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ABSTRACT L .

14

‘ Reflect:on cracking is. a serxous Form of pavement ) .'
B
dlstress which can shorten the service life of overlays and

increase the ma1ntenance cost of pavements. In this study,_ .
the ‘reflection crackzmg problem in asphalt1c concrete
-overlays of flexible airfield pavements in cold"’ areas is
examined. |

‘The inveStigatlon firstly presents a review of variousm4
factors of asphaltic concrete vhich relate to reflection’ |
cracking at low temperatures. Follow1ng this rev1ew, a study
of the fracture mechan1sm of an asphalt1c concrete overlay
end possible  approaches for 1nh1b1t1ng the reglect1on cracks
~are then presented. Recent experience,with different
rehabilitation methods is presented, and the effectlveness
- of these methods‘in controlling the reflection"cracking is
dlSCUSSed | |

A test sectlon on a Yellowknlfe, N W. T. a1rf1eld runway
-constructed in 1983 is con51dered as a case study of the |
performance of the nonwoven polyester fabric (Mirafi P50 and
P250) in inhibiting reflection cracking. Indirect tensile
splxtt1ng tests were conducted on cored samples at
temperatures f6.7 c, 17 8 c, -23, 3 C and -28.9 C ( 20 F 10
F, =10 F-and -20 F). Asphalt cement recovered from the core
samples was tested to determlne its‘characteristics..ASTM
standard and other tests 1ncluded\penetrat1on at 25 C (77 F)
and 4 C (39,2 F), kinemetic vxscoslty-at 135 C (285 F),

absolute viscosity at 60 C (140 F) and ring and ball

iv



"softening point.

-

'35‘!:’

A computer based crac?ing brediction‘modei, the COLD
progtam, was used to estimate the potential for cracking of
‘the overlay in the winter of 1983-1984 which reached a
minimum temper;ture of -42 C. The results wefe compatible
with the observed field performance, |

'.The litefaturé indicates that reflection cracking can
be reduced or eliminated by a number of rehabilitation
methods. The more effective methods seem to be an open
graded hot mix interlayer and an b§erlay of low consistency -
. asphalts or modified asphalts; The fabric used in the m
Yéllowknife project is not effective in Eesisting reflection

cracking. Other rehabilitation methods are recommended for
L] . - .
/

possible future projects.

o4

-



ACKNOWLEDGEMENTS
B

é

The author would like to extend his sincere thanks to:

is' guidance and support of

.. e N

this thesis. His dire JV@u‘ ='3“ugqpstions throughout the
' , g T - L4 _
course of the ::;I-Ehd constructive critisms during

review of - the manuscript have been invaluable.

a ) .
Transport Canada for providing the project as a case

study to this investigation.

.

The Natural Sciences and Engineering Reseatch Council of
Canada, the Central Research Fund, and the Graduate‘
Assistantship of the University of Alberta for financial

~ support.

7 Messrs. W. Trusak, H. Turchanski and J. Ross of the
Atmospheric Environment Service, Environment ‘Canada for

providing the temperature and radiation data.

Many individuals in the Department of Civil Engineering, "

‘University of Alberta for their assistance and support.
. . rh .



1.

Table of Contents

,Chapter , ) - T o Page

INTRODUCTION 0..."0....0.'....0"..".:.0..0.0.‘0“.'..0.]
1.1 General ..'1....................'..4.-'.;.........‘...‘>1 N
1.2‘ objectiv’es of The Thesis . ¢ o v. * 4 0 00 . *® 2 0 & 00 050 0’00 00 ‘3
‘ 3 scope of The Thesls l'.......i...ll.llc.qll.'l...'4
1.4 Organ1zat10n of The Thesis .......................4
SELECTIVE REVIEW ON VARIOUS FACTORS RELATED TO
REFLECTION CRACKING ON FLEXIBLE PAVEMENT OVERLAYS R
AT Low TEMPERATURES e 0 5 8 ¢ 0 0 0 00 ..‘l o 8 8 50 000 00 e s e . L ] 06

2.1 IntrOdUC.tion oc..o.octoo..o'o.!ooooeo-u‘ouol.coonus

2.2 The Low,Temperature Behaviour of Asphalt .........7

2.3 Stiffness of Asphalt'and Asphaltic Mix ooveinnensl?

2.4 Time.and Temperature Equivalency Hypothe51s of

Asphalt .........l...".....‘!llll."...0......!'11

2.5 Relat1onsh1p of St1ffness to the Fracture
Susceptibility of Pavement I

2.6 Fracture of Asphéltic Concrete .....ciievevevesasld
2.6.1 Thermafly Induced Stress ..........c0000..0 14
2,6.2 Subsurface’&bvement Induced Stress ........17

2.6.3 Tensile Strength of Asphaltic Concrete ....18

2.7 Rupture MechaniSm .s.veeiececeenceencenrsnnonesessll
2.8 Suggested Treatment Methods ......civvieeeenenaea2l

2'9 summary ."..l.‘-.‘.......l.l....l......ill...“l.."lz3

PAST EXPERIENCE WITH DIFFERENT REHABILITATION -

METHODS .-o.oo.oo00..-"-000'-nono.-.oco-.o.a.oc.nooe41
. Y

3.1 IntrOdUCt'ion -."o.-o..o.non.-o.-vooﬁol-1000000000041

3.2 Factors Affect1ng the Performahce of

Rehabllltatlon Methods ..‘.......I..l..l....l.‘...41°

vii



l

! 3.3 Overlay with 1& Thicker Layer' .'..O.....‘l!‘._.'...043
‘3.4’Modifying Existing Pavement Surface cresseresencedd

3.4.1 Band-Aid Crack Patching‘Before‘Overlay Y 1

3.4.2 Heater Scarifidation ..........lveieeior.. 45

3.5 Streés Relieving Inperfgyer -;----~'-'--4-----'-:47
'3.5.1 Open Graded Hot Mix (Modified Mix) ........4;
.3.5;2 Ggotexqile (Fabric) .....:..,.........;....49
3.5.3'SoféAAs;ﬁalt Interlayer .......coeeeeveee..52
3.5:4 thhalt Rubber Interlayer ......cceeeeeveee53
3.6 Asphalt Overlay Mater1al Modification ....l.;{...54
3.6.1 Soft Grad;,kS”ﬁalt ........................54
.6.2 Modified ASphalt ......e.oeevvernsnnanasess55
3.6.2.1 Air Blowing ...cieeeevecesecaseneasdd

' 3.6.2.2 Sulfur Asphalt RNy

'3.6.2.3 Rubber ASPhalt ..e.eevesessnssesss 59

3. 6 2.4 Oéher Additives ...;‘;.............61

3 7 Pavement Re1nforcement ........................;.62

3.8 Summary of Experience ......c.cceseeeessccccressasbd

YELLOWKNIFE OVERLAYING PROJECT ..73
4.1 Background {..........;............;...........;.73
4.2 TeSt SeCtiOoN .uuuveiieeuoroororsesoesssnsncnncsse i
4.3 Ex1st1ng Pavement Condition .i.vveeeevennssseansss?5

4.4 Ant1c1pated Construction Problems A

Rl

.--4 5 Rehabllltatlon Methods ..‘.'....‘.‘...‘.".I'.....77 -

4.6 General Desdr1pt1on of Constructzon R 4

4.7 Observat1q9 4 The Constru tion ......4..........53

4.8 Performance of The Test Sect1on .................86

*

viii 7



8

4.9 summary'.;"............‘..‘...““'.'...'..........36

5.  TESTS AND ANALYSIS ..uuvvuenenvnnenneneeseeenenasnss96
- ' b ¢

5.1 Objectives of the Test Program ..................96

5.2 The Laboratory Test Program .........c..o.eve....96

5.3 Tensile Splitting Test ......eveeveennnnennsnss. 98

: 5.4 The Computer Analysis R 11

13

5.5 Input Data of the COLD Program .......seeeeeees.101

6. PRESENTA%ION AND DISCUSSION OF RESULTS .............105
- 6.1 Tensile Splitting Test ........;....;}.....;....105

6.2 Recovered Asphalt Cement TeStS ......c.vuveeese.t07

6.3 Cracﬁing Potential Analysis ehecesssseai e «s..108
7. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS .......{;..124
7.1 Summary of the Literature Review .............. . 124

. 7.2 Conclusions From the Yellowknife Project .......125

7.3Recc‘vsmmendations ‘......;...l.‘;.......‘. ....... 127
‘REFERENCES ..'...‘....“..".....'..‘. ..... '...".'..'.'..‘..]29
g
e .
!
L]
"y



2.2

2.3

2.4

2.5

2.6

2.7.

2.8

2.9

List of Figures
* IR B Page.

-

The Relation of Elastic Strain ée' Delay Elastic
Strain E,, and Viscous Strain E_"to Stiffpess
MOdulus .-'.C.l.'l...l..‘.llI.O00000.00.000000‘000025

The Temperature Effect on the Stress-Strain Curve of

'an‘ASphalt...-..............---........-......‘.....26

Determination of the Penetration Index According to
Pfeiffer and Van Doormaal's Nomograph tierecaenesd2?

Determination of the Stiffness Modulus of Asphalts ,
According to Van der Poel's Nomograph.............28

The Bitumen Test Data Chart For Class §
(Straight-Run), Class B (Blown> and Class W (Waxy)

‘Asphalts...‘uooool...D...o‘..0.00.0.000...0-0-'0.029

Determination of Pen-Vis Number According to
McLeod's Methodl.....Q..;..,...O.Q"..l‘.‘....C...030

-

Determination of the Stiffness Modulus of Asphaltic
Mixes According to Bonnaure's Nomograph....i......31

Time and Temperature Behaviour of a
Thermorheologically Simple Material........v00ev..32

Nomograph for the Prediction of Thermal Frécture )
Temperature.’....lQ..l..ﬁo."‘.l'..l...l..‘.‘....'..33

Effect of Air Voids on the Temperature Induced
stress .....l'...0..Q....l...b.‘....l'....'.".".l34.

Effect of Stress Relaxat1on on the Temperature

Induced streSSOOOQ.'ooloiD.o..o..o...l.c.cq..c..'o35



-

Effect ot 'l’vo Stages Cooling ‘on the Temperature
Induced stress"‘...............‘..'l'.'. ..l..0|.36

: ]

Effect of Cyclic Warming and Cooling on the
Temperature Induced Stre88....cc0evveresscccccneesl?

_Cracking Opening Mech&nisms....a..:...............38

Stresses in a Cracked Plate Under a Uniaxial TenBile
stress........“......l.i.'.......0.".’...........39

Possible Delamination ProCesSsS......eeeeeeeeeneev.. 0

Relation Between the Application Rate of Mix and the
Number of Transversal Reflective CracksS..veoeeeee..66

Asphalt Grade of Tack Coat in According to the
Pavement Surface Temperature. R R 7

Location of Test Area on Runway 15-33........... ..88

Crack Map of Test Area Before Overlaying......:...89

~ ‘
Major Crack at South End of the Test Area......... 90
Small Ridges Formed in. the Overlay......veeeeees.. 90

Location of the Fabrics in the Test Area..... ——l

Portable Propane Torch Heating the Crack Surface..92

Removing Softened Mixture By Hand Shovelling.....:s92 4

Fabric Surface After quling................:.....93

xi

E



14.5. | Trre PiekingUpethemFabric.......};.....;.;...:...93 ‘
'4."1‘0- . mhe untacked Seam*994 -
t. 4:Ti Sealant Belnévnbeorted»and Attached to‘tne FabrierQA

4.12  Crack M ' )
" . : e | | ]

Crack Map of Test Area After One Winter......ve....95
Stress-Strain Relationship, Group ONe..ieedvnnenndl2

6.1

Stress-Strain Relationship, Group TwO..eevesese..113

f6.2;"'
6.3 Stress Straianelationship,‘Group Three....vee... 114
6.4  Stress Strain helatienship; Group,Feur.........;.]JS1
Failure Tensile StreaéﬁTemperature Relatlonshlp.{ L

- 6.5
' 6,6  Failure Strain-Temperature Relationship.:.........117
Fallure Ten511e Stlffness Temperature

‘ Relatlonshlp....l....‘C........I‘.........lll.‘..118
“ 6.8 "The Bitumen Test Data‘Chart to Show the, ' ’ 
' Characteristlcs of the Recovered Asphalt.........120
6.9 Temperature and Stress Conditions at 1/2 Inch Depth
of the Overlay Between Jan 16 to Jan 26, 1984....122
6.1b Temperature and Stress Condltlons at 1/2 Inch,Depth
of the Overlay Between Jan 27 to Feb 5, 1984..,..123

xii



‘Table

3.3

3.4

> 3.5

6.2

6.3

w4
List of Tables o
[N '
| Page
/o | ; /U

Comparison of Open Graded Mlxeﬁ/ﬁsed in Ontario,
Arkansas and QUEbeC.oo-.o.--..t.-.....-...........‘67

: ) ) . . /’ R
Typical Properties of'F1be§/Mater1als and
Concretes_..-‘.,.,......,...!‘....'.-

/

Physical Properties of gébrics....;....;.......f..69

-oooo.ocof‘noooo.-’68

;’-
/

—Asphalt Appllcatlon Rate Correctlon Due to Exlst1ng
Pavement Surface Condltlon............,...".......70

| . a

: Typical‘Fabrickand Mesh Properties................72

/

Input Variableélforkthe Cold Progrém..,..;.......104
5 A d

Summary of Tes; Results of the Tensile Splltt1ng

Test. * . * ‘ o/8 ® 0 & & 8 ¢ 0 » l ® ® % 8 5 00 s 0 . . o & ld. L 4 ' ® o 8 ' L) 1’1‘1
A ‘ ,
Summary/bf Recovered Asphalt Cement Properties...119
A . % . ‘
/ . o .
.Summq£§ of Properties of the Overlay Mix.........121

tn

xiii



CHAPTER 1

INTRODUCTION

3

1.1 General

Cracking is one of the major distresses that occd¥ i
flexible (asphaltic éonbrete) highway and airfield
pavements. Crécﬁs formed in the pavement usually can be .

divided iqt@fibg@ associated and nOn-load\assogiated :

ttesses due to f0undat1on movements and mo1sture changes.

DlSCUSSlOﬁ of thlS partlcular form of- dlstress was the
subject of‘a symp051um as part of the 1966 annual meetlng of

the Association of Asphalt Paving fechnologists,

"

/

In cold,regionéqsfuch.as Canadd and the northern part
of the United Statfs;"hon-load assoéiated‘craékéfare common
iﬁ flexible pavements. Many of thesé are thermai‘cracks ané_
are . character;sed by cracklng 1n the transverse d1rect1on.

Thermal contrd&t1on of the pavement during a long cold

winter’'is the major cause for these ‘transverse cracks. In

airfield runway pavements, because of theif‘relatively_
~ larger width, also'aevelop,fractures in the "longitudinal

direction and thus a blocky pattern is produced.
'~ An extensive study of low temperature cracking has been
reported by the B3 Hoc Committee of the Canadian Good' Road

e
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AssoCiation (Haas et al.,1970) whiie not necessarily judged
as a prlmary determ1nant of low temperature cracklng, the:
,freez1ng index has been used to 1nd1cate potentlal areas for
" such cracklng. Hovever severe low temperatnre cracking have -
been reported ‘for areas exposed toﬁa freezing index of 560v
‘C -days with some cracking also reported in areas w1th a |
freezing 1ndex of 360 c- days (Fihn et al.,1976a) /

Each year mllllons of dollars are spent in pavement
.maintenance and‘upérading.»Unrepaired cracks will further-
deteriorate by spalling and develop into pot?holes;
_resultlng in poor r1d1ng quality. R1d1ng quallty 1s much
‘more cr1t1cal in airfield runways than that in h1ghways. In
Aa1rf1eld runways, a certain degree of smoothness must be
, provided for‘highfspeed operations occurring duringtlanding
or take off. Loosened»particles from spalled‘cracksAalso may

| cause damage to a1rcraft when these partlcles are subjected

to blast by a1rcraft englne exhaust. Crack seal1ng can - - ///
m1n1m1ze the spalllng problem but it cannot prevent the /
’ /
/-
riding quallty of a pavement from deter10rat1ng N

As the aspha1t1c concrete pavement ages w1th t1me,/
“additional cracklng and other dlstresses such as fatlgue -
type crackzng and rutt1ng also may become more: serlous,
cdnsequently the serv1ceab111tonf the pavement-decreases.
Level of pavement serviceabiiity is determined‘according to
“the,pavement's structural capacity, riding comfort, distress

-and skid resiétanCe. When the_pavement serviceability

reaches the minimum desirable level, pavement rehabilitation



-
. A
is required. o S " . l
The need for rehabilitation is invariably»satisfied by -

Coverlaying the existiné pavement with another asphaltic |
concrete layer. Unfortunately,'cracks iH'Ehe paﬁement'thatl
have been sealed and overlazd reappear shortly after the
overlay. Th1s type of premature cracking is- commonly known
as reflectlon crack1ng 51nce 1t reproduces the same crack'
pattern as the underlying old pavement. This thes1s will
_1nvestlgate posSible rehab111tat10n methods w1th a view to
-mlnxmlzlng thxs reilect1on cr\c31ng problem. |
1. 2 ObJect1ves of The Thesis - \\\

. The prlmary obJectlve of this research 1s‘to study the

[ \

reflectlon cracklng problem 1n asphaltlc concrete oVerlays
of flex1b1e a1rf1eld pavements in cold areas. L1terature\\‘\\\
deal1ng with rehab111tat10n methodS'has been reviewed in
order to identify possjble techniques to.reduce) if :not
completely eliminate,"thiS'problem. ' |

A secondary objective is to.review a case study of an
asphalt. concrete runway overlay constructed in Yellowknife,
N.W.T. in 1983. As a research a551stant on thrs project, the
. .author. was 1nvolved dur1ng\the constructlon of a test
section 1; which a fabric was used as an 1nterlayer prior to

placlng the asphaltlc,concrete overlay. ThHis thesis

undertakes a further_1nvest1gat1on of this test section.



1.3‘8cope of‘Tne Thesis - | Lo , ‘ N -;"

Recent North American lieerature_published within ghe
past decedeideeling Qith reflection cracking has been
‘sele;ted¢es the'meingseunce of information. Related =
egperience~from Japan'has.becqme‘availeble tnrough the
Canada/ﬂepan Paving in qud Ateas (PICA) workshops neld in
1982 and 1984. The proceedings of these,cqnference have Been
studied.as.a source of infermation in tne reflection
qrack1ng problem. - |

~Further evaluat1on of the Yellowkn1fe overlay prgject
of 1983 has been undertaken. Tests on cores taken at the
time of constructlon hawé been.used to assess the potential
+ for c;acklng of thevoverlay test sect}on, Subsequent
pavement condition surveys have beenAnsed to evaluate the
tesf section after.tne“seve:e winter of 1983-1984,

.

