtures. A
unique relationship was found between stiffness ratio (stiffness of filler-asphalt
mixtures to the stiffness of neat asphalt) and percent bulk volume, %Vpg (defined as

the bulk volume obtained from compaction divided by the total volume of the filler-
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asphalt mixtures). When this concept was extended to asphaltic concrete mixtures, it
was found that stiffness and compatibility are roughly related to the percent bulk

volume of the filler.

In the Kingdom, Al-Abdul wahhab H.I [21] in his research at KFUPM, study the
effects of baghouse fines on asphalt mix. A number of mixes that had various ratios of
filler to baghouse fine were analyzed. The study indicated that baghouse fines can
greatly affect the optimum asphalt content, stability, and stability loss of the mix. He
stated that the stability loss, which is a main factor in the design of local mixes was

found to be decreased drastically by the inclusion of baghouse fines.

Bassam A. Anani et.al [37], in their study on control of filler contents and compaction
on asphalt mix properties had reported that, the degree of compaction and filler
content can vary and still produce acceptable mixes. Air voids is the most important,

which can directly affects the MR and the water resistance of asphalt mixes.

Other researchers have related the void properties of the filler to the Marshall
mixture properties. For example, Hudson and Vokac [23] have related the activity
coefficient to Marshall stability. The activity coefficient is defined as the bulk volume
of the filler to the solid volume of the filler. The bulk volume of the filler was
determined from the settled volume of the filler in kerosene. For a given mixture, it
was found that the activity coefficient is related to Marshall stability. It was

concluded , however, that the stability is a function of both filler type and

concentration.
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Crauset. al. [ 19] concluded that the physicochemical interaction between filler and
asphalt increased with the adsorption intensity, geometric irregularities, and selected
adsorption of the fillers. These effects strengthen the filler-asphalt bonds producing a

mixture with a higher strength.

Summarizing the key points from the state-of-the-art-review on mineral fillers, it can

be concluded that:

1. Mineral fillers stiffen asphalt, and the degree of stiffening varies

significantly between different fillers.
2. For a given filler source, the finer the filler the greater the stiffening effect.

Although performance varies for different fillers, there are no exact tests

(93

that can adequately predict their performance.

4. Different fillers may react differently with different asphalts.

Fiber material used as filler in AC mixes :

Fiber provide some sort of reinforcement in the AC mixtures. They also
provide a finely divided material in the mix with a high surface area that permits the

application of thicker then normal films of asphalt cement on the aggregate [ 2].
Fibers are of two types [ 2]

1. Natural Fibers.
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Example : Asbestos (Hazardous),
Rockwool (Non-Hazardous).
2. Man-made Fibers.
Example : Polyester,
Fiberglass,
Steel Fibers.

Natural, Synthetic and Steel Fibers have all been used in Hot Mix Asphalt (HMA).
The usual approach is to incorporate very fine, short Fibers into the binder (usually
conventional asphalt cement) or aggregate mixture, depending upon its form,

chemistry, and intended function.

Thomas L. Speer et. al. [24] in their study on control of asphalt pavement
rutting with fiber had reported that, Chrysotile asbestos fiber was the most effective
mineral tested and the only admixture that reduced rutting below critical levels at the
highest operating temperatures. The asbestos permitted a large increase in asphalt
content, from 30 to 50 percent above that used in standard asphalt mixes yielding
acceptable performance records. They found that a 2.5 percent asbestos addition

produced the desired reduction in rutting at temperatures up to 140° F.

According to this research, Fiber linkage is a mechanism that may explain the
resistance to rutting which asbestos imports in asphalt paving mixtures. Selective
adsorption on the short chrysotile asbestos fiber could bond or link together the heavy,

viscous asphalt fraction. Pavement stability against rutting would then depend only
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on the strength of the heavy fraction, the amount present in the paving asphalt, and the

proportion adsorbed by the asbestos fiber [ 24].

To illustrate as an example, when asbestos-asphalt paving was proving itself in the
1960’s, the price of asphalt was $18 per metric ton, about half the price of asbestos.
Even at that price in 1969, Five thousand feet of runway at St. Louis, Missouri

Airport was surfaced in 3% days with a 4 inch layer of regular asphalt mix topped

with a 1 inch course of asbestos-asphalt costing only $193,370. Concrete would have

required an 8 inch slab costing up to $8 million, with shutting down the runway for 2

to 3 months. The Engineers figured that any life beyond one year would be dividends.

