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ABSTRACT “ . L
S : Q
: | . , P
Full-depth asphalt concrete pavements developed hy the
Asphalt Institute once gained widespread acceptance in the
Province of Alberta, Canada. HoweVer,ppremature failures.of
some of these'pavements caused‘the Province to cease their
construction in z982. This investigation is aimed at
'developing guideline fo; rehabilitatiOn measures
app;opriate for full- depth pavements existing ‘in the
Province. In the course of the work$ experiences were
gathered regarding full- depth pavements in seasanal frost
.areas of North America.vThe study revealed that full- depth
pavement performance is generaﬁly satis§actory,‘however
w1th some exceptions.APoor performance has been experienced
with thin pavements, it -uniform and/or weak subgrades and
_construction w1th little or no quality control
~ In the second phase of this researéﬂ'mechanistic-
'empirical methods of full-depth pavement rehabilitation
desggn was investi%Fted Tvo backcalculation techniques of

3

' pavement moduli determination were employed, u51ng FWD
deflection basin 1nformation. These two method weze;-ELMOD
\and\EEQEEIS of the MAPCON computer system. It was found |
‘that the ;ﬁﬁUTls_asphalt concretemmoduli were approximately
nine percent lowern.and the FWDUTiS subgrade moduli were 17’
percent higher than the appropriate_ELMOD moduli..

Five fuil—depth'seiected sections Verggénaiyzed using

three semi-analytical design procedures. The methods

3

o



) ' " ‘ — .I\
‘used were: ELMOD and two' DAMA Ias’ed prodedures. .In the DAMA

methods two fatigue criteria w ¥e employed, Calculated
overlay thicknesses ueing'the three procedures, and tﬁe RTAC
Benkelman. beam deflectign based were compared for the
,selectqt‘pavementa.

The DAMA baexa verlay method was used to developed ‘

three rehabilitatlon measures for a thick full-de
overPay, reconstruction and partial cold—milling,followedi>
by overlay were considered. The third method appears to be
a promising one. However, further work is required to
evaluate costs, éonstruction-techniques end expected

.performanee to obtain realistic life-cycie costs.
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. CHAPTER 1
INTRODUCTION
. 1.1 _General

— A pavehentvstruétufe is a systen, usually composed of
llayers of variégs haterials, thch should provide a meaﬁs‘
to di;tribute traffié loads to the underlying subgfade. To
ubroperly serve the.public any pavement should be, safe,
prdvide reasoﬂable comfort of ride, be durable ahd have
minimal maintenance costs. |

"Because of the Qell developed_ekisting highway network
construction of new.highwayvpavements will be limited due
to various reasons. Some reasons are: |
-  high cost of thé right-of-way écquisition
fb ’increasing cost of‘highway materia;s and
- neceééity fo§ the energy conservation

In view of this the existing highway network will héve."
to serve adedlhately fothﬁe°expécted future trﬁffic load-

.ings. This means that éxisting pavements will have to be

2
o

’periodiqally'rehabilitated.
Out Sé many rehabilitatidn”mEasuresj overlays are'most
commogly utilized because of their simpiiciﬁy of construc-
tibn:f%h the case of the aéphalﬁ concrete overla?s, there»
is thévpossibility to opeﬁlthe highway to the traffic imme-

diately after construction. However, because of

[+ i ' . 4
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ecarceness of‘quality overlay meterials and necessity for
the energy conéervation, rehabilitatioJ'measures new
include the utilization of already built-in layers by their
recycling. - Q‘

Since ahalYtipal-empirical Eesign.of new pavements has
now. gained weridwide“eceeptance, current research efforts
should be directed toQard using this concept for design of
ovegiﬁys andiether,rehabilitdtioﬁ procedures. As indicated
by the name the analytical—empificalvmethod of design (or
mechanisticfempirical) eontains two parts. The\first part
is an analytical madel employed for calcﬁleting’the'pave-
ment critieal etresses and strains in eaqh”baggment layer.

s
2

The second part consists an empirical relationship between

"theypqvement responses, calculated using the first part

and the rate of pavement deterioration. In the case of
overlay design a new factor absent in the °‘case of~design of

new pavements appears. This is‘the necessity for an ade-

_ quate evaluation of the existing structure. The structural

o v
evaluation has been performed utilizing non-destructive

\_me;gods of testing. Up to the presentﬂtime the Benkelman

beam prggedure has been the one most commonly applied. The
last few years have breught inﬁe use devices able to deter-
mine'not only one central deflection near the loaded area,
as with the beam procedure, but many deflections with a
possibility for tﬁe shape of deflection basin determina-

tion. Knowing the basin’s shape, pavement layer thicknesses
. R g ‘
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and applying the theory of elasticity with backealculation .

‘ - d
techniques the elastic moduli of each layer may be deter-
: ;
mined. The meduli may then be used to estimate remaining ;

life of the evaluated pavement. In this way the structuraL‘/

capability of the existing pavement may be more rational

determined. In this study considerable effort has been

1.2 Purpose and‘Objectives of the Investigation

-
]

‘The general purpose of this study is to establish guides
lines for the rehabilitation of full—depth asphalt concrete
pavements in the Province of Alberta. The more detaiied
objectlves are: N
1) To review experiences with full-depth asphalt concrete
pavements in seasonal. frost areas\ingiuding AlRerta.

2) To introduce the pavement moduli backcalculation proce-
dures andfto review some concepts of mechanistlc—empirlcal
methods of pavement rehabilitation. )

3) ‘To apply the introduced backcaloulation approach and
mechanistic-empirical design methodtto selected full~depth
pavements. - \

4) To‘provide‘strategies'for full-depth pavements rehabili-

tation measuresk



1.3 Scope of the Thesis - | .

The scope of this research is limited to full-depth
asphalt‘concrete pavements situated tnﬂseasonal frost areas
of North America and particﬁlarly;in ﬁhe’Proviﬁce of Alber-
ta, Canada. | : b i‘

i Two pavement moduli thkcalculation techniques have .
been selected out df a varjety of available procaéureéwfé;
detailed conslderation. These two procedures are, namely,
the Dynatest ELMOD (1, 2, 3) and the MAPCON based 'FWDUT1S

5 6) computer models. Four mechanisficiempirical over-
lay design procedures are deécfibed in this work. They are:
1) Dynatest ELMOD model (1, 2, 3)

2) MA)éCON based model (4, 5, 6)

3) ’The Unlversity of Nottingham model (7) and

4) DAMA computer model -of The Asphalt Institute (8)
 For more detailed 1nvestlgat10n fiye_full-depth.asphalt

concrete pévements located in the centraiAregion of Alberta

were selécted. The structural properties of the pavements

3ére.eva1uated ﬁéing the Dynatest Model 8000 Falling Weight

.beflectometer and EIMOD backcalculation techniques. The

estimated pavement moduli were® then incorporated into a

«DAMA basg? overl;y‘design'procedure.

~
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1.4 Organization of the Thesis
&

This study is diQided into eight chapters °QS/£1V‘. -
appendices. S

chapte} 1 - Introducﬁion, contains a éeneral introduc~
tion, to the toéiq as well as scope, 6bjectives and the WOrk
orgapization. o , \ . gw "y »
_Chapter 2 review§~rehabilitation concepts and(ﬁavhmgﬂt °
evaluation techniques.\k\part regarding economic considef-
ations for pavement rehabilitation is also included.

Chapter 3 Summarizes experieﬁtes with full-depth
asphalt concrete pavemeﬁts'in\seasonal'frost areas other
than the ProQinde of Alperta, whereas Chapter 4 reviews the
performance of this tybe of paveﬁent structye in Alberta.
| In Chapter 5, the ¢oncept of establishing the pévehent /
+ layer moduli based on the Faliing Wéight Deflectometer
meaéured deflection basins and backcalculation techniques N
is introduced. Further some mechanistic-empirical models of
overlay design are described.
_ Chapter 6 describes”a éqmparison of two;selected back-
éaléulation techniques. Also a description §f anélyses-
perfofmed on some selected full-depth pavement sections
using a selected design approaéh %s included. The selected .
approach is based on the DAMA_computer program with ELMOD
. calculated pavement moduli incorporated. Two sefs qf DAMA
comp%per analysis are presegSfd; each utilizing different

asphalt concrete fatigue criteria. The results of these tyo



analyses aﬁe conmpared with each other, the Dynatest ELMOD
mechanistic procedure accomplished by JEGEL (3) ahd,with
the RTAC Benkelman beam deflection based procedure (9).

Chépter 7 presents perosed guidelines for rﬁfabilita-
tion strategies applicable to full-depth aSphalf concrete
pavements. This Chapter also contains initial constructlon
cost comparisons of three rahabilitatlon methods.

Chapter 8 is Fhe terminal section of the study
providing a summary of thé Thesis, concluSioné and major

recommendations for further research.
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CHAPTER 2

. . . . ) -

The purpose of any hlghway 1s to prov1de the publlc
w1th safe, comfortable, convenlent and economlcal methods?
'4ﬁor transporting peoplg and goods. However hlghways, as

t

'twell as all other englneerlng structures, lose thelr

‘w)

. strength or bearlng capa01ty S0 they are less able to

.provide quallty serv1ces to the publlc. Wlth time the
'hlghway surfaces become less Skld re51stant and. rougher and

. the cllmatic and loadlng type of dlstress show up . Because

oy of all these reasons, some means of restorlng the

uras—des1gned condltlons of the hlghways 1s necessary.

»

2.2 Current‘nractices and"trends5in'rehabilitation'
: 2;2.1',15E;dductioﬁ S S
CERet Y e | S

N

Very many different factors might make a pavement reha-

bilitation necessary (1,2,3,4). Some of these are:

el

a) safety
" b) quallty of rlde'
"c) beaglng quallty of the structure

; d) surface dlstress or condltlonv-‘



| re51stance.

. R

C o a. Beqause each pavement should prov1de a safe ride

¥

.hto 1ts users, ‘the deterloratlon of safety standards is oneah
'reason why rehabilltatlon has to be considered. This type

of rehabllltatlon usually restoﬁ%s pavement skid

s

b. Quallty of rlde can be determlned subjectively as

,well as by means of objectlvely méasuran'%he paVement
_roughness. For any glven road a ce tpln level of. quallty

‘5can be speclfled Quallty of - rlde deJeﬁés on the expectancy'

o of the potent1al user. leferent quallty w1ll be expected

- ona freeway than on a low-volume rural road From this

point of v1ew,‘1t seems to- be uneconomlcal to restore \

"‘pavement rldlng quality beyond that expécted by the Uy
cf Bearlng capac1ty, Wthh expresses a pavement’s
ablllty to carry present and future traff;c, is a factor
l‘whlch often calls for some form of rehabllltatldn.‘ Struc-
' tural capablllty for present 1oads may be fulfllled but, |
‘for the expected loads 1t mlght not be adequate. From this

perspectlve it may be better to upgrade the pavement capa- .

jblllty sooner than to’ allow for severe deterloration under

.the heav1er trafflc expected.

d Surface condltlons like cracks, dlstortlons,

' patches and potholes can be good reasons for . pavement (
' rehabllltatlon Although these 51gns of dlstress mlght be

_ non—loadlng assoc1ated ‘and at the time- of evaluatlon do. not

‘ lnfluence bearlng capa01ty of the pavement,‘thelr presence

R . N . ' B Ve



T

‘sooner or later will have some negative influence on the:
'-pavement»structural adequacy. It may be reasonable to-

eliminate'this distress before the structural adequacy is"

"severely‘affected,

-

'All of the above\xactors should be lookedkat in the

10

light of the cost assocxated w1th them, cost effectlveness f"

and life- cycle t1mes. It is usually more effectlve ﬁo keep

a pavement in good condltlon by employlng proper and tlmely-

fmaintenance procedures than to allow the pavement to deteri-
orate to an extent where more exten51ve .and expens1ve means
of restoratlon must be applled.»”

» .

Restoration’ of‘pavement condltions can ~achieved by

. means of several different methods which are dependant»on:

a) type ofvpavement B

b) type and extent of dlstress

\_Wcz») loads 1mposed by traffic (

d)_avallabillty of pavement materlals

e) policy of a hlghway agency

f)'available funds. |

g) availahle contractors and their expertise

h) expectancy:of the;facility users

R ‘rOfgtheSe factors,‘the availahle funds is the‘one.which

most often 11m1ts the agency. Therefore, any restoratlon

ltechnlque should be compatlble not only w1th a particular

pavement but also w)lh the road network as a whole.
Generally, three groups of methods of restoration‘to

originalror c10se tO’original.quality are used (i).‘ |

-
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. These are:

Y - |
"~ 1. methods using overlays g‘
‘2. methods other than overlays

" 3. reconstruction

Overlays are a w1de1y accepted method by which pavbment
conditions can be restored (1 4,5). An overlay can be.
uapplled 1n order to. | |

/Vl"

strengthen the existing paveméht structure

-~ eliminate surface dlstress -

&

-~ improve skld resistance
—-impr;ve riding ouali£y~'

,Dependlng on the reason for an overlay appllcatlon, 1ts
design’ will be different €.g. an overlay requlred to
restore the structural adequacy of a pavemeht will be

' de51gned dlfée:¥ntly than an overlay aimed at 1mprov1ng the
pavement riding quallty | ' ' |

cammonly, unlform overlay thlckness is applled through-

out a con51dered progect However, a much better approach
1s to.d1v1de the project into hoﬂ“ eneous sections having -

similar structural dlétress, r1d1ng qualf%?and-skid

resf&tance characterlstlcs and differentiate the

'y

thlcknesses.accordlngly (1,4).
) .



2.2.3 Methods Other than Overlays

[¥]

‘ ] ‘
Methods of rehabilitation other than overlays can

!

‘include (1):

a) full-depth rﬁbairs

b) batcning

>

l
|
c) crack seallnq

d) surféﬂb treatment

e) cold mllllng

®. .

‘f)"drainage-reh &111tatlon

Full-depth repalrs of asphalt concrete pavements ‘can

be, to some ext nt con51dered as miniature reconstructlons
of “short pavement sections (1,4). This type of repelr is
ueually costly and some‘agencies tend not to perform it,
waiting instead until an overlay of the entire facilitybis

required. However, spch'an approach can cause even greater

‘expenditure in the future. The full-depth repair is not

' liked.either’by contractors and By‘highway agencies. For a

contraétor, the work can3be much more tedious, requiring

/l‘
specxal equlpment more expen51ve manpower and greater

effort to organlze the work properly Consequently, it is

, rather.obv1ouslthat this work is more suited for sEaller,
"specialized'contractorS»than for larger ones. For a highway

~ agency, the full-depth repair means greater effort in

checking“the quality of: the job, subsequent‘monitoring of
the performance and, sa on. However, it is probable that

this kind ofvrehabilitation measure should be performed

12
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‘more often'becausa‘of lagk of approﬁriatefunds'to~perform .
overléys on long ééctions of roads ahd'difficulties in
obtalnlng 1arge quantltles ‘of qualityhhighway materials."

| Patchlng tan be gdone using hot or cold asphalt
mixtures‘(1,4), It can .also be considered both as a-
tempofary and a permanent méans of rehabilitation.

Patching és a temporary measuro is usually performed

. during inadequate weather conditions. According tooEaton

(6) however, all patcheé bhould’be done‘permanently at

- fiwrst. The mentloned paper cites a study accompllshed by

the Pennsylvanla Department of Transportation which showed

-

that repeated pothole patchingncost five times as ruch
annually as a one-time permanent patch. So thatbareas need-
- ing patches should be repalred at once and u51ng the very
well known state-of-the-art technlques.

“Crack seallng should also be considered as a rehabili-

tatioh‘measure-(l,4). Cracks éct asié means of water

ingress into a pavement structure and a break in the
',oontinuity of the structure have a detfimental influence on
‘ the povement structural capacity';nd riding ouality.

fcracks,'if not properly treated; can be especially

harmful for a structure in frost areas when they are associ-
. ated with frost suscepﬁible soils. From this perspective,
sealing of all types of cracks can have only a beneficial

influence on a pavement’s overall performance.

Surface treatment is a kind of robabilié%tion that

can not be considered as a pavemeqikstructural restoration
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(1,4){'Hoﬁévef,ksurﬁgéé tfeathent;can extend the life of a

+ facidity and indirectly'benefit it’s structuralwadéQuacy.
The major functions‘df surf&ce treatment #re: ‘ |
- proQiding‘a wearing c¢ourse
- sealing cracks |
'_-'waterproofing effect
- = skid resﬁgj}?ce.improvement
- reduction of oxidizing of asphalt in asphalt concrete
- improvement‘qf the sﬁrface appearance
- improvement of a pavement’égvisual delineation

Surface treatments should not be appliedeheh the
bearing capacity of a pavement is not adequate to carry
‘traffié?over~the next few years{”otherwise,~the use of this
treatmeht will be non-cost effécti;e.

Coid—milling of ésphalt concrete surfaces is a tech-

niqueiusuallybapplied to restore pavement riding quaiity '
(1,4).vRoughné$é is the reason for a decrease in the riding
‘quality'éf a pavement. The roughness might be caused by
many factors, for‘éxample:‘cfacks, deformations of the -
pavement suffaéé and révelling.‘Pérmanent deformations'or
rutting can be caused by : . o o
- ' inadequate stébiiity of;thé asphalt mixtﬁré‘(cau;ed by
iﬁproper design or improper cohstruction‘- compaction)
- .inadequate bearing capacities;of the Base, sﬁbbasé, or
subgrade (note as abe&e) |
Other than‘ruttiggp'forms of perméhent_deformation are:

- swelling wﬁich is caused by volumetric expahsion of

14
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some soils due to moisture content increase. Tﬁ@W%.

-

increase in water content can be induced By the. ingress

of water through cracks or the movement of watei upward

in the subgrade due to capillary or frost action.
= .frost heaving is actually a periodic phenomenon which

is due to the formation of ice lenses in a frost)_
"susceptible 5011 The ice lenses cause an upward
fmovement of the pavement After frost ceases the

pavement surface returns to its previous position.
Ravelling is another means of negative contribution to

- the pavement ride quality. It is generated by-a progressive
separation of aggregate particles‘from the pavement sur-
face.

Cold-milling coupled with a subsequent overlay has also‘“\\
gained recdgnition as a means for the restoration of pave-
ment‘bearing capabilities. Overlay following the 3
cold-milling procedure may be composed either of new materi-
als or, what is highly desirable from an’economical point
of view, of the recycled original material. Such an
approach utilizes the existing’materialf'provides for
energy conservation and also provides the strengthened

" pavement with the same or almost the same grade elevation.

Drainage rehabilitation (1). Inadequate drainage,

aithough considered as a very detrimental factor to the
‘overail‘highway performance, very often is not taken into

account whenva rehabilitation procedure is designed. Evalua-

tion of both surface and subsurface drainage should be one
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of the vefy first steps taken' when an overall evaluation of

a pavement is performéd.‘Inadequate drainage will.usuallyb

be respbnsible for a premature pavement failufe; whereas

properly designed and constructed’drainaqe system can ex-

‘ . < .
tend substantially the service life of the entire facility.

2.2.4 Reconstruction

*

Reconstruction means the restoration of pavement quali-

ty by the removal of the entire pavement structure and the

- placement of a new pavement which can be of the same type

B “

-as before the reconstruction or utilize a different design

concepg (1) . Reconstruction generaliy is performed when the
pavement is very heavily distressed or its service life is

considered to be fully utilized. In a certain sense, recon-

struction of a pavement should not be regarded as a rehabil-

itatéon measure but more as a design of an entirely new

facility. r

L] A . o 4 ]
2.3 Pavement Evaluation
" The evaluation of a pavement involves the description
or measurement of that pavemént's condition and performance
with the use of certain evaluation techniques. The objec- '
tive of pavement evaluation is to check whether the func-

tions the pavement was designed to serve are met and its

performance achieved. An evaluation should provide the

W

1l6
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pavement manager with adequate information to plan a suit-
able rghabilitation measure to bring the pavement back to
it;”required level of sg;viéeability. The evaluation of
pavements tnkes place on two different levels (3): ’
a) the network level is where assessments of all pave-
ments confined to a cergaln network of highways is consid-
ered and the priority of rehabilitation treatnents are
dealt with. Highway sections are periodically evalnatedvin
ferms of riding comfort, structural capacity, surfnpe dis-~
féreSS, and skid resistance, and, having funding cnnstraints
in mind, are rafked in order to prioritize the needs for |
rehabilltatlon.
b) the project lewel is where one particular paQement is
taken into consideration and the most cost-effective reha-
bilitation\measure is found. This kind of evaluntion is
usually much more extensive. *
| These two levels include some similar @spects, although
they serve two qﬁite differént‘purposes. Both pfoceduresg
involve the assessment of:
- structural adequacy,. capacity or bearing cnnacity of a
pavement ’
- e#tent and type of distress or deterioration
- _quaiity'of ride to the users which the pavement
provides - : ‘ , -
- safety of travel
Evaluation on 5 project level involves the following

assessment; beyond these stated above (5,7):



.

WY

18

- :

4 ~
- variation of conditions along the project -
- ‘climatic effects _ }ﬁf . C
- assessment of pavement materials.utilized S '

" .»2  estimation of subgrade condition

- quantity and types ofh;éads imposeqh$y tﬁe t!éf%iC'

- shoulder conditiqn. , ' 9
: " N ' ‘. *
- preyiously performed'maintenaﬁpe . -

- geometric factors . . |

- length ;ﬁd'width of a section * ' “

- , construction data ' ' .

.

- estimated residual life

- cost of side effects such as: redoing road marking and

signs and raising curbs, gu;t3r and guardrails taken as
a functionfof the predicted overlay thickness

- vestimated costs of initial construction, maintenance,
~7and rehabilitation . - .

e

.- users’ costs

- % . salvage value

r
J

2.3.1 Evaluating Pavement Structural Cépacity

S The eva}uation of load carrying capacity or bearing
ééﬁacity'of-a pavément ;an be conducted in the laboratofy
or in the field. The measuring methods can be either’of a
deétructive type, as all iaboratory tests, or

non-destructive as some of the in-situ measurements

- (1-5,7-9).
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*the laboratory tests can be performed on samples
retrieved fﬁ&m a pavement. The tests most coﬁmonly
practice@ afe:' : ‘ -
- triaxial test

- . flexural stiffness »

vindirect tension ‘i, .

resilient modulus

The last test in particular; has gained wide acceptance
\\ as a prdcedure which simulates reasonably well in the labo-
rgtoryﬂthe loading and,environmenta1'¢bnditions found in
| éhe field. Saw-cut samples of asphalt concrete can he test-
ed in;different temperatures and the number of load repeti-
ﬂtions to failure can be determined. Some problems have been
reported when samples of unbound material or subgrﬁde soil
have been tested (9). ; Ki
Q The in-situ tests/)can.,be either of a destructive type:
- California Begging Ratio test CBR
- plate load -
- cone pénetromg}er test
or non-destructive;£Ypes such as:
- Benkelman beaﬁétest
- Dynaflect
- Lacroix deflectograph
‘ab- road raters
- vibratory equipment
- falling weight deflectometer (FWD)

There are many serious problems connected with the use



-

fof laboratory tests and the correlation of their results
with the in-situ pavement response (9). Ah adequate simula-
fion of in-situ conditions such as traffic loads, environ-
' mentai donditionl, induction of developing stresses and
strains in the laboratory can present othei problems. On
the other hand destructive field methods are very slow and
when performed during normal traffic'operation, cause traf-
fic delays. These'types of tests also require a consider-
able number of personnel, either to pérform the test or ﬁq
provide‘an adeduate safety mea ure. Lastly, the tests flaw
the pavement surface. Because of the aboJe_problemsL the
in-situ, non-destructive methods are gaining a lot of atten-
tion and there is a tendency to utilize them more frequent-
ly. . -
The most commonly used of these tests ls the Benkelman
beam test developed in the mid-fifties (1-4,8). The reason
this test has been utilized so widely and for so long ie
its low'ceét-and the ease and relative speed~of measure-

“

ment. However, the method has deftain disadvantages in that
‘it ‘does not simulete the real traffic loadim® adequately.
The pavement response under a fdsf moving vehicle and the
deflection measurement_using the Benkelman beam may not
corfelate well. The Benkelman beam deflection is obtained
only in.central point near the load, where@s knowing the
shape of a deflection bowl would be more beneficial. The
pavement bearing capability is correlated with so obtained

, \
maximum pavement deflection. However, deterioration of a

20
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pavement depends on critical strésses or strains induced in
the pavemént layers and not on the deflection itself which
ie incumg2tible with the stress and strain criteria (7).

The 'fact that the Benkelman beam test might be performed at
a cxeep speed could be a detrimental factor wh;n pavpmonﬁ;v
with a thick asphalt concrete layers are evaluated. In
thése pavements the asphalt concrete layer can be rugardog 4
as a visco-elastic material. This is mean that under a

: steady load, the strain will increase eiéher linearly Ar in
a non-linear manner and, after the load is released the
strain will decrease either linearly or non-finearly, not
necessarily following the\}oading path (7). Havianthis in
mind, one can say‘that visco-elastic material behaviour
will influence the magnitude of the Benkelman beam deflec- .-
tions. The calculated stiffnesses of the pabement materials
will be‘of a "stific"‘typé instggd of "dynamic". To avoid
the above explained discrepancies related to the Beﬁkelmah
beam method another procedure,wﬂ?gﬁ much closer relates
the pavement response under.testing a real loading should
be found. At present, there is a wérldwide tendency to
desIgn pavements and evaluate their ?epaviodr by using aﬁ
analytical-empirjcal or someqipes niﬁéd mechanistic-
empirical approach. This approach generally involyes the
design of pavement structures by choosing an appropriate
®ombination of materfﬁls of known properties (elasfic o
moduli, Poisscn’s ratio) and layer thicknesses in order to

a

mitigate the various forms of distress which might

-
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bb‘ causedvby traffic or. enVironmental loadings or the two
.combined.‘ln order to obtain ‘the appropriate data, a piece'
of‘equipment is reqUired which would be able to ‘measure -y

, shape of. the‘deflection bowl The layer properties could ’ .WLV

o

then be backcalculated uSing the elastic theory Taking all'ﬁ

the above into conSideratépn 1t is clear that a different L

¥

test ‘method - is required | ;

_ The Falling Weight Deflectometer is, at present proba-‘._
d'bly one of the most suitable pieces of equipment to fulfilli
~the above requirements (l 9 10 11 12). The load under which
the pavement*deflects is applied by means of a weight
: dropped from a specified height ﬁbth the weight and the )

height can be adjusted in order to produce different
e,impacts imposed on the - pavement The impacts range from 7
‘“to 120 kN and the load duration of Sinusoidal shape lasts

' 44

25 to 30° milliseconds. The equipment is- deSigned to Simulta-'
neously measure up to seven deflections Wlth seven .