. ".':‘ o L "a“_.. ‘g\:.‘ .
. i ; PRI Do " N
o .. . R v@‘ AR e
1.4 0rgan1zatlon of The Thesis e ’~ rée 1T

Thé first chapter gives the lntrOdUCtIOh ajong%wlth the
ob3ect1ves and the scope of thesthe51s. The organlzatrcn of
the thesis is also included.- )

'The second chapter reviews the basic characte;ietic of
asphalt and its~felationship ﬁithyt;me and temperatﬁge. The
"cracking-mechan}sm and the criteria of cracking are studied.
finally,'different rehabilitation methods are categorised
according to the fracture ‘mechanism.. | A |

_?ublished literature and reports about, experimental

fprojects done in Japan, the United States, andQCanada are



_rev1ewed 1n the third chapter. The method?logles‘ the

development and the problems as well as the experxmeneal
results are ‘discussed. . - {;

The fourth chapter discusses the test’prOJect done in
Yellowkn1fe, N.W.T. in 1983. Impqrtant aspects during the
conerrpetion are described. The performanee of the test
section after the winter of 1983-1984 iglevaluated'infthis
chapter. @ | | | | :?7’ )

The fifth chapter describes the testing program for the
cpred.samples ef the Yellowknife Project and the computer.
analys&e‘tO'study'the potential for cracking of the_overlaY'p
under rhe critical temperatures_gf winter 1983-1984.

The sixth chapter presents and énalf}es the results of

% ’

the test and the computer analysis.

The seventh chapter is the summary,” conclusions and

recommendations of this 1nvest19at10n. It also 1nc1udes

future- research work. suggested for further study1ng the

problem.
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_exhibited significantly'diﬁferent crack frequencies in,{he

1

‘CHAPTER 2
SELECTIVE REVIEW ON VAﬁIOUS FACTORS RELATED TO REFLECTION

CRACKING ON FLEXIBLE PAVEMENT OVERLAYS AT LOW TEMPERATURES

”2.1 Introduction

L ; ‘ o
Extensive studies of transverse cracking of the

pavement date back to 1960's. Field evidence of the

different capability of various asphaltic concretes to

a—

resist slow tensile strains without cracking was presented

" by Shlelds and Anderson (1964). They showed several examples

of pavements where large differences in transveﬁse7crack1ng

. were. ev1denced between pavements whose principal d1ffef§na%

)

'appeared'to~be~the source‘of the asphalt used in-the:
asphaltic concrete;-Similar finding were also reported by.
Culley (1966), McLeod (1969) and Shields et al. (1969).

These rfesearchers, including Young et al. (1969) and Haas et

al. (1979), have found that different grades'Of asphalt "

A
N

N R N %}':. ] . ] ) .
pavement surface. In view of thlS, a review of var1ous N

physical charactetristics of asphalts and aspha%t;c mixes andq'

/

their relationship to the rupture mechanism has been e

undertaken. Attempts to\apply basic fracture mechanics

—_—

pr1nc1ples in order to deve18p appropr1ate rehab111tat1on
technigues are also described- in this chapter. o

"
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2.2 The Low Temperature Behaviour of Asphalt

Asphalt is a viscoelastic material, and this

. viscoelastic behaviour changes with temperature.

Heukeidm (1966) divided the strain of asphalt into

‘three characteristic parts, namely the eias:ic strain, the
- vigcous strain, and the.delayed-elastic strain. Their

rela ionships with the stiffneés modulus are shown in

Fig.i.f. He also stated thet at very high stiffness values,
thus at extremely low temperature, the strain of asphalt
‘bqumg mainly elastic.
éimiiar results‘wére'reportpd by Haas and Anderson
*(1969) in their study of tension tests on thin films of

asphalt over a range of temperatures. Fig.z.é shows that" as

temperéture decreases below 0 C, asphalt changes from

- viscoelastic to more elastic in nature; and at very low

temperature, it is gemerally elastic.

2.3 stiffness of Asphalt and Asphaltic Mix
The stiffness modulus of an asphalt has the same
dimension as Young's . modulus except that it varies as a

function of loading time and temperature.

-~

) (2.

LY

($)yp= 5y

t,T

‘The stiffness modulug of an asphalt at a particular loading‘_

time and temperature depends very much on the grade of the

asﬁhalt and its temperature suscept1b111ty. The temperature

L ]
L

1)



the penetrations weregplotted against
the testuﬁemperaﬁue .}: n almost straight l1ne was obtained,
and the slope was cons1dered as a measure to the temperature
susceptibility of the asphalt. They also found that for a
number of asphalts, the penetration value at ring and ball °
softening point was approximately 800. Since the ring and
ball softentng point is determined routinely for many = —
asphalts, Pfeiffer adopted it cbnveniently as one of the two
test values needed in evaluating the temperature
suscepﬁibility& Theleqpation for temperature susceptiﬁility
is expressed as _ v' “ \\\

A= log 800 -~ lgg;pen at T | (2.2“\
R

‘ \
Pfeiffer and Van Doormaal also introduced the penetration

~index (PI) as a scale to measure the temperature

(=2

susceptibility in ‘such a way that @ Mexican b1tumen with a

penetration of 200 at 25 C gives a PI of zero! The

. expression for PI is

20 - PT L | -
ToFer T0RA o o |
or 20 - PI -450 log 800 = log pen '

= — - (2.3)
10 + PI TRen ~ T |
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B
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A nomograph presenﬁed by Van der Poel (1954) to find |

the Pl value of an asphabt is shomh in Fig.(2,3) He also

developed a, nomograph to pred:ct the stiffness of an aspWalt

[

(Fig.2.4). The limitation'dt these nomographs is that they

can not be used with asphalts containing more than two
v

\

percent“of wax by weight.
Kopvilleﬁ et al, (1969) fbgnd that Egn.(2.3) was not
valid for all asphalts. For more complicated aSphalfs, such
as biown asphalts and waxy asphalts, the penetration at‘TR&B
mi@ht not be equél to 800, For blownJaspgglis, the Eemperatqre“
susceptibilities above the softening point do not cortéspond
with their E;kI_} values below the softening point.:hile for
waxy asphalts, these PI values might not be different,
however;‘the viscosity of a waxy‘asphalt was considerably
lo;er than that qf an equal graded ordinary Sgphalt. To
tesolve the above mentioned éiscrepancy,'the authors developed
the Shell Method --- a Bitumen Test Data Chart (BTDC) to
detérmine the PI value of,an assﬁélt. In view of the:
departure from 800 pen ‘at TR&B' temperature Teoo,taken at
800 pen, was used instead. The BTDC far Class 5

(straxght-tup) asphalt, Class B (blown)-asphalt and Class W |

i
\

’ (wax&) aéﬁhalt is shown in fig.z.s. : ‘\ -

y
’ .{It:is apparent that a transition range exists between

~the two straight branches of the curve of A wéxy asphalt.
Jwithin'the transition range, wax° which is crystallized in
the asphplt at low temperatures begins to mei@ and- thereby

affects the consistency of the asphalt. The séandard
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penetration tes; taken at 25 C, a method often useé‘as a
“routxne test to indicate the grade of a bztumen, is a)so
affected by th1s transition range. Heukelom (1969) £8und
that the wax, once it had crystallized, remazned ip the
crystalline form up to fairly high temperatures. A
pre-cooling procedure gi-e. to cool down the asphalt to 0 C
and théh heating up to the temperature of the penetratxon'
test, provides a more accurate method to measpre the
penetration value and thus the properties-of the asphalt.
The Sgell Method requires'the heasurement of
penetration at all temperatures using 100:g loading for 5
sec.}sehmidt (1975) developed a nomograph to find the PI of
_aﬁ'asphalt psingvviscosity at 60 C and penetretion data
obtained in ASTM tests, i.e. penetratxon at 25 C, 100 g
loadlng for 5 sec, and penetration at 4 C, 200 g loading for
60 sec. A report from The’Asphalt'Institute‘(198]) commented
that this procedure is less desirable wvhen compared to the
method using penetrations measured under the same loading
'conditions, hpeever~there%fs some merit to Schmidt's
nomograph wpen only ASTM penetration data are available.
MeLeod (1976) introduced the Penetration-Viscosity
Number (PVN) to substitute for the PI in defihing the
’temperatdre susceptibility of asphalts. Instead of the :
penetration at the ring and ball sofrening point used in PI;
viscosity in centistok@s at 135 C was used (Fig.2.6). It was

suggested that tﬁe PVUN derived from this method gave the

same value as the PI of an ordinary asphalt. The Asphalt
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Institute tepprt (1981) commented that McLeod's PVN system

is reasonable for selgzted\non-waxy, non-axr blown asphalts

only. When appigigg/t eﬁhod to asphalt w1th wax content

in excess of two percent an air-blown g%phalts, error is

expected. \ _w
- When the PI or PVN of an known, the
stiffness of an asphalt~canﬂbe de ned using Van der
Poel's nomograph or tbe nomographs modified by Heukelom and
McLeod respectively. The corresponding st}ffness of\an
aeﬁhaltic concrete'éan'aleoxbe determined using Fig.2.7.

The stiffness of an asphaltic concrete can also be
.eSQimated by di}ect testing. Numerous test methods have been
reported, and each method has its particuiar_advantages and
disad&antages. Amomg these tests are creep test, relekation,
constant-rate-of-extension, tensile splitting test, dynamic
and repeated axial or flexural tests. The 5ensi1e spl?ttfng
test has been used extensively in the anal&ses of cracking
in Alberta. This test method is used to obtaih the
| tensile strength —‘temperature rela&ionship for the
asphaltic concrete of the Yellowknife Project. Details -
of the test will be described in Chapter 5.

j
2.4 Time and Temperature Equivaiency Hypothesis of Asphalt
) Aspbalt is suggested to be a 'thermorheologically
simple' material, meaning that the effect of loading time on
the stlffness of the material can be expressed by the effect

of temperature change. Monismith et al. (1965) showed that 1f

/
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the change of the stiffness of an asphalt over time at a
series of temperatures were plotted in a.sti!tness-log time
graph, a family of siﬁilar shape response curves woufa bé
obtained (Fig.z:B).’The responsé curves can -be shifted along
the logarzthmxc txme axxs to a selected reference
temperature Ao, ana the temperatuce equivalent time or the
'reduced time' for tthe shift is determined as
=t explf(T)])- o o (2.4)
where S is the reduced time corresponding to a real
time, t, at temperature TO @
and £(T) is theﬁfehperature‘function giving the shift
uof the re;Bonse curve.
The temperature funétion f(T) is gederally tetmed the shift
factor, and is equal to the.ratic of time for testiné
temperature T to have a specified mix stiffness to the time
for reference temperature TO to have the same mix stiffness.
With the 'reduced time' function, the rheologic fresponse of
an asphaltic concrete over a long time range can be

conveniently defined.

2.5 Relationship of Stiffness to the Fracture Suscept?bility
v‘ of Pavement

The stiffness of an asphaltic conérete is directly
related to the fracture susceptibility of the asphaltic

cdncreté pavement. Sugawara et al.(?982)‘showed.in a

nomograph (Fig.2.9) that ﬁhe softening point, the

penetration and the PI value, vhich are variables of the mix
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étszness, had a d1rect telatlonshlp to the fracture

emperature of the m1x._The pomograph is sald to be valld o

,for asphaltlc concrete w1th volume concentratlon of

.aggregate Co = 0. 86 to 0 84
ﬁ', ‘McLeod (1969) has concluded that, on the average,
_transverse cracklng would occur if the stlffness of the
fasphalt1c concrete at the mlglmum serv1ce tGMperature’

encountered fell w1th1n the range of 1x10$ to 2x106 p51..“f

9 10 Pa.). These asphalt stlffness e

“;f’(e 9x10° Pa'.‘ to 1.4210'0

g values were derlved from McLeod s 1969 modlflcatlon of Van
der Poel s’ nomograph at ca load1ng t1me of 20,000 seconds.

Fromm and Phang (Haas,~1973) suggested that the‘cr1t1caly

asphalt cement stlffness wa% 20, 000 p51. (1.4x10 *Pa.)"ﬁor

10 000 seconds loading time.

W1th a more sophlstlcated method Gaw (1978) based on.

: data from the Ste. Anne Te?? Road reported that an asphalt

‘cement st1ffness value of 1x109vPa. at a=load1ng time of
A *ﬂSOO?secbnds'was’the'I}mit.abOVe‘which“cracking would occur,

.. L o e ooy , ,
oty 051ng-a lower stlffneSSvasphaltzc concrete can lower

[

“the - fracture temperature of the asphaltlc concrete pavement
~and therefore pavement can wlthstand a harsher w1nter

WlthOUt cracklng However, adequate stlffness has to be*

o d
malntalned for the stab111ty of. the pavement to prevent the

pavement from rutt1ng. It is the goal of many 1nvestlgators

ur

to find a_solutlom to th;s dllemma.




U o
;Ffiwz 6 Fracture of ‘Asphaltic Concrete
: Cracklng of an asphaltlc concrete overlay occurs when’
,‘the ov§r¥ay stresses, either externally applied or S
‘1nternally developed, exceed the tens1le strength of the -

magprial,fﬁxternal\appiied stresses are those dne to trafficfﬁ
load and suosurface movement;,while'internally develqped
'stresses are marnly the thermally induced stress in
considering g¢racking of overiays infcold“areas.

a
L]

'~216-f Thermaily adws-d Stress .

Thermally 1nduced stress is a function of the rate of
coollng, the coeff1c1ent of thermal contraction and the
stlffness of “the m1x..

Assum1ng temperature dependent v1scoelast1c behav1our
and 'thermorheologlcally sumplel behav1our to asphaltlc
concrete, Humphreys and Mart1n (1963) expressed thev
hydrostatlc‘ten51le stress for an asphalt concrete slab as:

t i ‘ -

o, (z,t) = -3a, FRICHEHERSS % ez,nar - (2.5)
where  z - depth )
ot = time '
| co =}coeff1c1ent of thermal expan51on/contract10n
. ‘ _Jat reference temperature Ty .
£ ; the reduced t1me as introduced in Sect1on 2 4
T = t1me 1ntegrat10n variable |
h 6= the,pseUdortemperature

"R * = function of relaxation moduli of the material



7

The resulting equation is

15
Mon1sm1th et al. (1965) simplified Eqn 2.5 us1ng a’

constant coeff1c1ent of expanszon/contract1on. In order to -

© have the equation evaluated numerically by a computer, the

.

vequatlon was further modified using the trapezoldal rule.

ot

ERETET {R(E £ >+R(z£ «,)} (T(-T,_) (2.6
where N is the number of time steps from Ofto t.

On the other hand, assuming a pseudo-elastic'behaviour

"to asphaltic concrete, Christison (1972) expressed the

-l

stress equation for slab analysis as - | : o,
- CE T aum -
o}: =T t' S(At T). ‘_V(W dT(t) : » (2.7)
. . 0
where S(At,T)‘ = time and temperature dependent.stiffness
modulus. h

Eqn. 2.7 becomes simple elastic-if both S, b'anova are
assumed to be.iodepeodent of time and temperature.

Christison (1972)>employed'five different methods in
the computat1on of thermal stresses 1n asphaltlc concrete
pavements. These methods are: -
15 pseudo-elastic beam analys1s

A' '-‘ - . ’ . ’ . F-
2) approximate pseudo-elastic slab analysis (assume » is

constant)
3) viscoelastic slab analysis _ L
L . h . s
4) v1scoe1ast1c beam analys1s j " : .

e

5) approx1mate v1s€3é*;ft1c ‘slab analysis. (assume v is

constant)
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The.suitabilitY»of these stresa analyses wéfe compar%d by
correlating a)'timea;of predicted-ihitial cracking with
observed times of initial efacking and b) the time_pe?iods:
durihg which‘subsequent cracking was observed with the time
période in which the predicted stress exceeded the fracture
criterion emploYed. The results showed that the,viscoeiastic
slab and beam analyses appeared to overestimate and
underest1mate the stresses respectlvely The pseudo elast1ck
beam, the approxlmate v1scoelast1c slab and the approx1mate_
pseudo-elast1c slab methods yielded reasonable intermediate
values of stresees (Christisbn'et‘al.;19725. A'compdter.
based prediction model for low-temperature cracking

developed by Christison using the pseudo—elastic beam -

analysis was modified so as to arrive at the damage

predietidn-model referred to as COoLD, (Cdmputationrof'
Low-Temperature Damage) under the National Cooperative

Highway Research Program Project 1-10B by Woodward-Clyde .

vConsultants, San Francisco (Finn et al., 1976b 1977) This

ﬁﬁfogram was used 1n the ana1y51s presented in Chapter 5.

‘Sugawara and Moriyoshi (1984) reported the study of the -

effect of mix composition and cooling condition on the

- thermally induced stress of asphaltic concrete. Little

difference in the ther@ally'induced stress was found by

- changing the asphalt content in the mix. However changes in

the percentage of air voids in a mix showed considerable
difference in the thermally induced stress. Fig.2.10 shows.

that lower thermally induced stress was obtained in mix of
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‘higher air vo1ds and h1gher thermally 1nduced stress was
obtaxned in mix of lower air voids. Fig.2. 11 "shows that the"
thermally induced stress would decrease with tlme, even
though the specimen was ma1nta1ned at a constant
temperature. It has been suggested that- growth of m1cro
cracks dur1ng stress relaxat1on m1ght ‘cause the spec1men to
crack at a temperature,lower than the expected fracture»

g temperature;,The'resemblance of the stress-time lines

between the secondrcooling and the first cooling'shown in
F1g 2.12 and Fig.2. 13 1nd1cate that the thermally 1nduced
stress of asphaltlc concrete depends only on the temperature
change and is not affected by the precedlng condition. . - -
Fig.2. 12 also 1nd1 ﬂlis that there are no 51gn1f1cant
differences between the fracture temperature of the m;xes
before and after the stress relaxation. Fig £>13 alsoﬁshows.
'complex stress conditions exists in cycllc warmlng and

coollng of asphalt1c concrete, w1th some compress1ve

stresses develop durqng the warmlng phases.

—

2 6.2 Subsurface Movement Induced Stress

Stress can be induced 1n the attached overlay by the
: movement of the underly1ng old pa;ement Pavement movement
'may be caused by one or a comblnatlon of the follow1ng
factors. '. _ -°@ |
1. Temperature Change

\"

Temperature change causes thermal expans1on or

contractlon of the underlying pavement and. subgrade ThlS

Y
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} volume chahgerres: ts in the undeslrable pavementf_v'
movemeht‘ ul} N - ' |
2 M01sture Loss in Subgradevi
) Through mo1sture loss, shr1nkage of the subgrade occurs
and pavement movement develops.

3. Traffic: Loadlng

Vehicular loads or tractxonal forces produce shear1ng and=

. teazlng stresses in the pavement "The damage 1s

C e &

aggravated by vo1ds exlstang in the subgrade. Vo1ds can

<
¢

be created by surface water wh1ch washes out fxne

materlals through the cracks or by pump1ng actlon.