Those dividends have been multiplied by more than 15 years.

Apart from asbestos, non-hazardous Rockwool fibers have been used in Great

Britain and France, where fibers were added to the mixture during mixing, it was

reported that it improved resistance to reflective cracking, deflection and there were

no construction constraints. [ 5 ]

2. 3 Lime and Hedmanite

2.3.1 Lime

Hydrated Lime, calcium hydroxide Ca(OH),, commonly used in soil stabilization have

also traditionally been used in HMA as a filler to improve AC mixtures properties.

Lime perhaps have special binding qualities in addition to the role of filler. It has been
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used for the purpose of providing stiffening or reinforcement to the binder as well as

"Filling in' the voids in the aggregate matrix [25].

Hydrated lime is a dry powder obtained by hydrating quicklime with enough water to
satisfy its chemical affinity, forming a hydroxide due to its chemically combined water

[26]. It has a surface area of 17-24 m?/gram.

Lime is a general term that connotes only a burmed form of lime, usually
quicklime, but may also refer to hydrated lime. It may be calcite, magnesium or

dolomitic. It does not apply to limestone or any carbonate form of lime (although it is

often erroneously used in this way) [26].

Hydrated lime has gained considerable recognition as a useful additive for improving
the performance of asphalt pavements. It is added to some low-grade aggregate to
render them suitable in asphalt mixtures for use in highway construction. Sometimes
it is difficult to coat certain aggregate with asphalt because of their siliceous or acidic
surfaces. Hydrated lime, which is highly alkaline, starts a chemical reaction that
changes the character of the aggregate surfaces and neutralize any acidic properties
present in the asphalt. Adding hydrated lime often improves the coatabilty and

bonding properties of asphalt of these aggregates [26].

Thomas W. Kennedy et. al. [27] in their study on "Techniques for reducing
moisture damage in AC " reported that both dolomitic and calcite hydrated lime has
been found to be a very effective additive. It is recommended that the lime be added
to aggregate in the form of lime slurry, also adding dry lime is effective if the lime can

be held on the aggregate surface until coated with asphalt. Nevertheless, the final



14 2

34

decision should be based on relative effectiveness and cost. Indirect test results
indicated that both dry lime and lime slurry were effective in reducing stripping and

moisture damage and 1.5% lime has given highest split tensile strength.

Plancher, Dorrence and Peterson [28] in their research suggested that the
Hydrated lime absorbs carboxylic acids in the asphalt which increases the water

resistance and asphalt aggregate bonds.

Welch and Wiley [29] studied the effect of hydrated lime on asphalt and
aggregate mixtures and found that hydrated lime changes the mechanical properties of
asphalt mixtures. It has been shown by several investigators that the addition of minor
quantity of basic oxides such as calcium hydroxide, calcium oxide, and Portland

cement helps to maintain adhesion in the presence of water, and retard oxidative

hardening [30].

The report on “Lime Treatment of Asphalt Mixes to reduce age hardening and
improve flow properties” by a distinguished scientist, Peterson J. Claine indicated
that lime treatment of asphalts reduced asphalt age hardening, increased the high-
temperature stiffness of unaged asphalts, reduced the stiffness in aged asphalts at
higher temperatures, and increased the asphalt tensile-elongation at low temperatures.
These effects will benefit asphalt pavements by increasing asphalt durability, reducing
rutting, shoving and other forms of permanent pavement deformation, improving
fatigue resistance in aged pavements, and improving pavement resistance to low-
temperature transverse cracking. These benefits are in addition to the well-

documented effect of lime in increasing the resistance of pavements to moisture
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damage. Although the relative response to lime treatment varied as a function of
asphalt source, all sources studied in their research were benefited significantly by lime
treatment. The net result of the combined effects of lime treatment should result in
longer lasting pavements with improved performance during the life of the pavement.
The beneficial effects of hydrated lime on the aging characteristics and the low-

temperature flow properties were not found in case of pulverized limestone [31].