. v
Y

‘ geophones located on a horizontal bar. : ».-A?. _ fﬂf“

The advantages of the FWD equipment are that it SlmUﬂK'
ilates very well the fast mov1ng heavy vehicle load the :
bmeasurement is performedvvery quickly,sand the shape of the a.l
deflection bowl is determined (7)r From the output and by |
(utiliZing the theory of elastiCity, determination of elas-'
wtic moduli of the pavement 1ayers 1s p0551b1e (1, 7 12) %H‘
'~Hav1ng these data and uSing the mechanistic-empirical meth- 1%‘i
;Tyod it is poSSible then to calculate the critical stresses

'?:and strains 1nduced in each 1ayer of the pavement by differ-ft
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causpd either by the traffic or

applled assumlng that a partlcular material ,can absorb /
only m.bertaln anount of load repetitlons at a certain

' level of stralnﬁor stress before 1t fails..For each materi—
"al} the relatlonshlp between the number of repetitions to

- failure and the level of stress or strain can be estab-
lished. Summatlon of the damage 1s done according to the
‘equatlon,

Vo

S
‘f "
v

En/N?= : (2. 1)
where: n - actual number of repetltlons at . a stress
level E &

dN'- allowed’number of repetitions to produce a

failure at the stress lfvel

A questiOn”now‘arises asfto how 1oads caused by differ-
~ent vehicles~should.be'treated One method of treatnent.is‘
to convert all vehlcle loadlngs to one equlvalent loadlng
-ThlS procedure was flrst developep durlng the AASHO Road
‘nTest and 1t is.i gas been w1de1y used U51ng thls concept
‘.any, axle load can be converted to the Equlvalent Slngle

Axle Load (ES ) by u51ng a load equrvalency factor deter-

‘-mlned for example by applylng the "fourth power 1aw" (14)

-



lLEF=(single axle Load/standard'single axle load)4 (2.2)

‘ ’ | ¢t

‘ where B LEF stands'for Load‘Equivalency Factor ? k i
Knowing the relationship between ESAL and stresses

‘5¥GEGE€a‘by it in a pavement one applylng Miner’s Law can

predict the number of ESAL's required to produce fallure to

‘the partlcular pavement structure. On the other hand “know-

ing the predicted number of load repetltlons to fallure or,

in the other words the pavement life and the number of

krepetltlons the pavement has carrled anﬁestlmat;onvof the‘

’pavement'svremalnlng llfewcan be determined;.Based on the

above, some-rehabilitatigh'measures can be applied at the

end of the paveméht-predicted life in order to restore the

pavement’s load carrying-capacity.
L B .
g ‘»" - ‘11 ?‘.‘v ’ .

L
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o
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2.3}2u.Evaluating Pzzement'Ridiné Comfortg
Each pavement is produced to- prov1de a smoothr*comfort—
able and safe rlde to its potent1a1 users. In. thls sense,
roughness of the pavement surface is a factor whlch is
consxdered to be the one most respohs1ble for the quallty |
—of the r}det,ihe rougher:the pavement, the worselﬁomfort to
.the'ridervitaprovides.’Basedgn thiS,cd‘Q?pt,"i ratinq | .
Aprocedure forjcategorizind pavements'has'been developed.
The;ratinguof a*particular‘pavement is‘performed byfaxpanel

of individuals who ride along the‘ragedghighway section and



express their opinions about the comfort of the ride based
on an especially developed scale (2,3). Another method is
to use-a. mechanlcal device capable of measuring all uneven-’

nesses of the pavement

25

Roughness ‘of the pavement which -can be defined as devia- -

tions of a pavement surface from a true planar surface can -
be caused by (3): : -
-~ ‘transverse variation of a&pavement surfacem
- longitudinal variations
-  horizontal variations

Many studies have shown that the longltudlnal varla-
tions have the biggest 1nfluence on the rating. As a .
result the equipment commonnly used has :been deve}oped to
‘measure only these types of pavement surface variations
(3). | .

Roughness measured mechanlcally(can be evaluated by two

Co N
methods: by measurlng the response of the, equlpmenteall
pavement unevenness or by measurlng thewp%yement real .
‘proflle _ |
- The first procedure éan be evaluated by' ’ R

- PCA~- type roadmeter
- BPR-type,roughometer
- May's ridemeter:

The May s rldemeter is by far the most 5ommon equipment
nused (15) It measures rear axle to body excur51ons through

a photocell sen51ng system with a 2 5 mm resolutlon (8).

This system is equlpped with an~automat1c pen and a moving



- 26

"’paper tape. The pen moves at.a rate proportional to the
movements of the vehlcle body and its differential.

The pavement real ofile method can be performed by
(1% \ .

- Surface Dynamic Profllometer , = - L,) ‘é

- straight edges ' _ \
- the CQLOE profilometer L

The é??st of these is one of the most accurate methods
of pavement longltudinal proflle measurementh Acceleratlons
' of avvehlcle frame’s vertical motion are recorded and by
double integration thelframe diSplacements are determined.
hddiﬁ*ynally,lthe4movement of a wheel following_the'pave—
) ment is recorded (2,3,15) . Both these movements are added
and by this. means, the actual profile of a pavement 15"‘
determlned, ) ‘

2.3.3 Evaluating Surface Distress

»

All pavements'deteriorate over time due to weathering,
;aglng, structural dlstress and so ‘on. Although the‘lnflu-
ence of pavement dlstress on the structural condltlon of
the pavement is not weLl deflned there is a justlfled
‘tendency to correlate these two aid supplement the structur—
~al evaluat;on-by the_distress data. Condition surveys are
the only»WaYs of determlning»thevmaintenance_procedures

3 .

required to prevent an acceleration of thebpavement surface

distress which, in turn, may have a disastrous influence on .

the pavement bearing capacity. Condition surveys are expen-



sive and labor intensive because their performance involves
a fair amount of detall.

Evaluation of pavement gistress generally involves four
main groups of damage (1-4):

-  surface defects - '

- permanent deformation
t .

cracking
-‘f patching. v

Each of the above can be broken down into more specific
forms of distress.

A properly performed”condition survey will include a
descrlptlon of the. dlstress severity, and its den81ty, or
‘areal extent Taking the above lnto consideration, and
assumlngnthat the survey ehould bevperformed contlnuouslyg
along each pavement‘of a highway network, one can real?ze
how time consuming, tedious and expensive it is to adequate-
ly perform the task. One solution is to evaluate only ran-
domly chosen samples of%hlghway links (7) Thls procedure‘
however, always involves a high degree of risk. Andther
| solution yet is to have the task performed v1sually by a
tralned ooerator travelllng along a road. The operator can
lnput the dlstress onto a computer storlng dev1ce, coding
the dlstress tvpe and extent in a systematlc way This
-technlque can also be supported by utlllzlng a
v1deo-logg1ng system. S | , %v'

All of the described technlqueg are 51m11ar in the

sense’ that they all rely on a trained operator s eye and

. ¢
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are of a subjective nature.
An example of how the'surfacé distress can be éValuated
is given by Road and Trahspbrtation Assoéiation ovaanadah

(16) . Each of 15 surface defects is described; éossible

causes‘are‘given, and possible remedial'measures suggésteg.'

o

To prepare a pavement section conditionbrating, each of
» . .
these defects has to be defined in terms of two factors

ise. density and severity. Density, based on the percentage ’
of surface area of the pavement section being affected by

‘the defect, is described as follows:

4 -

1. few S <10 %

2. intermittent 10 - 20 %
3j'frequent | 20 - 50 %
4. extensive 50 - 80 %
'5.‘throughout - 80 =100 %

Severity is described by means of sets of photographs.
In thé caée of pavementvpermanent,defdrmation, Severity is
assigned by taking‘the rut depth into account, and in the
case of cracks, their widths are considered. The limits are

established as follows:

" rut depth. (cm) _ crack width (cm)
_________________________________________ e ci———
1. very slight < 0.5 < 0.7
2. slight 1 0.5 - 1 0.7 - 1
3. moderate 1 -2 1 -2
4. severe *®  2-5 2 -3
5. very severe T ™ > 5 > 3

The individual values of each defect dénsity and severi-

ty may;be subsequently combined in one overélirjndex by
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assigning Various‘appropriate‘weighting values for each
. distress mode. Two suohvprocedures, implemented for the
Province of Prince Edward Island and the Provi;ce of'New
 Brunswick, are given in the described work.

1 2.3.4 'Evaluating Pavement Safety ‘ ~

Safety is one of the most important fagtors when evalua-
tiq? of a pavement is considered. The'publicdis aiways very
concerned about pavement safety so some forms of rehabilita-
vtlon have to be con51dered when the pavement safety is not
adequate,}even if its bearing capac1ty and distress are of
‘no concern at all. When one is thinking about pavement
safety he or she thinks about a pavement that‘(1,2,4):
- provides adequate skid resistance
- - has negligible rutting as related to aquaolanning - \\\
- . has such a color. that the surface'ls v151b1e durlng
night tlme ‘ . ‘
—- . does not reflect the 1ignt and nake the task of driving
difficult or dangerous 1 i;' I
- is clearly marked ‘u»
All these requlrements be51de5Lthe skld re51stance,
’ although very ;mportant are stllb very difflcult to
measure and quantify (2). More fesearch 1s needed in order
to thoroughly 1nvest1gate thelp,influence on a pavement y
' safety : : ' {d |

Skid resistance, on the_o&ner hand, is usually taken as

& a



‘a main factor ofva pavement safety because it is‘compar-
atively,easy to measure. Friction generally, and pavement
friction in particular, is a forcefthat prevents an object
from moving along another object (15). In the case of pave-

ment, it is a force that prevents a locked vehicle wheel

from sliding along the pavement However, in order to deter-‘

‘mine a;pavement friction, certain factors on which the

friction depends must first be defined. The most important
of these are: tire type,'design, inflation, and wear, and

\

At present,the two most common methods used are (185):

vehicle speed.

- locked wheel trailer method
- yaw mode method

In the first method, a wheel mounted in a car-towed
traiier travelling at a specified speed is braked to lock
while a film of water is applied to the pavement under thef
wheel. Tne friction force generated is -a measure of the
pavement skid reslstance. The seéond method utlllzes tlres
whith are mounted on a towed trailer in a yaw mode to the‘
direction of travel. The side forces developed are measured
so the side fr&btionrfactor can be determined.b

Usually, the meésnremente of pavement friction are
performed on a_bianngg;fbasig_onpeqch'highway section of a
network. The measurement freqtency has ranged from 0.6 to
. 6.3 tests per kilometer (1 to 10 measurements per mile)
_with the average spacing (in the USA) of 4 points per

kilometer (2.5 points per mile)'(ls).

30
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Generally, gathered infqrmation are'nupplemontad with
wet-accidents localiiatione and used to decide if any cor-
réctive measure for a pavement surface is necessary.

\

2.3.5 New Technologies in the Evaluation of Pavements

As stated previousl?, a combrehene}V/ﬁpavement condi-
tion survey is necessary to properly evaluate-a pavement’s
v1sual ‘quality. It was - alsp shown that a condition survey
is an expensive p%ocedure due to the labor intensity re-
quired. Consequpntly, there is a tendency to develop new
~technologies thus allowing the task to be performed less
expensively and freelng the task from its subjective charac-
ter. Two 1nnqvatlons chosen to be described are the Automat-
ic Road Anaiyzer (ARAN) (15,17,18) and a Swedish 1ai er road
surface tﬁster (18). _ , . r

2.3.5.1 Automatic Road Analyzer

This’uipment, deQeloped by a,conpany in Ontario,
Canada, was first deﬁeribed in 1979. Since then it has

undergone considerable modification. Presently, the analyz-

er is designed to measure up to}thirty pavement performance °

paraméters. The equipment is mounted in a normal sized van
and all the measurements can be pérformed at a normal high-

5

. way speed. The pavement roughness is measured by recording

the axle vertlcal acceleratlons whlch are then translated

31



- by the on-board computer to either the Riding Comfort Index

‘or the Present Serviceability Index. The unit is equipped

with thir;een ultrasonic displacem;nt transducers, mounted

on a horizontal bar attached to the front bumper of the

van, and on-board gyroscopes. By using gyroscopes and ultra-

sonic transducers some other pavement parameters can also

be determined such as : ’

- crossfall angle

- radius of pavement horiiontal curves

- grade. - )
The pﬁvement condition rating is recorded by the opera-

torlmaking'visual observations using two microprocessor

keyboards on which codlng of partlcular distress forms. and

their extent cah be accompl:l.shed As apy option, the system

can be equipped with a video-camera which produges a contin-

uous picture of a pavement. Th;s picture can b:Q;Léd later

as a supplement for the Pavement Condition Rating keyboard

systen. ' : ¢
2.3.5.2 The Swedish Laser Road Surface Tester

The purpose of this}device is to measure‘the paVemedt‘
profile and cracking usihg laser technology. Eleven lasers,
mounted to the front bumper of a vehicle, continuously
-‘meas;;e‘paveméht rut depths. The on-board computer averages

the input every 5 meters and the input is further averaged

- for the entire highway link measured. Pavement transverse

g

-
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cracking is measured with the aid of four of thd eleven
lasers. The lasers are positioned s¢ as to be able to mea-
sure cracking in the center lane, inner and outer wheel-
pafhs, and at the pavement edge. As output, the nuﬁber of/
cracks per 100 meters of travel is shown.

The equipment can also moasure the macrotexture of the
payement, defined as surface texture, with wavelengths
rospectively between 0 and 10 mm afnd 10 and 80 mm. The
macrotexture is measured in a continuous mode in each wheel-

path.

.

2.4 Economic Considerations for Pavement Rehabilitatien '

All pavements have a finite, apd usually widely vary-
ing, service life. Aftef a pavement reaches a certain age
or extent of‘gistress, somo rehabilitation measufe must be
applied in order to rejuvenate the surface and extend che
pavement service life. At this point, englneerlng economics
has to be con51dered in order to chose from among the avail-
able rehabilitation alternatives. The econo ic progess, must
be accomplished in some organlzed way. One way is to use a
systems approach (19) The system approach format can be
formulated as follows:

1) identify the problem
a) define .the basic needs
b) dcfine related needs
'c) define the scope of the problem

//

/



d) define time frames

f) obtain relevant data -
2) determine the objecties of a solution
3) articulate the measure Qf effectiveness
4) generate alternatives
5) evaluate the alternatives
6) perform a sensitivity analysisl

7) select the best alternative

l.a. In the case of a rehabilitation measure, the basic
need can be formulated in many different ways depending on
the present status of the pavement, economic constraints,

user expectancies, and so on. As an example, the: basic need

can be to improve one of the following: —_ B

- bearing capacity

-  skid resistance .. ' '

- pavement appearance (surfaq§ distress)

- reduce user’s costs

- riding quality

e or all of thesé factors combined in one peffbrmance
index as for example the Pavement Quality,Indeﬁgg?QI).

b. The related needs of a pavement rehabilitationiﬁeé-

sure can be safety and economy of the considered project.

c. The scope can be limited t§ only one project, a cer-

tain type of project, the entire highwg& network of a juris-

?
diction.
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+d. The analysis period must be determined. The period of

time usually considered is taken as 15 to 40 years (19).
The pgfiod must be the same for all considered alterna-
tives. For example, the Minnesota Department of Transporta-
tion estimates service life and analysis'period for flexi-
ble pavements with bituminous bases to be 35 years (19). At
this point, predicted lives of different rehabilitation AN

\
measures should also be determined. They will be different

{

dependjing on: pavement type, climat eotechnical condi- .

“*!

‘Fions, rehabilitation techniques, of wofkmanlhip, \

quality of materials used and so on predicted lives of
the rehabilitation measures should be estimated based on

local experience.

é._ All relevant data must be gathered before proceeding

with an:analysis. These can be: all typés of costs, loca-
tion of highway materials, tréve{‘times, possible detours,
present quality of pavements expressed in terms of riding

quality, structural adequaéy, surface distress, and so on.

2. f%e objectives can be divided into two groups:
- fixed objectives which must be fulfilled and
- variable objectives which can be optimized (minimized

or maximized)

3. Next, measures of effectiveness must be established

1

as meaﬂs of comparing the different alternatives for reha-
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‘bilitation. At this point a method of economic analysis

should ‘be chosen. Several dlfferent methods are. poessible

.
LA

method being the most fredVently used These methods are
questloned as reported in Reference (19)

1

,~w1th the present worth method and the annuallzed Costs

The generatlon oﬁ alternatlves can be- done using a.

',7 used by 82 percent of 47 highWay agen01es 1n North Amerlca

checklist or a bralnstormlng technlque Some Pavement Man-

agement Systems are able to con51der as many ‘as 50 dlffer-

fent rehabllltatlon alternatlves (7) ...

R4

“I

:ujS“TThe73generated‘alternatiVes must be. evaluatedton”the‘

: alternatlves w111 be compared taklng costs into account

"fbasls of establlshed measures Jf effectlveness. Usually,,

In"

' ﬁcase, a11 costs (and beneflts) occurrlng durlng the

v;iife tlme of a fac111ty should be CQn51dered although 1t is

'stlll common for only some costs, for example 1n1t1al con-'

'”hstructlon costs, to be con51dered In other words, the -

;(1.2 3,7 19)

N

asuch costs as.;
v-des1gn

_ construction v
l?_lmalntenance d
‘vfrehapll;tatlan;”

- salvage value

i

/

")

t.llfe cycle costs must be 1nc1uded in the analy51s

The llfé—cycle costs of a pavement 1nvolve

.36
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- uSer.costs
'ﬁt, interest‘ _
- ,

- ‘inflation , o -

fThe f;rst two of these ;re the most obv1ous ones and
are relatxveiy easy to define ‘them for each alternative
'belnq~eva1uated S | » | o

Malntenance, rehabllltatlon and salvage costs depend
on the predicted llves of the maintenance and rehabilita—
tlon measures being 1mp1emented as well as that of the
whole fac111ty.,,

User costs are often not con51dered at all. According
tto Reference 19 only three agen01es of 47 questioned f.wa«

’clalmed to take user costs 1nto con51derat10n whlle perform-'

St 4
i

1ng“an economlc ana1y51s However, none of those agenc1es
\grevealed ‘the- procedureJ;olloﬁed to obtaln these costs.
.“Accordlng to the World Bank (7) and the- AASHTO Guide (1),

g;fthe;follow1ng costs should be 1ncluded when the user costs<

'? O R ‘ . v
t1re Wear e e
he= malntenance‘parts R -?}7””

Yoy

Sedo
“tenance 1abou¥ IR

_— ;.intereSt”charges
- overhead ‘d N S L e

= passenger delays .
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”cles depends on"

- VOlume/capa01ty ratio v[c

;-s =2. 404*(PSI 0. 0928**(v

- cargo‘holding‘ |

| These'include both the vehicle operating agsociated
costs and the user travel time costs.

- Acc1dent costs. assoc1ated w1th fatal and non-fatal car‘
acc1dents and property damaqe during the acc1dents should
be accounted for.as well (1) It 1s relatlvely easy to
estimate the costs\if property damage or:lpss are of con-

3 b \ i ’ g . y .. : .
cern but inithe case of injuries or fatalities the task is

t : : :
-much more difficult,- if not impossible.

Immediately after the pavement is properly constructed

the user costs ‘are kept to a minlmum However, as the pave—

enlng the lives of travelllng Vehlcles parts wear sooner

_and malntenance costs rise. Also, because of roughness and
: sllppdrlness, the average running speed decrease cau51ng an.

»1ncrease in the costs r%}ated to the user travel t1me All

of these factors can be translated to real dollar values."f

‘The example of above was shown 1n Reference 20. It was

'stated there that the operatlng speed of commerclal vehl-z

1

- present serv1ceability indexjﬂSI ,gv"

e

[
A

& speed 11m1t SL (mph) o - ' f'é; -

p_ 4»; o

W s |
e”& P4 x. ( )

,,‘ L
[

T
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: ment gets older, it: becomes rougher~and more sllppery short- ’
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{fn the described work (20), the differential speeds and
. operational costs were ®btained only from trucking compa-
'nies. | | | “ "
‘Other user costs, which should be included in the analy-e
sis, and are comparatlvely easy to obtain, are delay relat-
ed costs. DelaySVvan be caused by slower movement caused byv
a deteriorated pa ement ° surface or by payement rehabilita-
ntlon act1v1ty performed or. durlnq &%..ment reconstructlon .
?&@ﬁ@ﬁrs not only the

user”’ 'S delays should be’ con51dered but’also the deprecia—‘

1nvolv1ng detours. In the case7

tlon of the detour route.

a

he future. The reasons»for thls are inflation and-
(19). lnflation’is‘a geﬁbral'increasaﬂin’prices
;t e whole economy Interest on the other hand, is the
'13? borrow1ng money. For example, if some rehablllta-"
’ tlon act1v1ty is 901ng to be performed 1n the future,yln
.order-to‘be ablérto 1mplement it, one should'have more
money 1n the future than would be requlred for the rehabill-"
‘utation to be performed now. . It is- clear from this that in
order to properly evaluate the cost of a, rehabllltatlon
-xmeasure two steps must be carry out'
| = the future. costs of the rehabllltatlon activity should

" be calculated by'taklng.the present costs of materlals,

labour; design, and so~on, then‘transforming.these C



. . costs into the amounts that would be rdql
" future:considering the expected rate of inflation
- using the expected.interest rate, discount‘tne future,
| money back asdln;theapreSent wortn method for,spread
‘it over the analysis perlod or any chosen. perlod as
in the annq\}ized cost method. In the f1rst\situatlon,
one would then know how mucn money is needed now to‘
perform the rehabllltatlon 1n the future, 1n the second
case one would ¥know how much money would have to be put
fa51de monthly or yﬁarly over a given perlod of time.

Although the above seems to be very stralghtforward it

' 40

is not a real life situatlon ‘The reason for/%hls is uncer-

3
tainty. The future 1nf1atlon and 1nterest rates can only be

estimated. Yet another aspect of prxce changes, whlqb is

even more complex and difficult to épa; with, is differen-
: M'
tLal prlce changes.

As afsummary to the above, one @an say that takin
L
inflation and 1nterest into account whlle comparlng p‘gdbll-

'3 .

1tatlon alternatlves can be a complex and dlfflcult task to
perform,

A qUestionnaire distributed to 49 highway agencies in
North America indicates:hOW‘Confusing-the task is (19). The.

e ki

diScount rates (i:e;vthe real cost of money) used for analy-

ses-varied*between 1-and 10 percent Inflation rates used '

ranged between 0 and 12 percent, Twenty three agenc1es

reported not u51ng any dlscount rates whatsoever in thelr .
analyses, 32 do‘not take inflation 1nto consideration and

v J
L]
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19 do "ot consider either of these factors.

* ‘ | e
‘Gfi Sen51t1v1ty analysis is a very effective tool in ‘
performlng an evaluatlon of rehabllitation alternatives
when some factors vary (19). This analy51s'tests the ef-
fects of variations on an alternatlve selection, identifies
the variables whlch influence the overall costs, and re-

4veals the degree of that influence.

In the case of an economic evaluation where the service

life length, interest éate, inflation, costs and userh
benefitséare not fixed and the differences between the
"alternatlves are not- substantlal a‘sensitivity analysis

can be partlcularly benef1c1al

7. After performing a sensitivity analysis and recogniz-

ing the most influential variables and the extent of their

influence on the output certain assumptions'regarding the
varlables can be made. Based on these assumptlons the best

-

alternatlve can be selected and implemented.

2.5 Summary
N A L , .
As stated.earlier, the purpose of any highway system is
to provide a,safe,,comfortable and economical means of
etransporting'people'and goods. However, only a limited

amohntﬂof funds is available for the construction of new

pavements or the old pavements reéonstruction. It is gener-

41
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ally gccepted‘that the‘need»fbr rehabilitation is continu-
ously growing. Taking these into account and the amount of
public funds currently being spent on pavement rehabilita-
'tion; it is clear that thetmoney ought to be spent effec-
tively. l o

At this stage, the concept'of a Pavement Management
‘ System has evolved. This system would be responsible for
producing a multl-year program for pavement: rehabllitatlon
aimed at utlllzlng’the available funds in the most
. cost-effective manner (21). The.PavementoManagement System

(PMS) should help'the‘pavement engineer to answer two ques-

tions: | _ | o .

- what will be the future pavement standard of the road
network depending on the available budget? |

- which malntenance and‘rehabllltatlon strategy w1ll
result in the highest rate of return to society for the
investments made in preserving the road pavements,(s)?
In order to anever these.questions, the considered

pavement must-Be properly evaluated. As pointed out»in‘this

- Chapter, an adequate evaluation of pavement‘structural

capacity, functional ability, safety and surgece condition -

is of inestimable importance. New methods for’acquiring

1nformat10n regardlng a pavement structural condltlon have

t been mentloned As also descrlbed the measumﬁment of both _'

-the egvement roughness ‘and skid re51stance h&wa been auto—

mated. Some problems have been encountered 1n»mle automa—

tion ofvpavement surface condition evaluation, but advances -

)



have been made. The ARAN and the Swedish laser road tester

are good examples of this.

. After the overall pavenent evaluation is implemented

the rehabllltatlon alternatives must be chosen. They should

befﬁased on the material availabilit ;. local experience,

and estimated lives of particular ehabilitation measures.
This investigation reveals that, at present, two cost

\‘. . .
analysis ﬁethods are.used most often in North American

practice: present worth method and annuallzed codft method
It was also hlghllghted that factors 11ke the 1nterest
rate, 1nf1atlon, user costs are frequently not taken into

con51derat1on. It should be empha51zed that the above fact

may lead to an incorrect choice of alternative for implemen-

tation so that the chosen may not‘be the most

cost-effectlve solution resultlng in unnecessary spendlng
. ) 4.:’40
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CHAPTER 3

FULL-DEPTH ASPHALT CONCRETE PAVEMENTS IN SEASONAL FROST

AREAS
3.1 Introduction

Full-depth asphalt concrete pavement as défined by the
Asphalﬁ Institute is a pavement in thch-oﬁly asphalt
‘concrete layers are usea for all courses above the
subgraﬁe (1).

It is not clear when the asphalt concrete layers began
to be'empioyed for all pévehent courses but it‘apbears that
the AASHO Road Test was the first modern case of using
full-depth pavement in road construction (2, -3, 4).