L

443 Seasonal freez1ng and thawing o
| Seasonal frost’ heav1ng and thaw consol1dat1on of the
underlylng foundatlon can result in volume qhange and
. thereby 1nduce stress in - the overlaylng pavement layer.
Carpenter et al (1975) have examlned the freeze thaw
' act1v1ty of the base course as an 1mportant mechanlsm in

pavement crack1ng.’

Seasonal thaw1ng also weakens the bear1ng capac1ty o

embankment w111 be more vulnerable to the trafflc load

c.’

2. 6%3 ‘Tensile Strength of Asphaltxc Concrete
LY
‘ Ten51le strength of an overlay is a funct1on of

~-temperat:ure, t1me, stlffness of m1x, aggregate ‘and the
gradation of the mix. The tens11e strength of a asphaltic

concrete.can be‘obtained either by experimental methods;

]

of the supportlng embankment. Pavement supported by this -

Ty
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such as a_ direct tension test, or by estimation methods.

 Heukelom (1966) has 1nd1cated that the fracture of an
aephalt1c concrete is generally caused by the fracture of
the asphalt cement. The stress and stra1n in the asphalt

#
cement can be assumed as. d1rect1y proport1onal to the stress

and strain applled to a glven mix. The mu1t1pl1cat10n factor
depends upon the asphalt content of the m1x, the mix.
gradation, the degree of compact1on and the mineral
composition of the aggregate. Th1s factor can be def1ned as
_the ratio of the ten51le strength of the mix to that of the
asphalt cement and 1s assumed to remain constant for a given
mix under all condltlons of loadrng tlme,erate of

" deformation and temperature. Heukelom also found, with the
aid of.tensile’tests; that_the.tensile strength of asphalt“
cements is a.unique function of-their stiffness. Using the
above descr1bed function and ‘the mult1p11cat10n factor, the.
values of ten51le strength of asphalt1c concretes can be
estlmated from the stlffness of asphalt)cement (Hills and

Brlen 1966) .

2.7 Rupture Mechanlsm h

'In view of the crack pattern of reflect1on cracklng, it
is be11eved that the formation of retlectlon cracks is
d1rect1y related to the presence of the cracks in the old
pavement. Pavement cracks destroy the continu1ty of the
pavement structure, and produce a stress concentratlng

Y-

eﬁfect in the overlay. Bes{Zés under the pressure of wheel

Y *
.,
el n
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load, the‘pevemeht strueture has maximum deflection at the ,
. crack. &hus, bending stressﬁirln the overlay are also

maximized'in these areas. As 1nduced stresses develop in the

overlay, and with the old crack as a cTack initiation, the
‘crack'propagates directly upwsrd into the overlay, This
he#plains why.gracfé}of the over}ay are mostly aligned with -
the old'erscks of the unéerlyiné pavement. |
The propagatlonyof a crack may occurlin the follow1ng ‘

&

three ways named accordzng to the affecting stresses: the ;
&

7

| tensxon openlng (type 1), the shear opening (type II), and
the tear openlng (type I11) (Flg 2. 14) A decrease in
;temperature and other volumetrlc changes are generally the
cause for type 1 open1ng, while vehicular loadlng Bre
generally the cause for type I1I and type ITI openlngs.
Ten51oh opentng occurs when the two sides of the old cracks
of'the‘underlying pavement moye_apagg'perpehdicplerly from

one another causing tension at the crack tip. Shear opening

®

~

occurs'When the two sides of the old crack displece
vertically with respect to one anqther causing shear f}éeé"
at the ctack tip. Tear oper o *:’wrs\whenAthe two sides of
: the old cracks shift sideway g «f:m‘another inducing shear
Efqtce in a direction pata,je“‘tc~:we crack tip (Monismjth et

"al.,1980 and Langlois, 1984. .

AN
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2.8 Suggested'Treatment Methods

" A symposium dealing with reflection cracking treatment
methods. was part of the 1980 annual ‘meeting of the .
Association of Asphalt gaving‘Technologistelwlngthe,_ .
symposium, a number of new strategies avajlable to reduce
the problem were‘discussed, and these provide a source of
information to aid in understanding and applying techniques
to mitigate reflection cracking.

Monismith et al. (1986)'tepdrted the use of the crack
arrest pr1nc1p1e in-an attempt to sqlve the reflection
cracking problem. In his explanatlon, Monismith cons1dered
‘the stress distribut1ons for an ‘infinite elastic plate
containjng an elliptical crack, as shown in Fig.2.15, in
order to provide some insight to a possible crack arrest
mechanism, His discussion was as follows:

The uniaxial tensile stress S on the plate normal to
the crack plane can be assumed to be similar to
thermal contraction stresses acting in am overlay.
From the figure it can be seen that a tensile stress
is induced on a- plane normal to the crack plane in
f?ont of the crack tip. If now the material ahead of
the crack is anisotropic or orthotropic such that
— the stress o, exceeds the strength in the x
direction while o does not exceed the strength in  —
the y direction, Yhen the crack tip could be
redirected in a direction normal to its original
plane. ‘

Based on this principle of crack arrest reflection

cracking rehabilitation technlques may be ‘categorized in the

follow1ng-ways.

~a) Elimination of Crack'Tibs



22

It is known that pavemeﬁf cracks do noteoccur in
‘ellipticai shapes. In fact they are Y-shaped with a wide
opening at the surface and reduce sharply to a flaw as they ,
- penetrate down into the pavement. A suggested rehabilitafion
method is to remove fhe top ﬁa;t of the Y and to seal up the
flaw of the bottom part. An example of this is the Heater

Scarification method.

.
b) Redirection of the Cragi
As was explained previously in the.qgotation.from
Monismith‘?bdut the crack arrest'principle, the.growth of
the crack tip could be redirected in a directioﬁ nofmal to
its original plane if the material ahead of the créck is.
' £anisotropic or orthotropic. A schematic fepresehtation bf a
possible sequence for this mechanism is given in Fig.2.16. A
similar mechanism is typically the case when a stress
relieving interlayer is provided between the’dld pavement
and the oyerlay. Stresses induced by pavement movement arev
released by the delamination of the overlay from the old
pavement. However,vif this delahination continues, the
errlay may become completely separated from the pavement
and can be easily broken under the tractive forces of
traffic, particuiarly.if it is a thin overlay. An example of
this rehabilitation method is a stress relieving interlayer
using a geotektile.
| ~

c) Alteration of the Overlay Material

s
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wiremesh Belong to this type of technique.
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As mentioned in séction 2.5, tﬂe stiffnes§ of an
asphaltic concrete is directly related to the fracture
susceptibility of the overlay. Therefore altering the
stiffﬁess of the material used in an overlay is another
method to reduce reflection cracking. The materia#;chbsen
should have a stiffness that can withgtand large deformation
without rupture. Overlays usipg soft asphalts, rubbef-

asphalts, or sulfur asphalts are examples of this technique.

-

d) Reinforceﬁeht'of";he Aéphalf{é Concrete * | -

Increaﬁing thg tensiie str ngtﬁ.of an asphaltic
concrete by reinforcing with a high tensile’strength.
material is another rehabilitation'method. Asphalt

[ 4

reinforcement such as TENSAR, fibreglass wiremesh and steel

L
AY
Ca

2.9 Summary

From the studies reported, the stiffness of the asphalf
cement and‘the“asphaltic conq;;té.is a primary factor of the
fracture susceptibility‘of an overlay. Stiffness,of an
asphalt is a time and temperature d;pgndent property. The
effect of loading t}me and temperature can bé supee}mposed
one to another. %

The stiffness of an asphalt cement and an asphaltic
concrete can be estimated by‘direcf testfﬁg or by indirect |
methqu using nomogréphs. There 'is a significant deviation'

in the rheology of blown.aSphalts and waxy asphalts from
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~ordinary asphait. Modified method; to determine the *
stiffness of blown asphalts and waxy asphalts afe also
described. )

.Both the tensile strength and the induced thermal
stress of an overlay are functions which depend on ths
stiffness mddulﬁs of the asﬁhaltic concrete. Cracking of an
overlay occurs when the’induced stresses are greater- than
the tensile strength of the\ésphaltié concretey
Investigators also found that, on an average, cracking
occurs if the stiffness of’the asphalt ‘cement and the
asphaltic concrete 'is higher thap a certaih eritical value.

Cracking mechahisms,and fracture mechanics were also
briefiyvrevieyed in thi§ chapfer. Rehabilitation methods
based on the ffacture mechanics-principie as well as \
-exaﬁples of current xehabilitation techniqués were also
i~pfésénfed. The experience with these rehabilitation methodé

will be discussed in Chapter 3.
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pmethods hav% been presented in the papers by Huffmaf
.and Sherman(1982) respectlvely Subsequent 1nf 4
h\1nvest1gat1ons pursulng this problem 1s available 1n
:d1f£erent 11teratures. In thlS chapter, valﬂable 1nforma i

‘of current rehabllltatlon exper1ence 1s assembled and

performance are also reporfed.
: . , A

.'3,2;FaCtorsEAf£ectin§;the Performan

CHAPTER 3

PAST EXPERIENCE WITH DIFFERENT REHABILITATION METHODS -

&

3.1 Introduction

As pavement‘surfaces reach&;heirvdesign life or when
the1r serv1ceab111ty deter1orates to a termlnal level the-

need ‘for dependable rehabilitation technlques becomes

1ncrea51ngly 1mportant. Rehabilitation procedures include

preventlng the cracks from exlst1ng pavement from reflectlng

N

through the overlay, *hus decreas1ng the deter1orat10n rate |

and prolonglng the service life of the overlay. ’ ‘-,' . Q_
_ L

A comprehens1ve rev1ew of dlfferent rehab111tatlon :

v ¥

. & ' 9

fp rev1ewed The under1y1ng theory of: each method 5 br1efly

i
-

s fleld :

dlscussed and varlatlons w1th1n each meth'd

%

£ Rehabilitation

Methods o o R . \
Sherman(i’&Z) reported that. the factors«that affect the
TR ¢
results of f1e1d exper1ments are-- "5‘ S
1) Var1ab111ty of roadbed performance if“ﬁl | o 4
. % o - R E p_Q' .
’ ’
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- Even a sufficig#tly uniform pavement can have a .

“larée variety in ﬁerformance in different locationfof'the

road. Therefore tests should not be done on small szngle

,sectlons, but rather be done under varlous condltlons and.

with replicate sections.
. 0

Difference in climatic condition

3

Climate is a Significant factor to the performance

of thé pavement. Maximum and minimum temperatures,

rainfall, andQ@nowfall‘in one place can'Qary widely from

‘year to year. Langlois(1984), in comparing the practice

- of conventional Oyerlay, scarification, fabric‘(Petromat)

in ‘Quebec with that in other7areas;‘concluded that

’ climate 1s the factor that reduces the effeg¥1veness of

3)

4)

these procedures im prevent1ng reflectlon cracklng
plfference in roadbed preparatlon

For better evaluatmon of the effectlveness of a

treatment experlments should'be carrled out on a unlform o

pavement. Road preparatlons before" treatment therefore,

1s necessary,'
Presence of constructlon problems

" The results of' a field test can be. clouded by the"

'presence of construct1on problems.’For f1eld tests tq’ be

‘comparable, 1t 1s essentlal that construct10n practldes

a

- be’ ak unlform as p0551ble for all segments of the test.

ge



3.3 0ver1ay with a Th1cker Layer

-a) type of pavement belng overla1d ——— asphaltlc c

three different factors, namely:

<c) re1nforced Layer w1th a. ten51le membrane,
were tegEEd in seven experlmental sectlons. Though the

program was impeded by constructlon problems, ‘all

43
S I : | _ ‘;v/
Stresses induced in overlays 1n cold areas are malnly S

caused by temperature dlfferentials_and'relat1ve'movements

of the underlying pavement;,Thlcker~9verlays help reduce the -

”amount.of“reflectionacracking’by increasing the 1load

transfer capab111ty over the cracks. These result in a

'.Jlonger life of an overlay. .

‘Sherman (1982) estlmated the thlckness of overlay

’

reguired to retard reflect;on cracklng depend1ng on the

»

followzng factors:

(AC) or Portland cement concrete (PCC) .
b).type of dlstress of the pavement ———— all1g t¢v

block cracks, transverse thermal cracks, lo,

cracks, or PCC joint cracks;
c) climate; # A |
d) number and weight of axle loads.

a

'Langlois”(1984) reported the experiments'conducted,on

Quebec highways. Different factors in renabilitation.were

" investigated for two chosen highway sections, In one route,

-

»

' a) @ifferent thickness of layer, .

b)fadditioniof aSbestos’inythe mix, and

experlmental Sectlons showed 11ttle effect on resisting
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refiection cracking.

Heater scarification with and without the rejuvenatlng
agent Reclam1te, together WIth open graded asphaltic .‘
concrete base were tested on another route. Results showed

that heater scarification was ineffective for reduction of

reflection cracking in cold winter climates such as in

Quebec. However, the open graded sandwich layer"was very
effective when mix application rate was - greater than
112.5 Kg/m (approximately “5b mm th1ck) 'and’the thicker the
open graded m1x, the less. the\reflectlon cracking. _MF%\\\¥
In comparxson between th ; rformance of the control
' sectlon and the conventlonal overlay tested in- Arlzﬁna,‘the
time for the crack to reflect to the surface is con51derab1e
_ leSS in-Quebecvthan in Arizona. A more seuere“climate in |
Quebec is suggested to be the reason . ;or this shorter tlme.
in\compar1son between the appl1cat10n rate of open mix
and conventlonal mix, Quebec experlence concluded that the
appl1cat10n rate was the factor that affected the crack
re51stence.ﬂAs F1g. 3.1 shows, there is a good correlat1on

w

between the number of transverse reflect1on.cracks per unit

— o,

length after 7 years serv1ce.and the app)ication rate of the
paving mix regardleSS’of whether it is a dense mix or an
o “open mix. This relation provides a guide inuestimating the

% . . . "

required thickness of the overlay.



comlng through in PCC pavement»overlay. However when , i

.
&=

3.4 Modifying Existing Pevementpéurface
Besides the ordinary roadbed preparations, the

following techniques, which help prevent the réflection

ccracking, may e1so be included in the.rehebilitation,

3.4.1 Band-Aid Crack Patching‘Before Oéerlaj

As reported by Iijimefand Matsuno in Miniworkshop of

) Paving in’Cold‘Areas-(PICA)'in’1982, experiments using A%

45

bituminous fabric sheet to patch the crack before o&erla&ingj

o
were carr1ed out in Japan. This method has shown a certaln

’degree of success in preventing reflectlon cracks from

A

app1y1ng thlS method to asphalt pavement overlay, the effeck

was unsa§1sfactory and further 1nvestlgatlon was requlred.

o

#,

3.4.2 Heater Scarzfxcatxon

‘Many pf the cracks-formed in AC pavements are usually

Y- shaped with a w1de openlng at the surface and narrow
‘sharply down to the bottom By heater scarifying to a depth

’of'approx1mate1y 20 mm,_the upper portion of the Y-shaped

crack together with the Sealant'are removed. The 1ower ’

port1on of the crack is sealed up by heating. The rem1xed

L}

and recompacted layer serves as an uniform uncracked layer

above the crack tip. As a consequence, the reflectlon :

cracklng of the_oyerlay is slowed down.
A significant amount of work in this area was done,
especially in Arizona, Coloredo, andVNévada,of*U.S.A. In

J

\

\
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Arizona, heater scarification with ﬁeclanite plus 32 mm
wearing course was ranked as the third best among tne,
eighteen teét“treatments‘(Way,fSBO).‘The percéntage'of
reflection cracking for this:project after 6 years wa5'5;4:
,percent. However, in Cclorado (Donnelly et al,,1976)
‘scar1f1cat10n w1th Reclamlte plus 50 -mm wear1ng course
resulted 1n 100 percent reflectlon cracklng after 5 years.
In New Mexico (McKeen et 'al.,1984), 19 mm scar1f1cat1on with
A rejuvenatlng agent' plus 16 _mm seal‘coat and 50 mm surface
course resulted in 70 percent reflection crack1ng after 4
| :years,“In Quebec (LanglO1s 1984), scarification wrth
Reclamite plus 32 mm wearing'course had 100 percent
-ref;ection cracking after only 2 years. Ali these.spggested
that local pa?ement condition and climate are factors =
affecting the perfcrmance-of scarification. 1

- Heater scar1f1cat1on was used prior to overlay on -an
airfield in Fort Sm;th! N.W.T. in 1982. Cores taken through'

a crack before scarificationbshowed that’the-crack‘was

sealed approxlmately two thirds of the way through the

asphaltic concrete.@@fter scar1f1cat10n, the same crack was .

‘again cored, and it was found to be sealed through»to thea"

base gravel. There was no szgn1f1cant d1fference—1n the"

amount of reflection cracklng in the overlays on scar1f1ed9:

or non-scarified pavements*after the first wrnter;(hnder§gnf*"

et al.,1984a).

e
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3.5 Stress Relieving Interlayer

,The principle of this treatment is to reduce the |
overlay induced stress by»proniding an interlayer structure
that_can,absorb small pavement movement, or by providing
Lbond breaking at the'interface and thus‘dissipating stresses
at points of crack propagation. Experience in interlayer
structures are described in‘fhe following sections.

~3.5.1 Open éraded Hot Mix (ztpd1f1ed M1x) o N\

The use of y en graded hot mix as a stress relieving’

. layer is successful in controlllng the reflectlon cracking
(Hensley, 1980) Large percentage of air voids resu1::d
from the open ggade helps dampen the movement of the
'ﬁunderly1ng slab and hence reduces the stresses created in
the upper binder and wearing courses. The size of the
.largest aggregate chosen is dependent on the type of bavement
to be overlaid. Largertaggregates provide larger air voids
which offer more protection against.reflection cracking from
Oboth-horizontal strain andgvertical strain mode, the
aggregate interlock also gives a better ‘load transfer.
Usually larger aggregates are used in PCC pavement overlay
where slabs are relat1ve1y long, contraction movements .
ngpected to be quite large, and deflection at Jo1nts\fs |
‘agreat. Smaller aggregate 51zes are used for short slabs or
bfor asphaltic concrete pavements. : o R
| Hensley-(1980) has reported the. use of open graded
asphaltic concrete in.Tennessee and in Arkansas. This method‘
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has yielded excellent results throlgh years. Three

13

gradations of open graded mix have been used successfully.

The selectxon of the gradation of an open graded mix is

based on the load transfer capab111t1es of the cracked areas
which are to be overlaid. Regardless of the type grading
selected, a minimum of 89 mm open graded course plus a 50 mm_}
intermediate course plus a 25 mm surface course are
recommended in Arkansas'practice.'omer_zoo two-lane miles of
open’graded overlay have been built in tne State'of

Arkansas, and the experience has proved this type of overlay

is a viable method for reducing reflection cracking in both

PCC and flexible pavement.

McMaster and Blum (1982) reported the experience of

'open graded 'mix- by the Ontario M1n1stry of Transportat1on

and Communlcatlon (MTC). The mixes they employed,were types

H.L.4 and H.L.8 (Table 3.1) and were used on AC pavements

and -on PCC pavementsﬁrespectively It has been concluded

Q.

that the most effectlve techn1que employed by the MTC in 1ts fd

‘attempt to control reflectzon cracklng has been the use of

mod1f1ed hot mixes as lower blnder courses.