When dry powder is added to dry aggregate, the batch of mineral aggregate
shall be dried, composited, and heated to 300° F. The required quantity of additive
shall be added to the aggregate, and the entire mass shall be thoroughly mixed until a
uniform distribution of additive has been achieved. Care shall be taken to minimize
loss of additive to the atmosphere in the form of dust. It is unified that the addition of

hydrated lime to AC does increase stability and reduce the hardening rate of asphalts.

Hydrated lime is usually added to aggregate at the pugmill. It may serve as a filler in
the aggregate material. With the addition of hydrated lime, upto 1% additional asphalt
over the normal asphalt content can be used in the mixtures without ravelling or
bleeding of the finished pavement. This produces a firmer, denser pavement with

more durable surface [25].

Saleh A. Al-barrak [38] in his work at KFUPM, carried out an extensive research to
find the most effective and economical treatment for water resistance of asphalt
concrete and the effects of different antistripping agents in reducing the loss of
stability. Based on the findings, he concluded that Hydrated lime was found to be

most effective in improving the water resistance of asphalt concrete.
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2. 3.2 Hedmanite

2. 3.2.1 Introduction :

Hedmanite is the commercial name of a Rockwool kind of natural fiber, obtained by
crushing the rocks called Lizardite. The lizardite rocks are extremely fine grained
matrix material that commonly contains veins of chrysotile. It is the most abundant of
the three principal forms of serpentine group of rocks in geology. All the three
principal minerals of the serpentine group namely, chrysotile, lizardite and antigorite
have the approximate composition H;Mg:Si,05 and comparatively little substitution of
other ions is found to occur in natural specimens. The most well known serpentine
mineral, chrysotile, often occurs in veins of silky Fibers and is the most important

source of commercial asbestos.

The structure of all serpentines is essentially a tri-octahedral analogue of the
kaolinite structure. The name serpentine alludes to the appearance of many impure

serpentine rocks, the surface pattern of which recalls the skin of a serpent [32].

CHEMISTRY :The chemistry of the serpentine group as a whole is relatively
simple in that most natural specimens deviate little from the ideal composition
H4Mg;Si;0y.  The principal replacements which do occur are of silicon by aluminum,
and of magnesium by aluminum. ferrous iron and ferric iron. The chemical
relationships between the different serpentine varieties, chrysotile, lizardite and
antigorite, are not fully understood. It is conceivable that these are purely

polymorphic forms with identical chemical composition so that their existence would
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be attributed to the different physical stability fields of the three structures. In
lizardites, however, there is no evidence of either a tabular or corrugated structure, so
that these might be expected to have high  aluminum context. Again chemical
analysis do not consistently support this expectation, some lizardites usually matrix
material bearing chrysotile vines, have almost as little aluminum as chrysotile itself
[32]. The mechanical strength combined with thermal stability and low thermal
conductivity make it extremely useful in a wide range of important products like,

Brake and Clutch linings [4].

Hedmanite lizardite mineral powder filler CAS No. 12161-84-1 is a talc related
product having different desirable characteristics. Heated to 800° C, it has low
dielectric constant and hence a low loss of material. Thus can control dust. It has no

free silica and is nontoxic. It is found in abundance in Canada and Austria [4].

2. 3.2.2 Typical Chemical Analysis

Electron microscopic analysis of Hedmanite shows that 86% of the material is lizardite
and 14% chrysotile with an average particle size of 2.5 microns. It has fibrous nature

with a surface area of 14-15 m%gm. Technical data of a typical chemical analysis is

shown in table 2.1 .
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Table 2.1 : Hedmanite - Typical Chemical Analysis Data*

Constituent Percentage %
Silica (Siox) 40.98
Ferrous Oxide (FeO) 2.05
Ferric Oxide (Fe,0s) 241
Alumina (AlLQ;) 2.52
Lime (CaO) 0.30
Magnesia (Mg0) 38.07
Manganese Oxide (MnO) 0.21
Chromic Oxide (Cr,03) 0.44
Nickel Oxide (NiO) 0.24
Carbondioxide (CO,) 0.22
Molecular HyO @ 982°C 12.93
Moisture - Oven drying @ 205° C 0.50

*Source: “Hedman Resource Limited” , Ontario,Canada. {4]

38
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Weill H. in his report to World Health Organization on "Biological effects of Mineral
fibers", indicated that fibers less than 5 or 8 microns are more easily cleared from the
lung than longer fibers. He showed that chrysotile present in Hedmanite with an
average particle size of 2.5 microns, seems to break down in lung tissue resulting in a

relatively reduced level of fiber type pathogenicity [4].