Before that there were some trials like those mentioned by
Foster‘(S)'or Ellisonr(6)'in Arkansas and Virginia,
respectively in the 1940’s but‘those roads can be
considered as conveniional—type pavements with aéphalt
concrete bases. |

The first modern experiment where full-depth asphalt
pavement wasAemployed was#the AASHO Road Test tonstructed
. in Ottawa,;Illinois, USA and carried_put from 1957 to 1960.
The findinqé of that experiment were so enc;uraging that
further development and constructioh of full-depth pavement

@

structures has been observed since that time.
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In 1973 a questionnaire as a part- of NCHRP - Synthesis ¢
of Highway Practicé No.26 (7) was mailed to Nofth American
highway agencies regarding pavemeht design criteria foj\\
seasonal frost areas. Out of 62 responding agencies, 40
repofted that frost action was considered in their pavement
design procedures and out of those 40, 20 cppstructed
full-depth asphalt concrete pavements. Eleven agencieé

”~

Yvariety of conditions were selected for

representing a
vfufther consideration. Table 3.1 summarizes comments from
the eleven agéncies regarding the use of full-depth asphaltb
concrete pavements, |
This chapter reviey§ éome«detailed expeffencés with
full;depth aépﬁalt concfete paveménts in seésonal frost
areas other than the Province of Alberta. Experience in
Alberta will be discussedr}n more detail in Chapter 4.
3.2 AASHO Road Test Experiences with Fu}l-Depth

Pavements

Among many other pavement sections cgnstructed two
‘full-depth asphalt sectlons were constructed in loop no.3.
.The surface layer 75 mm (3 in.) thick was laid over a
wedged shaped asphalt concrete base which thickness varied
from 50 to 280 mm (2 to 11 in.) (4). There was no subbase

under the sections. The bituminous base mater1a1 was a high

‘quality plant mix with high stability.
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The results of the test showed that the full-depth ‘jy

sections‘performed well compared to other sections |

constructed i.e. with crushed stone bases, cement-treated

bases and bituminous bases with a subbase unde@ them.  Phe

thinnest full-depth A.C. pavement sections still held a

Present Serviqeability Index (PSI) of‘4 at the end of the

test, that is the 127 mm (S‘in;) structure for the 54 kN

(12 kfp) single axle load'design and the 178 mm (7 in.)

pavement for the 108 kN (24'kip) tandem'axle load. In thls

respect only bituminous sections with subbase had better

‘performance. A chart relating thickness of base with depth’

ref ruts shows that the sections with bituminous bases

performed poorer than the sections with cement—treated e

bases and better than the sections with crushed stone ff‘ s

bases. Deflections under the' 80 kN (18 kip)vsinglekaXIe‘f’

load found by means of the Benkelman Beam were generally

the lowest compared to those obtained’for crushed stone'$§‘{j

bases ang cement-treated bases.
It was also noted during the Test that the Benkelman
Beam deflectlons for the full-depth pavements were equal or .
‘ _hlgher in the summer than in the spring even though‘most
structural damage was associated with the spring period. Itfﬁjf'ﬁ
was suspected that those high summer deflections‘were the ‘
result of the greater flexibility of the bituminous )
materials at higher temperatures.' | I %f

1 L
The Canadlan Good Road Association Observer Commlttee

oy i

on the AASHO Road Test (4) répotts that thé bituminous
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't outllngd the reputed advantages of Full-Depth asphalt
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treated base material used was sugerior in its
load—supportihg capacity to thq cement-treated base
material. That particular investigation indicated that one:
inch (25_mm) of biﬁuminous treated base had the same load
supporting capacity as 1.7 to 2.4 inches (43 to 61 mm) 6f
crushed stone bése course, while one inch (25 mm) of cement

.

treated material had the same load subporting capacity as

1.7 inches (43 mm) qf crushed stane base course.
Data regarding construc;{on of fulf-depth'asphalt
concrete sections at the AASHO Road Test are given in
‘Tables 3.2 and 3.3. ‘
The ABSHO experiment with full-depth pavement
structurés was soO encouraging that many agencies began to ’. ¢
use the concept and further investigatioqg\were carried‘égt

2

ﬁggsdlfferent test sectlons ‘ T

) se ‘endeavors were especially supported and promoted
&

!w"r'

,by The"ﬁgphalt Institute in its 1964 "Thickness Design

‘Manual .2 Seventh Edition"(1). The authors of the cited work

4

”:pavements (as they designated this type of pavement

. structure) as:

R because they have no permeable granulaé?layers there is

no means to entrap water in the structure
- subsurface drainage is not required
- time required for construction is reduced N
- construction season can be extended provided the

pavement is constructed in over 100 mm thick lifts

. N :
¥ . o
> .
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% ‘ they are thinner - less materlal of hrgh quallty 1s 1f‘l¢ﬂ -

‘requlred, less 1ntgpference w1th city ut111t1es

E _they provide\unlformlty of the pavement structure

. i
«

_-fr‘they show 1ack of a sprlng—thaw effect. j;»v

14fw“they mlnlmlze construction delays due to bad weather SRR

-

,condltlons “,'» L D n

- '-they have specxalaadvantages for stage constructlon >
| Although the Manual recommended the use. of Full- Depth‘J
'structures 1t had prov151ons for dlfferent structures e.qd.
structures w1th untreated granular bases. Accordlng to the;
"'rvMarual there 1s no. constant factor for convertlng a glven

'e“thlokness of asphaltdiayer into a thlckness of untreated '

'f;Y

,“granular base that w111 prov1de equlvalent load-supportlng

A . PN

' fcapac1ty‘jThe Asphalt Instltute recommended the use of a

.Substltutlon Ratlo (Sr) for maklng a thlckness conver51on ’

B

, 2
‘from asphalt layer to. untreated granular materlal layer.'

DY

isr 2 0, in case q: hlgh—quallty untreated

”-granuﬁar base materlal

s

Sy ='2. 7 in- case: of 1ow-qua11ty untreated

.granular base materlal

Th concept of ‘layer coeff1c1ents developed in 1948 by

Hveem was further utlllzed in the AASHO Road Test (8). The f"
-vflayer coeff1c1ent is the emplrlcal relatlonshlp between

'structural number SN of a pavement structure'and layer

s

ythlckness, whlch expresses the relatlve ablllty of a -

:materlal to functlon as a structural component of ‘the’

pavement (9)

‘5“0. :
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. The SN in turn 1s deflned as an index number derived

from an ana1y51§ of traffic, road bed soil ‘conditions and -

, reglonal faétor that may be converted to\tﬁag%njﬁssof _

varlous flexible pavement layers (9).
The layer coefflclents for three basic road5“

1 were determlned based on the Test findings.v“

o h1gh stablllty asphalt concrete mix ' ‘alﬁol4§'
- Ebase"course crushed stone L a,=0.14
- subbaseIcourse’sandy:gravel.p ‘ . ' a3=0.11

hSeveral hlghway agenc1es developed their own layer

coeff1c1ents based on the AASHO Road Test and local

‘,_;experlencesf@ompatlble w1th the local hlghway materlals

Ui

Another approach of the concept was used by the
‘,National Asphalt Pavement Assoc1atlon (8) In Reference 8

the term thlckness equlvalency 1s used to relate the

o1

relatlve value of layers in a flex1ble pavement to the
kvalue of dense graded aggregate base course. These

4,

,thlckness equ1Valenc1es are.‘

- *hot—mlx asphalt surface and°binder' - 3.14

-v'~dense graded crushed aggregate base - - 1.00

. . : B S
. = sandy gravel subbase ; e ’ 0.79

In the mid- 1960 's and early 1970 s several ‘test roads

;were constructed and contalned sectlons w1th Iull-depth

3

:structures. Slx of these test roads 1ocated in’ seasonal

ﬂfrost areas w111 be dlscussed 1n deta11 since thelr

¥ Ea

enV1ronmenta1 condltlons are 1mportant to the performancev

of full depth pavements 1n Alberta

A . ‘ o X TN

Ca

oy
.
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\Ihese test Sections are:
i,lBramptOn TeSt‘Road “(Brambton, Ontagioj} \ 'fﬁ -
2. Ste.Anne Test Road,.{ste Anne‘ ‘Manitoba) ﬂ'. * .
’43._CRREL wcst Roads, (Hanover, New Hampshlre)lu
‘4.‘M1nnesota test sections B
‘5.'39skatchewan‘Highway 2-9 - ;
y D ; n

6. ordway Colorado experimentallbase,project

3.3 Brampton Road Test '

| The road llnk whlch contalned 36 test.sectlons was
constructed ln 1965 on nghway 10 north of Brampton,,' ]§
'Ontarlo (10 11) There wvere four full—depth sectlons w1th
var1ed thlcknesses of asphalt concrete base (Figure 3. 1)
The surfac1ng lay\r of. those sectlons was constructed in
‘_two lifts. The top 1ift Was:QS mm (1.5 in.) thick, the
bottom llft was 51 mm (2 1n ) Whe surfac1ng layer was the
~ same for all test sectlons. Four thlcknesses of asphalt
congrete base werecused' 50 100 150 200 mm (2 4,6 and 8"
in.) in the sectlon; 1,2,5, and g,respectlvely Dat&§§
) regardlng the asphalt concreé% layers are shown in’ ,
Table 3. 4.,'Ff}*_ .

The subgrade was unlform for the all test sectlons and

con51sted of*clay borrow placed over the*ex1st1ng ground to

‘prov1de unlformlty of the subgrade materlals. In order to ;”

e

Zfachleve eVen better unlformlty the top 150 mm (6 1n ) layer

of the subgrade was reworked prlor to pla01ng the flrst

52
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‘asphalt concrete iayer. The subgrade washcompacted .using
sheepfoot and vibrating steel-wheeled rollers at the

optimum moisture COntent Data‘regarding the subgrade

- 83

condltlons are shown in Table 3.5 e e

‘Performance of Full- Depth Pavements at the.Brampton Road
Test “ g ‘ , | ' ,’N

Mean deflections and: temperatures of measurements
durlng four Yyear perlod are recorded in Table 3.6.
The deflection versus equlvalent thlckness chart developed
after four years of«the test showed that full- depth
pavements perform 51gn1f1cantly dlfferent than other types

PR

of constructlon, but there was a tendency for the ‘two

group\\of structures to behave similarly as the years>

Co

progressed (10)

;

- The &'uttlng observed durlng the test was least on the
cement- treated bases and greater on the asphalt concrete
ibases ‘In case of the pavements w;th the unbound granular
bases ruttlng was the most pronounced The full- depth ‘ |
asphalt concrete pavement behaved siqnlflcantly better in
thls respect than the structures where be51des the asphalt
concrete layers ‘also”’ subbases were employed |

Wlth respect to the surface dlstress the full depth

'sectlons performed very well. None of four full depth

sectlons had exhibited cracklng after four yeart 1n
., ' . . .
service.

3

J

'Frost*heave movementspwere the least E@f the ;ull-depthv-

structures compared to the»others'used-intthe Test. This is

o De
u"@ ‘



LY S : . . . 54
significant that deep-strength'sect&ons i.e; sections which

employed a granular subbase under asphalt concrete layers,

i

hfaved more than the full—depth sectlons what means that

Tthe subbase mater1a1 contrlbuted to frost heav1ng The

ridﬁng quag%ty expressed in terms of Rldlng Comfort Index

remained con 1stently hlgher for the full-depth sectlons

'then for the ther types of structures used in the Test.

by

The cited data prove that after Tour years of

experlence full-depth asphalt concrete sections at Brampton

,Road Test performed superlor to the other sectlons

constructed ' . w‘

Layer equlval%ncz.es @ed o‘h the Bramptop Road Test
r

flndlngs are given in ®able 3. 7.

Very valuable data on the performance of full-depti'
£

sections whlch hav% not been publlshed were obtalned by

private communlcatlon w1th personnel of Ontarlo Mlnlstry of

P

Communlcatlons (11)h Thls 1nformatlon has been summarlzed

Ll

- and. is shown 1n Flgure 3.2 Thls flgure whlch 1s an

A

53

; bxten51on of Flgure .20 and 43 of Reference 12 as well as

the mentloned prlvate communlcatlon,*shows the Riding

-~ Comfort Index performance ‘of the full’depth sectlons. The

follow1ng 1s 1llustrated in Flgure 3. 2.

\‘; *

- sectlon no.3, 290 mm thlck (11 in. ) performed 20 years

before it reached the termlnal RCI -and was overlald
,wy R

- ”sectlon no S,ano mm thlck (91 1n ) was overlald for-

the flrst tlme after 13 years of serv1ce'

- sectlon no.2, 196 mm thick (74 in. ) was d1V1ded into

L]
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‘two subsections. The first‘subsection‘was first
overlaid 6 years after'construction and.aéain 14 Years.
later. The‘secondkgubsectionywas first'oyerlaid in‘lsfsb‘
‘ i.e;;13lyears afteruconstruCtion and was still carrying
loads in 1985'ﬁ;e‘ 20 years after construction. '

- Section no}l,‘only 140 mm thick (5% in.f was overlaid
twice, for the first time in 1971, 6 years after
construction and secondly in 1985
.The accumulated equivalent 80 kN (18 kip) 51ngle axle

P 4
loads carried aré estimated to be in the range of 2 million

repetitions. The information is based on Fiqure 43 of
Referenge 12 as well as the work of Morris et al. (13).
~ -\" : I

3.4 Ste. Anne Road Test

This test road is situated 40 km east of Winnipeg near

- Ste. Anne, Manitoba on the Trans-Canada Highway. The road

was constructed in'1967 and was composed of 29 test
. . s . .

sections, two of which'were full-depth asphalt concrete

structures (14,15). . ) ' |
The full-depthtﬁectlons had 250 mm (10 in.) of asphalt

concrete pavement laid dlrectly on a clay subgrade. Each of

these were constructed u51ng different asphalt cement

/

grades. One employed a high v1sc051ty 150~ 200 penetration
(HV) asphalt;whereas the second used a low v1sc051ty
150~ 200 (LV) asphalt. The rest of the data regarding the -

asphalt concrete mix used is shown in Table 3. 8.

. - : P
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The subgrade soil was a fairly uniform, very heavy

(highly plastic) clay described as A-7, with the group

‘%1ndex of 20 under the AA soil CIassification System. The

¥
' .

"

ui'iquid limit values rang from 90 to 105 and the

5 ;plastt}‘ty 1ndees ranged from 55 to 65. The soaked

‘-

.» laboratory CBR value was determlned to be 3. Strict control
of the uniformity of 501l'type and compactlon was
‘malntained during constructlon.<The ‘other data regardlng

the subgrade are shown in Table 3.9,
L4
In order to evaluate the structural response of the
. ~A
‘test sections, Benkelman Beam deflections were takenlﬁurlng

. A @

1968, The results are shown in Table 3.10. It should be

empha51zed that the Ste. Anne Road Test was designed to
study the transverse cracking of asphalt pavements and
results are mainly concerned with this problem.

After two years 1n service, section no.64 with a
150 200 pen LV asphalt cement exhlblted 40 percent of the
transverse cracklng found in a comparable conventlonal

section located on the same’ subgrade. Section no. 65 mlth a
. K-

- 150-200 pen HV asphalt'cement showed no sign of transverse

: - K : : o : .
cracking for that period of time. Further experience‘w1th

. the full—depgh pavements proved that they Stlll performed

' better in terms of transverSe cracklng than the conventlon-“'ﬁ

e, LR

Cal” sectlons. For the LV 1501200 asphalt grade there were 82

cracks per k%lometer and in the case” the HV 150-200

)':- a

| asphalt 50 cracks per krlometer were: cqunted. ;':f

v

+ The Ste. Anne test road ‘was desrgndl structurally for
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ear}y fallure and had to be overlaid in 1975 eight years

after construction. The overlay was 125 mm (5 in ) thick

%‘w1th the Sc- 5 asphalt type used

%W‘ 'In a report publlshed after an 1nspection of the
: 3

' pavement which was done 20 years after‘bonstruction and 12

years after the oobggay it was“revealed that SO percent of

- cracks in the case of LV 150-200 asgﬂ,&t and 66 percent in

PR

€.

the case of HV 150 -200 asphalt reflected through the

love%lay (16). It should be notlced that after the overlay

“the LV.150- 200 sectans showed 56 percent and the HV

3.5.1 First Full- Depth Tes i

-Qhand "heavy" traffic-for“a design periodﬁof 20 years

;“;(17 18) The full-depth sectlons had 125 and 230 mm (5 andf

s

RS .

150-200 sections 46 percent of thexhqhber of cracks found
\’ .
in the conventional type sectlons. h .

3.5 U.S. Army, Cold Reglons Research and Englneerlng

Laboratory Full- Depth Test Sections

7

gctions, Hanover, New

- Hampshlre

\‘.'»

B

o
o .

The test’sectlons were constructed in 1971 in Hanoveru‘
New Hampshlre, USA. The scope of the test was to’ compare i
fuldr-depth asphalt concrete pavement sectlons with conven-i;

O Lok
tronal type sectlons deslgned according to the\US Corps oﬁ e

Engineers procedure. The sectionS'Were designed‘for."lightﬁ

9 ln ) of asphalt concrete layer (sectlon no.,4 and no. 3
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respectively) 1aid directly on a silty subgrade, classified -
as ML under the Unified Soil Clagsif}qgtion and as F-4
under the Corps of Engineers frost‘group clagsification.
The, "normal period" CBR of the subgrade soil was 8. The |
in-situ moisture content'ranged from zs#percent to 35
percent prior construction whereas the optimum moisture
content of the soifﬁaasflg percent. The subgrade was
reworked before construction to obtain a uniform layer 360
mm (1é in.) thick. Tne conventional type sectionSTwere
constructed using the Corps of Engineers crlqerla. Section
no. 1 con81sted of 100 mm (4 in. ) of asphalt concrete, 530
mm (21 in.) of granular base and 125 mm (5 in.) of sand
whlch served as a fllter layer. &%“tlon no. 2 -had 100, 330
and 125 mm (4 13 and '5 in.) of asphalt, gravel and sand
respectively. L .
Sectionsrl'and 3 were designed for an average daily
traffic load'(anL) of 4000 vehiciégxfor two directions
whereas sect;v'i‘";ons'y_z_yand 4 yere designed for an ADTL of 100
vehicles (totalrfor both'direction)' ’
The mean free21ng index for the Hanover location was

determlned to be 1011 C°-days (1820 F°—days)

During the Test the follow1ng data were gathered

1. frost penetratlon L . . B Eg
2, varlatlon 1n subsurface m01sture . }ha
3. frost heave:}‘ é§

4. defrection

1



1) Obserz‘tlon indicated that. the conventional type
‘pavements had deeper frost penetratlon than the full«depth
asphalt qoncrete structu?es. This is attrlhuted to thf fact
that the moisture contenélof the granular base was lower |
than the moisture content: of the silty supgrade. This
phenonena is due to the fect that an addi@ionai‘amount.of
'heat is requlred to change the contained water into ice, so
that the wetter a 5011 the slower the frost front

\
penetrates into the soil. Therefore frost penetration under

I

conventional pavements is generallyﬁdeeper than“under '

full- depth sectlons laid directly on, ‘usually wetter,

i

subgrade. : \!

2) Observationssbf the moisture content in the subgrades
under the full-depth pavements showed that the amount of
moisture ranged from 26 to. 55 percent. During the spring
thaw-weakening ‘period the moisture content increased'oramat-
' ically by 10 to*is percent The m01sture whlch was trapped
‘between the pavement and the frozen subgrade below,

resulted in very high Benkelman Beam deflections of the ‘125
mm (5 in;) section. The 230 mm (9 in.) full-depth section

- was strong enough to distribute the loadvevenly.

3) Deflection measurements showed,vas it was expected, that
‘the 125 mm (5 in.) full-depth section was the weakest of
the aliiand deflected the most,ban average 3.2 times great-

~er than the other sections.

59
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Seven year average méximum deflection were (17):

section 1 O.QBmm‘ , 0.dé46in.
section 2 0.82mm -~ 0.0322in.
section 3 0.94mm 0.0371in.
section 4 2.97mm 0.1171in.

The investigators concluded that thé’lzs mm (5 in.)
full-depth section met its design life of 21,900 equivalent
singfﬁ axle loads (ESAL) and failed soon after the 1975
spring thaw i.e. it was 4 years in service whereas the
eqﬁivaient conventional section met its design life of
21[900 ESAL in 1975 and continued to carry more than 44,700
ESAL with no failure up to 1980. Both the 230 mn (9 in.)

’full—depth section and the 760 mm (30;in.L convention%;y5><\
o VSectibn did not reach the end of their design life-énd:had

not failed at the time of the report.

3.5.2 Second CRREL Test Area

-

Based on observations of full-depth sections during the
;avemeht

first CRREL Road Test the ioss of strength of
during thg thaw period was céused by the trapped excess
moisture under the pavement. In order to promote removal of
moisture from under the fﬁll-depth pavement a new concept

| of constructiqn of fuli-depth asphaltVCOncrete pavement was
developed. A filter fabric placed-oh a prepared subgrade
wds'errlaid'by a 50 mm (2 in.) thick open graded layer of

@

asphalt concrete followed by 75 mm (3 in.). of a dense,



standard asphalt concrete layer (18). A road section which
employed that concept was constructed in 1974 in Hanover,
New Hampshire buf due to the weather conditions prior and
during construction the subgrade was not adequately
prepared i.e. it was not reworked, blended and dried The
subgrade was highly frost-susceptible and contained varved
silt and‘eilty clay. Because of these facts severe differen-
"tial frost'heaving was observed after the first winter in
‘service, In 1975 the pavement was removed, the subgrade
reworked to-a depth of 600 mm (24 in.) in one case and 300
mm\(12 in.) in the other and the pavement was laid in thev
same manner as before. After the reconstruction, despite-:
higher freezing indices, the section exhibited very-uniform
frost heaving.
Benkelman Beam deflections of the reconstructed section
were approximately 1.5 times greater than those of the
first full-depth pavement 125vmm (5 in.) thick.

3.5.3 South Balch Street, Hanover, New Hampshire

‘In September 1974 a 150 mm (6 in.) thick full-depth
pavement was constructed in the town of Hanover on a resi-
dential street (19). The asphalt concrete layer was placed
on a hlghly frost-susceptible silty and clayey subgri%e.
The subgrade soil was classified as ML and ML-CL under the
Unified Soil Classification and F-4 under the Corps of

Engineers frost group classification. The desiqn'of the

61



o

street was bas!d on a po@g subgrade CBR value of:3.5. Dur-
ing construction of the street no special attention was
paid to preﬁarati ,of‘the’gubgrade. As the result the

pavement on the street had heaved substantially from 50 to

0208 mm (2 to 8.2 in.) and severe differential heaving was

observed at manholes, catch basins and so on.

3.5.4 Frost Effects Research Facility (FERF)
' (8%, ' .
‘It is important to mention a new U.S.A. CRREL facility
recently opened in Hanover, New Hampshire. The new facility

consists of a 2700 m2 (29000 sq.ft;& building equipped

with surféce panels to freeze pavement layers and subdrade

soils of a tested pavements (20). The building test area is

55 m (182 ft.) long and 14 m (45 ft.) wide and incorporates

twelve test basins. The equipment is designed to achieve
test temperatures ranging from -37°c’to +32 °c (-35
OF to +90 OF). . —

To date pavement test sections which utilized various
differeht baées, subérades, and pavement types have been
tested in the facility, but as yet unreported. It is
expected that the~pévémént tests will continue for the'next
two to three years. |

The facility éllows‘thg_simulation of deeply frozen

pavement sections, permafrost, summer conditions in perma-

frost and near-surféce thawing. It is expected that the use

- of the facility can help to formulate and solve many‘pave-

W x’g .
v, pe
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ment problems including in pas;icular a better understand-
ing of the behavior of gull-depth asphalt :concrete

pavements located in seasonal frost areas.

¢6 Evaluatloqwof Full-Depth Asphalt Concrete Pavements

L3

1n Minnesota

The purpose of this investigation was to determine the
temperature and seasonal‘bffects onwdeflections of
full-depth asphalt paﬁemehts .3nd to determine the, granular
equlvalency ﬁpr the fuli—deptﬂ sections (21).

. In orabr to evalua$e the performance of. the pavements
the pro;ect ‘whlég coﬂtaened 26 test sections located
throughout the state‘of Mlnnesota, was 1mplemented The

‘ test sectlons lncIuded a wide barlety of the subgrade soils
and pavement th&qknﬁbses £ ;~ ’;f ﬂ‘ \ f

During the test core samples of the pavements and
soils were taken %o evaluate the performance of the test
%“4 I\ -L"\

sections . Benkeiman beam deflectlons were obtalned sys-

tematlcally togeﬁher W1th tempenature measurements Besides.

. %

depth of ruttlng on»an annual basis, roughness and surface

A . 1

v1sual condltlon were evaluated The laborato work,
con51sted of the determlnatlon of bituminous layer
thlcknesses, den51t1es extractions, gradations, penetra--
tlons and alr v01ds contents The subgrade samples were
examlned using the Hveem stabllometer R - value, molsture -

vden51ty relatlons, gradatlons and Atterberg limits.

-

L]
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QGenerally three cores were examined from each pavement

Zsection and the Benkelman beam deflectlons were taken at

" 15.24m (so ft. ) ,mtervals.

Th *nves atlon reported the follow1ng conc1u51ons

’*with regard to the behav1on,of full depth asphalt concrete

pavément sectlons

1) ﬁhe maxzmum deflectlons uncorrected for temperatu‘

:influenqe occurs from mld-June to mld-July Thls fact was

_;ﬁfull-depth pavement stren@th decreases 51gn1flcantly.

“connected wlth the~h1gh paVement\nemperatures at thls t1me .

of thﬁkyear. The temperature corrected maxlmum deflectlons.'

]

j_occurred 1n mid-May compared to mld-Aprilk“or the conven—”- -

””ttlonal type pavements. It was found that the temperature R

'fcorrectlon factors 1ncrease quite rapldly at pavement tem-‘

v
L

'i.peratures below 26 7°c Above thlS temperature the f‘

g

¥

2) Because ?f the moderatlng 1nfluence of the aSphalt ma;// N

Vo

nfﬁtdmperature the full depth pavement deflectlons are hlgh

J“‘tlons dlffer at most by 30 percent

ithroughout the year and the hlghest and the lowest degbec-

”V7j‘3) It was foundathat the thlnner the pavement the larger d_;f
‘tibthe sprlng recovery factor that should be applled .
4) Because the sprlng recovery factor 1s small 1t 1s d1ffl—»‘l7*

'W“ cﬂiyﬁto~determ1ne‘% weak perlod&for full-depth pavements,

so"that the protection of full*depth,pavements by u51ng an

i543



'that there is no 51ngle GE value %or full-depth paVements.f

he Benkelman beam deflectlon measurements a .

4&

Granular E valent (GE) was determlned The analysis shows

e

*vThe equlvplent depends on the thlckness of ‘the bltuminous

;layer. It was reported that greater depths of asphalt

layers produce hlgher equivalency factors. A design chart

' for full depth pavements has been. presented.'

R

In a specxal study carrled out durlng the full depth

{

pavement 1nvest1gatlon it was. found that the edge effect qn

& .'

"-full—depth pavements located on plastlc soils was Signlfl-

u_from 1971 to 1979,waé that the performanoa%of full depth

;;’f‘

"'icant It was found that the pavement deflects 30 percent
more at the edgd of th@ pavement ‘than 60 cm (2 ft ) from

L

.

i The overall conclu51on drawn from the 1nvest1gation

~

P

»asphalt concrete paVements was comparable w1th conventional

sectlons when both ha% the&game peak seaﬁﬁh temperature

’ Paveméhts in Saskatchewan ;p-ij)

BTN

» In 1975/76 a test sectlon was. constructed‘on Saskatch-»

ewan hlghway 2-9 (22) The purpose'%f the sectlon was to' "

evaluate the‘performance of var1ous'th1n or staged,pavegent
< o Oy
structures of Varled w1dth and~shoulder surface types. In

& . .. ‘._-*-v - . ce ‘-:',.,," ! B \A

~

VORR e Rt T e T e e : b R ;

v "@g . . "
: ,corrected deflectlons . W ﬁf ‘ ‘ , ’; g
;3r7 Performance of Thln Full—Depth Asphalt Concrete ‘-,‘3

e ’ .

- R
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this work only sectidhs bUllt as full-depth structures will

be considered These particular sectlons were constructed

66

in 1976. There-were nine full-depth‘sections built ‘all'of”“'“"

themABOO m (2625 ft ) long Twd widths of the roadway were

i7 3 mwé?4 ft. ) and 8.5 m (28 ft ). The depth of. the.

Y

14paveme#ts varled from sectlon to sectlon and was* 160 mm,‘

¥
L

Lo
e

(4

&

- paved

130 mm, 100 :m, 80. mm, aWSO mm (6.3, 5.1, 4, 3.1,.and 2
ki'“) 5The‘ der type alse varled.‘Three asphalts were -
applied AC 6 AC i.5 and sc-4. B

The shoulders of the tested sectlons ‘were treated in ;

fflve ways. The follow1ng shoulder types were utllizet:;b,

L,
Lo

prlmed base

'“I

unprimed base B u}‘ h.;. - 8

unprlmedﬁbase uncompacted

oo
[

compacted soll . ’ ’ ’
. The Average Dally Trafflc ADT for the hlghway was 375

vehfcles 1n 1976 w1th 15 percent of trucks. The estlmated
&

‘number of equ alent 80 kN (18 klp) axle passes were 85, 700"

’by the end of 1982 for all the full-depth sectlons. o P

B

£ cragk development peak defleotlon measuréments

, us1ng’the Benkelman beam and Dynaflect measurlng deflec—

,ltlon slopes, rut depth and dynamlc modulus dfdyﬂz materlals

used 1n thezponstructlon of the gavement layers.