Quebec's experience on open graded mix was reported by‘
Tl

‘Langlois(1984) Compared to the Arkansas experience, the

'

.open graded xes employed in Quebec are finer. Moreover,

for economyy the intermediate layer waé eliminated - The

results show that open graded m1x 1s effect1ve in reduc1ng o

R

reflection cracklng However, as reported ‘in Sectlon 3 3,

1 3 -

Langlois concluded that the application rate is more '
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impértant than the gradation of the mix for reducihg
reflection cra;king. A comparison og the gradatioﬁ of open
graded mixes used in Arkansas, bptario and Quebéq is shown
in Table -3:1:" |
3.5.2 Geotextile (Fabric) =
- The function of fabric in this method is not to
feinforcé, bﬁt to act as a stress reiieving léyer, It’allows
small movements of the underlying slab without induciné\high
stresses to the overlay. The types of fabricvaStpcpmmbhly
] usgd include'gibfeglass, nylon;'polyester qnd pélypropylene;
" Typical properties of these material compéqéd to the
.concretes (AC and PCC) are shown. in Table 3.2. |
Yuce et‘ag.(19830 used finite element ana;ysés to study
 ,:5€ stress effect of fabric on asphaltié concrete overlays
on PCC pavements. In the study, a static uniforﬁly |
distributed load Aeqkuiv‘{"'alent to a 18,000 axle load was
s%mulated. Temperature induced Stress was also considered in
ﬂthe:anélysesﬂ‘A crack, which extended through the'pévément/ |
structure, was treated as a low modulus element with the
ﬁéame'coefficient of thermal expansion as the .fabric. The
_ properties of various fabrics are shown in Table 3.3.
The’analyses‘éhowed that the tensile stress and strain
Tat_poinfs of crack tips on the underside of the asphaltic
cohcrgte overlay were lowest when the fabric was about 25 mm
abbvg,the crack pavement.fSinqe reflection cracking coﬁld be

mitigated by ‘reducing stresses at the crack tips, placing
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fabric at this position would have the best fesult;.in“
rgfiection cracking control. The analyses‘also foundvthat‘
thicker faﬁric is more effective in decreasing‘stfess at the
crack tips and thus is desirable in resisting reflection
cracking. |
The field performance of fabric (Petromat)\on,AC

pavements in qugrado, with a ffeezing index-about 1500
C—days,'was reéérted to be very successful w{;h only 2.
percent reflection cracking in the‘64.mm weariﬁg éourée
\after 5 years. However, in Quebec, freezing index about 2500
C—éays, Petromat did not perforh‘so well (Langlois,1984).
After 4 years, 47 percent of the cracks reflected through -
the 50 mm wearing course. °

| The performance 6f fabric under an extremely cold
climate at Thule Airbase in Greenland was reported by Eaton
and Godfrey (1980), The freezing index there was about 4600
C-days. Diffe}ent weights.of Pet?omat and Bidim were used.
The results showed that where the AC 2.5 overlay thickneés
was less than 50 mm, 71 percent of the éracks reflected
through the first year and 105 péfcent the second year. For
the overlay greater than 754mm, 46 percent reflected in the
first year and 57 percent the‘seooﬁd year. Finally the.
authors concluded that although fabric type or weight did
not significantly influence the ra;e“of feflection cracking,
the fabrics do serve as a waterproofing membrane;

Fabrics were also tested on two test roads in New

Mexico, freezing index 0 to 150 C-days:(McKeen\et al.,1984).

4
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- Two non-woven fébrics,‘one consisting of po;ypropylené

and nylon and another of needle punched polfpropylene”/

- were tested on both of the two test roads. Different tack
rates were applied to these fabrics. On one test road, the
tack rate to these fabrics were 0.92 and 1.47 I/m2
.respectiveiy. On another test rO%&, the tack ra£e were 0.82
and 1.36 I/m2 respectively. After about:4;years, the
percentage of cracks reflected to the s;;faee\pp\;he first

road weré;100~and 80 percent respectively. On the sécond

road, after about 5 years, the;fefleiiipaﬂngte‘wegg 30 and

22 percent.respectively. )&\\\ » -
The performance of fabric is depehdent on the |

successfulness of its installation./g dypical construction
sequence was described by Dykés (19&01. Theaamount of tack.

coat applied to the fabric is a}ég/an important factor.
Dykes recommended that the raﬁefapplied must be sufficient
to seal the fabric and provide bond to adjoining pavement
layers, yet not "flush" to the newly paved surfaée.

smith (1983), by relating the amount &f tack coat

(liquified asbhalt) to the weight' and thickness of the

fabric, suggested the following regression equation:

RTC = 0.055 (T w)0-3 : (3.1)
where RTC = recohmended tack éoat rate (gal/ydz)
T = fabric thickness (mils)
W = fabric weight (oz/yd?)

Sherman (1982) suggested the,réie of asphalt applied

depended greatly on t)kbavement condition, ﬁhgn applied to
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tightly sealed surfaces, of on steep grades, the rate might

be reduced about 20 pe:cen@EQWhe ied to highly porous

or ravelled surfaces, the rate be increased about 20 .
percent. He aléq\found that penetration q(ade asphalt
providedba better bonding between fabric‘and pavement than
emulsified asphaltf McLaqghlin (1979) aisé suggested a
correction of application rate based on the existing
pavement surface condition (Table 3.4). The grade of the

asphélt cement used for tack coat should depend on the

pavement surface temperature (Fig.3.2).

»

o

3.5.3 Soft Asphalt Interlayer

A softer grade asphélt can substantially alter the
elastic ﬁodulus of the asphaltic concrete thus reducing the
crack tip stresses. |

The use of soft asphalt inteflayer has been sucqeséful
in a series of experimental projecté: In 1971, an | P
experimental project in Wyoming showed that a 50 mm soft
asphalt interlayer ZAC 2.5F) and crack séaler produced the
least cracks and was the most effective for reducing
reflection cracks (Sherman,1982). ‘

In Arizona (Way, 1980), the 200-300 pene;ration asphaft
from the Los Angeles Basin (low temperature susceptibility)
added to a 32 mm asphaltic concrete overlay and then covered
with a 13 mm asphaltic concrete Eiﬁishing course was found

" to be one.of the five most effective treatments to reduce
'iveflection cracking. This oveqlpy structure complied with

- ’ -’;‘E\:P

i
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the recommendations of the report by Carpenter et ®1.(1976)

The best overlay design to reduce the appearance of

crackin?‘is:
9 a) a‘thin layer with soft asphalt (low n) and low
modulus of elasticity to serve as a stress relieving

medium overlaid by, .

b) a layer with soft asphalt (low n) and a high
modulus of elasticity. .
Although this arrangement will hasten the
propagation of unseen cracks through the surface of '
old pavement, it will slow. them down. consxderably
when.they reach the surface ‘and contact the
underside of the stress-relieving layer.

i
T
-

3.5.4 Asphalt Rubber Interlayer
Aephal;.rubber igvmade from mixing relatively high

concentrations of reclalmod rubber in hot asphalt. When

o
SF i

Ecomparxng tue aMounv'qg ;eflect1on cracking alone, asphalt

'rubber membraue coveagﬁ-b¥‘$~13 mm C tf;1§b ourse was the

(Way,1980)
occur'wh§%§il

i

\ ﬂ;

few successfu, 75 ot SAMI 1n @rlzona ptojects. New Mexico

',
- (McKeen et ai§i)3§4) used fector1al dengn to study the

“influence oflfétlﬁbles such as rubber type, m1x1ng

temperatureﬁ !

time, batcng; tlon and'test temperature Four laboratory

Jn’ 4 . R . , L J. ‘ . 1 :‘
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type showed no influence on cracking.

(’Morris et al.(1982) used finite element analyses to
sthéy the effect of.the inclusion >f an asphalt rubber layer
in a cement treated base AC overlay structure. Results of
this study indicated that the horizontal tensile stresses
near the craCk tips could be reduced significantiy as a
result of the SAMI. Overlay thickness in a SAMI structure

has only slight influence on the stresses rear the crack

tips- v : . !

§

As aiscdeeed in_Chapter 2, .both th sile strength

and the 1ndyced stresses are proportional to the stiffness
cﬁ:the mix which in turn is foected by the st1ffness of the
asphalt cement. Therefore the grade of~an’asphalt, as well
as its temperature susceptlblllty, are 1mportant factors for
the cracking resistibility of the pavement Specifications

for choosing the right type of asphalt for the mix and

techniques to improve the rheology of_asphalt are discussed

in the follohing sections. : :

. , G
(‘:' . - . y %
3/6.1 Soft Grade Asphalt - <y

One of the reasons for the cracking of a bituminoue
pavement is its br1ttleness at low temperature when the
asphalt\&t_contalns becomes hard. In the paper concern1ng
the asphalt specifications in British Columbia for low

temperature performance, Readshaw (1972) reached a



3.6.2.1 Air umng g

o, R SEE U -1
concluSion that_in regions‘ofvvery«low service témperature

(below -40 C) bftUmenfused:in British Columbia should bée at

- very soft con51stenc1es 1f crack1ng was to be av01ded

Concernlng the use of soft asphalt Huffman (1978) made‘\

jthe follow1ng comment.

J .

From this and other stud1es, 1t may be surm1sed that
asphalt stiffness can play a significant role in.the
amount of reflection cracklng. However, evdhtually
after sufficient asphalt aging, significant-
reflection cracking will occur. When contemplating
the use of soft asphalts for overlays7 the potential
_problems of mix bleedlng and rutt1ng must also be
*con51dered. : ‘ .

'3.6.2 Modified Asphalt ' el o

Ideally, it is best to choose an asphalt whose'

temperature susceptlble characterlstlcs satlsfles both élds

- of the temperature performance-scale,-an asphalt that is

‘.

‘st1ff am hxgh summer pavement temperature and soft at lowl
w1nter pavement temperature. ‘Some . of the attempts to modlﬁy
- the susdeptlblllty and con51stenqy of asphalts are d1scussed‘

A1n the . following*sebtlons., ' w." B

- Some-. of the asphalts processed‘in*Western Canada are

waxy and have low v1sc051ty The wax: content 1n these

,fasphalts makes the asphalts temperature susceptlble and )

”results-ln‘excess1ve cracklng at low temperatures; Chemlstsv*

-

'and asphalt technologlsts have trxedyto 1mprove these waxy
Hdasphalts By reducing the1r temperature susceptlblllty and

'hence_gett1n9~a hetter,m1x_stiffhess\atflow temperature.'

i
i
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o
owing (i.e. ox:datxon) is One process proved to

"1,-fu1 in 1mprov1ng waxy asphalt temperature

‘*suscept1b111ty Exper1ence shqwed that Aair- blowlng could

1ncrea$e the PI of an asphalt ,1 e. decrease the temperature

7*xsuscept1b111ty of an asphalt. If one accepts the cr1t1ca1

st1ffness theory,(thls will allow USe of harder grade
asphalt cements. The strength and fatlgue re51stance of -the

'pavement w111 be 1ncreased and the potent1a1 for plastic
/

;deformatlon will be decreased. The extent of a1r blow1ng

required to. produce the de51r d PI is st111 not thoroughly N

known. S , I R r', : JR
/
Gaw et al. (1976) reported the exper;ence ofbalr blown

(

'asphalts in two test road; The flrst test road is near |

_ Rlcher, Manltoba. The aspha ts used were BLV 100—150 and

BLV 150 200 After two. yea S Qf serv1ce, the blown asphalts
showed 51gn1f1cant 1mprovpmpnt in crack re51stance when

compared w1th the same grade pf asphalt used in the Ste.,

o

“Anne Test Road. = /ffv”i - B

Another test road 1s in northern Ontarlo. Blown ?

YO

rLV 150 200 and LV 85- 100 asphalts were used in overlaying in _r
”thls project. In order to 1solate the performance of blown
'asphalts from the- 1nf ence of underly1ng pavement va layer~k
}‘of 0. 3 m granular mater1al was put over the cracked pavement

fvfirst before overlaylng After three’ years of serv1ce Wlth

¢ ¢ ¥

‘*mln;mqm temperature reachlng -38C the blown asphalt

—.A

ﬁectlons showed no 51gn1f1cant transverse cracking anarthe1r

performance vere better than that of the HV 1504§QOvasphalt,

T G
4}“.0. L
-
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" cracks in the.long term,

? 1// .
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.o
. i : v
wvhich serVed as the: control ‘ . e

Saskatchewan experlence ‘in air blown aSphalts was
ireported by Clark and Culley(1976) and’ Culley(1983) ‘The air

blown asphalts used had an average. penetrat1on of 88 and 139

lapd were dcs1gnated as 100AB and 150AB respect1vely. After

tive years, the rheology changes of the blown—asphalts were -
comparatively less than a better grade flashed asphalt “the ., .
200 pen AC 5 asphalt. It was concluded that ‘the resﬁ&hance

“to aging of the air blown asphalt would result in fewer

3.6.2.2 Sulfur Asphalt R . e

Asphalt rheology can also be 1mproved by means of

fadd1t1ves, Sulfur has been tested as a benef1c1al add1t1ve

3

to asphalt. Bes1des 1ts success 1n controlllng reflectlon
.cracklng, replac1ng hlgh value asphait by low pr1ce sulfur

iwllgﬁblso result in a relat1vely lower cost of asphalt1c "

4

mlx,;,gu“ P L. EE _ \

’ ngnell et al (1972) descrlbed the sulfur asphalt1c

, - v
concrete as an Ldeal m1x,‘a mix whlch is optlmum for bbth S
low temperature/and h1gh temperature cond1t1ons. Meyer et '

al, (1977) sald that the add1t10n of sylfur to the asphalt

' cement would ndt alter the low temperature property of the -

'asphalt. The . p#operty was controlled by the grade of the"

asphalt only. owever, “the addltlon of sulfur could increase

'fthe stab111ty and st1ffness of the asphaltlc concrete at

h1gh temperatpre. Thus sulfur asphalts can have the

*,-advantage of %oft grade asphalts at. low temperatures to

9"5
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‘prevent the cracklng problem but does not have the rutting \

problem that happens 1n soft grade asphalts at hzgh N

temperatures. The stiffness of a. sulfur asphalt at higher,

w

xemperatures is determ1ned by the amount of sulfur added

In the years of 1975 to 1979 ‘as reported by Fromm and.,c.:;

Kennepohl (1979) and Fromm et al.(1981), four test roads
u51ng sulfur asphaltic concrete m1xes had been constructed
Sulfur/asphalt weight ratios of 50/50 40/60 were used in
dlfferent test sectlons. |

o Sulfur fumeS’at pav1ng operation weré encountered in

these pro;ects The fumes were 1dent1f1ed as hydrogen sulfur

and sulfur d10x1de, though thelr concentratlons were far

| below tox1c level. The amount of fumes produced was d1rect1y"

~ .o

related to the m1x temperature. It- was found that 1f mix

temperature was keptfbelow 130 C the fumes would be

4

con51derably less. Whlle careful control of mix. temperature'

" e

can 51gn1f1cantly reduce the fumes, sulfur fumes wlll st1ll

*y

’occa51onally occur. eSpe01ally dur1ng warm. and hum1d days,

In 1981, the performance of. the test sectlons 1nd1cated

’7
;that pavements paved wlth sulfur asphalt were better 1n'

9

'uﬂwresxstlng thermal cracklng than pavements paved w1th the

',Tegular grade of asphalt cement. Sulfur also 1ncreased the

‘ A

,stabil1ty‘of-an-asphalt1c concrete to:re51st ruttqng and.

"defqrmatlon of the pavementa The report showed that when the'

; runﬂd%%ths of the test sections Were compared to the control
sectlons, sulfur asphalt of a sogfer grade had a smaller rut
. depth than the control sectlons wh1ch vere paved w1th o

Ta N
o »
”



/
/

stiffer grede asphalts.
“Kandhal (1982)" reported the laboratory tests and the
\ fleld exper1ements of sulfur mlxes. Six" levels of v
* sulfur/asphalt weight ‘ratios, 0/100, 10/99, 20/80, 30/70,
40/60Vand_50/$0, were tested in‘thevlahoratory to study the.
thangeiof mixhpropertiesuwith respect togtemperature; The
tests showed that aswthe’tenperatUre was loﬁered from 25 C
| to‘—29 C, the ten51le strength of the mlxes 1ncreased

regardless of the .sulfur content. Between 25 C and -12 C%

there is no 51gn1f1cant dlfference between the tensile
strength of various mixes. At lower temperatures,~-23 (o to‘
-29 C, the tensile strength of the mlx was affected by the -
sulfur content. As for the stlffness modul1 ‘of the m1xes, |
the sulfur coﬁf’nt is less s1gn1f1cant at low temperature.
At h1gher temperatures, th9~e;fect of sulfur becomes more_
'V.v: promlnent. The m1x having a 50/50 sulfur content had the
| f h1ghest stlffneSS'value through the entlreﬁ%est temperature
.range:_Three'experimental“sections were overlaid with
30/70 sulfur asphaltic concrete ln'1980 in Pennsylvania.
No‘significant changé was oberved between the performance
of the test sections and the control section up‘to~the time

they are‘reported. o o o .