Another report to the Royal Commission on matters of Health and Safety in Ontario,
supports the evidence that Hedmanite is relatively less hazardous than other fiber

material. And it can be cleared easily by the body fluids. [4]

2. 3.2.3 General Uses

Hedmanite has wide application in asphaltic adhesives, corrosion resistance coatings,
roofing compounds, automotive undercoatings, pavements, sealants, cell putties, some
cement products to improve crack resistance, friction material, texture and rust proof
paints, primers, stains and wood preservers, grease, welding rod flux coating,

refractory compounds and hot topping.

2. 3.2.4 Application as a Filler in AC Mix

According to "Hedman Resources Limited" research group, the incorporation of

Hedmanite lizardite mineral filler in asphalt for paving of roads, airport runways,
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parking lots, parking garages, tennis courts etc. reduces cost, increases the life and
helps reduce the use of energy derivatives through the use of thinner layers of
overlays. It is suggested from experience in Canada and Europe, that using 30mm

Hedmanite-asphalt overlays is a good strategy [4].

It is reported that the use of Hedmanite permits thinner layers, of longer lasting
pavement (less permeable to water penetration, better withstands freeze-thaw cycles
and ultra violet rays, increases pavement stability, increases skid resistance and
decreases cracking). The addition of Hedmanite increases dimensional stability, delays
early maintenance and increases pavement life. When Hedmanite is used in asphalt
paving, Air-voids are lowered considerably, resulting in a reduction of the hardening

rate of asphalt bitumen, thereby extending the life of the pavement.

Hedmanite has significantly large viscosity building characteristics. It causes
formulation to be very much shear rate dependent. If Hedmanite is mixed at a high

shear rate, the viscosity remains low. But at a low shear rate, the viscosity goes up.

In Ontario, Canada using 13 % of Hedmanite mineral filler in the mix for a Highway

project showed that it was very easy to handle when applied on Highway [4].

To those who were convinced and gave talks on the virtues of asbestos fibers in the
asphalt paving, but for health reasons were later discouraged from using it, this
material is believed to provide a better fibrous substitute to be used in asphalt concrete
as a filler. Thus, this material is selected in this research to evaluate its suitability as a

filler in AC mixes.
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2. 4 Mix Design and Evaluation Methods

The major properties to be incorporated in bituminous paving mixtures are
stability, durability, flexibility and skid resistance (in case of wearing surface). The
mix design methods are established to determine the optimum asphalt content that

would perform satisfactorily, particularly with respect to stability and durability.

Stability as defined by many engineers is the " resistance to deformation" with an
implied emphasis towards resistance to flow or rutting, including resistance to tensile,
compressive, and shear stresses that causes failure in a pavement surface. While
durability has been defined as the resistance to the effects of weather and its
combination with other forces. Durability is enhanced with high asphalt content,
however, resistance to flow or deformation is impaired with high asphalt content. As a

consequence, the amount of asphalt to be used in a paving mixture must beina

balance to optimize durability but yet maintain adequate stability [33].

There are many mix design methods used throughout the world e.g. Marshall mix
design method , Hubbard-field mix design method, Hveem mix design method,
Asphalt Institute Triaxial method of mix design etc. Out of these Marshall mix design

method used in this research will be discussed in detail.

2. 4.1 Marshall Mix Design Method

The Marshall procedure as applied to design and control of asphalt mixtures

used in the U.S Army Corps of Engineers, was evolved during the period from World
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War II to late 1950's. Motivation for its development came from the need for a mix
design procedure to proportion aggregate and asphalt border to sustain increasing
wheel load and tire pressure of Military Aircraft during World War II.  In order to
achieve these needs, Corps began an investigation to select a test apparatus that was
simple and easily portable and could be used in the field for control purposes. The
second phase of this study was to determine the method of compacting laboratory
specimen in order to achieve the density as that obtained in field. The third phase of

this investigation was the establishment of satisfactory design criteria and control

procedure [34 ].