P

e-’*.

"Pﬁ‘formance ?E/Ehe teifjsectlons were determxned bY examina:}'”
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el

A. Crack development{

L fatigue cracklng

- thermally induced tqpnsverse cracking

‘.B;_Benkelman beam .

LI ‘ ' ‘ ™

.

Two main types of cracking were observed: R

A

Generally, the structures less than 100 mm (4an )

thlck falled‘%ecause of fatlgue cracklng by 1979, that is 3

years after constructlon. The transverse cradklng did not

develop ‘on these sectlons,to a significant extent by that °

time. ?

In 1978, two years after constructlon,»the transverse

cracklng begah to develop in the sectlons tthker than 100

' ﬁ’ . - e .
mm (4 in. ). e N e s

It was fou d £\ v%.\ﬁﬁased»wlth time for

onshlp beﬁween deflec-
tlons and thlcknesses was !bund and lt was determined that

the relatlonshlp chandh@ W1th‘k1me as follows.3

A

df=' =0.0045 x T +'1 a5 in 1977  (3.1) - '
4= g&o 0106_ X T+ 2.80 . in 1981  (3.2) .

. ~
x1mum d; lectlon i

. where,d -

| T - asphalt la'erfthlckness

The peak deflectlons W re also determined using the !
Ty b .

. Dynaflect equlpment The beam deflectlons were 14 to 28 -

m .
tlmes larger than the Dynaflect deflections,-w1th deflec-

,tlons measured by 5&@ two procedures show1ng the same

[l

1ncrea51ng trend w1th tlme., A



C. Deflectlon slopes.vA C o . ‘l ha
F@'.;* The deflectlon slopeefwere obtalned for both the
- Dynaflect and the Benkelman beam procedures. The deflectlon
slope'was deflned as the dlfference between the peak deflec-
| tion and the one 300 mm (1 ft ) apart. There is a correla—
tion between the defleotlon slope ind the,bendlng stress
h-indnced in a pavement layer: the g}eater the-slope,fthev“

‘higher the bending stress under ahximposed load“@It'was

.

'determihed during the exbe%?hentJthatlthe deflection slopes

_were 1ncreaslng w;th time for all the sectlons teste’l’a'jc

v

*

temperature of 10°C In order to deterxihaﬂelastlc mo u11°

u51ng wave’ propagatlon technlques a gbntlnuum qédrpm be-

tween the v1brator and the receiyer 1s necessary Becausé
’ Al

,thls cohdltlon has not been fulfilled for very badly

eracked sectrons the results fq; these sectrghs are’ 1n
i \
: quéstlon. For aSphalt concrete layers the modull ranged
@ )
’ between 9,400 -and’ 17 500 MPa (1 363 and 2 540 k51) durlng
: -l

. '1978 ~1982- and 10 300 to 13,300 MPa (1 450 to 1, 914 k51)
e durlng 1980 1982. ‘The aboy/ﬁylndlng 1nd1catg‘ that the'

unlformlty of the modu11 developed fdr all the full depth

'»‘v‘ \ 7

68

<

sectlons w1th tlme. The summer dynamlc modul i for the sub-

.kgrade remalned 1n the range of 140-250 MPa (20 31;6 3 ksat'
ghroughout the 6-year perlod and were only sllghtly hlgher

er the full—depth sectlons thaﬁggnder the sectlons w1th
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[

granular bases. - S ' e

F? Rutting' ’ ' coE. [ x.';: ﬁ'. ;..' )

The collected data show that an increase in rut depth

is correlated w1th time. Iﬁ;shows that for the same thick—

ness the increase of rut depth is lower/for the full-depth

asphalt concrete pavementé\then for a,éénventional type of

“pavement The data also 1nd1cate decréase of rut depth with

\l

1ncrease of asphalt concrete layer thiekness‘ No effect Ofﬁtﬁk oyl

asphalt. grade or type on rutting was observed duri

1nvestigation. It seems also @hat ;:he lane width had no

effect on rutti%g ‘w S | :
Summary "It an be concluded after S j{hih'year of'
; observatlon.'chat full depth asphalt ¢ " 'yements 100
mm (4 in. ) and thicker performed well ifﬁﬂf:dent-inrormae ;

tlon regard ‘thg pérformance of”the sectibns is available

kS

.in the literature.: | ' S

&
'
\\

s -l . : | ". o L . .‘Hl‘n.\" :
3.8 ,ordway_Colorado\EXperimental Base Project . . .

‘;"‘ : . v \\‘_‘ : . . B . . . - ‘ ‘ - N
S s " L S A & S . ;
This" prOJect was 1mp1emented as the exten81on of the =

\ o

AASHO Road Test w1th t%w!purpose to apply the AASHQ/Test

q i

. d
,Road findings to the Colorado environmental conditions

\

;(23) The-secéions were: open to traffic in 1965 and the

' flnal set of measurements were done in 1978 There were 26

1»vsubgrade so;l! were detérmi as A 7= 6 under the AASHO "

AN »I] . 4
test sectlons constructéd each 137 2 m (450 ft ) 1ong The |

y5011 Clas51f1catlon System w1th the CBR value of 2 6 and



A-6 with the CER value of 3. 4. L

Pavement thicknesses were selected to glve a max1mum ej..
fdesign life of approximately 20 years. It has been estlmat- - e
- ed that the cumulatibé number of 80 kN (18 klp) ESALs was

'&ﬂ*«

140, ooo during the 13 yeab period from 1965 to 1978.°
The asphalt boncreté surfate 1ayer of the test sectionsr

vcontained 5.8 pBrcent of asphalt cement. We —graded aggre—‘_

»

gate Was employed 1n the mix. The coarse aggregate of- the
T ‘ Wt ‘ X B
f'lx hq@ at least 60 PerCent crushed materlal.. ; B |

et

;” - gy

ﬂ Analysis eﬁi!pe rougﬁne fleld-perf’
;that base thickness had\almost no efféct on the Pref
'Serviceabll‘lty Jl?}ex (PSI). This fact 1nd1cates“thatgmos%
of - the loss in PSI*observed after 12 years was not load
ia59001ated It was concluded that surface eroslon 8f the °
mat had a large effect on PSI“Mostxof the‘PSI lgss can be u-‘ ﬂ"

attributed to env1rdhmentgl 1nfluences, however, the presfj
rv" -

.- . @nce of alllgator cracklng 1ﬁ’the conventlonal seétions -

Vg e

a3 with thln aSphalt layers and untreated bases ané the pres—

ence of small amount of ruttlng in ﬂll the*sectlons indi~-

Q

cate that axle loads had some 1nfluence on the PSI loss. o

All constructed test - sectlons exhlblted a é6n51derable
p

E s\

- 3 P

' amount of transverse cracsz\. It was assumed that’ these4‘ SN
mp

wfcracks were. of:the-low-te rature 1nduced type because «{{ff”w”

Py .\u»,

'they were observed after the first partlcularly severe f?éjf“
wlnter.. o ”i'r ;’ o “m{r ' ' h
:f“ e;mest preValent form of cracklng in tﬁe asphalt base g

9:

'.sectlons were transverse and loﬂgltudlnal llnear cracklng



. . ‘}w‘-,, o Ti‘ |
whereas f fl‘lqator cramg or the #QAd related type crack-
h ,".‘\‘mg was a ma;or fact‘ & in the case of’ the* un— :
. ..m D
treated base test secgions. o NG e
Ruttmg was observed ox} ‘all seotions, however, for. th LI

_conventlonal untreated base sectmns was of ° lesser extent“

B “'ttgn on the asphalt treatgd base sectmon‘. >

*

Durlng the

4“

3 'aw i g

' ' ﬁ‘ I, :
shogs tlfat h&gsubgr de”uhd*’

'»41 b

vements%ad a tendency to dry out 't»ll'xel:'ez!\s‘:’t:hﬁ2 sub g

v

»

grades undex the conventlonal pavements were getti’ix‘id’t .we%ter
e 1., o ; . . ) N
w1th tlme. , R *

e & : . g o

A

The 1nvest1gatlon also showed that Iarge seasonal varia- 8

thl’lS in the deflectlons

«

' related more to dlffere_n_"

_sent‘. .The above fact is ;

v pavemen‘t temperatures than

~ 'to ‘éno‘lstur’ev”or frost effects on the subgrade. o f“‘,?;‘;
. It was concluded that the sections’ w1th a@ha‘lt con-

"r ses'p 'ovided good res1stance to ruttinq and the

' i'eﬁ:lgtan,esto all fOrms of cracklng. 'I‘he conventlonal

ty&e‘ of‘ pavements prov:Lded the best performanqe in terms of

e*uttlng but the worst 1n terms of alllgator or, load-
, P R ' ’
y{ test sections after 12 years of

-

/‘ . 5 -)

.‘eros1on of t(he surface and seVe;e /transverse 4eracking. '
' .-.'X LN -'

HThose condatlons were descrlbed S somewhat ‘more severe
: ; A N .
il L

‘ .than those observed. on adjacent ‘vhlghways

.A"V,‘. ' a4 e

PR e el e e L et RN S .
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3.9 Summary

. ' L L

From the, above cited literature certaln advantqges and

.disadvantagéﬁ of full depth asphalt concrete pavements can

" be inferred.‘

- full-depth pavement stﬁu

w&th time for all tested. sectlons du%lng the clted observa—

}'cement treate 8
cement-rencel fasha,
redpect ‘On “the other;*f X

-

| According to the A@ ‘g.ram‘pton, and Saskatchewan
tests full- depth asphaltdqgnifeﬂp pavenents performed very

 well when rutting is of c-ioern. Only pavements with

:es sﬂﬁﬁbg:bea

ttq{*’erformance in thls

tions with granular base

mhy doe g
The Colorad teet

however.» Th@convem:&o&a'l ;ype. of pave”'-

nts in’ this

BN
. ia—' -

respec! yhe above fact may Be,nttrlbuted to substantlally

hlgher pavémenﬁ‘iqmperatures that‘oan be expected durlng

Surface deflectlons a d deflectlon slopes 1ncreased
ﬂ N ‘ iu

- 4

tlons and the 1nvestrgated full-depth sectlons'were'no
exceptlon. It means that bendlng stresses at the bottom.of

the asphalt bound layers 1ncrease w1th tlme All &

1prove that. full-depth sectlons have\a dlfferent pattern of

terparts. Maximum deflectlonijor full-depth pavementgapf‘

,maﬁlmum pavement deflectlons than thelr conventlonal coun-

b

\ Aemployed durlngﬁh

72

¢ . T,

»

D -

pear much‘latér in the’ season than in the case of conven-

R

-
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ticnal structures and the peak deflection period is not so

pronounced. This fact is due to the decrease of asphalt

'viscosity with increase of pavement temperature during the

3 Y,,‘;j-*f - * Vi ]
spring time. _ . N )

~The Ste. Anne Road Test showed that amount of trans- .

verse thermal-—mduced crackmg was much}ess‘_(;n the case of

;

r

ﬂbll-depth structures thaﬂfthe conventional sections with

ranular bases. This howe§;>, was not the case in Colorado

‘;ow*
"hwhere it was found that .the low temperature transvnrse

\
kg y
cracklng and longltudlnal cracklng were the most prevalent

ones*ln the case of full-depth pave.ent whereas fatlgue

. v

cracklng was the most prevalent 1n the case of conventional
..ot Structures. *
R \

The CRREL and Colorado experlences regardlng subgrade

m01sture content are contrary £o each other. The CRREL | , os
tests reveal rapid increase of subgrade moisture content
under full-depth pavements he‘eas tﬁﬁ findings of the ' ci;\

'Colorado 1nvestigatlon say hat’ there was a tendency for ko

full depth subgrades to dry u;f with time rather than become o
S . “

wetter. - - o

In the ca of frost penetrationpfull—depth pavements &
. ' » : . :
_show superiority to the:other pavement structures. Because

of their insulating properties frost penetration~is not as

great as in .the case Wlth the pavements w1th granulac ' _ )

e -

bases. Frost heave, which is related to the depth of frost
penetratlon, 1s?less for fullfdepth pavements; however,.it
E2 ’ . . ‘ .
.. was found that thin full-depth sections can be

'y

’ W



S L
JLry susceptible to diﬂferential frost heaving. Thiﬁﬁvapt
highliqhts the importance of proper subgrade preparation
‘under full-depth‘pavements The subgrades ‘'should be

reworked, blended, and properly cohpacted to achieve the

best possible uniformity. -

’ '}

In summary, according to the citéd experiences,
f%él—depth asphalt concrete pavements show that when -

'
properly desiqned aqg constructed they perform as well as . .
o, : o -
s their convéntional type counterparts ’

o, ) . . " .

Y .
» \J

.

. a5
K

e
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“spie 3.0 use of Full-Depth Asphaltic Pavements by Eleven Agencies

lllllll:llll!lgilzlllIlilllllﬂlllllkl‘==-====!E=8!==='==§====—8-==========3

IState or Province | Have you used full-depth asphaltxc concrete

|

[ ‘ I pavesents? [
lll=lll!.ll=l!3=!z=':8’!llzl!l:l:l:'ESIIIHI====IS=3:===!'!========388=Sﬂ=='

|Alberta | Yes, have used: 5. years. Have about 300 - 400 ]

, I . : I ailes on firimary roads ang-. 300 - 400 niles ]
. reo | . onesecondaries. ‘ ™ , I

|mooeenannae .- priw : S e I
_Iolorade | VYes, abslit 50 miles, on pril;;y and secondary !
o—h, } roads. Choice based strictly on cost, except !
© 0 not sed-cn,.lnterstates, where alnays requnre -

.| unbound shasg. I
T e i ST TR EEE T e SRR R R LR f

ldaho . .- | No, but‘e*!t to‘use over good subqrades. L.

. S |
*ﬁar?land . 1 Use thick A&~pavelents extensively, but always !
I ; | use & in, crushed stone unless subgrade is o o
e o qravel . " | )

[-mmemeene e -- -1

L IMaine ey | I‘S? but ,ﬂjsmq gzeater tmckness of “asphaltic |
° S I laterx L -

INebraska ‘ I Yes, Present design for intermediate and secondary |
) .| roads is fq{i depth. » !

et memc e —————— | . N

|- r
INew Hampshire | No.'Concerned‘EE,ut posslble greater tendency for- |
| low-teaperatur®contraction cracks, and reluctadt |
| to place-AC directly on FS subgrade. ’ o Loe
[ERSET T L vemmeaSnm- ---n\s: e T |
INew York I No. This toncept ig objectionable because it o
¥ ' T , l violates the principle that strenqth neegs decrease !
' ! ‘ - with depth, . |

» S

¢ iSaskatehewan , ) Yes. About 200 iles, from 7.5 to vEin. |
R et it e e o e e e e e .«.-,-s_--l-{ ’
X C
Yes, two.projects of nlles each One. XB Q;QS 1n?. I
th! otheﬁ‘ 18 m. /' . : o

[l bl T AP,

T

Wy No, except experxlentaf pavel!nts ¥

—————

y ! K . i. s




-

t\ "
f'TaaAe-JrEHISunqraaé properties 4t the Aminl
Road Test
::x::==!2=8l8!!lfllll’8:8!:8=l!:!ll:!::tl:!!lllt
ICBR percent I 2 -4 I
I ______________________________________________ | # .(‘-
ILiquid anij l I B - A l
¢ |"°"~l-"'v; R -7& ----------------- !
lPlaBti;&iV Index PI ! 13 !
o g e e e -eeee
I0ptisum mo1sture content X | 15 I
fmmmmmamem el e [
IMax, drv density (pcf) ] 1 - |
| (N§/cu,n) | 1.84 : ]
femmmmem e e e e |
IPercent compaction ! 97.7 ]
[ m e e e e e e m e e | ‘
{Constr, aoisture cont; % 1 ‘ 16 |
. [
-
Table 3.3  Asphalt concrete mix properties
at the AASHO Road Test
-----}:-s-. vy ss==2ss= z3Ezszzzrzzzoaszsssssss
! ) Isurface Ibinder |
i Ilayer  Ilayer |
| 2=3z3s23=22=s3zz3z2333z22ss ‘=3zzz3zzz|zszazssss|
1Agg. passing No.200 | 5 4 |
‘1sieve percent | ! |
frmm e e e f==mmmnmen R |
IMax. Marshal density (pcf) | - 151 | 154 | )
i - (Mg/cu.m) | 2,420 2471
fomomo e boom|mmemene = fmmmm—ea]
IPercent_cospaction l 97 1 97 I
e et |=ommmmmae [-====-- ~el
" iPercent asphalt content | 5.4 | W5
J o= e |=mmmmmmmeemeeeeee ;
Gt penetration L 0 BB :
X () = iyt Shtal B Ret e SRR
iPercent air woids content | 3.6 1 4,8 1
| .
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" IField dry density 1305 1 12130, 1207 1 1297
f - (lbs/cu.ft) S o Lo

b (aglcu.n) Bl 940 1931 2,08 1
I T e [=m=mmmmen =esmenans Ry |
iProctor max. demsityl 122.2 171836 1 182,710 1257

{7 (lbs/cu.ft) | ! | I I

. e « L
k] .
:]‘\ . -‘,,,1% N SRR B :” . _;
 Tale 3.4 Properties of asohalt concrete used Ty
' at the Braspton Reag Test ~ . .07
’-'=:::::::::::::::::::2::::::'—"—'::::::::::.?‘l:-\%;:f?:::: ‘.
i . . “lsurface Ibinder Ibege""»‘g:'
| A Jdcourse” lcourse lcougée’ A
‘ [================::=:|==;‘=\.==='=\=|.:='=====‘==_[‘=:=,=\'.-";='=:=| ‘
 lamount of asphalt % | 5.7 | b2 1 5.8
Jmmmemme e ] B C B B RECSRT | v
lair voids % . 1 TS5 AS)e 720 0
B e L e
"Iy qggjei;ate | N -
Ipassifig No.200 sievel *  3.71 481 ° 3.0.1
s = IJ-:---1rfl ----- beme|oommeeeas ly 7
‘lasphalt cem. pen. 185 = 100 185 = 100.185 -"100 |
,ng"1;1"“f'7'7""f¥'*'lf""’?f"|"'clh'?' mresioee-]
1% compaction - . b9 .81 9.3 1%
- e B e
‘ TaElg 3.5 Subgrade. properties at the Braﬁpton Road Test
iTest sectionNo. 1. 1 1. & 1 3 | & |
: R e L e S PR [mommmas B TARUUL TP ==
«. . ICBR % ! 2.5 I
« fomemmmmm e [ e |
/” tLiquid Limit % | 29 s v _ !
B el BT mmrmemmnean]
iPlasticity, Index | B kB T [
fmnes —mmemmoaes|
|
!
|

I (#g/tu.n) B L8 1,98 RO U N
f;-f,---;----f--ﬁ-T_-lf.;_-,-:-|__%_--g-a]-----;;.-', ........ g
IX compaction Fo107.6-1 7 98,0 1 98,41 103,21
R T FE L SRt Jrromooes frmmmmenas]
% aoisture content | 8.9 1 9.4 0991 8.8
| == e B B R D !
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“aeie Bor lefiectinds of fuli-deptn sectiznel / .
: < at the Braspton Road Test’ - :
=:::s::.s-::::::::z::aﬁ:::::==:====_======= $ .l
iSection No. B O SR - | 5t/ [E N
R IPL‘-~'-'-|'-'""-'ZI"""P"l‘-:----w-l.~
Cfthick 1 surfice’ 1 350 351 AST 35!
i, | » (90) |, 6901 490) 1 (90 |
S | I Ll A T A P
lan) | base . | 2 I/ 8
[ | (50) | (200) 1
| P o |---‘=-‘----|--‘------- emmmamie -—------- 1
1 | total | 51 .51
AN Lo (140) ) teml .
|';;“"“1ff: ------- feemgeon=-- l';-"* """"""" f': """" 1
Ivear|1966 ldefl, - o 043 | 0.072 1
P Ly A T
Lo Lot Ty (1.‘09)1 A1.45) 1 (2.26) | (1.83) | '
P |~-----;--|---~4-e;¢|l ------- e |mmmzpmten] v
I b ltesp. F 1 84 " ;’ - Y R T B B
R U R (R IT-t (28) 1 (). 1 umn i
lo [ -] /l e |- -
|87 1defl, 1 o oé9 | 0.064 1 . 0.065 1 0,048 1"
R I R T R | | b | -
N GO BTV (9‘74)4 (1.04) 1 (1.65) 1 (1.22) | Y
N == Rt TR s |
|1 iteap.F 1/ % L8 1% 1 e
N I N (35 1 (29 -1 @ b un 0
R Dy A EE |---- J=-mmmmme] |
1 11968 1defl. /| 0.02 0.031 | 0.047 1 0,033 I
N BT VAR |\/ 0 I I
L/t 1 )1 (0.88) 1 (07D 1 (1.19) ) (0.84) 1
T B ] e fommmmmnn- lgmmmmennn -mmmmmened
I 1 ite#p.F 192 )88 I 9% 1 85
L0 @ an @ e
N e e b -] = e A I
I 11969/ I1defl. 1] 0.023 1 0.023 | 0,032 | 0.083 |
YRS n/,_ N T A
Pty e 1) (0.58) 1 (0.58) 1 (0.81) 1 (0.58) |
R el EESRER R ! |- |
! /J lteap. F 4 79 & 87 1 % o701
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- Table 3.7 1ave} equivalencies based on equai
. terafndl RCI of 4.5 déveloped durlnq
== 1 the Bragpton Rpad Test.
======§============’=§-ﬂ‘===3-=-8=-=-==-S-SEI-:EIBIS:;S

IPavement structure . . lEquxvalent inin, of

[ : . - lgranular base ,'f

' ======i==;=====::::::3:2::::;:=8:=3====38:======I=l==== |

IAsphalt concrete-in conventional | N 3

lor deep strength construction | * . 2.0 |

15and- subbase ' e 0 -

l..- - e ol 90 e o o e menerem e e .- PP, 1

lBranula( base ' I 1.0 I*

© Table 3 8 Propertxes of asphalf concrete at: the
. " Ste. Anne Road fest R

T e m
T
fz;;;;ent air v01d5 con;;;t ‘ 27-if-;j;-=--- :;j;-:
zPercent passing-No.EOO ;;;een 1----_515-%:---:;1;-: )

| Smmemmmamsomameae | =rmmmm——- R
[Asphalt penetratxon at 23 deg. 1150-200LV1 §50-200HV]

|-2m- - wleemelenen R e |
tPavement density (lbs/cu.ft,) | 147,11 147.8 |
] Mg/cu.e) 236t 2371
U EN W AERUS S femmromme- [-===vmems |
IPercent coapaction b 99 100 1

|




E

u i
4 81
~ . # S )
. }‘, B W .
Taole 3.% Subgrade properties at the ' ‘ ’
Ste. Anne Road Test* '

2===38::=====S========:===2::2:2::3!3:::3:3

CBR percent . P \ ce

[4memmmmmmmmmm e ins S 4

fLiquid Limit LL { 90-105 !

[ === ; . -l ]

IPlasticity Index PI I~ 55-85 1

fomemmmr e e e ekl |
J 10ry density (lbs/cu.ft.) LT

| (Mg/cu.n) | 1.28

| - -- “om - R | ’
. IPercent opt. moisture cont. | 34,41 .

i - Fem] === .

IPercent constr. moisture cont. |~ 37.4 | » ’
',l ------ ' ]|

'Field dry density (lbs/cu.ft.} |  B81.4

| (Mg/cusm) 1 13

! mm e <oomm | |
“IPercent compaction | 102

|

Table 3.10 Deflections at the Ste.Anne
Road Test

ISec%ion IRebounds | Temp. |
{puaber , 10.00! in.! F |
]

\nf" e

(119 | (28) |

|caccamaca l
)

I b (am) 1 (E)
i I--=- | ===t
P64 I 471 83|
L R ¥ 1 O I Rt T
Jemmmmmenn] | b
I &5 47 | 83 |
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FULL-DEPTH ASPEALT CONCRETE PAVEMENTS IN ALBERTA

- ' X \ ) ) ‘ 'y
4.1 Introduction . )7//?

’ L}

* According to the Alberta Pavement Managehent System
records, thqre Qere'2089.28 km of fﬁll-depth aspha1£ con-
crete pavements in the Province in 1986. From 1968 when,
the first full-depth structure in the Province was con-
structed, unti1’i982, when Alberta Transportation (now'

- A
and Utilities) discontinued construc-

tion of this type of.ialement,2?21o.29‘km (837.70 km of
primary and 1372.59 km dof secondary‘hiéhways)*were built
utilizing thjxfull-dgpth pavement technoidgy. During this
Atimé,.84:77 of fullédepth highways was recdnstructed
-(51.85 km on primary and'32.92;km on secondary highways)
;tilizing a different pavement structure and 36.24 km
changed ju:isdiction ;nd ceased to belong to the Alberta

' Tranqu;tation.highway nétwork. .

A BX 1982, it was thoughtbthat the full-depth pavements
displayed, on averagg, only about half of the expected A
pavemgpt.life (1). At this timé} a de¢isiqn was made to
d?écontinue the construction oﬁ full-depthApavemehts and to

o

investigate possible causes of their failure. -

¢

Figure 4.1 shows the cumulative kilometers of
(2

. full-depth pavements in the Province constructed and

o



‘ initiated in 1981 and cqmpleted in 1982. TheJP
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rehabilitated up to 1946. T » L3

4.2, Alberta’s Pavement Performance Prediction Models.

The t step in developinq a Pavement Management

et .
aystem in Alberta was to establish a Pavement b”'grmatlon >

f‘?p was ‘d,;
: S,is; a setM

of models by means of which the pavemernt performance can be
. ' .

predicted. These models.include three variables: Riding

and Needs System (PINS) (2) . The work on‘"

Cbmfort Index (RCI), Structural Adequacy Index (éAI) based
on the Benkelman beam defiections and Visual Condition
Rating (Vcﬁﬁ. The Alberta fransportation and Utilities
Visual Condition Rating‘procedare is given in Table 4.1.
These three variables were first dexeloped for three
different-ﬁavement types (grandfhr base, soil-cement base-
and‘full-depth asphalt éoncrgizrband,for three climatic:
zones in Alberta (southern, central and northern).

Based on the RCI, SAI, and VCR vlues, the Pavement

: : A I
Quality Index PQI was develo Th!& is a 51ng1e variable
whlch assesses a pavemens ﬂﬂll quality. |

The development of the mbdels was based on a data bank
developed,by the Alberta Research Council. This data base_~*
incLuded the results of pefiodic evaluation of the‘RCI;
Benkelman beam febounde, Vcﬁ; structure type\and pavement .

layer thicknesses, traffic in terms of ESAL’s and AADT's,
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subgrade soils, and rehabilitation ;edlures implemented.