3 6. 2 3 Rubbor'ASphalt L fm

| Rubber partlcles whenJm1xed w1th asphalt cement at 190C
swell to about twice their original yolume. In add}tlon to
swelling, the rubber particles‘become softer end more |
elastjc{ ThiS‘change gives}aghitlonal "stretchability"‘to

[}

& ' o {
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1thout

7

the mix, enablzng it to w1thstand larger straln'u
P 4
. breaklng. Although this change 1n properties cagéreduoe ‘the
cracking tendency, it is detr1mental to. stablllty, <".\,;1,;

1
[

The Arizona~exper1ence of var19usxrubber asphqlt 1 : A
cqerlayestructures inrreducing.retlection crackiné wae
reported by-Vallerga et al‘(1980) The rubber asphalt
‘conta1}?d 20 to 25 percent of rubber. The overlay structures

;gnclud d: ' ks

" o

a) Stress Absorbing Membrane (SAM), a chip seal coat like

surface {eyer‘structUreﬂwith thickness renged from 9 to
19 mm; o ” _

b) Stress Absorbing Membrane Interlayer (SAMIY,‘a sandwich
layer structure n}th asphaltﬂrubber m;x as the'middie,
leyer; and \ | :

Uc) Plant-mixed SAM, a structure eimiler to conventional mix
‘in which 'rubber asphélt wes mixed with prdportienal
‘aggrggatee in a conQentéonal mixing plant and the miitnre
wes then placed directly on grade} ' |

| All these structures'performed well in preventing A

reflection cracking. Little or none of the transverse cracks

reflected to the surface 1n thelr first four to five years

of - serv1ce. In cases where dﬂﬁcks d1d reflect to the surface,

they remalned narrow and drd not spall* no maintenance was'

requ1red However, tenderness of the overlay, especlally in

e
cansed problems_1n some

(28




- The Connecticut experience was reported'by Stephens__‘
(1982). Mixes were mod1f1ed by add;nb 1 or 2 percent of-
‘rubber. Nine test sect1ons were used ta study the
performance of rubber modified asphaltic concretes in
different‘pavement distress conditions'and ih’difgerent
traff1c levels. ‘The results'showed that sections!overﬁaid
with one percent rubber medified m1x, on an average, had
fewer cracks than the nonrubber;;ed section: However, 4

. sections.overlaid with tno percent rubber modified mix'had

P

‘,more cracks than the non-rubberized section.
"3.6.2.4 Otherfhdditives o .
Other additiveS‘such as asbestos fibers, carbon—black

‘ard other metal addltlves are also found to be successful 1n{

mod1fy1ng asphalt.rAsbestos fortified Acfmrx was rated as
one of the f1ve treatments that 51gn1facantfy reduced -
reflect?on crack1ng in Arlzona (Way”1980) However as
e wfasb&stos has been identified as a carc1nogen1c substance,
L, asbestos 1n asphalt overlays is no 1onger used
The use of carbon blagk to modify asphalt had been
'studled by Rostler et al (1977) It was found ‘that azolt1on

of th1s m1crof111er could decrease the temperature

%ﬂig' susceptlblllty of the asphalt and retard the harden1ng of
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_reinforcément have .been presented by Yao and Monismith

(1986). | I

Asphalt can also be modified by adding a small amount

of metal that triggers polyﬁefizatién of the asphalt

(Kenned¥ et al.,1981). Labotatory results showed that the
teﬁperature sdsceptibility of the asphalt was reduced by |
this modificdtidn. Indirect.tenSile sﬁrength and bending
strength of the modified mix were reported to'be increased.
Fdrthef study of metal additiye using manganese as the
quifier was reporteduby Kenne¢y et al.(1985);‘The fihdings
indicated that the manganese increases tﬁe'high temperatere

stiffness, strength, and stability and decreases the low

temperature stiffness of asphaltic mixtures. However the

tensile strength of the modified mix at low temperatures

also appears to be lower than the conventional mix.

3.7 Pavement Reinfo:cement
Construction techniques using reinforcing elements off
high tensile strength to strengthen the tension ability of

another material have been applied in many occasions. The

\Ause of steel ‘reinforcing bars in reinforced concrete is a

"qood example of such construct1on techniques. Apply1ng the

samechncept, re1nforC1ng elements, both metallic or

" nonmetallic,  have been considered in asphaltic concrete.

Welded wire relnforcement to b1tum1nous concrete has

been tried since the f1ft1es. Even now, w1re mesh is still

;belng used in some exper1menta1 projects ‘as a re1nforcement
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to asphelticﬁdoncrete. Knbo et al. (1984)‘reported’the Uee 6;»
a crlmped w1re mesh 1n M1nam1 Furano Japan. There the B
effect of the wire mesh was 1nconclu51ve 51nce many problems
had been created durlng construct1on. Some of the problems

in using wire mesh were reported by Dav1s (1960) L -

A high strength' plastic geogrld known as TENSAR was f%
introduced in late 1980 and was reported by Abdelhal1m et:-“;”f
al.(1982) and Kennepohl et al.(1985). This mater1al is maﬁe
from polypropylene and is biaxially oriented to give
strenoths in the order of mild steel in both directions.‘g;
Material testing research.of TENSAR was carried out first*at&
Royal M111tary College (RMC) then at the University of
d%terloo.-. T oo B

The research results showed that TBNSAR}was.effective
as a reinforcement.of'bituminous layer, of base and of
‘'subgrade. The teets evaluatedjthe fatigue strength of the

asphaltic concrete structurd&%@he ;esnlts showed that-a

150 mm reinforced asphaltic ‘concrete layer could carry as

many cycles of load as a 250 mm unreinforced asphaltic.
__——4—/-. . ,

"concrete layer.

Computer af%§%51s u51ng 'Texas Transportatlon Instltute
Overlay Tester' @@ a” program s1mulat1ng crack growth due to
. thermal contéaéglon, 1nd1cated that the presence of the |
"relnforc1ng@gr1d 1mproved the fracture retard1ﬁg performance
of the m;i.(xennepoﬂl, 1984). Also, testing at the RMC
lShowed_thét'at the‘end;ofnthe I&%ﬁ&héﬁoyclesj the test
| sections réinforéed,with.TENSKR nereﬂstilligelatively sound

o
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: while the non-reinforced sections were seriously cracked.
'-(Abdelhallm o.al.,1982) ‘These findings gave a positive

'1nd1cat1on to the crack resisting ability of the TENSAR.

Fleld tr1als are necessary to determlne if the

laboratory ev1dence can be related to field performance. A
number of f;eldutr1als_u51ngvTENSAR as a, reinforcement fo&
.asphaltic concrete was desiéned and~constructed in 1984 in

iCanada, “the Unzted States and Europe. Results from these

rlals w111 ‘be of great interest.

,Another re1n§orc1ng element has been recently
developed. Tt is made of fibreglass and is called GLASGRID
(R. Shoesmith and J. Emery,_1985) This material is
promising. because flbreglass is a relatlvely cheap mater1al
having a high modulus and low percentage elongatlon. Table
3.5 shows the propertles of GLASGRID in comparlson with
other f1br1c meshes.

Rl

Flexural tests of GLASGRID re1nforced asphalt concrete

) prisms showed that the reinforced prisms were 'about two and‘

a half times stronger in flexure than unreinforced prisms.
Moreover, cracks did not propagate through the reinforced
prism overlay when it»faiied Instead horlzontal
delamlnatlon of the reinforcement from the underneath layer
resulted. After fracture, the-GgASGRID was observed to be
fully bound to the base of the dverlay.and%holding the
fragments together. These cracking‘phenomena wereydesirable
in overlay constrnction. Field:trials of this GLASGRID were'

. ) . . M ’ - ’ .
carried out in.a number of places. Successful installations
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of this GLASGRID in different demoWstration sections were
reported. An experimental section has been constructed in
Alberta in 1985 incorporating both TENSAR and GLASGRID

(McMillan and Gavin,1986). : o

3.8 Suhmary of Experience

Different degrees of %uccese have been reporged in all
the techniques discﬁssed in the above sections. A technique
reported to be successful in one place may not be as
successful in another area. leferences may be caused by a)
variability of roadbed performance, b) difference in
climatic cond1t1on,‘e) difference in roadbed preparation, d)
presence of construction problems.

Of the éifferent kinds of approaches used to control"
reflection cracking, ‘i.e. thicker layer, modifying existing
pavement surface, stress relieving interlayer, asphalt
overlay material mod1f1cat1on and pavement re1nforcement, it
appears that stress rellev1ng interlayer using open graded
mix and asphalt overlay using a lower consistency asphalt or
modified aspﬁalt perform better in inhibiting the reflettion
cracking. Initial laboratory testing of reinforcement, such
" as TENSAR and GLASGRID, appeage'to be promising. Field
trials performance informatioa ialneeded to evaluate their

L

effectiveness in practical use.
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TABLE 3.2 TYPICAL 'PROPERTIES OF FIBER MATERIALS ARD CONCRETES
[ 4

'

rd
v

par—

(After Shoesmith ang Emery,1985)

€8

[4]

f

0.005-0.015

’.
Fibef Materials Tensile Young's Elonga:gm Specific Specific Specific
Strength Modulus  at Br Gravity Stremgth Modulus
GPa .GPa % . GPa GPa
Asbestos ' '
(crocidolite) - ‘ 3.50 196 2-3 3.37 1.04 - 58,2
Carbon .
(high tensile) 2.60 230 ~1 1.90 1.37 121.1
Glass o .
(ECR, filament) 2.07 76 ~4 2.54 0.81 29.9
Kevlar (PRD 49)  2.90 133 4 N 1.45 2.00 91.7
Nylon ' ‘
(Type 242) 0.75-0.90 up to 4 13.5 1.14 0.79 3.5
* polyester’ . 1.04 0 - L0 o0 7.1
Polypropylene o ‘
- (filament) p.40 up to 5 18 0.90 0.44 5.5
‘ - ' i
Steel ' : M2 : .
(high tensile) 0.70-2.00 *~200- 3.9 ° 7.86 0.25. 25.4
Concretes Y
Asphaltic concrete - : .
(0°Q) - 17 - 2.40 - . - 7.1
(20°C) - 2.7 2,40 - 1.1
(40°c) - - 0.4 2.40 - 1 0.17
Portland cement \ , '
corcrete 0.001-0.004 30-40 0.005-0.015 2.38 0.002_ 16.9 -
Portland cement : o A - -
mortar 0.002-0.004 25-35 “ 0.002 15.6

]

"
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} »  TABEE 3.3 PHYSICAL PROPERTIES QF FABRICW (After Yuce et al.,1983)
{ ~ - .
t X o l(
‘ e Crab Tensile? : "l secant
Type . | - s Pdihbintc Elongacion beant
of - | Veighg |+TMeK . Streageh (Percent) : “°('i‘;1.‘;"
Fabric | (oz/val) nes.s {psi) . psd) . '
! e . N (eiis) I —T
' ! ) : Yachipe|Cross }uchtne‘Cron ‘ Hacninel Cross ~
B _ e - e— . *
- Pegpromat . . A ‘ N | wps
(Phnup nb“‘) 4.5 u 40 o 81: 5132 88 2,29 |1, ez
v Bidin G-22 ! o R A N : P ﬁ\ SR,
l o ST (%cnunto) B R -3 i ~125‘ % g 90 * 1'878 o
. . > ) E o A, 1 - H ﬁ S
o “Biéin 5'3"' e | } is ' E. 1' .9.3 .431
” (oasanco) 9.6 | 77"' 136 | 151 i 3 | 911 .
A ‘ . o True Tex Hg i _— I - ' i . ; ). - ‘6
/ , R (True Tempe 6.5 56 L 170 98 | 97, 1,936 6 6-
Tr%--‘lx Hg 100 ) ' Ay q LA ¥ Y RN
(Trve Teaper) 68 88 T e SERE I 116 ' gs6 el
Duraglass B-65 z . | Lo co .
e . . - (Johns- 9.8 17 126.7) 116 | k| 3 tear | tear
_ 5 Manville) . 1 . B ' i i . .
® T - e ) T - — T -
" Q Trans=50, B | & 1 I T
o Qulise) 1.0 105 | o8t e 173 1107 4 30 | 160
‘ 7 Fibrevex 200 | . ‘ N [ R
(Crovn~ .| '6.0 13 0 183|126 | 145 175 | 1,025 | 368
Zellerbach) = DR ( . ‘ ! :
R —— — " — T - N I i a5
- » Reepav 376 | . S P l - ’l PV Ha.950
. g (Dgpont) * RN B TR SRR L 637, 51.'“ 4,650 °13:250
| : ;‘ ) . LI ; - N — T ) ” N . . - . - . ,‘ " . : o
o YT “Meotab BSO | N N P B _ EE , g "
e o (ieoteny e By | e 80 {133 | 100 | 79 | 1,339 . 552
’ S L "1» - l . e s . Lo . . , . ’. v ’
e 'v.}:opave 4,?45 : R E A A RN IR ] R S
v e T e\l I il s it
s __VTren#f 117 e / s IX . i T
= »,y,/ A (Koechst} g RIS S !\ W2 {-mis e 82 /111 | 1666 | 810
! ~ Ay Jaiues are frov Trans ..be Léung o e g
. BRI ‘ xAS"'V - T30 LN ; P S ) . .
I .ZISI" 1;1/ J-ir. grip AR T s ! . N N ‘ s I~
_ g "va' B Q: SQ percem s’ ruE unless tcn‘mg occurs. DTN ¢ . : B
‘ S : e . o . LT , . . z_\’) . '/ ‘
' { : . i & 5 \ .
':)) ) U S e ; ‘ < R . - » R ; 7 X
I) - ST B . ) S
e R &
' v Y . T =
e . ~ ‘f" @ \3\ - R oy
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l'TABLE 3.4 ASPHALT APPLICATION RATE, CORRECFION DUE TO, EXISTENG .

PAVEMENT SURFACE CONDITION (After McLaughlin 1979)

®

T ede

. o~

[}

‘-"”"fr : “* ‘ )-? ol
3 p

~7Descr1ption of Existin; Su(tace -

. App;qxiaate Surla~e
Tixture. cubfc inch
pcr square, guch

(c- /cnz)‘ E

-

ALv L b

Asphalt’ Quancity |

Corrcctlon. gallon
per lquarc ynrd

(ll

-Smooth, ﬁonporbus Surface

- o::ax;e4 Surface

Fd

Sligh;ly Por;zs, Ogrzi"diied"j

s Surfdce

0.001 to 0 003
;(0 002 o 0.013)

0.005 to 0.015

0.015 to 0.025
(0.038 to 0.064)
§ .

. 0.025 to 0.040
~(0.054 to 0.102)

" (o. 013 to 0. 038).

[ -0.06 -
- (=0.27),

3.-0.0)
(=0.14)

0'.'m.:'

, 40,03
(+C.14).

| Badly Po;kéa; éo;ou$.1 ' . |
.4 Oxidized Surface 0,040 ‘nd above 40, ce 4
1 v (01102 and above) (+O 27) ;

‘Putty Hethod

Y "Correc;ion to standard :;\2 coat

- e
0f10.18 gal/ydz

.2
,;#?%; R
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" TABLE 3.5 TYPICAL FABRIC AND MESH PROPERTIES (After »Shoesmith and

AT Emery,1985)
Name Oonpos:.tmn and Welght Mesh Ultimate Elongauon at
Manufacture g/ Aperture Strength Ultimate Stress
: ‘m BN/m B
‘B;chmR 034 1008 polyester, 270 . fabric - 14.0" so-eao 2
o needled R ' . . ’
SR f.\.bertexR S-300» polypropylege f:.bers 300 fabnc 12.0 length 40-60 '
S . " needle~punched and : . ; - 16.0 cross _
. CP thenmc bonded, - R R
. o 6. ° preconpressed . o »
PetromatR  polypropylene 140 © fabric. 20.1 . 65
P ‘ needle-punched and | : ' :
. . -sealed with asphalt -
_ cement. ,
TyparR 200 - 100% polypropylene 200 fabric  16.3 -7 L T
- -melt-bonded . o il E | o

° . * ST ) N = : . - ) '

4 TensarR ss-2  + 100% hJ.gh dens:Lty 2320 37x25 36.2/17.0 12 R
R . -polyethylene’ ‘ . J . -

! £ S btamally orzentated T S o -
TensarR AR-1 ~ 100% high derisity ° 263  72x5l 27.4/16.1 ~12 e
P pojyethylene . " N o P

. . ‘biaxially orlent:ated o T R ‘

"y, GlasgridR glass. f£iber: grld% 300 25%12.5 100/50 S ~4 e K

. o o f‘.bltmencoat.ed S B ' . i
i . - k N . r ’ ¢ N .
r"’ , _
ca. - . "
" o o RN :/\, N ¥
4 - i ‘
<. .’V Y : N .
/. v -



development in the north '°§1 Cew L I

-j15 33, taxlway A Abrons 1 and 2 and port1ons ‘of the air 1?‘ .-;

.alternat1ve constructlon methods.f

IAPTER 4 o

Y

D
.

'YELLOWKNIFE -OVERLAYING PROJECT | ~

4.1 Background

0
Many a1rf1elds now under the 3ur15d1ct10n of Transport

%
Canada 1n the Western Canadian rquon were bu1lt dur1ng the
war me in support of the swo maJor war t1me projects, i. e.

o
the Canol Pro;ect and the Alaska H1ghway. The former pro;ect &

.Includes a1rf1elds such as Ft.. Smith, Hay R1ver, Yellowknife"

and Norman Wells, whlled@he 15tter pro;ect 1nc1udes‘

a1rf1 ldsoof Grand Pra1r1e Ft~ St John,lFt.,Nelson, Watson
l‘..ake and Whltehorse. These azrports are ma1n-ta1ned and . ‘. E)
.expanded'by the !kderalQFOOerngent in S%Pport of the .

expandlng soc1al program and the nagﬁral resource N o

"l
¢

v N -

\*

In the summer of 1983 @ranspdit‘.apada carr1ed out a .

research program prlor to ~and. in conj@nctlon with the

overlay constructlon of runway 15- 33 at Yellowknife Alrport

% [

ﬂThe constructlon contragt called for the pav1ng of runway

LGS

term1na1 bu1ld1ng access road. It was tendered w1th two o
T ] ‘ ) ‘ )

'

.

. Alternatrve#ﬁv--- levelllng course and bverlay 75 mm# for

runway and 65 mm+ for apron and tax?way. Hot m1x asphazﬁg'_f

]

blaced in two compacted layers of 40 mm max1mum plus'. —_—
' o # ) ,5 . . '3 LI
levelllng course ‘as requlred I '-,,~Q 7

L7 r BN
v ¥ : ° :

Alternat1ve B --- Heater scarlfy exﬂgtlng pavementgsu:facé; R

’ . T - - [
. d . o B T S S

R R i< S0 TP E NV FRR R
N L e e e A e T e Y e



Levelling course and overlay 65 mm+ for runwaj and 55 mm+‘
‘/‘\

for apron and taxzway. Hot max asphalt placed in two

’,é T t,compacted layers of 40 mm\mialmum plus 1ev§§l1ng course o

;.:f..' N ‘as required. R "

- . As a resglt afathe. bid pr1ces, Alte:natzve A was *fdd

;' i selected ” .;-.: V*lon..Peter Kiewit. Sons Coq&tﬂd. vas
rand Associated Eng1neer1ng Sevv1cesf*

v,
ot
o o
M-
g -

B |
(=2
8
(1]

’ 4

ThlS research work has prov1ded the ba51s for the’ fleld :

data presented in this thesis. The main objectlve of the "

! research program_ vas. to study alternatxve methods of

. asphaltlc pavement rehabllltatlon, to- m1n1m1ze constrdltlon
o “pro~ and cost _and to extend the l1€h~gxpectancy of the
S overl&ys (Anderson, 1983) ' ?W_f-;,; ,"w e
’:' &} ) ‘ E , . ’ . N . o 'A . N . .. . | ’< .
L : ‘ -}

¢ 4.2 Test section

. v i . '._ S & . o ., el Lk
. An experimental‘sectlon was 1included in the'researdh to

study alternatlve rehab111tat10n methods. The experlmental

sectlon was on runway 15 33 between statlon 33935 00 to

w ’

4+000 00 and had a w1dth of 20 m ‘on each sxde of ‘the centre

§’-v.‘vﬂv C .. ’
11ne (Fﬁg 4.1) Thls locatlon was selected becauSe the area

d bet

e .

was,relat1vely flat and a un1form overlay thlckness cg

obtalned The test area also 1nhab1ted two major trans é?se

cracks as’ well as numerous smaller sealed cracks of a blocky

pattern type. The1r effects on the overlay were to be
. e g .