The Corps of Engineers selected a testing machine and a method of pavement mixture
design conceived by Bruce Marshall of Mississippi State Highway Department. In
order to determine laboratory method of compaction for specimens and to establish
criteria on certain mixture properties as evaluated by Marshall testing device, it
became necessary to construct a large scale test track, that incorporated such variables
such as asphalt content and gradation of aggregates. Loaded trailers were pulled over
this test track for number of times, so that the effect of compaction due to traffic loads
could be determined. From this study, the U.S Corps of Engineers through extensive
research and correlation studies, improved and added certain features to Marshall's
test procedure, and ultimately developed a mix design criteria. It was adopted by
MOC with some modifications and is shown in Table 2.2. The Marshall test
procedure  have been standardized by the American Society for Testing and
Materials. Procedures are given in detail by ASTM designation D-1559 * Resistance

to Plastic Flow of Bituminous Mixtures Using Marshall Apparatus".
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The use of these criteria must be limited to hot mix asphalt paving mixtures
using penetration grades of asphalt cement and containing aggregate size of 1 inch or
less. The Corps of Engineers found that, in order to have the proper balance between
durability and stability, the air voids in the total mix should be limited to between 3
and 5 percent. The voids in the aggregate mass filled with asphalt should be limited to
between 75 and 85 percent. The local MOC standards requires the air voids to be
between 4 and 7 percent for wearing coarse and between S and 8 percent for base

coarse.

Since its development in 1940's the Marshall method has increasingly been accepted by
highway agencies throughout the world to design and control bituminous paving
mixtures. The general acceptance of this procedure appears to be based onthe
simplicity and its good portability for field control of paving mixtures. A review of
literature indicates that Marshall stability value is a measure of tensile strength. Smith
V. R [42], wrote in a discussion that the Marshall stability values are affected
primarily " by the tensile strength or cohesion properties of a mixture". Others such as
Benson [43] , found a linear relationship between Marshall stability and cohesiometer
value. It would seem to be apparent that the Marshall test does give a measure of
tensile strength and that the methods success in preventing shear deformation (rutting)
failure come from the control of aggregate texture and gradation, asphalt content, and

compaction.
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Table 2.2 : Marshall Mix Design Criteria ( MOC Specifications )
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Light Traffic Medium Traffic Heavy Traffic
Marshall Mix Criteria Surface & Base Surface & Base Surface & Base
Min Max | Min Max | Min Max
Compaction (No. of
blows on each end) 35 50 75
Stability , N 2224 - 3336 - 6672 -
(Ib) (500) - (750) - (1500) -
Flow , 0.25 mm 2 8 2 6 2 4
Percent Air Viods 4 8 4 8 4 8
Percent VMA Varies  according to  gradation
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During the past few years, other supplementary tests such as indirect tensile
test, creep test etc. have been used to evaluate the engineering properties of asphalt

mixtures.

2. 4.2 Indirect Tensile Test

The indirect tensile test is one type of tensile strength test used for stabilized
materials. Most of the reported test results have been for concrete or mortar; however,
the test has been conducted on cement-treated gravel, lime-soil mixtures, and asphalt -

stabilized materials [35].
The indirect tensile test can be used to characterize asphalt materials in terms of [46]
a) resilient elastic properties,
b) properties related to thermal cracking,
c) properties related to fatigue cracking, and
d) properties related to permanent deformation.

In addition to above, the test is simple and economical to conduct. The test is done by
loading a cylindrical specimen with a single or repeated compressive load which acts
parallel to and along vertical diametrical plane (Fig: 2.1). This loading configuration

develops a relatively uniform tensile stress perpendicular to the direction of applied
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(a)
(b)

Figure 2.1 : Loading Configuration and Failure of Indirect

Tensile Test
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load and along the vertical diametrical plane, which ultimately causes specimen to fail
by splitting along vertical diameter . The development of stresses within cylindrical

specimen subjected to load is reported by Kennedy and Hudson [45].