Calculation of the predictive models are explained in
detail in Reference (3).
' Pavement lives for some full- depth pavement? as
predicted from Alberta’s performance models are shown Q1 (
.Table 4.2,

>

4.3 Early Experiences withtFuil-Depth Asphalt Concrete

Pavements N
4.3.1 Highway 2:48

By the e;rly 1980’'s, ir was observed that some
ﬁull-de;ZK,pavements in nlberra‘were not performing as well
as exéected. One such case is described in Reference (4).
The ccnsidered road is the primary highway 2:48 located in
Northern Albelta between Slave Lake and Kinuso. The highway
was constructed in stages. The subgrade was constructed
between 1962 and 1964, and after gravelling, was used up to
1971 as an improved surface. In 1971, the road was paved
with a 200 mm (8 in.) asphalt concretevlayer laid directly
on the subgrade which, prior to the pavement placement had
been reworked to a deprh of 150 mm (6 in.)l The highway
pavement showed structural distress b§ 1974 and it was

overlaid with an additional 125 mm (5 in.) of asphalt con-

crete. However, it was found after another 7 years," that

8s.
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the pav)mcnt was again very seriously damaged. At gleast 15
percent ok{tho pavement surface . wasg batched or.roquired
patching pr,soﬁe other form of rohabilitation.‘§ome alliga-
tor cracking\was as deep as 325 mm (13 in.,). In some cases
however, the fower pavement layer was intact while the
upper was fatigued.

Up to 1981, ﬁheﬁ“&n inspection took ‘place, the traffic
on the road was estimated ta be in the order of 300,000
ESAL. This investiquifn revealed that in 1981, thawing at
the bottom of the paQement started on April 14 and by May 8
it reached a level 950 mm (38 in.) below the underside of
the pavement. Another‘approximately 800 mm (32.5 in.) of
the subgrade was still frozen on that day. It is inferred
from the above that this subgrade layer was in a thaw-
weakening state for a period of 3 weeks.

A theory was proposed by Millions (1,4) which tried to
explain the behavior of full-depth pavements in seasonal
frost areas.

As explained by Millons the theory is based on s0il

consolidation phenomena. When a footing is constructed

on a very low permeable, 'fine grained soil, the load
imposed on the footing is taken first by incompressible
water thus the porewater pressure rises. With an
increasing load, the water slowly drains from the soill
causing the porewater pressure to drop gradually. The
more permeable the soi]l, the faster the rate of

‘porewater pressure disgipation. As the porewater

pressure is disgipa the load is gradually ,

transferred to “soil particles. However, this is not

the case where full-depth highways are concerned. The

duration of a highway loading is negligible compared to
that of a footing loading thus the drainage of water,

\'\\» under the short duration vehicle load, does not occur

or occurs at a very slow rate. This theory assumes

1 30 O

87
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further that under full-depth pavements, Wwater can,be
entrapped in a "bath tub" for long period of time,/ as
was shown in the case of highway 2:48. This water might
not have any opportunity to drain out anywhere causing
a weakening the subgrade and the entire pavement
structure. this point, there is a great risk of
approaching and exceeding the shearing strength of the
subgrade soil causing structural distress in the
pavegent. .

The turation of the subgrade, as described by un:/
theory, -can be caused by:

1) formation of ice lenses during the freezing period
2) the effect of hot days and cool nights. .

The first factor is generally well known although not
fully understood. It is obvious that frost lensing
occurs and, upon thawing, the ice lenses are a source
of the excess water in the pavement subgrade. The
second phenomena was described in a study of
temperature and moisture conditions under a pavement
(5). It was noticed that, at certain times, moisture
tends to percolate up through a pi%ement structure.
This' occurs during the warmer months of the year and is
most marked during the afternoon of clear, hot summer
days. _ )
In view of this phenomenon, an investigation of porewa-

ter pressure in a pavement saturated subgrade was consid-
ered necessary. To simulate field conditions, meagurements
of the porewager pressures due to high&ay loading were
pla9ﬁed. j

um»j‘Highway 22:32 was selected for such in-situ investiga-

tion.
4.3.2 Highway 22:32

This section contains a summary of the investigation
undertaken in-1983/84 on highway 22:32 as reported by
Plewes and Millions (1)

Primary highway 22:32 south of Mayerthorpe with
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.tull-depth payément.and sgcondafy road“570:0§ (the éenesee
Power Plant aécesd»réga) witﬁha pavqﬁént structure consist-
ing of a thickvaspﬁalt concrete layer and granular base
course were compared duriné\that study. ‘

These two selected highway sections were located in gng‘M
same general area thus they' had very similar climatic and k
soil envigonment. The both piqhwdys were built in the same
year, materials used were similar and, the thickness granu-
lar equivalencies were the same. Traffic volumes aﬁd loads
were low. For 5 period fromjl979 to 1983 tbe estimated
ESAL’s were 45,000 for the full-.depth section and 61,000
for the deep—stfength paveheht. '

In order to prove the theory described in the secﬁion
4.3.1 the poreQater prgssdres under the Benkelman beam
loads and its dissib‘ﬁién'after the load release was mea-

?nstalled piezometer readings were

1

inconclusive, thus the major objective of this study could

sured. However, the
not be fulfilled.

4.4 Performance of Full-Depth Pavements. Some Case Studies

in Alberta

*In 1978/79 an investigation was conducted at the
University of Alberta and the Alberta Research Council
dealing with a permanent deformation prediction model for

full-depth asphalt concrete pavements (6). The following

*
pEX
N

-
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case highways were examined durin% this study: |
1. Secondary road 794:02
2. Primary Q}ghway 15:04
3. Primary highway 16:18

Ohe of the purposes of the Uzan et al. 1nvestigatﬂi}un '
(6) was t¢ assess the possible effects of the asphalt
concretq"ﬁp) and the -ngrado (Eg) moduli variations
on thevrate of rutting. Assuming a linear elastic §esponse
to the traffié loads a new model for rutting prediction was
developed. An older model for prediction of permanent
deformation for fulf-depth pavements, based on AASHO Road
Test data, was earlier reported by Finn et al. (7-9) <

'hree pavement sections which are subsequently
described were investigated using the modified model.

- Subgrade moduli were calculated from the Benkelman
deflection bowl measurements following the Wiseman et al.
procedure (10). It was stated that loading times associated
with the Benkelman beam deflectgon measurements resulted in
Higher deflection values and 1od§r subgrade moduli than
those which could be obtained under moving loads. It was
suggested that in order to avoid these discrepancies a fac-
tor of 1.5 should be used to adjust the bowl derived moduli
to these reflecting real traffic load conditions.) This sug-
gested factor was based on experience with moduli derived
from'Benkelman beam deflection bowl analyses under static
and moving wheel loads (11,12).

The described work revealed capability of the modified
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model to predlct rutting 1n.full~depth pavements within
B Y .
reasonable llmlts. It was., found however, that the model was,]naw;
’; not. respon51ve to rapld 1ncrease of ruttlng experlence%\as a,’ -

- result of deformatlon w1th1n the asphalt concrete layer.

"

L
The 1nvest1gated case-studles are descrlbed as fellows

S RS
3

4.4.1; Highway 794 : 02
L » R BRY
Tha flrst full depth project examlned was'a secondary

h;ghway 794 constructed 1n 1973 whlch is. located northwest '

‘of Edmonton and leads to the town of Vlllenueve Near the.f

hwn two large g;avel p1ts are located whlch serve as a

.' agqregate suppller to the Edmonton metropolltan area.d.
It was obvlous that the road would be loaded dlfferently |
dependlng on the dlrectlon of; travel The outbohnd lane
wh1ch carrled heav11y loaded trucks was de51gned as 275 mm\
(11 in. ) thuck full-depth asphalt concrete structure and the ,f f
1nbound lane whlch would accommodate mostly empty trucks was.

-

175 mn (7 in. ) th1ck (12) The subgrade of the" road sectlon

] was a unlform, hlghly plastlc clay, de51gnated as a CH type'
of 5011 under the Unlfled 5011 C1a551f1cat10n.," '

,"’The average subgrade modu11 were 30 MPa (4400 p51 ) frome‘:'
: , N ‘

L0 1973 to 1977 and ZE‘MPa (3400 p51 ) 1n 1978 (6)

\

| The trafflc loadlng was 600,000 ESAL from. 1973 to 1980

when the road was overlald A ter the 100 mm (4 in. ) overlayeh

¥

ooo ESAL to 1986 but 1s nowf

) the hlghway carrled another 80

scheduled or rehabllltatlon du, to excess1ve ruttlng.

-



L9 Just above the mlnlmum acceptable level

4.4.2 HighwaY 15 : 04 - | Y

Another full‘depth pavement 1nvestigated was highway
15: 04 ThlS hlghway section ls presently 1ocated within the
11m1ts of the Clty of Edmonton. The highway was constructed
in 1971 1972\w1th the subgrade prepared in thé 1ate summer
‘of 1971 Two test sectlons w1th necessary lnstrumentation

were constructed at km 15 1 (9 44 ml ) and at km 17.6 (11 00

mi. ) ‘as measured from the bentre of the 01ty

o The spbgrade 5011pof the project was as an inorganlc , /
- clay of medlum plastlclty of a CL type Subgrade moduli wé;g[ ‘
'calculated by Dasmohapatra (13) from Benkelman beam deflee-“b
tlon ba51ns, w1th the" help of the CHEVSL computer program.

Uzan et al reported the subgrade moduli to b% }fy g

decrea51ng W1th t1me (6) These moduli were as fOl%?WS:

1971 - 72 39 MPa (5700 psi)
1973 - 74 . 26 Mpa (3700 psi)
1975 - 7717 MPa (2400 psi)’

The asphalt concrete pavement of thls S tion_was

de51gned to be 200mm (8 in.) thlck Howeve ;, due to construc-

‘ tlon varlatlons 1t was 180 mm (7 2 in. ) yhlck at km 15 1

ey )
'(mlle 9. 44) and 235 ‘mm (9 3 1n ),at km 17 6 (mile. 11 00)

/

. The con51dered hlghway carrled substantlal trafflc)

Wthh in the perlod from 1972 to 1982 was estlmated as .

‘ﬂ'l 300 000 ESALs. In 1981 the PQI of the pavement was 4 77 .
‘ \

Thls'hlghway-sectlon became a

v
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part of the c1ty of Edmonton Street Network when the sur- |
% roundlng area was 1ncorporated 1nto the City. In 1982 thls
highway sectlon was overlald w1th 100 mm (4 1n ) of asphalt
concrete and has served up to the present (August 1988)
brief 1n5pectlon.of thevhighway sectlon accompllshed in late
‘July, 1988 revealed‘low temperature transverse”crackihg is
present with an average frequency‘of 30 cracks per kilome—
ter. There is a 51gn of fatlgue cracklng in the wheel paths.

‘ These cracks are only sllghtly v151ble but they suggest some

4 -

rehabilitatlon measures should be undertaken.f

. 4.4.3 Highway 16 :18

T

A sectlon of hlghway 16t
b

Edmonton and was - constructed in 1969. The pavement structure
() i

consists of 300 mm (11 8 .in.) of asphalt concrete. Theiroad

els part of a four lane hlghway and is composed of ‘two medlan.

-separated roadways each 7.4-m (24.5 ft. ) w1de plus 3.0 m (10

| ft.) wide paved shoulders. - IR o iﬁﬁt'
The subgrade under the pavement 1s a low to medlum M

plast1c1ty clay, claSSLfled as a CL-CI type. The subgrade

- moduli derived from the Benkelman beam;bowl measurements.

Were relatively constant over‘the_years,and equaled 40MPa
(5800 psi.) (6). B

The number of 80 kN ESAL repetltlons “from 1969 to the

flrst overlay in 1385 ‘was estlmated as 3.4 mllllon. After
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T

the overlay with 75 mm (3 in. ) of asphalt concrete the

v,\ o

*pavement has carrled a further amount of approximately
600,000 ESAL.. -+ : SRR ' ‘
'Before the overlay in 1985 the PQI of the pavement was

assessed as 3.00, \

\A site inspeotion of the high;;y was perforned.in‘late
July of 1988. The 1nspect10n revealed that ‘three years
after oVerlay (150 mm) , the pavement ‘was in a very good
condltlon. The quallty of ride is Stlll very good, there are.
no v151ble 51gns of dlstress except transverse cracking of

~

low spacing frequency.

4.5' Rec7nstruction of‘Full-Depth‘Pavenents (Secondary Road
507:02) S o | . L
ln 1984 a sectiom’of tull—depth pavement structure of

the Secondary Road 507:02 was reconstructed. The existing

pavement wasﬁreplaced by the conventional structure with

gﬁgnular base.: _

o The'orioinal pavement section, 18 km loﬁg (km 15.46 to
km* 32,12) was laid on a ‘fine-grained soil. The‘soil‘Was
classified as a clay soil (CI—CH) with occasional pockets‘of
organic material'(l4) The liquid 11m1ts of the Soil were |
Ygenerally in the range of 35 to 60 percept The field mois-

ture contents‘were‘above the optimum content‘%y two to three

:percent and higher in some sections. |

The pavement was 9 m wide and consisted of 125 mm
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(7 in. )vof'asphalt layer {km 15.46 to km‘24 78 and km 26;02?,
. to km 32.12) and 150 mm (8 in. ) from km 24.78 to- km 26 02.
‘The surface of the or1g1na1 pavement was assessed to ‘be
-in a,falr condition. There was very dlttle cracklng and
‘rutting. Patched areas were present but thegwqfd not reach
more than one percent.of'the.pavement total surface area.
lt wasvfound that some patches Vere up_to 520 mm deep‘(14).
Several alternatives of the section reconstruction vere
considered The asphalt\concrete overlay thlcknesses re-
qu1red accordlng to the RTAC de51gn procedure, was 115 mm |
(4. 5 in ), and 145 nm (5.7 in.) in weaker sectlons.
However, because of an lnadequate w1dth and the wegiened |
-.subgrade condition 1n some pilaces, reconstructlop of ﬁhe

r?.

pavement was chosen as ‘the desirable alternatlve."‘ -

’&“556 Experience with Low-~Temperatu Transverse Crac ing

in Full-Depth Asphalt Concrete Pavements

‘Palsat investigated reasonsvof lov-temperature trans-
verse cracklng Wthh have been developed in asphalt con-
crefe pavements located in Alberta (16) . The maln'oblectlve k

of this research was to develop a mathematical"model.for
prediction of the'lowstemperature»cracking freqpencyiin
asphalt concrete pavements. ln‘this'inVestigation tvo mod-
els of cracklng frequency full—depth pavements Qere

. developed. In both these models only full- depth pavements

which had .not been overlald,'had not exhibited highly vari- -



ble cracking frequency from kilometer.to“kilometer,pand,v.u\"
_were constructed between 1970'and 1979, were considered. E
It was inferred from the investigation\that in order to

~ eliminate orx minimize low temperature transverse crac ing
the thickness of the asphalt concrete pavement should be
maximized and the original stiffness at critical ambient air
1temperature should be minimized ("s ftest" grade and type of
asphalt cement should be utilized).

4.7 < Performance of Full-Depth Pavements in Region 3

- In 1987 an evaluation of all fuli-depthfasphalt.concrete
pavements in Region 3 of Alberta.Transportation and
Utiiities»Highway Network was performed. The investigation
was undertaken.by the Alberta Transportatioﬁ'staff usiﬁgc;
| their Pavement Management System. The ebjective this

‘evaiuation was to examine the condition of fu&{ijz;;h-
pavements in the ﬁedion (17). : - |

| There are 456 km highways with full-depth pavements in -
thls Reglon< Of these 110 km are Primary hlghways. The
present status of these pavements was assessed in terms of .
the PQI , RCI, SAI AND VCI values. It was found that PQI for-'
“all full-depth pavements in the Region were 4.0 and 4.1 for
Prlmary and Secondary highways respectively. These low val-
ues were mainly due to a deficiency in the bearing capacity

of the pavements. The average SAI values. for the con81dered

pavement seetions were 2.1 and 2.0 for Primary and Secondary .



highways respectively The minimum acceptable level of SAI
is 3.0. The average RCI values for Primary highways were

' 5.37 and 5.67 for Secondary roads. The minimum level of-RCI;
iis 5.5. The VCI values were, on the average, 5.76 for the
maln nighways and 6.22 for the local roads. The minimum
.value’of.VCI.is eetablished as 3.5.

?

The described evaldé’ion'revealed that the actual
service life of the newly constructed full-depth pavements'
in the Region,is 6.7 years™for tneamain.roads and 6.5 yeare
for the local highways. The expected service life is 7.2.and .
6.6 years respectively. ) ' | ;QE

Some'oﬂfthe‘investigated'highways naye already received
.one’overlay. The expected life of these overlays is.7.2 and’
7.0 years for.main and'local'roads respectively.

The 1nvest1gatlon concluded that when a full- depth pave-v
ment has no or llttle structural life remalnlng, the

4

addition of an overlay Lsinot always ‘able to restore the
M,

pavement structural strength

4.8 Summary

4

From the above cited material one can draﬁ?two cmite
'different conclusions about behaviodr and’berformancevof"
full-depth asphalt;concrete_pavements in Alberta, Some high-
way'sections like sectionsklﬁ:ls, 15:04, 734:02‘haveybeen |
performing very'satisfactorily, despite qmite substantial

traffic carried by them. Soil conditions of these pavement
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sectionsiare representative for the overall Alberta soil o
~conditions i.e. the subgrade soils are usually of a olayey
type, fine grained, with low permaability and low to medium
frost—susceptibility.

There are also some bad examples of full-depth pavement
performancelas in the case of highway~22:3é south of Mayer-
thorpe or highway 2:48 west of SIave Lake. These highway
pavements exhibited failures very early after construction.
The sfructural distress wasg substantial and rehabilitation
in a form of an overlay was not a solution of the problem.

There aré.aléo'highways which-performance is doubtful,
e.qg, Secondary Road 507:02. Before recohstruction of this
highway in 1984 the full -depth pavement was generally in a
fair condltlon, except for some very short weak sections
However, based on the Benkelman beam deflectionvmeasurements
the pavement was assessed as very weak and required a very |
substantial thickness of‘overlay. ?he.decision was taken to,

..

reconstruct the pavement using different than full-depth

structure technology. Y : . ;

-

A very similar situation appears'to?be in the}case of
full-depth pavements in Region 3 of the Alberta Transporta-
“tion Highway Network. Deficiency inythe Structural Adecuacy
Index SAI of the full-depth pavements is the primary cause
of lom Pavement: Quality Index‘PQI.

The full-depth pavements cons%itute approximately 15 o
percent of the Alberta’s highway network and because they

are approaching their design life, a suitablé method of

b

~
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4

bearing capacity assessmeny’ié required and cost-efficient

~

—

methodgxof rehabilitation must be found as soon as possible.
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: . _ . - CHAPTER 5 T .;."(
"MECHANISI;C - EMPIRICAL' MODELS FOR”DESIGN AND T
'REHABILITATION | OF ASPHALT CONCRETE PAVEMENTS ) “\\'

’ . ' oo : ‘ \

.s.ly*éeneral (1 ; S e

For the two 1ast decades the mechanlstlc—emplrlcal
‘{,(analytlcal emplrrcal qua51-analyt1cal) approach of pave—
"gmentrdeSLgn, evaluatlon and rehabllltatlon has been galnlng
l;worldwlde acceptance “ o o

| Paveme;t structures 1n the analytlcal methods are usualaf
1y modelled as: | ' | |
- llnear elastic
- 'non llnear elastlc»
M.a;f llnear v1scoe1ast1cv‘ R -
";Q' non- -linear V1scoelast1c -
Other more elaborate models are also avallable, but the v

)
'1tnear elastlc model with elements Wthh taklng the«sub—

: v ;
oYL
.gradetand base non-llnearlty 1nto conslderatlon is- proba- wé@

' bly, because of 1ts relatlve 51mp11c1ty, the one most fre-k
vquently used In thls model a ﬁavement lS assumed as. a
multllayer elastlc medlum 1oaded veptlcally over one . or
more areas, usually of the c1rcular shape. To solve the ;d'
_problem analytlcally a number of 51mp11fy1ng assumptlons
'”’are necessary and are as follows (1): ‘

. mater1a1 properties 1n each layer of the multllayer

,‘—
\;

L. B cy 105 ,/ B




otk

' m5ystem are identical disregarding the locatlon withlﬁ_ﬁg

~the layer a L e

- each layer has.a finite thickness except for the
. . i lm i ‘ :

R .
¥ %

L= horlzontal dlmen51ons are Tnflnlte

s

subgrade -

- each 1ayer mater1a1 is 1sotrdp1c

A

’7(thls assumptlon is valiad only for some models. Other
B

models haVe been developed whlch can assume elther full

‘ frlctlon or frlctlonless 1nterfaces )

- surface shearlng forces are not present

- the stress solutlons are characterized by twu

It propertles for each layer i.e. elastlc ‘modulus w

Poisson’s ratlo.

"Certain'preCautiohs must be exercised when'an asphalt
| COncrete pavement structure is'analyzed witﬁ the use of'an
-elastlc model Flrstly, it must be recognized that the

a-modulus of asphalt\concrete is a function. of temperature

‘-and load duratlon, to mentlon only the most influential

(_/}

‘factors. Several different temperature - modulus

‘relatlonshlps have been developed as for example the

rAsphalt Instltute equatlon (2), or the Shell relationshlpf

vg(3){ Two such relatlonshlps have been developed for .

materlals used in Alberta (4, 5)

- there is full frlctlon between layers at each 1nterface
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v .

. 4 ’ e :
Secondly, the non- llnearlty of th;‘suerade should be
’ recognlzed Conventlonally, the subgra e ‘can be character-
_1zed by a sfress softenlng model in wh1 h 1ts re5111ent

non-llnear function. of dev1ator stress (6)

modulus 1s

*  The above mentioned re5111ent modulus 1s deflned as:
e .

MI;=‘dd/-wer o O (5
where o4 - deviator stress (the difference |
| between a total Verticalbstress 61n.
- and a’eonfiningistress g3) .
Ep - reéoverable'strain’- .

T

~_

- Uddin et al. (6) has: utlllzed\a concept of strain sensi-

t1v1ty Accordlng to thlS theory the strain softening behav-

iour 1s(exh1b1ted by granular as well as. cohe51ve materlals
and can be applled to pavement analysxs. The c1ted work
! states that the peak sheég straln amplltudes generated by

1%

the FWD areﬁapprox1mate1y the same as those.under thevde-

107

: sign load. It is concluded that in-situ mbdulihderived from

the FWD basins are the effective moduli and need no further

- corrections. _ , - : _ | SRS
At the beginning‘of the uSe of the mechaniStic'approach
for pavement,de51gn the maln 1nput values i.e. modull of
materlals and Poisson’s ratlos were based on the laboratory
testlng S h a procedure has been applled in the Asphalt

Instltute method (2), FHWA.lQ75vmethod (7), and the early

.‘Danlsh method (8).,However, a quest@gn’afises as to how the

Y
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pavement material elastic moduli obtained 1n ‘the laboratory
correlates w1th the m‘duli of real paVement materials. The
problem ‘of adequate simulation of real pavement conditions

1

and loadings in the laboratory 1s always of a great con-

cern

01d the above described difficulty a method for

,obtalning the moduli directly from in- -situ non~destructive
testing has been developed. The method employs deflection
basin measurements and the theory of elasticity to find the
requlred moduli. Thevdeflection bas1ns can ;L determinad by
-means of any multisensor deflection dev1ce, ‘but as it has
already been pointed out 1nﬁkection 2.3.1=the Falling
- Weight Deflectometer is considered by many»as\one of best
Vpieces of deflection equipment available at the present
time. | , | o |
Having the measured deflections and utilizing one'of
ma elastic 1ayer computer programs’(BIShR, CHEVRON, EL~
'SY::\Lre commonly used ones) the required'moduli of particu-y
lar pavement layers can:be computed using:the proceduredofi\
successive approximation. As a first step of ‘the procedure,
‘a set of initial or seed moduli needs to be assumed
(6,9;10). The closer the'assume%ﬁgalueS'are to the correct
moduli , the faster the convergence is made. '
Based on the seed modull, the pavement deflection can

be calculated using the elastlc‘layer computer»program.

Then the measured and computed deflection basins can be

v
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ﬂcompared If the two deflectlon basins do not match. then

~109

the assumed moduli were erroneously chosen. At this moment
Eme,iteration procedure should,be applied, subsequently
changing the pavement layer‘moduli, calculating the deflec~ -
tions and comparing them with the measured ones. To avoid
very drastlc changes the modu11 should be modlfled accofd—‘

ing to some rule, for‘example as suggested by Kilareski and

” pani (9): S R o E v

Ej NEW = E5 Bro* (D3/2 + B3/2)/D; - (5.2)
‘where Ej, NEW - new elastlc modulus of ‘layer "i", |
El,OLD - seed or old elastic‘modulus of layer "i"
Dj' ‘ —~deflection méasured,by sehsor'"j"
Bj —‘deflection calculated,for distance of

sensor "j"

.0

The procedure should start from the subgrade modulus,
calculate deflectlons and compare ‘the measured and ca%&u%at-
- ed deflections. If they do not match a new subgrade modulus
. should be'choseﬁsaccording to_the‘above'equatiom, uhereas'
the‘moduli of the‘other layers'should stay unchanged. After
a new set of deflections is calculated and compared with
- the measured ones the modulus of layer overlaying'the‘sub;
grade has to be modlfled The procedure repeats for all the
‘pavement layers and if the convergence is not yet accom- |
plished should be started again with‘the subgrade modulus.
The:iteratiohs stop when the chosem convergemce criteria.

are fulfilled. For example the UniVersity;of Nottingham
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b. method (10) employs tqix convergence criteria. for the modu-l
li and for *the deflectiqﬁs.

When the mechanistic procedure of pavement design is
|’used a question arises how the deflection data should be
treated. One approach is to backcalculate_the‘elastic modu-~
1i for_each point[where deflections'were tested. Suchian
approach can be very time consuming unless a very fast’
computer or a program utilizing a very fast algorithm is
used. The ELMOD computer program is one'example of such an
approach (11,1é,l3). Uddin et al.(6j follom‘the same con-
cept stating that an "average" deflection basin obtained
 from all measured basins of a considered pavement section
is not a rational method of analysis. |

Richter and Irwin (14) agree with the above suggestion,
but, ask how the all calculated overlay thicknesses (based‘
on earlier found~moduli) for each tested point should be
treated. According to them the strict use of any design
procedure does not make. use of the acquired information on
the variability in the pavement and also an overlay
designed this way can be'unduly influenced by a few
eXcessively weak test points. &aking the» bove into ‘account
they propose the following procedure of overlay thickness |
selection |
1) _calculate the required overlay thickness for each test

point, | - N
?x determine proportion of the.tegf results which reguire

zero or a very small\€Verlay thickness,
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- Mf a ﬁﬂ:gg_ngmpg: of test points require a very thin
overlay then spot improvements for locations which need
overlay should be considered, v

= if, however, a §m§;1_ngmpg; of test points require a
thin overley still some spot 1mprovements can be

*considered but thepoﬁerall length of the considered

&E}yement seotion snouid be also‘overlaid.'The 85th
percentile overlay thickness can then be determined

: taking‘the all nonezero'overley_thicknessvtest pointé' '
excluding pointe selected for the spot improvements.

The described study which used 250-foot and 50-foot

test éection spacing reported the neEd for.short intervais
‘between test points;tThe tested pavement Showed'a very hign
variabiiity in the needed overlay thicknesses. It was'be-‘
lieveaithat veriationsiinﬂthe moisture content of the upper

subgrade soil was the reason for this high Qariability.

Some agencies, as for example Transport and Road Re-

'search Laboratories (TRRL), advise spacing to be in a range

of 12 to 25 m (15) . Taking into account the use of the FWD,

~which productivity is very high and as reported approaches

250~points-per day (16), short spacings. between tested

points should not be a problem.