Studled | ‘ -u . JJ 'j,',‘..o T




f(

et}

maj ks whe tm t was é r d. v -
major cracks w ere trea eﬂ as o qu1 e r e ‘?,

‘ sect1on showxng a major. crack wher ireatme.[ﬂ

-~ ;.; :

. pavement data u!tsory for subgrade so1ls 1nd1cates ‘the @
1

is the crack map of the test sect1on. _The

dOtted‘ﬂgnes 1nd1cate the ‘length and the p051tlon @ the two

‘Eig‘4 3is a photograph taken at th ﬁfOUth end\of the test

or“to

il
TN

overlaylng was required.

> .
v - . - . -
‘ » . o .

. - s o
R T )

.¥$t3ng Pavemeht Condition;

.unway 15-33 was constructed 1n 1954, The pavement

structugh con51sts of 152 mm crushed gravel base course .

Atogped.W1th 76 mm hot mix asphaltic concrete. A1rf1eld

&

"to be sp 'GP, SM, and sw. The textural
]

5011 classaﬁlca

' descrlpt1on ‘shows 1.0 to 1.2 m of gravel and sand over sand.

= '

Some pockets of 51123 sand with clay traces, and some

boulders were fo’unc”The water table 1s am: "”

northwest of the a1rf1eld to 2. 4 i 1n the south end of the‘*

f1efﬁ The surface and- subsurface dra1nage is fa1r to good.

Although the a1rf1e1d\ts not. con51dgred td beﬁgagermatrost
51te,'1nd1cat10ns ‘are 'that silty areas are fu"i~suscept1ble.
and severe heave h?% been reponted ‘on runway 09-27, with

o
minor to moderate heave in other aréas.

The freez1ng 1ndex‘for thlS area ig about 3500 C- day .

"and-the th§"1n§ 1r!dex is about 1500 C- day., The minimum air
temperatures’s1nce 1954 are -49 C w1th an average “of .o

,_45 8 C. The average maxlmum temperature is 23 1-C. ThlS

!

nges a range of abdut 32 c maximum. in the summer to a

e

‘y'\v' . (\, ’

v



' C l' | : '\: | N v ‘_%g .76
m1n1mum‘wfﬂm5¢ e in the winter. The annual snowfall is i
around 1200 mmtlﬂ mm. . 4

: A pavement 1nspect10n reported by Eransport Canada in |
T‘dJuly,1981 sho:ed the pavement cwnd1t1on of Runway 15-33 as
follows: &$
General condltron- . Eair to poor
‘Roughness" s fa1r L :»p3}vgﬂ_“, ;igggaw;%*
e g ST NON TR T ! e et
¢ -Prost heaving: gyt “vu.o moderate i extest
. : o : i \‘moderatet1n sever1ty
“ﬂ! Subgrade settlement: » ‘. major in extent
| ‘ _”moderate in severity ’ ” o
Asphalt surface | ’
Transveree oraching:b.‘ ‘eXEFEme in extent . . %E RN
R  major in severity ‘
/ Longitudinal cracking: major inpehtent - o ;Mﬁai,
o '- ~ ..ff o e maéor indseve;1ty'j R PN
\\ . Rutting: - _mino;,ih extent : R o
o ‘ | .G S 5 , » e
. L o ‘mimor in. severity ”
S kavelling: B - ﬂk. moderate inaeitent
| moderate in seVerityﬁ:v
w4 4 Antxczpated Constructxon ProblemsA_'

“ A pumber of problems is expected when overlaylng a
hadly cracked pavement Flrstly, the sealant compound used -
to f111 the cracks of the ol& pavement melts when it is

chovered by the hot overlay m1x. Expan51on of thlS sealant
: results in the formatxon‘of;a thin layer of sealant);n the" S
B | ,..f . '»’. , . ‘.. ~ «‘ L ;

-



-

,the overlay mix is compacted sl1ppage o)
M ‘and small rldqbs are formed in the overla:A/Fig.4;4).

) Secondly, the relatlve number of cracks w

SN
-

-

_ vi'cinity' of the crack at the interface ,?the overlay. When

the overlay occurs

ch reflect to the

‘ surface of the overlay is expected to incre e,gn a badly

cracked pavement. To improve the performance o%rthe overlay,

g
these reflection cracks must be ‘reduced to %&e m1n1mum.

&

P

t‘ 5 Rehab111tat1on Methods

szferent rehab1l1tat1on methods showﬂaln chapter 3 of

one for thﬁftestvSectlonerhree methodsrhavenbeen‘considered
. for the rehab111ta§1on, they were: - V‘, o

1) Open graded hot mix (modlfied m1x) '
2) Geogr1d and geotextiles Coe <
3) Softfgrade‘asphalt‘cement ovérlay.‘ ab o

Bécause of the time, consﬁﬁaintS“both=in the preparation work _

. and in the actual construct1on, two methods, namely the . 6=

appllcat1on of a geotextlle 1nterlayer and the ‘use of

200~ 300 grade asphalt overlay, were cHosen. for use in the

two-sectxons of the test area. T

AY

"’

Non woven polyester fabric 3151@;5 28, Or a similar '. e

¢

’ type non- woven polyester fabrlc, was recommended for use on

the Yellowknlfe project The fabrlc chosen, which is

b

ava1lable locally, is known by the trade name Penroad and _
",, .
was labelied as a M1raf1 geotextlle. More 1nformat1on of

!
th1s Penroad fabric are given in Appendlx A,

<

v. - \‘_ ‘ . N m ‘
N

%

ST AR

this thesis had been studled in order to choose‘a suxtableA vgw
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The fabnlcs supplled vere 65 m in length and 3.5, 7.0,
and 9.15 m in wxdth Two fabric types P- 50 and P 250,

we1ght ng 200- g/m and 340 g/m respectively, were selected \ |

© for use. Two roffs of 3 5 m, one roll of 7.0 m and 9.15 m
. s

, approxlmatelx 800 m of these. severe ’cks was - me ped as

- ‘shovelling. Fig.4.6 and Fig.4.7 show this operation.

'fabrlc with scheduled pasSes and w1dth of the paver. .

were ordered It was later discovered that widths 7.0 m and
9. 15 m were made by. sew1ng success&be 3.5 m str1ps tagether.

s Flg 4.5 shows the locatxon of the geotextllé fabr1c 1n_‘fd

o

| the test section. It was planned to coordlnate placéMbnt ofi

ES

‘The 6th, 7th and last passes vere. plahned to be- paved

w1th 200- 300 pen asphalt1c mlx, the alternatlve test method

'of the rehabllztatlon. The performance of thg&faprlc sectﬂon

LAy

m‘_and the soft asphalt sect1on were then compaﬁhd w1th the

control section (pen 150-200 in the 1st and 2nd passes) to
evaluate the effectlveness of the two rehabllltatlon

- Treatment to the severe cracks was done prlor.to ‘the

methods. .

Ylacement of the leve111ng course. On’ runway 45- 33////\

gt

deserv1ng treatment. The exce551ve ‘sealant in cracks had to

be removed before overlaylng The metho&'developed by the :

B contractor was to heat the surface in the v1c1n1ty of the

fcrack with a portable propane -torch angd to remove the R

softened m1xture of - asphaltlc concrete and sealant by hand

g

s y;"

-
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4.6 General Description of Construction .

Important aspects of the cpnstruction procedures,
scheduling and problems.concerning the test section are as
follows: | |
1. “The working proceduresqrnd job coordination for the

teét sgct1on were discussed in a site meetlng on

June '13th. Procedures descrlbed by Dykes(1980) served

as a guideline to formulate the recommended

construct1on procedures

i

2. The a ion rate of tack coat, as reported in
' DYkes' , was approximately 1,13 I/m2 of residue

™ Lo oBaas .
e

asphalt, and assumlng a 60ﬂperccnt residue for SS-1

emuls1on, an appTrdataon‘%ate@oﬁmth tO\NLS I/m vas

indicated. §:>ce the normal rate of tack coat

app11cat1on was 0. 5 I/m , it was suggested that two

1n1tia1 passes of dlstr1butor webexmade at a normal ’}
sate. After the fabric was placed and rolled w1th% '
,rubber tire roller, add1tlona1 tack coat could be
applied on the fabric éurface. The amount of tack qoat
to be applled depended on the amount ff asphalt seep

hde )

through ‘the fabrlc. . ' “,'. . BEERES

\ L

3. The construction schedule was so arr#hged thag runway
15~ 33 could be opened for Boeing 737 to land and(,ake

off every mornlng. '

L4

4. The - abrlc was la1d on June 17th one hour after the’
.sec nd layex of tack coag)was app11ed A roll of 3.5 m
width p- 250 was llfted manually and was pulled and

LI



S yas placed thlS g1ve€,app

: e 80
placed manually to the specxfxg? position. Because of -
the lack of experience and adeguate supervzsxon, I
numerous wr1nk1es developed in th}s section. The second
roll 05\3 5 m width P- 250 was also placed manually
‘With adequate superv1s1dn and Caut1on, the fabric, :
generally speak1ng, was smooth and free of wrxnkles.
Sl Heav1er 7 mand 9.15 m Jldths fabrzc were placed usxng
a truck mounted crane t 11ft the rgll .The free end ‘
was fixed to the paveme t by hand anﬂ’the fabric was .
unrolled slowly by dr1v1kg the crane away‘ The 51de§ of
the fabric were adjusted by pulling manﬁally, |
6. - Plastlc deformation of tabr1c was gredt. The fabrlc o
ylelded when 'it was pulled by wotkmen'forming winklée
.at the edge. | | x
7.;Jlﬁhen‘the thric was-rolled by a rubber tire'toller two
hours.after the second apblicatidn’qf‘tack coat, the |
_ fabrice stuck to the tzres of the roll ;wmnd caused |
wrxnkles to develop (F1g 4.8). Thls 1nd1cated that the
tack coat had not cured sufflczently ‘and the bond HL‘:N

between the fabrlc and the p%vement had not dév loged \

tack coat to cure. !

8. To remove the wrlnkles,‘standard pracplce'

@

slzt them with a kn!fe and edgesloverlapped w1th 15 cm

minimum. The 3yefff§bedﬁfaﬁr1c should be “tacked and

<.




R A 1

1n areas where numeroufg@iinkles @ccurred, the fabric

was cut across, lifté,“

a that the fabric was hefdrto cut and suitable toglg/;eré 3
. M

and relaid. It was d1scovered -
. not available. The fabric was tut in an‘irregular shape ‘
and in some areas, the 15 em overlap requirement was

~not satisfied. . : | ,

9. Since'thete was not enough residual asphalt to seep

“through the fabric, another application‘of-tack coat

ﬁwas appl1ed on the fabr1c surface. Th1s freshly sprayea
tack coat \\e the fabric very stlcky. Also the tack
coat*may have softened g%e bond between the fabrlc and

the pavement. . \V' . S »

1

”The truck-and paver rolled over the fabrlc durlng

AN :

} ' - overlayxng,‘agaon the fabr1c was stuck to the tire and

caused wrznkles and the 15,cm overlapping was lost in
. ' many greas (Fig. 4'9) Unfobtunately, a Method'to‘
' 'y

prevent fabr1c be:ng p1cked up was only found a few

r most.§i the fabr1c had been covered.

ul

,the nece531ty of pav;ng a suff1c1ent w1dth of

? \5

"m‘runway to allow Jet alrcraft operatlons the next

morn;ng,;addltlonal time could not‘be\spent.ln
. . Ve . .

T "correotlng the wrinkles. Seafis of 7 m and 9.15 m width
I ' .0 a e _ s

fabric were also left untacked"when the fabric was

~ overlaid. o L N L .
N ngIng was not completed untxl 5 am. the next morning.

! . .
‘e . o ,,z",nt‘}' - f n /‘ : - -

[ 4 . . B :
Z . B i T - [ B o

5.

] - . .
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13..

14,

"fabrac test section. ‘ :

vseams and overlapped areas.of the fabric (Flg.4.10)‘

1 ’ ‘ L . [ . ‘,,A...- ’ ‘ 82 )

- i ’ -.‘ ’ '

As (Jar as the\<prk1ng schedule was: conperned the 3rd

4th and 5th passes were completed in that long \‘. \

constructzon per1od This was. roughly equxvalont to 1.

days of normal pav1ng plus the placement work on, the
. IR ¢

A few days later, when examining the surface of the
. ‘ é

flrst l1ft,of the overlay, fine cracks w;re dlscovered :

6 ¥

in many areas éver the fabr1c test sect1on. A clear -’

resilient deformatlon wasﬁobserved when‘heel presure

‘was applied in these areas. Fearing that these’tybes of -

cracks would be reflected through the fqnal surface,
all, these cracked areas were .opened up and repa1red

was discovered that these cracks occurred at wrxnkles

The folds at seams were placed in sugh a way that

. _ ‘ VY
11ft was placed - ; -l ‘/%
The soft asphalt test sect:on was ¢ ncelled as the

. result of 1nadéguate fac111ty. A tanker‘t;uck load ofr(J

,200 300 pen grade asphalt cement arrlved at 51te on

- June 18th Since there was no heater cd1l in the | -

-tanker, the temperature was below the regu:red m;xxng

t

temperature. With no. seperaté storage fac111t1es

RN — N

& “

grade asphalt at a rat1o of approx1ma€e1y 1 to 10 A
t ° . R * ¢ 8 o ! ! .
. ¥ ) . . Y . ‘ .. L "i‘

, . . L
2 . . . . £y
o . . .

]

R il
%

—

.l

- \ L] P —
@vallable, ‘this asphalt was mzxed w1thvthe 150 200 pen(if7 _
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4

secorid’ tanker of ‘00‘300 pen grade asphait vas ordered

—

‘,/

w1th a- request for a hlgher delivery temperature. Thxs

» o ~ \

load arrived at ‘the site on June\21st "again the.
temperature was too low for asphalt concrete mikfng;'lt(5
was again combined with the’{so 200- pen grade asphalt.
The;oth 7th and last passes were paved w1th 150-200

Brade'asphaltlc concnate. 1

15;. The fabrlc whlch was/left in the soft asphalt section
| seemed to be well bonded to ‘the pavement. However, wh\en -

tack coat appTZed on the fabric pr10{.to OVerlay, th1s
bond was softened and the fabrlc aga1n stuck to the
tlre of the paver. To prevent the fabrkp be1ng plcked'
up . by the t1re, the fabrlc wvas sarMgd with asphalt1c
concrete along the trackVMof the paver.

16, RepresentatIVe cores, 5 groups of 3, had been‘taken"“ ,4
from the overlay in 5. dlfferent\*pcatlons in the test

‘area. ?he cores were stored at room: temperature before

'
_testlng. ‘.sv o S ' . : C i
o » . ’ ) . '.

4 7 ObServat1on of The Constructlon \ f
I{ is expected that the effect of the fabrlc w1ll be: /
masked by the problems arlslng durlng construction, ' = /
However the exper1mental project in Yellowknlfe still ;/
prov1ded useful 1nforma¥10n ahout the construction “//
'procedures in fabric 1nsta11at1on. !

The d1ff1cu1t1es encoLntered w1th the geotextlfe on the

‘Yeilowknlfe pro;ect was ma1nly caused by the 1nexper1ence in-

/
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handlihévéhé“fabric. Because Qf insufficieht prgparétion{
aftiﬁe; many pieces qf'u$efu1 inforhation eould‘ﬁgf.be . _

gathéred in time. For example, the report from Sherman (1982) .
'embhgsized the impérﬁance of the fype of tack coat used‘!%r_

st%cking the "fabric in place. Heitécommended that a
;o . ~ A ‘ .
penetration grade asphalt should be used instead of an

~
~.

emulsified asphalt. =~ =

LY

The recommendation‘of usihg t&o‘passes of emulsified
.

tack coat prior to the placement. of the fabfic seemed to be
insufficient;'ln%iuding the tack coat épplied.on the suffgce
" of the fabriéi/éﬁe amount of asphalt residue on P-50 anéﬁ/”.
"P-250 hegé a%éut 0;9 I/hz and 1.2 J/ﬁ% respecff@éi}if;he

ecommended applicatdion rate by MCLau;hlin (1979) was

0.87/m% + 0.27 1/m and by Dykes (1980) was 1.13 1/m2. The

application rate indicated by Shermap<(1982) wés 1.4 I/M?. -
Using Smith's (1983) methoa of calculation,'thé upper limit
for .the application.raté for pP-50 ana P-250 were 1,.85.I/m2

., and 2.2 I/m2 reépectively.

" Curing of the tack coat was not anticipated properly
\ before the construction. The effect.of the second

\application of tack coat was also not foreseen. The tack

\ ; _ ’ : .

‘coat that was applied on the fabric surface apparently broke
e - C

ﬂCe bond between the fabric and the“pavement. As a result,

t

e faBric stuck to the ti;es'ofaphe rollet, trucks and

\ )

. payer and developed numerous wrinkles.

\ Difficulties in plaéing the fabric were not foreseen‘;;'
thel job planning stage. The installation was further |

\

\

\
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complicated by the unexpected fabrietseams found in the Tm

and 9 m width fabric. Time constraint for overlay

- construction was another ptoblem. The requirement of having

the runway open for operation the next day prevented proper

constructlon procedures and correctlve measures belnq taken

when problems arose. ernkles werew left unrepalred seams,
were left unfixed and untacked and tr1ple layers resulted
These caused sponginess and cracks to appear in the»overlay

surface. As an‘afterthought the locat1on should have been

‘out of the main runway S0 that when problems arose, more t ime

could have been spent in the remedial work, especially for
the case!whenjcohstruCtion problems were nog_anticipated due
to insuffdodent knofledge\of\the test material and”inadequate
expe:ience-With th# construction bPOCQdeéS4.,

Theifahric used Wasrnot a suitabiedmaterialz High -
inelastic elohgation\of the fabrioiat low tensile stress
made it difficult to install. Wrinkles developed at the
.edges when the fabrlc was pulled by workers in plac1ng ‘the
fab\gc. This elQngatlon also: caused wrlnkles to develop when’
the tahrmq\yas q..ﬂed up by the tires of the trucks‘and‘ |
paver. Besides}xfabric with seun seams was difficult to
handle and therefore" should be avo1ded in future projects.

The removal of excessive sealant by u51ng the propane )
torch was effect1ve. No rldges were found in the overlay
dlrectly above the treated cracks. However, it is hard to

determlne which crack should be treated since r1dges are not

only found in large &gacks but in smaller cracks as well.
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Fig.4. 4“-Eows a locat1on vhere rldges were form&d above
‘relatlvely small cracks @abr1c was\effect1ve in prevent1ng
the sealant from com1ng up\\ﬁr6ﬁﬁﬁ”the asphaltlc concrete |
overlay, and no ridges were found in the fabrlc test
sect1on. Fig.4.11 shows the sealant being aEsorbed and

:attached to the ‘fabric. ’ o \"

4.8 Performance  of The Test Section
* - -
.

. A crack survey of*the test section done on 4th June,
1984 is shown in.Fig.4.12, About 30 percent of the cracks
reflected to the surface of the overlay after the .first
wintet.‘There appears to be no significant difference
between the test section and the control section, nor
between cracks that hawe been prettreated‘and those that
have ‘not. The report by Anderson et al. (1984b) stated that

Discontinuous transverse reflection cracks spaced

“roughly 5 m. apart have occurred in the test
o section, Similar longxtudlnal cracks are present on
‘a somewhat closer spacing. The resultant pa rn is
not obv1ously different from adjacent pavenment areas
containing no fabric.