Turpienen et. al [34], suggested that the Marshall stability method should be replaced
with more sensitive testing method. Both resilient modulus method and split tensile

test are useful in a more sensitive estimation of deformation, low cost alternative to

Marshall method.

This is a simple test especially when used in static mode and therefore, it can
easily be augmented with existing mix design tests such as Marshall test. The effect of
temperature can be evaluated by conducting indirect tensile test at different

temperatures [46].

The equation employed in calculating the tensile strength is:

OT = 2Pmax/mhD 4))
Where:  or = Indirect/split tensile strength
Pmax = Load at failure, Ibs
D = Diameter of sample ( 4 inches)
h = Sample thickness, inches
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2. 4.3 Resilient modulus Test

The elastic modulus of asphalt treated material can be determined by means of
the diametral resilient modulus (Mg) device. This test is basically a repetitive load test
using the stress distribution principles of the indirect tensile test previously discussed.
Like the nonrepetitive indirect tensile test , the main advantage of this test procedure is
the simplicity of the test equipment as well as the ability to test asphalt specimens

similar in size to those used for the widely known Marshall and Hveem tests.

In the procedure a repetitive (pulsating load) of 0.1 second duration and 0.9 second
dwell time is applied diametrically to the sample. The dynamic load, in turn, results in
dynamic deformations across the horizontal diametrical plane. These deformations are
recorded by transducers mounted on each side of the horizontal specimen axis.

Knowledge of the dynamic load and deformation allows the My value to be calculated.

Thus, for an applied dynamic load of 'P'in which the resulting horizontal dynamic
deformation (8,) is measured, the modulus, the modulus or My value is given by

[35].

P(u+02734)
= 5. e (2)
h

Mp

A commonly used value of Poisson's ratio (u) for asphaltic materials is 0.35.
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2.4 .4 Creep Test

Shell researchers have developed a pavement design system in which rutting potential
of asphalt concrete is characterized by a simple ‘Creep test’ [47,48]. This has led to
the establishment of an empirical link between rheological properties of asphalt cement

and viscoelastoplastic behavior of asphalt concrete.
This test has been designed for the following purposes: [49]
1. To measure compressive stiffness or compliance properties of the mixture.

2. To establish plastic flow potential of HMA under various stress states in terms of

viscoplastic strains.

Van der Poel [SO0] through his research, indicated that static and dynamic test
measurements has provided similar stiffness trends; hence, the static creep was viewed
to be an adequate test for establishing stiffness trends. Thus the creep deformation of
a cylindrical specimen under a uniaxial, static compressive load is measured as a
function of time , for a mix with a conventional binder, the static creep data can be
used to predict the permanent deformation under different traffic loading and
temperatures. In this test, a constant stress (G, ) is applied to the specimen and the
resulting time dependent strain (g, ) is measured. For permanent deformation
characterization the relevant quantity is the stiffness modulus of the mix Spix defined

as [34].



R A )

49

O-O

Smi ST PRSP 3
= 3)
where : o, = Applied Stress
) . Ah
€& = Measured strain at time ¢ = 7’—
where : Ah = Change in height of specimen

h, = Original height of the specimen

Shell investigators [47], have argued that current method of designing mix
composition for asphalt paving application are based on recipes of empirical tests that
are specific to one type of mix. While they have the merit of being based on
experience, these methods are not always certain of success and are difficult to extend
to the use of new materials or more severe performance requirements because the test
results are not directly related to performance. There is therefore , a need for
laboratory test methods that allow the mechanical properties of an asphalt mix to be
characterized in such a way that is possible to predict the depth of rut that will occur
when this mix is used in pavement of given construction and subjected to specific
loading and climatic conditions. Thus, these investigators have devoted considerable

effort to the development of creep test .

The Shell investigators have also developed a procedure for predicting rutting
in the field using creep test. However as Bolk has noted [48], it has been necessary
to modify the values obtained from laboratory creep test by a factor to reflect the so-

called dynamic effect of repeated loading.
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Some investigators have developed limiting values of creep test moduli to be used in
conjunction with mix design by Marshall test to insure that mixes so designed are
suitable. One such group that has used such an approach is the NITRR of South
Africa [49]. Based on preliminary studies, these investigators recommend a minimum

creep modulus of 80 Mpa (120,000 psi) at 40 °C and stress of 200 kpa (30 psi) for

conditions of beavy, slow moving traffic.