4 A}

‘Marchionna et al. (17) propose a different answer as to

variability in layer moduli. They assume fatigue cracking
is responsible‘fqr~the‘asphelt concrete moduli variations
and therefore variations in a pavement Etrength. The moduli

. [
of the asphalt layer will degrade from an initial value

?
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. . ' . Bl . . ] ‘;‘1(""'-: g - ‘
(Eg - sound ‘material) to a final value Eé'éf“@dmpletely

§

cracked asphait concrete layer..The valuezsf Eq is no;
affected by the temperature and it iS'assumedzto be in a
range ofNIOOOVMPa'(145,000 psi). If the calculation based
on the'FWD measuremenﬁ shows that the asphalt modulus En
is smél;er than E (Eg > E; > E;) Marchionna et.

al{ conclude that some thickness of the asphalt concrete
iéygr'is completely cracked. Based on this'assumptibn,‘and
using‘simple relationships, it is possible to find'the

, A
- thickness of the cracked part of the considered asphalt

. . &
concrete layer (see Fig.5.1).

At this point it is worthwhile to'point out that ARE
Inc. in their work (7) as well as Monismith et al. Ela)

" assumed 483 MPa (70,000 psi) for a>completely cracked
_ asphalt concrete; '

In addition to the two approaches of non-destructive
testing evaluation i.e. treating just one representative
("average") set. of moduli of a homogenoué section or treat-
ing thé all moduli obtained in each test point, there_are‘,
also some other possibilities of data treatment.

One such approéch based on kiewit et al. work (19)
considers subdivision of a'highway_link‘on-homogenous sec-

tions based on some values derived from the deflection

- basin measurements. The considered values are:

~ scr - surface curvature index scI = dg - dl» (5.3

This index indicates the'pavement surface properties.

- BCI - basg curvature index BCI = d5 - dg ‘ (5.4)



The BCI indicates the base propertiés
- SPR - spreadability index »

SPR = (do+d1+d2+d3+d4+d5+d6)/7*do » (5.5)
where d, to dg are the FWD deflections

The spreadability indexvgives information about the

E;modulus ratio of the surface and subgrade layers. A large
value means ﬁhatlthe bounded layers do have a good
potential to spfead the induced stresses over Fhe subgrade.
Figures 5.2 and'5.3 shows the indices for a highway
section.

Molenaar et al. (20,21) reported correlation between

'SCI and the equivalent layer thickness (h,) and also

related the subgrade modulus to the farthest FWD reading.

This sensor was located 2 m off the loading centre. The

value of SCI was defined there as the'différence between

fthe central deflection and the one 0.5 m off the center.

The h, value for a three layer structure is defined as

follows:

x-,u"" N ‘
hé%fha*z/—ﬁl/g/—fz*a*hzi/fz/\/:‘ E3

(5.6)
where E,,E,,E5 - moduli for surfacé, base and
subgrade respectively

h,,hy thickness of surface and base layers

a = 0.85 for flexible layers
A very comprehensive analysis on the most beneficial

the FWD sensor locations to obtain the best possible data

was inﬁroduced by Brown et al.(10). In this investigation a
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number of four layer pavement structures were analyzed over

a wide range of varying cknesses and moduli. The study
has revealed that to getqgiglity data, the measuring sen-

sors have to be located at certain distances off the load-
ing poiht. , /

5.2 Residual Life and Overlay Design

Having‘the pavement layer elastic moduli cbmputed (in
the case of full-depth‘pavements the asphalt and the sub-
grade moduli) and using the elastic-layer theory (by means
of. the available computer programs: for example DAMA or
ELMOD) the design or the expected life of considered pave-
ments can be calculated. The life is usually expressed in
térms of the equivalent standard axle loads (ESAL) repéti-
tions to reach the terminal leveiKQetqrmined for this type
 of pavement structure. ‘ B

As the asphalt concrete modulus decreasés with time the
number of load repetitions which‘cause failure also de-
crease. Howéver, it should be emphasiied that the relation-
ship is by no means linear. As pointed out by Claessen et
al.(22) and also by Brown et al. (10) the decrease of as¥
phalt concrete moduli can be divided into thrée different
periods. After an initial, quite ;deen, but relatively
small, decrease of the AC modulus a phése of:Véry slow

decrease of the modulus with continued load repetitions

occurs. The last phase can be described as a failure state

114
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because the AC modulus decreases very rapidly as the termi;
nal life approaches. The above phases are schematically
shown in Figure §.4.

The residual or remaining life of a pavement can be .
defined as the difference between the expected design life
, and the life alre;dy used in terms of load repetitions. The

idéaign life depends on tgk;design critéria used.

At present the most commanly used design criteria are
those limiting the tensile'éé;ﬁiﬂﬁon the underside of the
asphalt-bound Igyef, and those }imiting the vertical com-
pressive stré}n at the subgéadéysurmace. The latter criteri-
on limits the permanent deformation assuming that the rut-

" ting in the asphalt congnﬁpe itself is limiféd by proper
rdésign of the asphaltic mixture. Other criterion which
makes possible to calculate the permanent deformation inx;
the asphalt conc;ete has been intfoducéd in €he Shell proce-
dure'(3). ihe criterion has the following form: . | .
Dhy = Cy * hy * 0,4/5nix (5.7)
where Dh; - reduction in layer thickness
h; =~ thickness of the considered AC layer
CM - correction factof (takeé into account
the difference between static and *
dynamic asphalt behaviour)
Oay — average stress in the pavement under
the moviﬁd load

Smix - the AC stiffness

The Spiy is a function of the bitumen stiffness. The
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bitumen stiffness, in turn, depends on the number of load
. repBktitions, time of loading and the bitumen viscosity.
HaQing the maximum allowable rut depth established and
knowing the material properties, one may, establish an
allowable number of_léad repetitions.

An overlay, when considered as a remedy for a structur-
al weakness, is applied to alleviate the critical stresses
and strains in the existing AC layer. The overlay thickness
can be estimated taking into account the following équ§tion
(10,22,23): | :

Ng/Ngz = 1 - (Np/Ng) (5.8)

where  1-(Np/Ng;) = RL is a pavement remaining

life. _ »
N - traffic loading up to‘ gte
Ngj - number of load repetitions to failure

at the strain level imposed by traffic

npn )
Nq - expected traffic after overlay will be
placed |
Np, - allowable number of load repetitions to
failure at the strain level after the
overlay will be applied
The above equation is commonly used to estimate remain-
ing life of a pavement and consequently for overlay design.
According té Anderson et al.(23) determination of the

overlay thickness using the above relationship should be

applied very cautidusly. After rearranging of the above
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equation to the form as follows:

Ngy = Nyg/(1 - (Np/Ngl)) (5.9)
it is easily recognized that when Np approaches Ng,
i.e. the considered p;vemgnt approaches its design life,
the value of Np, and so the overliy thickness should ‘
approach infinity. In his work Anderson (23) neglects the
original asphalt layer‘and designs only to prevent fatigue
craéking in the overlay as an alternative concept of over-'

\

lay design. \

5.3 Review of Some Mechanisticlimpirical Models and.

Backcalculation Techniques

5.3.1 MAPCON

/

The MAPCON computer system is a composition of many -
coﬁputer'programs which analyze paveﬁent safety, service-
ability, structural capacity, surface condition and a combi-
nation of the latter three. The system has been developed
as an interactive set of programs which can be run on a
microcoﬁéuter. In this section only programs ahalyzing the
structural capacity will be considered.

The purpose of strﬁctural capacity analysis is to deter-
mine the ability of a pavement to withstand loads (24) .
Genet?lly two types éf data can be used to deﬁermine this
ability. The data, as it was introdpcé& in Sectidn 5.1, can

be obtained by evaluating material properties in the labora-



.
tory or by means of measﬁring pavement deflection bowls
using aﬁy multisensor'device.

MAPCON has six programs for structural analynih of
flexible pavements (25,26). Of these, two programs i.e.
DYNAFIT and FWDUT1S are for iterative backcalculation of
pavement layers moduli based on deflection basins obtained
with Dynafleét or the FWD respectively. Two other programs
i.e. HCF and FATLIF are designed for calculation o} pave-
ment fatigue life. MAPCON is also equipped with ELSYM5 and
GENDEF. The latter program is to calculate deflection basin
statistics, such as surface curvatur® index:(SCI), base
curvature index (BCI), separability (SPR) and also thé'gean
and standard deviation of the sensor readings.

DYNAFIT and FWDUT1S are interactive computer programs
which use subroutine LAYER of ELSYMS to calculate vertical
deflections corresponding to the load and sensor locations
availab1; for a number of deflection measuring devices, in
this case Dynaflect and the' FWD. Material propertieé
and/or thicknesées of the?bavement layers may be changed by
the user until the predicéed theoretical basin matches the
measured one. S

As reported (25)\Pany sédéies have demonstrated a
unique relationship between the fifth Dynaflect sensor
reading and the subgrade modulus. This rélationship can be
used as a method of estimating the subgrade modulus for the

first iteration. The first estimate of asphalt concrete

layer modulus can be basedkon a relationship between the
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‘_changes of the calculgte&'deflectlons. The descrlbed pro-

’calculatlon trlal.

‘modulus and temperature. Other propertles of the asphalt

concrete used may also be 1nc1uded in the relatlonship as

for example percent of air v01ds, asphalt contenf v1sc051—
\

fty of asphalt 'load duratlon, and so on. The’ Asphalt Inst14

"tute equation (2) may serve as a good example of such .a

relatlonshlp 0

Hav1ng the seed modull of the layers establlshed and 5&_

know1ng the layer‘thlcknesses,~the‘process ofhlteratlon mayn

fybegin. The moduli'should'bevchanged'using'a certain rule,

‘e g the one 1ntroduced in Sectlon 5 l, to avold sudden

=

o %

grams may plot the theoretlcal ba51ns produced for each :

In’ the case of cracked or. fatlgued ‘asphalt concrete

L3

' pavements the modulus can be estlmated u51ng the concept

developed by ARE. Inc. (7);“Crack1ngucan be dlvldedllnto,two.r

‘ ! L L . — . o ' ‘“:,

| _classes- 4{' o _ o “W“‘Jrh‘g' N

- Clags 2 fdcracks form a gr1d type pattern ﬁ-’”

Class 3= the asphalt concrete segments bécome loose
The pavement surface that has Class 2 cracklng may be

assumed as falled 1n fatlgue but because of some aggregate

‘1nterlock the surface 1ayer 1s cons1dered to have some

load-supportlng ab;llty The Reference (7) proposes a modu—'

lus of 483 MPa (70 000 p51) for such a pavement Class 3.

cracks lndlcate that a con51dered pavement has falled in

fatlgue and 1s approachlng a’ condltlon of very low servxce- _‘

'abllxty It has been suggested that a modulus value of 138
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-

/ﬂ‘{ w; ’
w%&”(ﬂﬁ 000 ps1) ‘be assigped in such a case. In both these
ﬁ ¢cases-the variation of the asphalt concrete modulus with
temperature is not cons1dered' - 8

I ? ’
awVMonismith et al. (18) have suggested that determination

2120

" of the asphalt concrete modulus of a pavement section based

on the‘above descrlbed'concept can- be accomplished as
followsr

1. A surface with less then 5 percent Class 2 cracking may -

[

" be 'tré%,a‘f'ted as intact. PR ' - ' |

2. If the_amount of3Class 2‘cracking'is‘greater_than 5
”percent-but‘the.amount of'Class'j cracking’is less than 5:
percent the layer moduli may be estimated to be 483 MPa
(70,008 psi). ' -
3. If the amount of Class 3 cracking is greater than 5
percent the modulus of the asphalt pavement shoulg ge as-
: ‘fgned value of 138 MPa (20 000 psi). |
The MAPCON system utilizes two programs for determina-

tion of pavement fatlgue llfe 1 e. HCF and FATLIF. During

development of the programs it was believed that direct use

}pf the elastic la¢;r theory would be prohlbitively time

o consumlng and so prohibitively expen51ve. Because of such ay

belief 1nstead of using the elastic layer theory a set of

fﬂf regre551on equations has been developed Fifteen regression

'equations have.been requlred for analy21ng fleX1ble pave-

¥

' ments. Of these, seven equations are required to determine

lthe unknowns ‘in flex1ble pavements with granulgg baseB and ‘

eight for the pavements w1th stabilized bases. The unknown .
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values are' moduli of surface, base, subbase, and subérade
'all under the Dynaflect loag; Bubgrade dev1ator stress both‘
under the Dynaflect load anh the design' load (80 kN or FWD
load), and tensile‘straln in asphalt concrete for the
design load Additlonally, the tensile straln in a
stahillzed base under the design load is needed.

To obtain the required relationships four factorials
were needed: | . | o
 1.'Dynaf1ect load, granular\bases.
2.,Dynafiect load, stabilized‘basesrl
3,280 KN load, granular bases.
4. 80 kN 1oad,é§@abilized‘bases;
Each of‘the’factoria{s‘consisted of seven factors
‘(El,Ez,Eé,E4,b1;D2,b3) at_three'leveis (low, |
t?edlum, high) (where E; are thevpaQement layer moduli and
\Di are the layer thicknesses) 'The combinations were run
u51ng the eﬁastlc layer program and data obtalned by this
means served as a base for a stepw1se llnear regre551on
a;alys1s to develop predlctlve models of the varlables
The HCF computer program 1nput~can be either as
Dynaflect deflectlons or moduli of pavement layers estab- .
llshed in the laboratory If the Dynaflect deflectlons.are
“the input, the HCF usgs the‘elaiglc layerﬁtheory regress1onh
equatlon to estlmate the moddil. The e&uatlons are shown
elsewhere (27). Fatlgue-llfe of asphalt‘concrete 1ayerkls

| Calculated'using the equation of Finn et al. (28):
‘ o " o
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10gN¢=15.947-3. 291*109(6/10'6) ~0.854%10g(E /103)

S : | R S (5 10)
For the asphalt stabillzed bases a 51milar relatlonship
takes the following form: ., —- o
| 1ong=13;31-3.7053*16g(e/1o‘5)—1.6584ilog(E*/1q3)

' L | O (5.11)
where € 'is the tensile.strain-at the bottom of the
asbhalt stabilizeo layer
E* is the asphalt.concrete‘modulusa

If the.fatigue:life.of the asphalt treated.base‘is
shorter than the fatlgue life of the surface layer the
procedure assumes that the base behaves as a granular layer
after 1t ‘has’ reached 1ts fatlgue llfe. BaSed on the above 3“
tassumptlon the total fatlgue life of the pavement 1s then
calculated.’ | o | |

FATLIF takes as. an input the results o'lection
basin matching ‘performe'd usinq&;the DYNAFIT o FWDUT1S pro-.
grams. The results contaln the tﬂgcknesses of the pavement
layers, the 1ayeys Poisson’s ratios’ and the iteratively
obtained layers' modull The program then uses ELSYMS to
h calculate the crltlcal stresses or stralns in the consid-.
‘ered pavement. The fatigue life equations, the same as
4described inuthe case of the HCF program, are employed to

.find the estimated fatigue life of the pavement.
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5.3.2 The Univefsity of Nottingham Method
?Pe“ﬁhiVersity of Nottingham‘procedure reporteg by

Brown et al. (10) emphasizes the use of the FWD as a very
" effective teol'fcr in-situ'determination'cf pevement elas;
"foc parameters. The def{ectidp basin shape induced under a
]%eavy,_faet”moving vehicle load and: also under'the FWD

| dropping’weight are directly'dependent‘upondthe elastic
propertles of each pavement layer. The procedure valldates

. that different pavement layers influence dlfferent parts of

the deflectlon bowl. The total central deflection at the

123

surface is an 1ntegratlon of the area under a curve descrlb—“

ing the vertical strain as a functlon of depth The contri-
bution of the subgrade‘to the area is very substantial.
;Typicaltcurres for the FWD defiection for a "weak" and a
"strong" fullﬁdepth asphalt concrete‘pAVements of 215 mm
(8.5 in.) thickﬁess on a medium strength subgrade are'shown
in Figure 5.5 éhd Figureﬁ5g6 respectively. It\iS'clearly,
visible rhah‘in the case of the full-depth pavements pre-
sented in these Figures almost the entire centralddeflec--
tion‘depends on the’sdbgrade as seen by the relative areas.
'uhder the Qertical strain versus depth plots.

Brown et al. (10) supported the,above_fact by emphasiz-
ing the necessity of cereful subgrade modeliing; In their
model the.sﬁbgrade‘stiffness'is modelled as followsﬁ'

Ep = A(Pg/Gy) B o o . o (5.12)

where E, is elastic stiffness of the subgrade
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Pp is a mean normai stress due to weight of the
- pavenent structure above the considered
| boint |
d, is deViator stress induced by wheel load
A,B, are soil constants‘
¢ In the described model the subgrade appears as a series
of layers which‘stiffnesses increase with depth,x
The Nottingham model assumes a similar concept of the
asphalt concrete stiffness deterioration Qith traffic,ioad- ¥
ing to that shown by Claessen et al (22) This concept may
now be valldated by means of multlsensor deflectlon devices
- as for example the FWD or Dynaflect. :
. The computer program PADAL is used in the'Nottingham
“modeivfor calculation of the pavement layer moduii.”The
. program incorporates a dynamic interactive procedure. Two
convergence criteria have been employed in the program, one
whlch limits tge calculated stlffness of each layer and the
other which limits the error between the measured and calcu-:
lated deflectlons.h
For a four layer structure, w1th two layers of asphalt
concrete, subbase and subgrade, it was found that the best
locatlons of the geophones to properly determine the layer

stlffnesses are:

- for the first layer of asphalt load genter

- for the second layer of asphalt - 200 mm off the’center
- for subbase - , di/db = 0.8 which

-means that the deflection at this position
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should amount to 80 percent of the central
- ' deflection | \
= for subgrade o | | 0.6 m andll.;hm‘from
the geophone specified for subbase
'.respectively : G d \
To'evaluate‘pavement structural condition and overlay
design two sets of the FWD deflection bowl measurements are
required. One set 1s obtained in the outer wheel paths
whereas the second one in between the wheel paths. The
latter*set relates to the pavement structure in its undam-
aged State. Then one representatlve deflection ba51n for v
each set of basins for a considered hlghway link should be
selected based on the 85thipercentilehlevel. Deflection
profiles using deflections dl,dl-d4(_and d; of the
FWD are plotted against the length of the considered high-
way section to help establlshing the representative basins.
Examples of suchvdeflection profiles are shown in Figure
5.7. By means of the PADAL computer program the elastic
analysis'of the selected basins is~performed and the ob-
tained moduli are compared uith the ones considered to be
typical. for the pavément_materialsvused. If the asphalt
‘concrete modulus‘falls'below 50 percent of the typical
value for tg.i type of mater1a1 it is consxdered that a
failure of the asphalt layer has taken place. Further analy-
sis is carried out assuming this layer as a very good granu-

lar layer. The modulus assiéned to so ‘defined layer should'»

be limited to the modulus of granular layer (200 to 500 MPa
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or 29,000 to 72,560 psi). If, hovever, the modulus is still
reasonable the remaining life analysgs is performed.,ln
‘order to find the overlay thickness fulfilling future traf-
fic requirements a plot of overlay thickness versus maximun
tensile strain atithe bottom of the asphalt concrete layer
is produced. The calculations to produce the plot and the
plot itself are based on‘three initially chosen overlay
thicknesses.(ﬁfter establishing theﬂmaximunvallowable as-
phalt strain it is possible to read’off the reduired over-
1ay thlckness from the plot by taking the thickness which

just satisfies the maximum allowable strain criterion.
5.3.3 Danish Method and ELMOD Computer Program

The Danish method is quitevdifferent from the all other

methods disCussed._This is due to the fact that an "approxi-
(mate" solution is used-rather than an "exact" elastic layer
analysis represented by such programs as CHEVSL, ELSYM5, or
BISAR. However, the exactness of any method depends whether
the assumptlons on wh1ch the method 'is based are correct

(11). In the case of the above stated elastlc layer theory

- W A
[ J

programs the assumptlons slmpllfy‘the real pavement situa-
tion'exactly in the'samefbay as ln3the approximate Danish

KA

method. Ty
The Danish method?is based on a combination of Ode-

7 . . . j
mark’s solution and Boussinesq’s equations (11). The method

has been developed'gicause of it'simplicity (very fast

.



algorithm) an& gso the ability to be applied in a very large
computer simulations as those required for Pavement Manége-
ment Systems where the pavement response has to be calculat-
ed a large number of times. | | .

The principle of Odemark’s method is to transform a
system consisting of layers with different moduli into an
equivalenﬁ system where all the layers have the same modu-
lus, and for which Boussinesq’s equations may be used.
Figure 5.8 explains the principie of the Odemark’s transfor-
mations. Generally the Odemark’s transformations for a two
layer pavement structure are: |
- Qﬁen response iS calculated above an interface, the

structure is treated as a halfQSpace with modulus value

of E, i.e. the upper layer

- when response is calculated below the interface, the
upper layér moduli will be equal to that of the lower
layer but its thicknesé is changed tq obtain the same
stitfﬁess of the upper léyef. : » )

This new thickness is called the equivalent thickness -
and for a two layer structure is calculated using the fol-

Q: .
lowing formula: ‘

he=f*h1*(gl/Ez*(l-uz)/(l-uf)_ y1/3 .(5.13)
where ~ h, - equivalent thickness
Eq,Ey =" layer 1 anq 2 elastic mbduli
u; ,u, - layer l"aﬁd 2 Poisson'’s ratios
h, - thickness of layer 1 .

f - correction factor
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The correcﬁiop factors f are applied to obtain a better ‘
agreement with the exact elastic theory. A set of the fac-
tors for ca}culating different pavement rasponses'was dovcll
oped and is reported elsewhere (11). \
Accordin&ito the Boussinesq’s formula, the ve:tical

stress at any depth below the earth’s surface due to a

point loaé;dan be calculated as follows (1):

0, ='k*P/z2 : (5.14)
and ,C“y’ '
./;'/ H :
k/— 3/ (2%3. 14*(1+(r/z)2)5/2) (5.15)
7o
: wheré r - a radial distance from the point load

v z - depth below earth’s surface

/ i : ) .
Accordingly other stresses, strains and displacements

can be calculated from other Boussines&'s equations which
can beﬂfound'in Reference5(11)2 The eqﬁivalent thickness is
substituted for a "z" value when the pavement responses'
/

(stresses, stralns and sd on). are to be calculated on -the
layer’s 1nte;face.  ‘J

‘The ELMOD computef program is able to calculate the
layers modd®li based op the FWD deflection measgrements.
Practically the progrép is capable to determine thé layer
moduli of aSphalt concfete, base course, and also the sur-
face modulus and two néb-linear subgrade parameters C and n
(29). To find the five &nknown at least 5 deflections of a
deflectlon basin should be measured, but preferably 7 de-

i

flect;ons should be determlned
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The surface modulus at the equivalent depth hg = r
where-r>2%a r - distance off the load center ‘
a - the radius of the loading élate
can be calculated from (11,29,30): ‘
Eo(r)-(aotaz*(l-uz))/(d(r)*r) 1 | (5.16)
where 0o 1is the contact pressure -

d(r) is the deflection at distance r off the load

Before calculating the layer moduli the program checks
for the’subgrade non-{inearity by calculating the surface.
moduli for different distancés off the loading center. It
is possible to,tell from the generated plots whether the
subgrade’s behagiour is linear or not (11). If the subgradé
shows non-linearity, what is usually the case with
fine-grained soils, the subgrade modulus can be determined
from the approximate relationship (30):

E =My = C(0y/0 )P (5.17)
where C and n are constants (n is negative) and o' is a
reference stress equal to 0.1 MPa (145 psi). The subgrade .
moduli are determined by the program using the outermost
deflections in the deflection basin as these deflections
are.almost completely controlled by the‘subgrade'moduius.

After the subgrade‘modulus is calculated the moduli of
the stiffer layers (surfacevand base) are determined
throﬁgh an iteration process. Thelcentral deflection énd
the shape of the deflection bowl are ,considered. The sub-

grade modulus is ;hen-adjusted according to the stress



‘ level found, outer deflections are chegked and new itera-
tion %s carried, if it is still‘requi;ed. Once the moduli
of the pavement layer are determinéd the moduli for each
season, using the ‘environmental data, afe eséimated (11);
The program then calculates stresses and strains for each
layer interface (31). Miner’s law is subsequently applied
to determine the overall damage due to. the cumulative traf-
fic loading. The requirg? overlay is calculated by ensuring
that the critical stresses and strains for the design load
are not exceeded in the modelled. pavement strdcturé (31).

-~

5.4 Summary .

This chapter has introduced some mechanistic-empirical
models for the deéign and overlay desigh of asphalt con-
‘crete pavemeﬁts. Linear elastic theory with elements of
non-linearity (assumption of non-linear suEgra&e and depen-
dance of asphalt concréte moduli on temperature and load
duration) is the most commonly employeq procedure in analyz-
ing asphalt concrete pavements. The procedufe appears par-
ticularly applicable .to full-depth asphal; concrete pave-
‘ments.

When pavement bearing capacity data are ob;ained using
a multisehsor deflection device, it ié the best to treat
each deflection basin separately rather than use an "aver-

age" deflection bowl or a representative section. The de-

flection basin shapesushould be measured quite frequently

130
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along the highway link and the spacings ‘should not exceed
50 meters at most.

The concept{bf residual pavement life is very commonly
applied in various overlay design précedures, however, as
pointed out by Anderson et al.(23) this should be used with
caution, if not abandoned. -

In this chapter three computer program systems dealing
with the structural capacity concept have been introduced.
Each uses a different approach to pavement structure énaly-
sis for determininq fatigue life; MAPCON applies regression
.equations, PADAL, in the University of Nottingham proce-
dufe, useé a strict elastic layer fheory solutién aqd ELMOD
employs an approximate elastic layer theory based on Boussi-
nesq’s equation and Odemark’s transformatféns. Overlay
thickness estimates using ELMOD can be determinea'while
deflection testing is undefway. Ali and Khosla (29) report

that the approximate character of the latter program'does

not harm exactness of the results.
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where Estc:Eﬁ j.moduli of sound, cracked and

-.measured material respectively
Ug,u.,u, - Poisson’s ratio for the above

materials

If ug = u, =u - in order to find thickness of the
cracﬁed part o? the asphalt layer a system of two equations
with two unknowns has to be solved as follows:

1) hy = ho*(Eg/Eq) */3 + h* (Ec/Ep) /3

2) hg =hg +h.’
Figure 5.1 Equivalence scheme and relatjonships for a

cracked asphalt concrete layer
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When calgulating stresses and
strains above an interface or. the

- compression of the layer over the

interface, the system is treated
as a half-space with modulus Ey

4

Two-layer original system

\

When calculating stresses,strains

-and deflections at or below the
- layer above the interface, the

system are transformed to an .
equivalent layer with modulus E
and Poisson’s ratio u,, but wi%h
the same stiffness as %he original
layer '

]

Figure 5.8 Odemark’s transformations B
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CHAPTER 6

APPLIEATION OF MECHANISTIC-EMPIRICAL METHODS TO SELECTED

ALBERTA FULL-DEPTH PAVEMENTS

6.1 Introduction
% . : ) . :

This chapter is primarily concerned with the use of
hech;niétic-eméirica;”methods for structural evaluation of
some full-dep;ﬁ pavéments sélected from the Alberta‘s high-.
way network. These)ﬁoﬁfments canébe'divided into two
groups. One gEOup,was chosen by the author of the thesis.
 The selection was made to'coverfa great variébility of the
. Province’s climatic and‘éoil conditions, as well as‘pave-

ment thicknesses and construction materials. The second

group was chosen by tHle Alberta Transportation and Utili-
ties staff for a testing program run in September of 1987.
The program aimed at developing rélationshipé between
different non-destructive methods of pavement measorements
i.e. the Benkelman beam, Dynaflect and the Falling Weight

*

Deflectometer.