Some of the longitudinal cracks had developed a
braided pattern which resulted in occasional
break-outs. There was a lower incidence of pavement
break-outs along cracks in the test section, but

this phenomenon was not sufficiently common over the
entire runway area to permit a confident comparison.

4.9 Summary ’ '
A summary of observations drawn from the experimental

project are: _

1. .The proalems_arising durinc construction wi;l.affect

the neSults of the experimental section. Experience
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'galned from this’ project may be useful in 1mprov1ng

o

fabric placement procedures. R
‘ - 2. The appl1cat1on of tack coat is a important construction
| procedure.‘[%e amount of tack coat appl1ed thex%ype of
tack coat used, the amount'of curing ti allowed have to
be determ1ned for proper installation of the fabric.
3. Fabric with high plastic deformation at low tensile
strength nay create.conetruction difficultiesr
4, Fabric seams are diftlcult to tach,and‘they"create spongv_— a
] effect-which cause'the overlay to crack. Fabric vhich
‘formed by sewing pleces together ehould be av01ded
5. The fabrie-is successful in preventlng the crack sealant
from comlnglup through’the asphaltic concrete .overlay and A I
preventing ridges formlng»in the overlay.
6. Selective crack repair using a propane torch and
techn1ques developed on this project is effect1Ve 1n,

\ , ellmlnatlng excessive crack sealant. This -method does’ not

appear effectlve in reducing the crack1ng of the overlay. 5"’:

°

Under the particular condltlons be1ng descr1bed the

fabric seems to have little effect ‘'on the prevention of

- »

crackfng. About 30 percent of the cracks reflected to the

surface both in the fabrlc section and in the control

'section after the flrst winter of serv1ce.///"

o . . °
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. § 4.7 REMOVING SOFTENED MIXTURE BY/ HAND SHOVELLING
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FIG, 4.8 ;FABRIC SURFACE. AFTER ROLLING

FIG. 4.9 TIRE PICKING UP THE FABRIC!

e
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FIG. 4.11 SEALANT BEING ABSORBED AND ATTACHED TO THE FABRIC
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 CHAPTER 5 | ,

l‘-fQSTS AND ANALYSIS |

5.1 thectives of the Test Program | ;
‘Thelfirstlobjectiue of thehtest program was to

l determlne the mater1al character1st1cs of ‘the asphalt1c
concrete used in the Yellowkn1fe overlay The low
tempefature propertles of the asphaltxc~concrete, i.e.
tensile strength failure straln and failure st1ffness, were
determlned The propertles of the recovered asphalt, such as
penetrat1on, v1sc051ty and temperature suscept1h;l1ty,"were
also found The second objective of the test program was to

determlne the cracklng potentlal of the overlay 1n the

‘,wlnter of 1983-1984 based on the propertles of the cores

teSted. ’

5,2j The Laboratorp Test Program |
fFifteen cores;-100'mm diameter asphaltic concrete

cylinders,’werebobta;ned from the overlay at the time of

‘constructlon and were transported to the laboratory and’

'stored at room temperature. Cores w1th -an 1rregular surface

~were sawed to obtaln a constant thlckness and a flat surface.

for mount1ng gauge p01nts. Out of the f1ve groups of three

‘ samples each, one group of the samples vere too thln for

testlng The samples were broken durlng storage and these
'samples vere dlscarded | h
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The-tehsile splitting test ﬁethod (Christianson 1979)‘
was used to characterize the §¢£s1le properties of the
asphaltlc concrete.‘wlth regard to the amblent temperatures
that the overlay encounteifé during the w1nter;of\1983—1984,
testing}tehoeratures were’ selected to be 20 F; OF, -10F
and -20 F (-6.7 C,’-17?B,C, -23.3 C and —28.9 C
orespectively@” One gréip of three cores was uéed for each
testing temperature/ After the test the asphalt was
extracted- from thé broken cores by a commercial laboratory

l\ /
The properties of the recovered asphalt were then tested and

analyzed. The ‘laboratory tests besides the tensile splitting
test included: |
a) .Test oﬂ/undlsturbed core sgamples o a \“
| ----5Bulk specific grav1ty (ASTM D2726)
b) Tegts’oo broken cores after splitting Co
7Zl~wAsphalt extraction (ASTM D2172_Method A)
[m——— Asphalt recovery from solution by Abson Method (ASTM
/ Digse) - o
/ci'Tests on recovered aephalt
4—7—-penetration at 4 C and 25 C (ASTN\I)'DS)
————— Absolute‘}liecosity at 60 g (ASTM D2171)
————— Kinematic Viscosity at 135 C (ASTM 02170-)‘

————— R1ng and Ball softenlng point (ASTM D36)

b

b
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5.3 Tensile Splitting Test
The theory involved in the tensile splitting test and
the proper d@ocedures in conducting‘this test are described
in theses of Gillespie (1966), Christison (1966), Hahn

(1967) -and Christianson (1970) and therefgiie are not -

repeated here. There is some modification in the testing

- N\

apparatus used in this test program. A detailed description
of the test apparatus is found in Appendix’ B.-\\

";Brlefly, the ten51le splitting test consists of loadlng

00 mm diameter asphaltlc concrete cyllnder via a pair of

teel loadlng strips across the diameter in a compression

testlng frame in a temperature controlled chamber. The

;temperature ‘of the chamber is kept at-a constant temperature‘

w}hfwhxch is spec1f1ed in the test program. The nominal loading

:t‘rate was chosen to be 0.06 in/min (0.0254 mm/sec). A change

in the 1oading rate as.the result of the slackness in the
component parts of the loading machine, was reported by -
Chrlstlsg§§(1966) A Linear Variable" leferentlal Transducer
(LVDT) was introduced to monitor this loading rate.

Asﬂthe sample is compressed, a relatlvely uniform
tensile stress perpendlcular to the dlrectlon of the Qpplled
load and along the vertlcal d1ametr1cal plane is formed
wh1ch ultimatelytcauses the sample to fail by splitting

" along the vertical diameter. After splitting, the sanple was
examined to observe any unosuaf occurrences which may be

used to explain the results obtained.
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The applied load and the horizontal deformation are
monitored»through.é load cell and two alternative current
type‘LVDTs mountedfhorizontalfy on each faces of the samplé
ih the centre at 25.4 mm apart. The loaQing rate is °
monitored by a airect current type LVDTQattached'ﬁo the
lowér loading plate of the loading framé. Output Signals
from these géuges are transmitted to aﬁother room and |
:recdrded on d‘six channels X-Y plotter. By.calculating‘from
these records, the tensile strength, the strain and the
stiffness modulus of the sample at the Specifiéd‘lbading
rate and test temperature can be fpund. |

"~ The tensiie_strength acrpss-the sample at any time;_by 

Frocht's (1948) formula, is equal to:

_2p , - L
Ox = m . ] v . (5.1)
where o, is the tensile strength in psi.

X

P is the applied loéd in pounds

t is- the thickness of the sahpie in inches

d is the diameter’of the sample in inches

The number of inches measured in the horizontal LVDTs is'the’/
total strain at the centre since the LVDT is one inch (25.4 ’
mm) apart. The part of strain due to thebtensile stress is’
calculated to be equal to one half.of the total strain
‘assuming the Poisson's ratio of the-asphaltic concrete is
0.33. The stiffness of the mix is then equal. to thé ratio of

tensile stress to the tensile strain computed.



100

5.4 The Computer Analysis , ’ E - \'%
~As mentioned in Section 2.3 of Chapter 2, oracking of
an asphaltic concrete'overlay occurs when its stresSes
exceed the tensile strength of the m?ter1al Usinggthis
theory, Chrlstlson (1972) developed a pomputer based .
predlctlon model for low temperature cracking. The program
was later modified under the National Cooperative Highway
Research Program Project 1-1OB by Woodward- Clyde
Consultants, San Franc1sco (Flnn et al.,1976b) to. arr1ve at
the d@mage prediction ‘model -—-—\the COLD (Computatlon of

. \
Low-Temperature Damage) program. This" program had been used

'to predict the cracklng potential of the\pavement in test
‘prOJects in Alberta and Manltoba, and in western Texas ' _
(Anderson ‘and Epps, 1983)"/The predlctlon has been co\pared_n
to the observed cracklng at these’ 51tes and the correlatlon \\\\h
1s;suff1c1ently good to indicate the acceptability of the '
COLD program. The underlying theory of thlskprogram can be
found in the thesis of Christison and ishnot going to bek
-dlscussed in detail in thisﬂthesis.'.

: The COLD Program can be divided 'into two main"
components. The first part of the program calculates
‘pavement temperatures from the air temperature and the solar
radiation data, and the second part of the program I .
calculates the‘induced:thermal stresses in the. pavement in -
relation to thevpaVement temperatures calculated in the first

part of the program. The thermal iiresses in the pavement

can be computed‘usingmeither the'p eudo-elastic beam
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analysis or the pseudo-elastic slab analysis depending on
the boundary constraints on an element of the pavement

,structﬁre under analysis. The beam analysie implies the

conditions . - -
€y =‘0a, 0, = 0, = 0 . | (5.2)
‘ t
o, = -1 s(at,T) a(T) 4(T) (5.3)
\
‘ to .
and the slab analysis implies the conditions
€ = €y = 0, o, =0 o \ (5.4)
——e b
to ' T
- S(At,T) a(T)
ox =, It 1 ‘_ V( :7 d(T)t o (5.5)
(‘ 0 |

The beam aSSJ&ptions apprpximate conditions at the edge of a
*paéement while the slab assumptions are approximate to the
conditions in the centre of a pavement.’For simplicify,'theV
overlay is analyzed in the slab cond1taon qply

It was found in Chr1stlsgn s stndy”ﬁhab”the max1mum
tensile stress occurs at or near the upper surface JThe
stress at the 12.5 mm depth was. adopbed as a cr1t1cal stress.

condition.

5.5 Input Data of the COLD Program
A description of the program COLD is presented in a ,
~ unpublished report (Finn et al.,1976c). The appendix of tﬁe
‘report 1ncludes a user s manual detailing 1nPut requirements
of the COLD program. The pavement temperatures, .from which

.the induced stress is calculated, are estifated from the azr'

-~
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temperatures and the solar radiation values. These data‘were
vobtained froﬁ the Atmospheric Environment Serv%ce of the

Government of Canada. Air temperature is recorded every hour

in the weather statlon at Yellowknlfe airport. §1nce .
L 4

radiation values are not available for the Yellowkn1fe

station, radiation records from the nearby station at Fort

Smith, N.W.T, were used instead.

Temperature records of Yellowknife for the winter of

- .

———

#883-1984 were studied. From these records, a period of 20

. ' . . IS .
days including the day of the lowest recorded—temperature
- ' 3 \ ) B
duringlthat winter was selected for the analysis. Data of

the temperature and the radiatiOnzfor that aﬁalysis period
are in Appendix C. | |
Stiffness modulus of the mix is estimated from the
recovered asphalt properties using 1nd1rect nomograhlc
grocedures descoibed in Chapter 2. Avloading time of 7200 .
seconds was adopted in the estimation as this was found to %ﬁ\
be approprlate for conditions in Manltoba. {

- Tens11e strength values of the asphalt1c concrete at

-dlfferent temperatures are requ1red in the program for

comparison to the thermal stress, thereby enab11ng a

- —— p—

prediction'of cracking.
The properties of the pavement component layers are
estimated for input to_the program. These data include:

1) The temperatures at which freezing commence in the base

and subgrade, : ' - ’

2) The temperatures at which a percentage of water in the



3)

4)

5)
5)
6)
7)

103
N
base and subgrade are frozen,

The thermal propefties of the surfaée mii: the
ébsoqptivity, the emissivity and the convection L]
coeffi;ient,

The thermal properties of each layer: the unfriozen and
frozen thefmal/conductivity, the unfrozen and fro;en heat
capacity of each layer,

The dry ‘density and the moisture content of each layer,

The percentage of water frozen in_each layer,

The coefficient of expansion of asphaltic concrete, )

The Poisson's ratio of the asphaltic‘concrete.

?

3

Table 5.1 list the input values for the above mentioned

properties of the pavemgnt layers.

2
oo

- W

0
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TABLE 5.1 INPUT VARIABLES FOR THE COLD“PROGRAM

Metvorological

Structural

Physical

Thermal

Thickness

(in)

Dry Density
(pcf)

Moisture
Content
(% by dry wt.)

Conductivicy.
(Bru/hr/fc/F)

Unfrozen
Frozen

Heat Capacity
(Btu/1b/F)

Unfrozen

Frozen

Freezing Zone

% Moisture
Frozen

Hourly Air Temperature (F)

Hourly Solar Radiation (Langleys/hr)

Number of Layers = 3

Asphaltic
Conerete

6.0

148.0

1.0

0.84

0.84

0.22

0.22

Base Subgrade
6.0 60.0

138.0 112.0
5.0 15.0

0.51 1.34
1.41 L.91
0.21 0.24
- 0.18 0.19

32F-30F 32F-30F

99.0 99.0

104
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CHAPTER 6

AY

. PRESENTATION AND DISCUSSION OF RESULTS

,ﬂAnsilp Splitting Test

'¥fy3e results obtained from the tensile splitting tests
.V\f§¥ized in Table 6.1. Although the nominal loading

—

‘ .§gt‘o.os in/min (0.0254‘%m/sec), the actual loading
raté réﬁéga,fromA0.062 in/min to 0.071 in/min (0.026 mm/sec
to 0.030 mm/sec). The table also shows, the failure time, the
tensile stress ét failh;g, the total horizontal gtrain'for e
' the centre 25.4 mm at fa??ﬁfé, and the tensile stiffness
xTodulus for each individuai/sample. | |
Fig.6.1 to 6.4 show the sfress versus strain plots for
the samples at different test temperatures. The scaies are
changedifor each plat td accomodate the data. As seen in
these fiqures, some:samples show abnormally high initial
strain. This discrepancy may be due to the tapering of the-
cylindrical samples. As the samples were cored ﬁkom
pavement, the cores may not be a perfect cylindrical shape.
When these cores were loaded under §he loading strips, one
side of the sample might be loaded whiie the other side was‘
still not loaded. This uneven loading might cause tﬂe high
stra;n in the initial stage. The figures also show that
unexpectedly there are‘cases where samples are very brittle,
such as samples 2-1 and 3-1, and cases where samples. have

the tensile strength very differght from that of the group,

such as samples 1-3, 3-1 and 4-2. All these show the

. | ' 105
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difficultyxof the test to measure low temperature

\

’

properties. Xt is unknown whether these are due to the
variability of properties of asphaltic concrete or of the -
test itself. Normally a minimum of five samples are used for.'
each loading cond1t10n. '

Fig.6.5 shous the fallure stress of the samples related
to the testing temperature. The average failure stress was
also plotted..The tensile strength (failure 5tress) of the
asphaltic concrete increases with the ﬁbcrease in Py
temperature. It reaches-the highest stress at about -14 F
(-25 C) with a magnitudg_about 360 pg}-(2490 kPa), and éhgn\
fthe‘Strength decreases with further decrease in temperature.

Fig.6.6 shows the failure stfafn of the samples related
to the testing temperature. The average failure strain of
the samples was also plotted. The figure shows that the
asphaltic concrete can' withstand more strain at higher
temperatures. The asphaltic concrete becomes more brittle
and breaks at less n;;iin at lower temperatures. The
decrease in average failure strain reaches the lowest levél
at about ;12 F (-24 C). Further dec:;a;e in temperature has
little effect on the failure strain‘oﬁ the asphaltic
concrete. . R |

Fig.6.7 shows the failuré tensile stiffness'moduius of
the samples related to the te;}ing_sgmperature. The failure
tensile stiffness modulus is ca put?d by considering the

s

~ratio of the tensile stress at failure to the tensile

strain., The tensile stress is the average streSs at the
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i

centre 25.4 mm between the two gauge po:nts. The tens11e
stra1n is the part of the hor1zonta1 strain resulted from
th1s tensile stress assuming a Poisson's ratio of 0. 33 The
average st1ffness modulus of the samples was also plotted.

.This figure reflects the changes that occur jointly in the

failure stress and failure strain.
e . "
]

6.2 Recovered Asphalt Cement Tests

Table 6.2 shows the tést results of the propepties of |
the asphalt recovered from cores of group two, three and
four. Individual®results, as well as the averége, are
presented in view of the dispersion in some of the ;esplts.

Despite the original asphalt cement gradé of 150-200
being'used'in the overlay construction, tests on the
recovered asphalt show it té beia hard asphalt;‘Penetration
at 25 C ranges‘from a low of 46 dm to a high of 60 dm. A
retained penetration of 23 to 40 percent indicates that
excessive hardening seems to have occurred during the
consfruction, although test regults on the original asphalt
cement are not available.

Viscosities measured at 60 C and 135 C also reveal the
hardness qf the asphalt The viscosity at 60 @ ranges from
3976 to 5760 poises and the viscosit§ at 135qC ranges from
495 to 619 cehtistokes. —_

The PI of the asphalt was estimated using the Shell
method and fhe Bitumen Test Data‘Chart (Kopvillem and

Heukelom,1969). The average values of penetration and
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viacosity were used in the estimation. Fig. 6.8 shows the

plotted values and indicates that the asphalt is a straight

“run asphalt. The PI is equal to 0.0 .

The average density of the _samples is about 2224 kg/m3.
The averagé aspheait -content of the samples is bbout 5.0
percent. The average air vo1ds of the samples 15 about 7. 0
percent (Table 6.3). For the upper course of the overlay,
the density and compaction recorés ig the'engineer's report
show that the density is about 2280 kg/ma. The asphalt
content is about 4.9 perceht. The air voids of the upper
course was then estimated to be 5.8 percent. Sample
calculations are shown in Appendix D.

As mentioned in Section 5.4, stress at the 12.5 mm
depth is critical in predicting\the crackiné, therefore
the stiffness modulus of the asphaltic coﬁ¢rete of the upper
course is required. The stiffness modulus of the—uppér
course was estimated using the method of Bonnaure et ~

al.(1977) Qith the air voids of the mix assumed to be 5.8

percent. The stiffness moduli of mix at different

‘temperatures are shown in Table 6.3. These values were input

into the COLD program for estimating the crack1ng potential

of the overlay. . !

6.3 Cracking Potential Analysis
- Fig.6.9 and Fig.6.10 show the results of the COLD
program analysis? The figqures plot the_input air

temperatures, the calculated pavement temperatures, the
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input tensile strength of the mix and the ca‘aulltcd induced

thermal stress in the overlay. The study covered the coldest

period of the 1983-1984 winter from Janugry 16 to

February 5. Examination of the temperatufc ;nput data in

Append}x C shows that the maximum rate of temBerature change

is 5.4 F/br (3 C/hr). | e
On Jan 25{.the highest air temperature was -31 F:

(-35 C).&nd the lowest air temperature was -42 F (-41 C).