2. 4.5 Fatigue and Permanent Deformation

Fatigue is the phenomena of repetitive load-induced cracking due to a repeated stress
or strain level below the ultimate strength of the material. Fatigue tests may be
conducted by several test methods and various specimens. Repeated load indirect
tensile (split tensile) test have also been used. Recent work at Ohio State University

has been based upon fracture mechanic principles applied to a more mechanistic

solution of the fatigue problem. [35]

A common method for evaluating the fatigue characteristics of the asphalt
concrete is by repeated flexural testing. In this testing a repeated load is applied to
the specimen which is normally a haversine wave, with a certain adjusted loading and
unloading (rest) time. Because of the effect of varying stiffness upon AC fatigue tests,
a temperature control system should be used around the flexural load device. The

range in stress level should be selected so as to yield a range in fatigue life between

1000 to 1,000,000 repetitions.
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Fatigue testing may be conducted under two types of controlled loading. They are
either (a) Controlled stress or (b) Controlled strain. In the controlled stress mode a
constant load is continuously applied to the specimen. Because of progressive damage
to the specimen, a decrease in stiffness results. This, in turn, causes an increase of the
aciual flexural strain with load applications. For the controlled strain (deflection)
approach, the load is continuously changed to yield a constant beam deflection. This
results in a stress that continuously decreases with load applications. However, since
controlled stress conditions give more conservative estimate of the fatigue life and is

easy to apply, this test may be safely employed.

For controlled stress testing, conducted in the laboratory, the effect of

stiffness may be accounted for by plotting the fatigue resultsina log strain applied

( € ) versus log N relationship. This results in a relationship for fatigue tests of the

form.

€ R —— 4)

Where K and C are regression constants obtained from an analysis of fatigue data.

The fatigue test applied in this research will be discussed later.

Permanent deformation: Permanent deformation is a longitudinal depression that

forms in wheel track due to consolidation and/or movement in one or more of the
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pavement layers due to repeated traffic load applications. The depressions or ruts are

of concern for at least two reasons: [51]

* If the surface is impervious, the ruts trap water and at depths of about 0.2 in,,

hydroplaning (particularly for passenger cars) is a definite threat.

* As the ruts progress in depth, steering becomes increasingly difficult, leading to

added safety concerns.

For pavements in moderate or hot climates and subjected to large number of heavy
vehicles and/or vehicles operating at high tire pressures, rutting can be a controlling
factor in mix design. Relative to mix design, two methods are generally used by the
highway authorities to select the proper amount of binder, one is based on the

Marshall test and the other on the Hveem stabilometer.

Noticeable rutting problems have appeared on Saudi road surfaces in the last 12
years. The exceptional growth rates in truck numbers and weights, high tire pressures,
together with the local harsh climatic condition present a uniquely Saudi Arabian
problem. Several studies were undertaken using a scientific approach to avoid the
spread of rutting problem. for example, National Research Project for evaluation of

permanent deformation in asphalt concrete pavements.

Ziauddin A. Khan [34)], in his research at KFUPM on evaluation of local asphalt
concrete mix design procedures, concluded that the Hveem method, seems to be a
potential mix design method which can find application for Kingdoms roads, Since it

can identify mixes with high rutting susceptibility.



Ramadhan R. H [40], through his work on prediction of pavement rutting found
VESYS to be the best suitable model for rut depth and pavement performance

prediction for Kingdoms roads.

In its most general form, relationships between permanent (plastic) strain,
applied stress, and load repetitions for each of the pavement components are required.

At a particular number of load repetitions the relationships can be stated as

For a particular layer it is then possible to estimate the permanent deformation

occuring in that layer.
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CHAPTER 3

MATERIAL CHARACTERIZATION

AND MIX DESIGN

3.1 Introduction

This Chapter lists the materials collected and details the laboratory procedures
adopted for material characterization and design of mixtures by Marshall mix design
procedure. Material characterization consists of evaluation of engineering properties
of pavement component materials i.e., asphalt and aggregate while the laboratory mix
design include determination of optimum asphalt content for both wearing coarse and