*

6.2 DAMA Computer Program.

The computer program DAMA was developed at the Universi-

ty of Maryland and served as a main tool 1n deVelopinq the

Asphalt Instltute thlckness de51gn curves (1). The program .

142
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uées‘the elastic layer theory concept for computation of
pavemént's responsqs.??he layef theory is introduced by a
modified version of CHEVSL computer program form. In the
case of full-depth pavements the responses considered as
critical are: tensile strain at the.bottom‘of tﬁe asphalt
bound layer and vertical compfessive strain at thé top of
the subgrade. Both asphalt and subgrade layers are
characterized by e?pstic moduli on a monthly basis. In the
case of the asphalt layer the moduli can be calculated;
using the Asphalt Institute regression equation, or can be
user selected. The mentioned rggreésion equation relates
the asphalf dynamic moduli with:

- percent of aggregate passing No.200 sieve, P500
- frequency, f |
- air voids content in compacted mix, Vy
- original viscosity of asphalt cement used, ETA
- asphalt content, Vg
- pavement temperature, tp
"~ what can be expressed as a functioni
E* = £(Pyggs £, Vy, Vg, ETA, tp) (6.1)
The subgrade moduli can be selected based on the approxi—
mate relationships:

%

‘Mg = 1500%CBR (psi.) or (6.2)

]

Mp = 10*CBR (MPa) ‘ (6.3)

where CBR is a California Bearing Ratio of the subgrade.
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The subgrade is modelled 'assuming its strength A
variabilit& throughqut the year. The lowest moduli are
during the thaw period and the highest in winter time when
the subgrade is completely frozen.

Monthly responses of a paveﬁent are calculated using
the described moduli and the appropriate thicknesses as.an
input. Based on the responses and selected distress critéf
ria, monthly'damaéés are computed. The expected design-
lives, in years or in number of standard axle load repeti-
tioné, are obtained. | ' |

The program utiiizes the following distress criteria:
a) fdr fatigque_

ﬁ=ie.4*(6.004325*et(‘3-291)*E*(‘°‘854)) (6.4)
This equation was developed by Finn et al.(2) and is valid
for more than 45 percent fatigue cracking of asphalt con-
crete in éhe wheél'éath area. The above equation can be
formuiated in a different form.,fhe form is shown below .and

was utilized in the program:

N = fox10Mrgixe (~£2)up*(-£3) (6.5)
M= f4[VB/(VV+VB)-f5] (6.6)
where N - number of standard axle loads to failure

€+ - tensile strain at the bottom of asphalt layer

i

EX¥ - asphalt concrete dynamic modulus (psi.)
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percent of asphalt cement cohﬁ;nt in mi
perceng of air VDids in compacted mi#
shift factor = 18.4

0.4325%107% & T

3.291 '

0.854‘

4.84

0- 69

b) for permanent deformation

The
- the
rutting

- the

pavements. Rutting can be llmlted to 13 mm (O 5 1n ) by

”

assumptions are made in the program-that:

asphalt concrete does not,contribute to pérmanent

*

if the mix is properly designed and constructed

S

subgrade is respon51ble for ruttlng in full depth

surface.

N

# where N

‘to be used for each distress mode. As mentioned f

1.365%10™ xe (=4-477)

-

q‘

number of ESAL repetitions to ré'ﬁ;“';
described rut depth.
vertical comprgssive strain at the s

surface.
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Institute regression equation. They may also be determined
based-on laboratory testing or non-destructive pavement

testing supported by a backcalculation technique.

6.2.1 Preliminary Analysis Using DAMA

-

In order to determine thé'performance of ‘full-depth
asphalt concrete pavements.iqcated in Alberéa highway sec-

- tions have been‘séLgfted forhiaalysis using the computer
program DAMA. To ruhtthe‘progfam the following information
are requirea.as input data:
ly - the amount of air vdids in the asphalt mix in percent
2. asphalt cement voluhe in percent _ c
3. percent of aggregate passingigp.%go’sieve * l ‘
4. viscosity of the original asphalf‘at 70' OF

‘month when pavement was opened to traffic

thickness of asphalt layer

'+ .7. number of ESAL’s repetitions per month

| ‘The above information was obtained from Alberta Trans-

portation and Utilities Laboratory using weekly construc-

tion reports or pavement inventory data base as sources.
lThe mean monthly air temperaturés, also required as an

inputyware based on the Environment Canada publication (3).

Tﬁe summary of these data acquired fog the selected pave-

ment sections are shown in Tables 6.1 and 6.2 respectively.

The subgrade moduli have been estimated from CBR values

; according to the formula 6.2. It should be emphasized that

1
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the CBR gest is not routlnely performed in the Alberta o
Transportation and Utilitles laboratory to quantlfy the
subgrade bearlng strength As such 1t can only be 5

L approximated based on available 5011 data. Present“subgradeﬁa
‘guallty control procedures are based on achleved den51ty

. and moisture content Informatlon regardlng den51ty ‘and _f
m01sture content although carefully stored 1n the weekly

*,construction reports, are of " llttle value when estlmates of

a

‘f‘the subgrade modu11 .are of concern. K ‘ _
‘ Another way of calculatlng the subgrade modulus?values ‘ g;ﬂt
”»1s by u51ng the Group Index and a correlatlon charﬁ To »f*
,‘dobtain the Group fndex, the Atterberg llmlts and 51eve
‘d,analySLS of a COnsldered subgrade 5011 are required Usual-‘
F:lly the. 5011 ldentlflcatlon data is acqulred at the prellml—
.5nary stage of hlghwayzﬁe51gn, therefore 1t 1s not certain

4

"nwhat type of 5011 1s actually placed in the subgrade top
':layers. - ’ A ' R
' All the above cons1derat1ons support the 1dea that
’ establlshlng CBR values from the outllned sources,_and»then,,
,estlmatlon of the subgrade modu11 1s of a doubtful value
_tHowever,}because no other method was avallable, thls proce-v'
dure was utlllzed for the flrst set of DAMA analy51s.lfffb°b
| Khoga11 (4) has found that the subgrade modulus 1s the
V?most 51gn1f1cant factor 1n calculatlon of pavement desxgn
fillfe. Thls fact 1nd1cates that the method of u51ng CBR

;ivalues for subgrade modull estlmatlon should be applled

fiw1th great cautlon.
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‘condltlons. The serbcted highway ‘sec

'two—lane kllometers, that is abou’

L | [ o g
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nghway sectlons were chosen. that a wide range of
| fgal depth paVements in the\ﬂggzié/e\of Alberta‘could'be _
analyzed Con51deratlon 1nclude limatic, soil and traffic

"constituted 140 7
ui‘percent of the

Prov1nc1a1 full—depth pavement network

. !4. .

The subgrades ‘were approx1mated by the approprlate

estlmated CBR yalues, and seasonal varlatlon of the sub-

grade strengths were modelled as 1llustrated in Flgure 6.1.

It 1s assumed that thls adequately descrlbes the subgrade

_s011 strength and 1ts varlatlons throughout the year The

,./L R

Ay

:full-depth pavements in Alberta would be necessary to

'perlod of w1nter freeze 1s extended to flve months. The

perlod of crltlcal sprlng thaw contlnues for two months.

A

'Thls 1atter assumptlon is based on the flndlngs of Eaton

(5). As reported‘by Eaton the 127 mm (5 1n.)‘full-depth4

~ pavement section'tookvzs days for thawing compared to four

'days.forlitsiequivalent conventional counterpart‘ A'through{

-1nvest1gatlon into the subgrade modu11 varlatlons under

o~

'better descrlbe the subgrade strength varlatlons throughout

‘the year.p o

‘In thesprellmlnary DAMA analyses the or1g1nal Asphalt

Instltute crlterla for fatague and permanent deformation

'were utlllzed Cumulatlve damages for fatigue and permanent'

'deformatlon were computed They were calculated as ratlos o

.of the actual number of ESAL repetltlons up. to 1987 to an. A"

'%allowable number s determlned p51dg the program. For the

. . A‘
” o ‘; RO Ly
0 -% . . B

IR
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_overlaid or reconstructed pavement sect*qns the cumulat ' ‘
damages were calculated just ;efore rehabilitation. Re ults
indicate very 1ow 1evel of damage and thatthne of the
t‘selected full depth pavements reached their fatigue Iife

and only some reached or exceeded terminal levels for. perma-
nent'deformation.'kesults‘of these ;nalyses are shown in |
Table 6. 3. | o _’u b . ,‘.

’ Subsequently, two sets of the DAMA‘analyses<of the .
‘selected pavements were executed but this time w1th differ~
ent fatlgue criteria (i e. second Finn criterion for less
“than 10 percent fatigue cracking and Danish crigerion)

_both-these cases the permanent deformation criterion-re-

malned unchanged Results are dlfferent but the general‘ _ .

rtrend i. e._low levels of damages are recognized Results- of

these runs are illustrated in Tables 6.4 and 6.5
0y , .

¥

-respectively, C T ’

v Assuming 46 pércent remaining life as a threshold o
‘value, one may say,.based on the above results, that only
very fe& pavements require some: form of sé@sctural ]
-'rehabilitation. 's@aff ﬂ i‘_ 'f ’ ?ﬁ [_1»;?f
‘ ghe described prellminary analy51s uSing‘the DAMA pro-;f-
gram shows that the subgrade modulus has a Very greaﬁ-influ—
,ence on pavement llfe. The analyses also show that the
Danish fatigue criterion is the most conservative of the
| three in the case of thin asphalt pavements i.e. for high
horizontal strains developed at the bottom of the asphalt

‘layer.>When,;1n turn,;thick fulljdepth pavements were

-

)



- rion was the least conservative.

¢ I A )
: % ] M . : . ' i1.50 »
considered (i.e. the strains were relatively low) the crite-

Taklng into account all the above descrlbed preliminary o

analyses 1t 'should be recognized that proper structural

b *

‘ evaluatlon of the subgrade as well as proper selection of

-distress criteria are of a great concern.

It was dec1ded tO»select two of’tﬁe three mentioned

~fatlgue crlterla i.e. the Danlsh crlterlon and the second

Finn criterion for further analyses. The second Finn crite-~

v

rion was developed based on the AASHO Road Test (2),° and.

‘predlcts the number of load repetltxons to produce less

than 10 percent of fatlgue cracklng in the wheel . paths. It

{
is belleved that this amount of fatlgue cracking would be a
threshold value. Beyond this p01nt the structural 1ntegrity ”

of any pavement could be drastlcally reduced ‘The second

=lF1nn fatlgue equatlon has the follow1ng mathematical form:.

logN=15.947-3.291*log(ét/10_65-0.854*log(E*4103)‘
| | | (6.9) g
where N allowable number of load, repetitions

€¢ max. horizontal strain at the bottom of AC ‘. 7%

playerk : . , . S & |
E* asphalt concrete dynamic modulus (psi.). -
. - ) ‘W ) ‘ . . . .
- gﬁ

"@"". " v - S
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6.3 The Falling Weight Deflectometer testing on
S .

| vFull—Depth Pavements.

Y

LNy

" . . ‘ ,
"mwseveral studies -have been carried out over the past few

A K ‘ ,
§e§rs using the FWD as a main tool for non-destructive .

&vement test;ng, however;, none of'them‘were concerned with

i

&
gfull-depth asphalt paVements All the studies have indicat-

'ed thd FWD is reliable and advanced measurlng device for

non-de&tructlve pavenment . testlng At the present tlme,'

a
however,knon-destructive testlng is still performed using

'j_various ylffer%§§§equmeent and because of thls many hlgh-

B
- section. I

*

‘way agencaes d651re correlatlon of the FWD w1th the other

v

measurlng dev1ces.
‘\
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One such attempt was accompllshed in IndJ!La 07) Anoth-~

#

er 51m11ar study was performed by Alberta Transportatlon

and Utxlltles, whlch w111 be . descrlbed in the follow1ng

Y

6.3.1 The FWD Testing in Alberta

; In,théﬁfall of 1987 Aiberta‘Transportation'and Ut%}i-

'tLes inves%igated Cerelatioﬁsbbetween three NDT. devices

i.e. the éenkelman beam, Dynaflect and the Falllng Welght

M'

‘Deflectométer. The flrst two are routlnely used in the

hfprovince,:Whereas the thlrd plece of equlpment was evaluat-

ned for posslble purchase. The three deV1ces were used in a

| slde—by—s1de test;ng‘on;selected“hlghway sectlons, The

.3&.
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- structure of the chosen highways reflects the‘compositidﬁ

of the Alberta’s Highway Network.'The network is composed

. Qf 65. percenfeof conventional asphalt pavemente, 20 percent

.of asphalt pavements with the soil cement base courses, and

V; .
£

15 percent : full -depth asphalt concrete pavements (8) . The

selection of the test sections was based on previous Benkel -

man beam and Dynaflect deflection profiles and was aimed at

Vexamining pavements which offered a wide range of deflec-

tions. -
3

Five sectlons w1th full -depth pavements were selected.

Table 6. 6 prov1des some important lnventory data regarding

" these sectlons. T - N

A total of 239 test points were investigated. The
pointsjwere located every 60 m (200 ft.) along a highway

lane. The deflection measurements for the opposite lane
9

were also 60 m (200 ft ) apart, but they were 30 m (100

ft ) offset compared to the first lane. The study showed

as expected that deflections measured on the full- depth

‘pavements were more temperature affected than for the sec-

tlons w1th other structure types. It has been found that

the correlat;on coeff1c1ent between the Benkelman beam and’

: Dynaflect was higher that the one between the‘Benkelman
bean and -the FWD. Despite the existence of a correlation

j;between,the'Benkelman_ﬁeam.and the FWD,,this relationship'

should beyﬁeryfcaﬁtiously applied[ihavinq in mind different
measurement‘doncepts utilized'byvthe two devices. Table 6.7

g1ves pavement deflectlons of the seLected full-yepth
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concrete pavevements as obtainedyusing the three

_ considered deflection ‘measuring. devices. In the case of

Benkelman beam?

BT ‘ TR

i\ TL!,“\VE‘»)
LR

Fing
<f§1ections the mean is based on temperature

.

N

}1 corrected deﬁlection values.
‘ P ‘ .

6.3.2 Moduli Backcalculation Using ELMOD Computer

Progranm.

In March of 1988 analyses of the pavement sections

tested in the fall of ~1987 were conducted (9) . Deflection

‘basin measurements obtained*using the FWD were analyzed

utilizing’ the Dynatest ELMOD computer program. The work was

performed by John Emery Geotechnical Englneerlng lelted of

_ Downsview Ontario retained by Alberta Transportatlon and

Utilities. Based~on these measurements, the pavement layer-

‘moduli at each test point were calculated and subsequentlyl‘

*

.asphalt

between

the required overlay thicknesses computed. The calculated

moduli of-the selécted fullfdepth:seqtions ranged

150 arid 10,760 MPa (21,750 to 1,560,200 psi.) with

S

the pauement test temperatures ranging between 8 and 25

Ocr“The

overlay

in.). A
results
In the above deplcted prpcedure certaln assumptlons

were necessary 1n order to estlmate th

A
subgrade moduli were not as dlspersed and ranged

to 288 MPa (5 220 to 41,760 p51 ) The requlred

thlcknékses were between 0 and 239 mm (0 and 9 5
W .

more detailed descr”:fldh of the analyses and the~

v -

may be found in Refere:ce (9). o S ,gﬂj

.

f,“ BN

e& .&
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' pavement failure. Failure of the asphalt layers was defined
"as, the occurrence of the first fatigue crack at the bottom

of the asphalt layer under the maxlmum allowable number - of

load repetitions. The fatlg.e cracming formula developed in 1
‘Denmark @?g the foffoWlng form (10) o

I

€L = 0. %ozzs*n‘o 178 (6.10)

’ . o, F
where: . o d

€ + = max. strain develbped at the bottom of AC layer-

N number of standard load repetltions to failure

For unbound materlals,rincludlng subgrade, vertical
compressive straln of -the top of the layer 1s the critical
value. The equation predlctlng the decrease of Present
_Serv1ceab111ty Index (PSI) of 2 was used 1n thls analysis

and had the follow1ng mathematical form

€, = 8.34*N1 3°Zf(E/EO)1 or 1.16 (6.11)
where'. - yﬁ : -

€y | max.‘vertf}strain @ top of the 1ayer!gﬁ'

N number.of standard load repetitions to;failure

o 3 .

E modulus of the considered material -~ ' |

Eg reference modulus (for subgrade 160MPa’@ar

23,200 p51 ) )
Note:the power of 1.16 is used when the moduluﬁ i
lower than the reference modulus, otherw‘“
power of 3 00 1s applled |
In. the descrlbed 1nvest1gatlon each year was . d-

"1nto 5 cllmatlc seasons. For each season dlfferent sphalt

,,\ g



»

;moduli'were assigned ‘Seasonal variations of the subgrade
d modu11 were taken into accoynt‘assuming the spring-thaw
type of model (10) with‘ratlo between minimum and maximum‘
om uli of 0. 5 (except when the subgrade is frozen).
is concluded that the mechanistlc-empirlcal overlay

':design py‘cedure, in the form of the ELMOD computer program

utilizing thesFWD deflectlon basin measurements, prov1des a

L)

,Yrapld-and very effectlve tool for assessing pavement
structural capacity and formulation of rehabilitation and
.maintenance deciSions;”f o
6. 3 3 Modu11 Backcalculatlon U51ng FWDUT1S Computer
| Program . )

This_section'deSCribes,analysis of®the previously se-

155

) lectedffull—depth pavements with the use of FWDUT1S comput-

er program. This program %'s taken from the MAPCON computerk

software systemq!already mentloned in sectlon 5. 3. 1. FW-

s ‘an 1nteract1ve program utilizing the ELSYMS'’s -

"_subroutine LAYER to calculate pavement vertical deflec-
tlons. These deflectlons correspond with the FWD sensor
. locatlons‘ The follow1ng constralnts ‘have been adopted 1n

the program (11)

- numbe ':'”of layers 2'to 6 | ]gg’

- the sem1 1nf1n1te bottom layer. The program calculntes
% .

L4

' deflectlons employ;ng layer theory based on layer{@

'prOpertles (modull, thickne!ses) which are supplled by the
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o uQ@r Subsequently, the computed deflections are compared

with the FWD measured deflections. A screen plot is

3

‘generated which a§51sts the analyst to vary the modulus
f‘values until the measured and the calculated deflection

. basins are in an agreement .

l

" The program assumes the following constants of the FwD

dev1ce. HOWever, all the values are also user- selected,
Py i

(11) : )

- load equals the peak force of the FWD
m L
loadlng plate radius default values 1s taken as 300mm

(11.8 in.) o

i

-default number of’points where deflections are acquired

e '

is 6

default values ofvsensors locations are 0, 300, 660,
900, 1200, 1500 mm (0, 12, 24, 36, 48, 60 in.)

An example run‘of the described program is presented in
Appendix A. | . '

' The FWDUT1S program was used to backcalculate the elas-
tic modu11 of the full -depth asphalt pavement sectlons
tested in Alberta in the fall of 1987. The full-depth pave-
ments have been modelled as. two layer structures with the

'asphalt concrete layer on top of the semi- 1nf1nite sub—

- grade. The asphalt concrete layer thicknesses were taken as
vreported by Alberta.TranspOrtation and Utilities (9). The
moduli of asphalt concrete and subgrade calculated by JEGEL

have been utilized as seed moduli and served as an input

for the first'set of the computer runs. It was found that



'convergence was, in some céses, easier to obtain than in

oD

ozhets,'but any generakkggif'reéardiﬁg this;ZZuld not.begn
observed. The cases where the convergence could not be
~obtained during approximately 20 iterations have been
exXcluded from further anélysis. The convergence rate for
highways 14X:02, 36:18, 45:06A; 45:06B, and 857:04 are 42,
50, 52; 61, and 82 percent respectively. Tétal percentage
of the convergence for all the highway sections tested is
2 62. The resﬁlts of the cOmputer'analyses as compared with
the ELMOD results are summarized in Tables 6.8., 6.9.,‘
6.10., 6.11, and 6.12. |

Visual analysis of the results indicates that ﬁhe FW-
DUT1S coméuter program prediéts dowver asphalt‘conérete.
moduli than the:ELMOD computer program. This observétion'is
strongly supported by the statistical comparison performed
on the'results.‘The FWDUT1S asphalt concrete méduli are
statistically lower than the ELMOD calculated moduli. In
the case of highways 14X:02, 45:06A and 45:06B the level of
significance is 0.0005, whereas in the case of sections
36:18 and 857:04 the level of signifngnce is 0.025 (12).
| The subgrade moduli for sections 14X:02, 45:06A, 45:06B
‘and 857:04 as predicted by FWDUT1S were statistically high-

er than the ones obtained using ELMOD (0.5 per mill level

of significance). For section of highway 36:18 the level of

Significance was 2.5 percent. When the results of all the

selected highways were taken in#o'consideration'statistical_

L

analysis showed that FWDUT1S predicted'statistically lower

157
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asphalt concrete moduli than ELMOD at the 0f5 per mill
level .of significance. However, FWDUT1S predicted higher
subgrade moduli than ELMOD, at the same level of signifi-
cance. All the mentioned statist;Eal calculations are

presented in Appendix B.

'.6.4 Selection of Method for Moduli Backcalculation and
Method for Overlay Design. Case Studies Using the

Selected Approach.

q .
In this investigation it has been decided to select the

ELMOD calcnlated moduli for further analysis. ELMOD, as
reported by Ali and Khosla (13), exﬁ&bits a great degree of
egreenent between the backcalculated and the laboratory
obtained meduli. The program takee into account the sub-
grade non-linearity which, in the case of fine grained
soils very commonly encountered in Alberta , may have a
very substantial meaniné.‘The ELMOD calculated subgrade
moduli were“on average 15.3 MPa (2200 psi.) loner than the
moduli calculated with the use of FWDUT1S. Overlay thick-
nesses calculated with the . ELMOD provided moduli would then
be more conservative than thoée calculated using the

' FWDUT1S moduli. Another reason. for such a selection was. the'
lack of convergence in many test p01nts wheQ&FWDUTls was
employed. The flndlngs of the JEGEL (9) study was also
taken into account. This work stated that the majority of

the ELMOD calculated moduli were within.the expected range



! )

159

for pavement materials, and environmental conditions‘encoun%

5
’

tered -near the test sites. |

The Asphalt institute DAMA computer program was chosen
as a mein tool to calculate expected pavement lives, and
the required overray’thicknesses. For closer investigation
ten test points for each of the five sele{ted full- depth
pavements have been chosen. Two investigations using the
program have been performed each with different fatigue

9%,
criterion incorporated

The following full-depth pavement sections were select-

ed:
14X:02 km 1.80 to km 2.90 lane 1
36:18 km 1.04 to km I.60
45:06A Kkm 13.43 to km 13.98

45:06B km 23.27 to km 23.82
857:04 km 12.25 to km 12.80

A

In the first set of the analyses the second Finn fa-
tigque criterion was applied. The seasonal variations_in
subgrade moduli were modelled according to the procedure

_ explained earlier in Section 6.2.1. The inisitu asphalt
concrete moduli were adjusted to designrtemperetures,
according to the Asphalt Institute‘relationship for tempera-
'ture‘sensitivityv(l). Twelve asphalt concrete moduli in the
temperature ranges'occurring in a particular location are

required .as DAMA 1nput However, only one backcalculated

asphalt concrete modulus was available at the test tempera-

' ¢

ture. To obtain all the needed asphalt concrete moduli, the

temperature correctlon concept was applled according to
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the procedupe reportﬂi-by Uddin (14). A temperature correct-

] ed modulus (Eln) is a product of .in-situ backcalculated

modulus.(El) and the ratio of the moduli at the designi o
and test temperatures calculated from'the laboratory
deriveg modulus versus temperature relationship.

For erample, when the backcalculated hodulus was 2789 {‘
MPa (highway 14X:02 sta. 100.060), and the measurement was
taken at 16°C the modulus at this temperature as derived &
from the. labotatGYy procedure was necessary In our case
the modUlus was calcuaated according to The Asphalt Insti-

tuteMregresslon equatlon (15). For the highway 14X:02 mix-

(paramete%s anﬁ-lﬁ oC the modulus was found equal to 4064

pe 3

MPa.\The ratrt was ‘then 2789/4064 = o 69. Subsequently, the

| modulk caloulated u51ng the regression equation for the

Jer

¢

'entlre réquared tange of 1nput temperatures were multiplied

vby the abowe.ratio‘h o & o

*

Thls.concept although sﬁralghtforward should be cau-

‘tLOUSly %pplled It was found in this investigation, espe-

“43\‘ L

~01a11y 1n the case;of hlghway 36:18, that the asphalt con-

crete mcdull calculated‘u51nq the\a/gfribed approach had

excess;vély hlgh values Large variati s in the oalculated v
asphalt concrete modull may be due 1n part to var1ab111ty

1n the actual thickness of the asphalt concrete layer from ‘

'ichat assumed in the applied backcalculatlon techniques. To

.~ "avoid the above discrepancies coring is reeommended to more

‘~adequately define the layer thlcknesses (8).

-

For this investigation the design period was chosen as
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“

‘15 years and traffic was calculated assumlng a 4 5 percent

- yearly increase for hlghway 14X 02 and a: 4 percent for. the

, ‘otﬁlg highway sectlons. The trafflc calculatlons for the e
.7;considered pavement sectlons are shown in Appendlx c. Four

witerations of DAMA were run to ‘f£ind the requlred overlay

A,‘thickness for each con51dered test poxntsv1n1t1a11y,

}utwo-layer pavement structures were con51dered w1th the"

AR J

1:ELMOD calculated moduk@ 1ncorporated When the predlcted
a’allowable number of standard load repetltlons for the de-v

expected number, no over-
}

,ﬂlay was requlred If however,‘thls was not the case the

-”signgperlod was greater than t%d

ﬁfpavement strengthenlng was necessary In such a 51tuatlon,t'

—_—

,three subsequent computer runs were performed u51ng

three-layer pavement structures. In such sb'uctures the top :

e,

\layer consisted:oﬁvan asphalt concrete oi y w1th the a

‘Lmodull calculat d accordlng to the Asphalt,k stltute regres--*”

slon equatloff ‘lx propertles chdéen°for the overlay layer'

“the subgrade moduli had values as backcalc%}ated us1ng
'_ELMOD.VThe subgrade modull of the selected sectlons are"

repoéted 1n Tables 6 13, 6.14, 6,15 s 16-'and 6 17 The
\
corrected asphalt modu11 of the exqsting asphalt concrete
a;layers are shown 1n Tables 6. 18, 6 19, 6.29, KLZd,;and

’ -

" . - i “0

3fy: Thp three runs of DAMA were performed us;ng dlfferent?~

R

ﬂ;overlay ti;cknesses i. e. 25 75 125 mm (1,; s 5 in. O
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‘ng the allowable number of 80 kN load applications y‘,'

| gglculated for pavement structures with different ovefiay ,
L BT T T
: thlcknesses and the COrresponding overlay thicknesses,

plots of the allowablevload repetitions versus overlay
thickness were developed These-plots are similar to those
.reported by Flnn and Monismith in Reference (16) Based on
'the plots, apprOpriate overlay thlcknesses were estimated W‘
" Results of:the above described procedure are ,shown in Table,’v

§323} An example run u51nq the described methodohogyﬂtor‘?;ﬂ'

L

one tested pomt is shown in Appendix p. 4‘" ’&; "

An 1dent1ca1 propedure using the Danish fatigue criteri—

‘on 1ncorporated 1nto the DAMA program,_was also 1nvistigat~»"
. ed The Danish fatigue relationship was incorporated into. ot

_DAMA'in such a wayrthat only the basic fatigue equation was -

‘"changed, The laboratory—to-mlx performance adjustment fac-' |
ﬁ

‘tor as’ well as the mlx adjustment factor remainedfun-_-‘

3

m;changed The analyses us1ng DAuaﬁw1th such a;: fatlgue équ&h'
“,tlon 1ncorpbratediwé%é perﬂbiﬂ%'iabut thlS elﬂé four differ-lf'_lf

‘vent overlay thlckndsses 1 e 25, lzs; and 175mm

'1‘(1 3 5“7 1n ) were cons1dered.,Results of thesz analyses ft‘ (

',‘”am':e shown 1n Table 6 24._>'v ' B e ,
'6{~' Slte Inspection of Selected Full Depth Pavementsvf“. - e

Prlor to the DAMA computer anaiyses a 81§e inspection o
- J»' .