The calculated thermal induced stress exceeded the tensile

strength of the mix when the air temperature was below —39;4{

(-38 C). On Jan 26, the air temperature dropped to the

lowest at -{3.6 F (-42 C). The thermal stress at this

temperature was 494.6 psi (3400 kPa), exceeding the tensile.

strengéh of the mix by 194.4 psi (1340 kPa). On Feb 4, the

thermal stress again ekcéeded the tensile strength of the

mix when the air temperature fell to -36 F (-38 C).

The pavemgﬁf is expected to crack if the induced
thermal stress exceeds the tensilé»%trengtﬁiof the asphaltic
concrete. This analysis shows that the overlay will crack at
ambient temperatures below ~38vc; The temperature records
from the Atmospheric Environment of the Governemnt of Canada
show that there were twelve éays in which the daily miqimum
temperature fell bélow the above mentioned critical
température. Thérefore it is not surprising to find that the

overlay was cracked after only one winter, A\

-

Using the criteria of limiting stiffness of asphalt,

Gaw (1978) suggested that the temperature at which a mix
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reaches‘the’limiting stiffpess of‘1,45*3 105>psi.‘

9

(1 x 10 -Pa. ) at 1800 seconds‘loadihg time is the expected

cracklng temperature. W1th th:g memhod ‘the estimated
cracklng temperature of . the overlay comes to about -52 C.
Since both the COLD program analys1s and the asphalt'
11m1t1ng stlffness method predlct the cracklng based on
thermalceffects only, u51ng these methods to predlct the
cracklng potent1al/of the OEErlay may be overly 51mp11f1ed.y
Both methods have not accounted forcposs1ble effects of

stress concentratlon, the base and “the - subgrade shrlnkage,

ﬂm‘the traff1c loading and the freeze and thaw action. As a

¢

result, thevactual,crackrng temperature may well have- been

-. higher than the predicted cracking temperature.

D

. a :’J;"il%ré L
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|
TABLE 6.2 SUMMARY OF RECOVERED ASPHALT CEMENT PROPERTIES

Sample Groups
Characteristics Group 2 Group 3 Group 4 Averége

Penetration, dm

'@4C o
200 g, 60 s 29 26 23 ) 26
100 g, 5 s , 9 8 6 8
@25¢c
100 g, 5 s 60 53 46 53

Viscosity,

@ 60 C, poise 5760 o 5143 3976 4960

@ 135 C, cSt. 588 619 495 567

Softening Point, R&B
in degree C

52.0 53.0 . 51.5 52.0
Penetration Index ' 0.0
" Asphalt Content

%Z by wt. of mix
5.3 5.0 4.9 5.0
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TABLE 6.3 SUMMARY OF PROPERTIES OF THE OVERLAY MIX

Characteristics " Group Group
1 2
Densicy 2196 2238

(kg/m™)

Asphalt Content
Z by wt, of mix

- 5.3

Air Voids
% of volume .
- 7.0

Stiffness Modulus @7200 s
" of the Upper Course Overlay

(Estimated by Bonnaure's |
Nomograph)

Group Group
3 4

Upner
Course

2248 - 2248 . 2280

5.0 4.9 4.9

7.0 7.1 5.8 -

C (F) kPa_(pst)

10 (50) 1.3x10" (2000)

0 (32) 736x106 (11000)

w

4,1x10° (60000)

220 (-4) 2.7x10°

~10 (14)

(400000)

=30 (-22) 6.9x10

o

(1000000)

-40 (-40) 1.8le7 (2700¢C0)
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;1) The stlffness modulus of an- asphaltlc concrete is a

/' SUMMARY, CONCLUSIONS AND RECOMMENDATIONS .

7.1 Summary of the: L1terature Rev1ew' ‘ e' B c

‘The purpose of thlS research was to study-the reflect1<

J‘cracklng problem in asphaltlc concrete overlays of flex1b1e

airfield pavements in cold areas malnly the reflectlon

cracks caused by ‘the thermal expan51on ‘and contractlon of

f"\

the pavement structure.c,

Varlous factors found from prev1ous studles to be

related to_the reflectron-cracklng problem were revxewed;

_pfinafpéi findinQS»from these studies are:

@

prlmary factor of the fracture susceptlblllty of an
» overlay. Both the tens1le strengtn:and the induced
.'tnermal‘stress of an overlay are functions which depend
on thg stiffness modulus of the aspnaltic'concrete.‘ |
2) The stlffness modulus of an asphalt 1s a t1me and
temperature dependent functzon. The- effect of t1me and
temperature on the stiffness modulus of asphalt can be
superlmposed one to another. ‘

Recent experlence w1th-d1fferent rehabllltatlon methodc

has been collected and rev1ewed V@rlous degrees of success

=1

have been reported leferences in performance may be causec

by a). var1ab111ty of roadbed performance, b) dlfference in

cllmatlc condltlons, c) dlfference in roadbed preparatlon,

d) presence of construct1on problems. Among these
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rehabilitation methods, 'it appears that a stress relieving = '

‘interlayer using an open graded mix and an overlay mix using
ia loﬁeconsiStency asphalt or a modified asphalt perform

‘bettervin inhibitating‘reflection,crackdng.

7.2 Conclusions irom the Yellowknife Project

A test sec n .constructed 1n Yellowknlfe in 1983 using

geotextlle Penroad as a stress re11ev1ng 1nterlayer was

*

studied. Cored samples were tested to obtain the tens1le

~strength-temberature relationship’of the asphaltic concrete

and also *to 1dent1fy the properties of the asphalt in the

mix. A computer analy51s was used to predlct the cracklng

' potential of the overlay in the winter of 1983 1§&4

The follow1ng conclusions are drawn from.the

construction phase of this experimental project'

1) he fabric selected for thlS project was not Satlsfactory
ngh plastic deformatlon ofqthe fabric at low stresses
caused 1nstallatlon dlfflcultles. The fabrlc seams,
resultlng from sewing pieces of fabrlc together were
dlfflcult to tack and they created sponglness whlch caused
, the overlay to crack “Problems arlslngafrom hand{gng of

~ the fabrlc affected the results. o . ’ ‘;f

2) Theﬁappllcatlon of tack coat is an 1mportant procedure rn

the constructlon. The amount of tack coat applled the

type of tack coat used and'the length of curing t1me

‘allowed are important factors ‘to the effectiveness of the



o @

@‘S&

3)

4)
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©

t

fabric in preventing reflection cracking.

The ‘fabric was successful in preventing the crack sealant

~ from seeping through to the interface, of the overlay and

donséquently prevented ridges forming in the overlay.
Installation of the fabric has shown no significant

gifferencefin retarding the reflection cracking. About 30

1

~ percent of the cracks reflected to the surface both in

5)

L4

the fabric section and in the control section. Cracks are .

\

found at 5 metres intervals.
Experience gained from this project may be useful in
improving fabric placement procedures.

The principal findingsyffom the laboratory tests and

the cracking potential analysis are as follows:

1)

2)

4)

CQnsisfenqy tests on recovered asphalt cement show that,

despite the 150-200 pen asphalt used; the asphalt was -

hardened toAthatbof a 40-60 pen asphalt, a retained

‘penetration of 23 to 40 percent. Excessive hardening

seems to have occurred during construction. _
Using the COLD program to predict cracking bytthermal

shrinkage .indicates that the overlay will crack when the

’ambient.temperature dropS-below”-38 C.

Predicting pavement cracking using the criteria of

limiting stiffness of asphaltic mix indicates the

. S \ ) Y
cracking temperature to be about -52 C.

Review of temperature records shows that the minimum air

temperaiure'inAthe wvinter of 1983-1984 in Yellowknife was

-42 C. There were twelve days in“which the daily minimum
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air temperature was: below the computer predicted cracking
temperature -38 C. Rate of temperature'change‘could be as
high as 3 C/hr (5 F/hr). |

The analy51s has considered the potential for CﬁFCklng of

‘the overlay under the thermal stresses alone.A tress

C

concentration effect, as the»result of the presence of
existingvcracks in the old pavement, and oiher factors
such as the traffic loading, the base and subgrade
movement may cause the actual cracking temé%rature higher
than the predicted cracking temperature, and therefore
higher.poﬁential~for cracking.

The prediction of overlay cracking by the computer
analy51s is compatible with the observed field

performance‘which shows 30 percent of the cracks £

‘reflected to the surface.

-

7.3 Recommendations

Recommendations arising from this investigation, based

on literature rev1ews and the experience gained from the

Yellowknife prOJect are listed as follows

1)

2)

3)

Unless appropriate construction procedures are developed

fabrids with high plastic deformatlon at low stress

should be avoided in future trials.

Future exberiments on fabrics should avoid those formed

.by sewing’pieces'together.

The thermal stresses induced from the low temperatures

 which-the pavement is expected to encounter in its

A
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5)
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service life have to be considered in selecting the

asphalt‘gradé'ih‘iuture overlay designs. The COLD program

provides a method to estimate the cracking potenfial of~ '’

the resulting overlay.

Construction quality control procedures should be

implementéd to prevent excessive hardening of the asphalt.

Other‘qéhabilitation methods such as an open graded

- stress relieving interlayer, a low coﬁsistency asphalt

6)

7)

cement overlay or a modified asphalt overlay should also

"be considered.

Future studies related to the reflection cracking in cold

. areas should be directed toward the analytical study of

the combined effect of thermal stress, stress
FEETEE . ' )
concentration effect and base -and subgrade effect on’

crack developmeht.

Efforts should also be directed toward the estimation of

crack‘fréquency of the pavement.
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q“lRAFréeorEmes . P250 -

‘ m“iRAFl“GeorEmEs P50

Nonwoven <+ 100% Polyester '
Physicai Properties "+ TypicaiVales
; Mass (g/m?2) 200 5aM77
 Specific Gravity » , . 138 :
Thickness (mm) X 25 . 37M77
Tensile Strength (N) ‘ 420 - 9.2M77
Elongation At Break (%) 110 - ¢ 10.0M 77
Muilen Burst Strength (kPa) C 1200 i 11.1M77
Opening Size (um) 150 CW 02215
Permealr’lity (Kems-Y) . 7. 20x10" -

C.G.S.B. Test Methods Can24.2 M 77

Thd information provided harein 15 bekeved to be accurate but must not be y«*

considered absolute. There are no guarantess nor representations on the part of the
manufacturer, nor does it assume any.liabiklty or obligation in connection with !he-.
use, properties and/or suitablity of the geotextiles described heren. IT IS TH
RESPONSBILITY OF THE USER TO PERFORM ALL NECESSARY TE!
DETERMINE THE SUITABILITY OF THE PRODUCTS FOR THE END-

MIRAFS IS THE REGISTERED TRADEMARK DF A COMPANY IN THE DOMIION TEXd

Nonwoven  ~ Polyester .

Physical Properties Typical Values ‘
Mass (g/m3) - 340 . 5aM77
Specific Gravity - 138

‘Thickness (mm) ’ ‘ 3.3 3.7M77
Tensile Strength (N) - 800 - 9.2M 77
Elongation At Break (%) : 100 10.0M 77
Mullen Burst Strength\(kPa_) 2200 .- 11AM77
Opening Size (um) ‘ 140 CW 02215
Permeability (K cm s:') 2.0x 10" o

C.GS.B. TutMethodsCan242M77

The inlormation provided heremn s belueved to be accurate but ‘must not be
considered absolute. There are no guarantees nor representations on the par of thé
manutacturer, nor. does it assume any liabikty. or. obligation 1n connection with the
use, properties and/or suitabiity of the geotextiles described heren |7 IS THE SOLE
RESPONSIBILITY OF THE USER TO PERFORM ALL NECESSARY TESTING TO
DETERMINE THE SLITABILITY OF THE PRODUCTS FOR THE END-USE

MIRAFI12 1S THE REGISTERED TRADEMARK OF iCOMPANV N THE DOMINOON TEXTILE GROUP
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I. Controllec lempegature Chamber §

The controlled temperature chamber shall be capable of
maintalnlng test'specxmens at a constant temperature +1 C
w1th1n the range of 10 C to -30 C 'during the course of a
test A temperature mon1tor1ng device shall have jts sensor
embedded in a specimen of s1m11ar size and composition to
" the specimen. whlch is to be tested and shall. be capable of
‘measuring temgsrature to{:O.S C. |

. R

I1. Loading Apparatus |

Loading apparatus shall cpnsiSt.of the following:

1. Compression Testing Framel ---- The compression
frame shall have a minimum capacity of 45 kN (5 ton)
"and shall be capable of providing a nominal loading

" rate of 0.0254 mm/sec (0.06 in/min). The actual
1oaglng rate may vary from the nominal loading rate
by +10 percent but must be reprpduc1ble within +1
percent;

2. Supplementary Bearing Bar or Plate --—- 1f the
bearing face of the upper or lower loading block of
the loading frame is less than the length of the
cyllnder to be tested, a supplementary bearing bar
or plate shall be used. The supplemehtary bearlng
bar shall conform to the specification for this item
in the Standard Test Method for Splltting Tensile’

- - - W e - e - T

'A su1table device (ﬁykeham Farrance Mod. 57, 5 ton
compress1on tester) may be obtained from Wykeham Farrance .
Eng1neer1ng, Ltd., 127 Edinburgh Avenue, Slough, Bucks, U. K.

J .
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Strength of Cylindrical Concreté Specimens (ASTMF
Designation: C»496-85) except that the width.of the

bearing. bar or plate shall be at least 33 mm.

.Bearing Strips --f- A pa1r 0f-12.7 mm wide steel

bearing strips that are curved .at the interface with
the specimen and have a ;adius»équal to that of the
specimen shall be used. The bearing strips shall be

placed between the specimen and both the upper.and'

lower bearing blocks of the testing machine or

between the spec1men and the supplemental bars or

plates, if used (see Sect1on 11.2).

I11. Loading Measurment Apparatus

The loading measurement apparatus shall consist of the

followlng

1.

Load Cell® ---- The load cell shall have a minimum
capaciﬁy of 45 kN (5 ton) and shall -be cabable of
measuring compressive loading to +1 percent’éf true

at the rate of loading prescribed in Section II.1.

IV. Gauge Points, and Marking and Mounting ApparaEus

Gauge poihts, and marking and mounting‘apparatus shall

i

consist of the following:

1.

dimension) brass paltes.

Gauge Points ---- The gauge points shall be 9:53“mm¥;”

x 9.53 mm x 4.76 mm (+0.025 mm from mean in any"
; : ‘ )

2. Gauge Pbint Jig —--- The gauge point jig‘shaii :;% 1

*A suitable device (Kwoya Musen Load Cell Mod LC- 5 5 ton)lf
may be obtained from Kwoya Musen Kenkyu30 Co., Ltd., Tq#vc,

Japan.
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proviae slots for marking the specimen and holes for
mounting the gauge points (Fig. A1 of Anderson and

Hahn, 1968)

V. Deformation Measurement Apparatus

Dgformaéion measurement apparatus shall consist of the

foliowing:

1.

C - —— - -

W

Horiiontal Displacement Gauges® =---- The
displac}%ent gauges shall Be two A.C. type Linear
Variablg Differential Transducers of matched -
sensitt&ity (within 5%) and be capable of measuring

displacementé to within +0.00125 mm, and shall have

'a stroke of not less than +0.25 mm

Horizénfal Displacement Gauge Core and Coil

Assemblies —---- The two‘displacement'gauge core and

coil assemblies which hold the displacement gauges

shall be made of brass (Fig. A2 of Anderson and

Hahn,1968) _ -

Displacement Gauge Calibration Jié --=- The
displacement gauge calibration jig shall be made of
brass and aluminum (Fig. A3 of Anderson and

Hahn, 1968) Thé dial gauge which comprises a porfion

of the dlsplacement gauge callbratlon jlg shall be a

0.000254 mm (0.00001 in) dial g@uge.

Vert1cal Dlsplacement Gauge*' ---- The dxsplacement

'Suitable dev1ces (Sanborn Linear Variable leferentlal
Transducers Mod. 595 DT 025) may be obtained from the
Sanborn Co. 175 Wyman Street, Waltham 54, Massachusetts,

U.S.A.

‘A suitable device (Hewlett Packard Linear Variable
Differential Transducer Mod. 7DC. Dt- -250) may be obtained’

Sttt



gauge shall be:a %.C. type Linear Variable
Differential -
displacements to within +0.01 mm, and shall have a
stroke of not less than’:SF?m.

Fig.B.1 shows the various deformation measurement

apparatus and their assemblies. -

VI. Data Acquisition Apparatus

‘(cont'd) from the Hewlett Packard Co. 175 Wymah St., Walham

1. SignalVConditionef ---- The signal conditione; shall

be a device which is capable of performing the

following functions:

a) provides excitations to the load cell, A.C. type

LVDTs and D.C. type LVDT. LN

b) sums two signals.

c) balances signals to give an e1€ctrical igro at
the start of tests.

d) amplifies output signals.

e) transmits output signals to a ré;order.

Fig. B.2 shows a functional sketch of the signal

conditioner.
2. Recorder® -“-The recorder shall be a multiple

channels X-Y recorder which is capable of providing

145

ansducer and be capable of measuring

trace curves of thg applyihg load, horizontal deformations.
L3 . ) .

at the two faces, average horizontal deformation

and vertical deformation from the output signals.

, Massachusetts, U.S.A. 02154. ; o
*A suitable device (Servogor 460, a six channels X-Y _
recorder) may be obtained from the BBC - Metrawatt/ Goerz'

Co.

Raritan Center, 165 Fieldcrest Ave., Edison, New Jersey

U.S.A. 08817,

~
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FIG. B.1 THE DEFORMATION' MEASUREMENT. APPARATUS AND THEIR ASSEMBLIES
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TEMPERATURE AND RADIATION DATA

BETWEEN JAN 16 AND FEB 5, 1984
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APPENDIX D
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SAMPLE CALCULATIONS OF AIR VOIDS IN OVERLAY
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The following daﬁa about the proberties of the upper coggse
of the overlay are obtained.from’the engineer's reporti6f5'
the\project. P |

Density of mix = 2280 kg/m3 |

Asphalt content = 4.9 % by weight of mix

‘Bulk gpeéific gravity of combined aggregrate = 2;602

Bitumen specific gravity = 1.03

For 1000 cc volume of mix,

the weight of mix = 2280 g

the weight of aéphalt'=,2286 X %6%‘=111.72 g

AT
FAE
A

then the volume of asphalt = l%lﬁ%zj= 108.47 cc

%

1l

the weight of aggregates = 2280 - 111,72 = 2168.28 g

then the volume of aggregates = Z%é%ﬁ%ﬁ = 833.31 cc

the volume of aa;/4/1ooo - 833.31 - 108.47_ = 58.22 cc

the percenxageigfaair voids = %%6%2 = 5.8 %

———t