'_of the considered pavements was undertaken in order to ‘;;n,:¥

0

,1ebta1n current ObserVatlons of the pavements conditions.

K s - . . : g - . N A 0 ] . P
Toae T v Y . . . : L - . "
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Some pictures'of,the pavementssare.presented in Appendix E.

6.5.1 Highway 14X:02 e
w&This‘highway‘iS‘located just east of the“city 3f Edmon-

ton and con51sts of a 4- lane two-way faolllty d1v1ded by a,

LI

medlan of a varled w1dth. The fac1llty was constructed in

M'.a

1975 w1th 300 mm (11 8 in. ) full depth structure placed on

-

va CL type subgrade Ihe average mlx parameters obtalned -

:from the weekly constructlon reports were aSyfollows.

”VVEG 5: percent VB‘11 6 percent P200f4 4 percent and
u_ETA—O 133 (polses * 106)- e - | 3 o

' The hlghway has‘%arrled a very heavy trafflc. Trafflc

pfrom 1975 ‘to 1985 constituted of above 1.5 ﬁ%lllon standard S

load repetltlons. NS . R L o
| Some forms of dlstress are v151b1e on thempavement.‘h R

_Low temperature transverse cracklng is present and in some

e

‘ sec@ﬁﬁns spac1ngs are 1n the order of 5 m. A few patches
'fare also present 'Permanent deformatlon in the wheel paths
r

_'1s sllght butzlongatudlnal cracks 1n the paths have devel-i

Qf. These racks are.very sllght yet they 1nd1cate that

jithe pavement has fatlgued to some extent. Some of these‘
‘cracks are sealed but others recently developed have not
lbegn treated It would appear in v1ew of. the trafflc the
.’hlgiway has carrled and the descrlbed forms of dlstress the

. el
: paVement s&oﬁldlbe rehabllltated A p0551b1e rehabllltatlon

: B .
”measure would cons1st of partlal cold-mlnl’pg and a substan—n :
. - . S o . SRR ¢ ) Lo e ; ™



R | | o is«g.
- tial overlay using recycled or virgin mix. LR |
| A“ Sl - n | ‘Wf ﬁﬁ;p' -
MT&iSlf 'Highway 36:16 | o ff&; B
. S oo L ®
‘Fhis'highway‘section is located about 120 km east of =

,‘Edmonton. The con51dered.sectron begins in the town of

¢ v

Viking and goes northwards. The hlghway carries medium‘;<

volumes of traffic. In a perlod between 1974, wheh ‘the -~
’ ]
vfac111ty was constructed to 1986 the cumulative number of

,»standard load repetltlons was above 180 000 The section '

con5msts‘bf 115 mm (4 5. in¢) of agphalt layer placed on-a-:

‘ Qx,aﬁ e
loamy subgrade. From weekly constrﬁction reports the ’;;r
averaq- i ;; "[uorlglnal @sphalt mix were:

N

VV—S 4 percent :" t nt P200—4 66 percent ‘
and ETA—O 176 (Eoises * 106). The amount of air v01ds in
the mix indicates *that good compactlon of ‘the asphalt con-

s - .
crete layer was achléved The pavement has very narrow

pave(/shoulders. The hlghway prov1des relatlvely'fough
. riding quallty, but llttle rut‘lng 1s present There are
&kmanyﬂatched a ’ ent |

vlng.capa01ty

,measurements (7).‘Thls ﬁgctﬂexcluded‘thlsjpavement from
f,"that‘analvsist'éefiﬁ.vany‘rehabilitation measure is’takenj
| it would be valuable to test the pavement non-destructlvely;
»agaln. Thﬁ’%etrleved pavement cores would reveal actual
pavemenv thlckquSes,‘mlx propertlei;/ﬁﬁgether with the
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- asphalt concrete and the subgrade structural conditions.

{ L ) . g .
N . Lol I R

-

6.5.3 Highway 45:06A

£ . N . ,v L .

;
This‘highway section is4located approximately 100‘km

»north-east of Edmonton\and 12 km west of the town of
:Andrew. The section was constructed in 1971 as a 150 mm. (6 0
in ) thick structure laid on a CL type subgrade. It haspc

carried medium t‘d‘aff‘ic that in a period fr. 1971 to 1985’

. fcdnsisv” ﬁof zooﬁpoo dumulative standard 80 f lcad applzca-

propergles as obtalned from weekly construction

reports were. V. —9»56 pe nt, v =13.59 percent
v B~

4P200—6 33 percent and ETAPO};!& (p01ses * 10 ). The
Q

- section surface has been resurfaced w1th.th‘pmse of a chip
_seal.' ' The ride quality ove§>the pavemenggis ﬁawr\but er-.
;al forms of distress are v1sib1e;-The most common typgﬁy

failure encountered are numerous P tches 1nd1cat1ng local

o

\loss of bearing capaé&ty Also low’ temperature transverse -

cracking is present at - approxumately 10 m spac1ng An over-";i

all ass,ssment of the pavement v1sua1 condition 1nd1cates
:that substantial rehabilltation measures should be,undertak-
‘eFI. ’ . s * R % ‘7 ) ‘ » LR ' o \..
6.5.4 ~Highway 45:06B _ .
B S o I v

} . . -
- ®

This adjacent highwigpsection ‘was. originally construct-

?f'ed in 1970 w1th the asphalt pavement 150 mm (6 1n ) thlck

65 .

£ u

A\

-

e

PR



‘ above.
: s

mix- propertles. In 1978 7y
~ Vy=7.3 percent, Vp=14.06 percent p200=4 f-p

~lpws:

placed in 1971. The subgrade is eharacterizdhnas a'CL-CI .
type of soil. The two invastigated sections of highway 45

¥
s

l1.e. 45:06A and 45 OGB were constructed under the same

contract, by the&kame contractor and at the same time so

' onhe might expect the same woiimanship and, 51milar asphalt

pavement section 45:06B wa! overlaid w1th 65 mm (2 5 in )

of asphalt concrete with thevfolloWing mix prop?~u

L

and ETA—O 352,(poig%s * 1o§) Prior to the o*

two sections

. The dec151on to overlay section 45:06B . was ,most probably

’Adue tofaoméWﬁit poorer conditions as sﬁown in the table |

LS : .. R B ]

, LY
factory The low-temperawnre gransverse qracks~average 10 m
@

eapart.vThere are qi?e patcheg and‘areas w1th loss of the

)

seal COat aggregate, but there are«no signs of rutting and

other types of structural distress. Generally the’ sectioﬁ

rs after the construction the

- 166

- g g

,ﬁ\\ At present the v1sua1 condition of the section is satls-;

M
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) proyides a reiatiyely‘goodfride;quaiity,
B 1des TATIVELY JO0L, FReS AR

4 - .

6.5.5. H,ighwé@j‘(;;gs7:o4‘ R
o R O

P _ . o ‘ : Wy e o : ‘
oy Thls secondary road is located north of the town of BT

Vegreville and approximately 120 k$ east of Edmonton. The”’dT”»%;

pavement was constructed 1n 1979 ”f1eo mm (7 in.) thlck

N

o’ structure. The subgrade.type soll is not indicated in the

Ld

. Alb rta Trans ortatlon 1nventory but probabl 1s of a» CL .
9 p E Y

type. m estl%ted cumulatlve trafflc betv‘ 3 1'979 and :

»1986 ;é‘an the range of 45 000 standard 8 load repeti-

ﬂq" .
tlons. The sectlon visual appearance may be assé&sed as Ly e

.

excellent The ride- over the pavementcnS'generally good to °
[ - J D

very good There are no 51gn of structural or. env1ron 1.
b :
out

.
[y

type of dlstress. There is only one short sectlon %ab

‘100 m long) whlcﬁ has been repalred and Ls indicative of
‘ B
subgrade fallure due- to frost action. The rest of the hlgh-?

~

» way will llkely need only normal malntenance in the futurq’. | }

'
*

- 6.6 Overlay Design Based on the RTAC Benkelman Beam Test -
SR e o : ; » .

Procedure - . LIRS ””l -

* . - . . . - Y ) T N . . Iy Y

e
My

The Benkelman beam de51gn procedure was applled to thes
case sectlons to compare the results of the ;Jhgq“L'gﬂ'- ’ e
v K. ’ . )
mechanlstlc-emplrlcal de51gn procedures w1th the procedure

w .o « 4
“,commonly appl1ed 1n Alberta.'The Benkelman beam Broce&%re
recommends ‘at least 10 measurements to be takén in~the ’!f;_'m



‘ . | : 4 N

'ﬂ\soring f.‘ \ ecificwpayement section. If deflections are
i.acquired‘et &nother time they have to be converted to the ,
| maXimum sp?ing yalues hy a suitable factor\Nl ). In the
caSe when no dafa regarding spring to fall shbgrade

... strength variation is av&ilable ahfactor of 3g?;day be ,4‘

'"i hav1ng in mind howé‘er, thaﬁlso dbtained spring

T

L p:ﬁ‘i" : v(l""

.,W.appfiedvsThe pavemeht temperatures ShOUId‘be meaﬁ d &

the time of deflection measuremenﬁ to permrt cortéctiqm*éf ‘Me%wl
.the deflections to the stan&hrd temperature of 31 %c. d
#

& Based on the subgrade type,‘heasuved deflections, pave-~

‘ment condltions, trilgic ‘and existing structural thickness~

L

of the paveme'if“homogenods pavement section selection is

made. The de51g?’deflectuon of the selected homogenous

+

section ‘is calculated as follows

DR

Xy =F+2%0 | o (6412)
“ox Wherey: ' o S R -
, A ' o . -
o PR Xp.. design deflection - ‘

z mean of ten deflection measurements

c ‘ VIR AN standard dev1ation of the deflection Amp
] 2N
\.erlaﬂemgn 1s based on two empirically developed
'charts (16) In the first chart (see Figure 6 2) criteria :l'v “}

4" .
(am'max1mum Benkelman‘beam rebound versus cumulative axle o

' ' LA

load repetitions are shown. For'future traffic estimated a.
max1mum Fllowable spring rebound value maY‘be obtained The_

second chart (Figure 6 3) giyes the addltional thickness of

<
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wpgranular base required to: reduce the measured rebound value
P
to ‘the aLlowable one. The thickness is- subsequently

Al

;convfrted to asphalt layer thickness by applying locally C.

- used equivalency factors, which normally range fnom 2.0 to
' A(

W

2'; 5 . I ’ ‘ ﬁ' . ‘ .
The above digkrfg;d pethod has been applled for ¢&lou1a-

tion of oVerlay ﬂh&éﬁhesses of the case pavements, using an . ‘f'

- f».;s;%ﬁerm"f'si ‘m &ne 15: j

" equation 6. 12° a'

1€ ; 2
S N " '. R » N . .-‘:;' .‘ . » . . " . [
©om Ty C@hber;son of Resqlts; s SR ,
s , ' Sy . D . . - »
& T oo ‘s":’* '{~ A 1] P ” ' ' h . N‘ . 4 N
R =iw €<w., - ) |

Y

At this poin a comparison of the results of different

wu - :
overlay thickness des1gn précedures isg presented Four “ U

procedures‘have been used and are as - fOllOWS e

L) bynatest ELMOD

. . -

2) DAMA with the Danish fatlgue criterl' 1ncorporated‘w

3) DAMA With the second Finn criterion 1ncorporated
4) RTAC Benkelman beam based procedure '
s,

In the: case of the mEjbanistic-empirical procedures

i.e. points 1, 2 and 3 calculations o the desxgnv0verlav

¥



"thicgnesses was based on the mean plus one standard devia-
tion value of the calculated overlay thicknesses from each
considered tes ; stationp Such a procedure is suggested in

' Referﬂ‘Fe (By‘as a mihimdm €or the Alberta conditions.

“ The foLrth of the\preseqifd procedures i.e. thgﬁpenkel-
man beam'deflection method is o';ympirical chatracter and_y

i

- the overlay thif

tions calculatﬁ‘ according to equation 6.12 and ‘charts o
illustrated in Figures 6.2 and 6.3, - o

. The overlay thicknesses obtained‘using the above proce;
dures are presented in Thble 6.26 and illustrated 4
grabhically in Figure 6.4. In this Figure DAMALl means that
the program DAMA incorporated the Danish fatique criterion,
whereas in DAMAZ the second fatigue criterion developeﬁ by

E

Finn et al. was utilized (2). It 1s seen from this Fidhre

that in the case of highways 36:18, 45:06A and 45 .‘Be
- ELMOD based pro edure.prﬁﬁfcts overlays comparable ith
, thesg obtained. u51ng the Benke‘nan beam method. In the case

of highway 14X:02 i e. the sectlon4r1th a very thick

170

ﬂ_esses obtained are _based aon design d@flec-

’y/asphalt Concrete layer, and highway 857:04 i.e. the section'

/ ;ithxno signs of structura;‘dlstress the ELMOD‘%stimated
'overlay thicknesses are lower than the ones obtained using
the Benkélman'beam‘procedure. N

E The DAMA proCedure with the Danish f&tigue criterion
incorporated generally predicts (section of highway 36:18°
1s an - exception) greater overlay .thicknesses cdmpared with _

/ the ELMOD method. The overlay thicknesses predicted using

, Y
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i : , 3
' the mentioned DAMA procedure are 35, 61, 40 and 86 percent
s

greater than these prodicted using ELMOD for highway sec-
tions 14X:02, 45 :06A, 45 068 and 857: 04 respectively |
the case of highway 36: 18 the procedure predicts thickness
25 percent less than ELMOD.

The second DAMA based procedure (i.e. with the second

"Finn fatigue criterion incorporated) gives “the least over-
o

1ay thichngsses. This prociﬂure predicts thicknesses 63,

"72, 56 and 63 percent lower when compared with ELMOD for

o

highway sections 14X: 02, 36:18, 45'06A au@ 45'063 respec-

Yt ) .
tively. In the. case of highway 857:04 the descri -gce-
dure predqgt no. overlay necessary for~the‘de51g d. =

gompared to .22 mm ( ~1 in.) "6f AC overl§& calculated usxng

e

ELMOD. o - . o RV

L
g

6.8 - Summary % . - d /

This Chapter contains a discussion regarding methods of
> ]
structural evaluation of some full-depth pavement sections
R
in AlbeEta. Two groups of pavements were investigated i.e.

th@e %&ect’&l By. the aut

and those selected by th Alberta Transportation and Utili-

)

r for prellminary analysxs,

1nvespigated.in more detail. The

R

the»DAMA computer program indi-

‘.§1?S personnel’which wer;
preliminary analyses usiy
cated that the/subgrade mouuli have a very great 1nfluence

20N predicted lives of the pavement\\It was a?‘g\shown that

the;asphaltaconcrete fatigue criteria chosen have a great_;



Yo Wi . . : 'l‘ ‘ R o ‘x\.’."'
inffuence on the overlay thickness:

A

mnquirements.

Two moduli backcalculation procodures were describad _
One utilizes the Dynaflect ELMOD,. pombgper program while the
other FWDUTlS computer program included in the MAPCON
computer software’system. The results of the two procedures
were statistically compared. It‘waskfound‘that ELMOpD pre-
dicts higher asphait concrete moduli and'lower subgrade
moduli than moduli predicted using'FWDUTls

I It was ;lso found that,the two programs sometimes

predict unacceptably hlgh asphalt concrete moduli This
fact is most probably due to variations in pavement
thickness, as well as temperatu;: influence.

Finally a method of mechan;stic empirlcal overlay J,

sign was described. The method is ‘based on the DAMA ocomput-

er, program. Two sets of fatigue criteria were incorporated

. +into +the program. One criterion incorporated was the Danish.

fatigue criterién whereas the second one, based on the

-

AASHO ad. Test was developed by Finn et. al. Consequently

A N

overjays calculated using each approach were compared w1th N

the résults obtained usfng the ELMODased procedure and

L\

rocedure. Th ‘ o
results obi,.
7 R4

. the RTAC Benkelman béam deflectlon base
COmparlson shows quite a large variation

Zﬁtained . It seems that the ELMQD procéﬁure is

w1th the RTAC empirical procedure 1n the case o
s X

pavements with a con51derable'stxuctural distress”however
L -.””

~ for pavemengi‘with very thlck asphalt'concrete Jayers the

'empirical deflection method predicts-greatersthicknesses.

T\



' This was ‘also the case with a pavement showing ng 'struc-

tural distress at all.
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"BENKELMAN BEAM REBOUND ( % + 2G), min (in x 107)

Flgure 6.3 Addltlonal thlckness ‘of granular base
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- JABLE 6.1.-Data for.DAHA computer program for selected highway sections -
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Table 6.8 ‘nghuay 14X:02. Comparison of backcalculated
moquli using ELMOD 3nd FWOUTIS :

.......................................................................

.........
..........

. ELNOD
:::::!:::::::::Z:Z:
El(nPa | £2(8Pa)

1208\{ 9
7647119
281! 221

20001 197
1025 ! 158
290 1197
16200 170
1188 ! 1
2393 138
5471129
2181 ! 9%
1613 ! 74
2518 ! 99
2536 ' 108
2153 ! 85
3063 | 82
2382 0 152
940 ! 80
1012 ! i
3383 9%
2035 0122
R “

FWOUTILS
E1{MPa) | E2(NPa)
IIizgIzIzyIziziic:

93 132
§52 | 138
2281 221
2007 197
1025 | 258
2621 | 244
1172 248
897 | 110
2069 159
2000 , 160
2069 138
1103 98
245 1 126
1931 | 141
1931 122
2000 111
2382 | 153
828 | 97
828 | 97
3103 | 114

--------- leaveasown
......... fsszzzzza:
1697 1152
129 50

| DIFFERENCE

| EL(NPa) | £2(MPa)
brizzzzizziiizzagges
; s | 39
rooou) 19
0, 0

0. 0

0. 97

69 1 17

4 | 18

1, A\

Ay U

547 il

YN “

510 L
173 27

605 | i3

822 | 3

1063 | 29

0 1

1z 17

184 | 20

280 | 18

338 30

300 ! 24

184
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\me 6.9 Highway 36:18. Comparison of backcaiculateo
loduu using £LMOD and FWOUTLS -
: ELNOD ! PWOUTIS 1 DIFFERENCE

;::Z:::::::::::::::::::::ZZZ:::::::::::::::::::ZZ:::!::I:::::::::::::Z
St KL (NPa) SE2 (WPa) | EL(NPa) | E2(NPA) | EL(WPa) | E2(WPa)
levooenaren loewveeaswnelunencvene levomaseaane lewanesnsna tvsasnbbudan launeecnnss
lrrrszoras Vrzrrzrns Vazrrzzrne Verssrsses lrrrazioes ECTITISTIENPIPNS
L 0.04 ) 4827 84, 4620 | w200, 7
. 0.08' 5188 | o889 101! 1299 . 2
L0120 3628 ! 66 | 3572 % ! 5 ! 10
I TS TTY 00 59 %, 108 ) 6

0.20 0 1317 ! SRS TTE TN SRR 2
L0222 M 62, 1! 62 ! 0! 0
L0241 6012 ! 511 8012 ! 57 ) 0! 0
C0.26 ) 8852 ! 59! 9090 ! 62! -8 ! 3
L0280 9148 ! B ! 9121 " Be ! 0 .2
L0300 93! 87! 943! 91 ! 0! ‘
L0328 69 | 3840 7! 2! 3.
P08 2504 ! 640 1385 ! 88 1119 ! 2
L0500 2815 ! 660 1724 101 uSL) 35
‘ean: | 5737 MY 09! B0t 21 9
St. devi:' 216l ! 12 837! 1S 53! 12

| .
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valie ¢4V, AIQNMAY 43V, LOBDAriSON a7 dackcalcuiated
sodull using ELNOD and FWOUTIS

.......................................................................

X X ELMOD \ FAOUTIS - i DIFFERENCE '
yszizzizoz R 4ITzzIIIzIIIzioIToIIIIISIIdIIIiisIIaisIiioizisiqocy
osta. EL(WPa) | E2(MPa) | EL(WPa) | E2(MPa) | EX(WPa) | E2(MPa) ,
S Vizzsais: fzagiizas R+ HEH T jazatizeis ysIssisis: :
) 684,460 | 10760 , 102 7 8966 , 110 1194 | 8 |
| 684480 | 2121 59 . 1103 | 84 | 1018 , 25 |
, 684,500 , 1217 67 | 5517 100 | 1700 | 3
, 684.520 | 6204 | 13 4138 | 103 2066 30
y 100,120 1187 | 95, 828 | IVIG 359 | 26
. 100,160 X 4899 114 ) 4138 | 137 ) 161 | 23
v 100.200 | 5912 | 103 ) 4138 133 | 1774 ) 300
v 100,220 8205 13 644 | T4 ! 1-791-\: 32
;100,260 , 6133 | 1Ly 67%9 123 -626, 12
v 100.2680 1514 94 | 897 , 128 , 67, A
v 700.300 359 | 140 , 552 121, -193 | -19
y 700,340 ¢ 3210 /,~95 v 2069 131, 1141 36
. 100.380 , 1297 .4+ 7 80 | 172 90 , 125 | 10
' 100,460 | 1193 97 , 828 | 121, 365 | r{ I
» 700.480 2080 , 103, 1517, 126 7 563! 2,
1 100,500 , e 92 | 4“8 90 | -50 | 2.
. 800.040 44063 | 104 | 3655 | 135 | 808 3
. 800.040 | 986 | 17 759 88 | 227 I
. 800.080 , 3791, 90 | 3191 97 | 0, 1.
, 800,120 | 814 | 97 | 814 | 97 ) 0 0
; 800.140 | 3135 100 | 2759 | 100 | 376 0.
. 800.180 | 2885 | 93 | 2897 93 | -12, 0,
© 800.200 , 2213 | 100 , 2213 | 100 | 9, 0.
800.320 | 824 | 100 | 82¢ | 100 , 0, 0.
. 8%0.340 ! 876 | 90 | 876 - 97 0! 1
TiziTIiis '---":::::::::::::::::::::':::::::::::::::::::::::::::::::::[
Meap , 3307 9% 2123 ) 1l 584 15
St.dev 2765 le b 2299 : 18 . 146 1
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riabie 8.0k Highway 45:veB, LOBDArISON O bacACAiCulated "
a0dull using ELMOD and FWOUTLS
' : £LMOD ; FWOUTLS ) OIFFERENCE
(rizraiase jiirizisiInizoIiava: cisrisIzsvMion: R S R R RS R AT
sta. | EL(MPa) | E2(MPa) | EL(MPA) | E2(MPa) ! EL{MPa) ! E2(nPa)

C 367380 ;4007 146 ) 1007 ! 16 0! 0
L 361,420 1218 ! 126 ¢ 1223 129 ! -5 ! 5
361,440 0 3292 9% ! 2348 ! 1 9%y ! 20
L 367,460 7 2885 ! 16, 28¢5 ; 122 ) 0. 6.
, 367,480 ¢ 4077 ! 9 ! 3310 1o | 7 ! Is

367.500 1 4249 | 69 ) 38N ! 95 | 35 2
. 400.020 ¢ 2962 | 6, B 15 1583 ) 26
©400.100 | 4818 ! 6 330! 87 ) 1508 ! 23 “
. 400.120 | 1801 | 55 ! 552 | 1050 1249 ! 50 ;
;400,140 | 1548 ! 90 1034 ! K Si4 ! 18 ;
D 400.160 1 1550 ! 1301298 ! 49 255 | 2 |
;400,180 @ 1290 | 610 1034 ! 7" 256 | 12 .
© 400.240 ! 7380 ! 0 S M 1% | 5 -
. 400.280 | 652 ! o ! 83 ! 58 | 169 | 13
; 400.300 ! 998 | 50 ! 759 ! 86 | 29 16
L 400.340 | 2303 | 5 1 . 1517 ! I 786 | 19
, 400,360 1 1044 ! 51! 897 ! 60 ! 7 9
| 400.380 | 1942 ! 510 1319 ! " 53 | 23 .
;400,440 | 3496 ! 94 3496 ! T 0! 0
‘Mean: | 2852 ! 190 1913 ! 9 519 16

St dev.: ! 1707 | 90 s 2% %6 12
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Jaoxe o i nxgnuay 857 04, Conpafﬂson ot- bacxcalcuzateu
noaulx using ELMOD and FHDUIIS‘ :

_.;___;_:j_;__;;-;_;__;___-___;-f-____-;-__,-_;___;;;__1_L;;i_§tf>%-;__,;ﬁ e

497,520
500,020
500.040
500,060
500,080

- 500.100

500.120"
~500.160
500.200
'500.220
500.260
500,280
500.300
500.320
500,340
500.360
500.380°
500. 400
500.420:
500.460
7500.480
-500.500
500.520
500.020
600,040
600.060
600.120
600.140
600,160
600.180.
600.200
600.220
600,240
600,260 -
600.280
600.300
600,320

600,340
: 600360 0
| 600.380 1

600,400
800,420
600,440
600,460
600,480
“a00 300

ELMOD. v FHDUTIS
................... {irssszessrsizizaact
E(MPa) | EZ(HPa) v EL{NPa) | E2(NPa)
......... 'I.-.....--l..-...-..l.........

341 ) 750 303 .87
3918 | 951 - 9181 .99

3668 ey 9T
7008 0 101 L~ 7008.) - 10
2261 4 ¢ 7500 1986 ) a9
5179 1 102 5119 113
241 8l 2414 ) 100
435770 0 103 3198 123
48185 . 1097 51030 - 107
5846 ) 1251 62160 13l
T3 112y, 8966 1T
2466 | 73 2466 81
7380 1 1000 8276 1 103
1648 | 86 ) 1448 | 92,
4882 101 | 4882} 1M
3412 ) 907 4000, . .87
3979 90, 979 9
3241 730 4l sl
5370 0 .89} SBe2) 93
465 | 88, 4654, 88
1312 621 %6t T
37800 700 348, 86
1923 5 68 ) 1923 ] i
3167 BO L MET ). 90
2083 182 . ln24) 1
4556 ! 851 - 4556 85
1750 052 0 1319 86

, 8746 | 94 | 846 ¢ 103
305¢ 0 8L 2759 ! 97
3350 100 31934 100
5068 | 117} 49314 130
3861 0 85, 348 101
670 128 9793 T 132
6017}~ 139y - 862 1S5
04 Bl 2404 ) 92
5673 . 971 5903 ! 102
2386 T 18) - 2069 ) 93
46970 100 ) - 46971104
2009 1T 2de ) 9
- 3829 ) 734 3829, - 8
B4l T3 el 8
5914 ) 93 ee30 92
S3470% 65 3103 7%
30200 74 3021 83
5241 | 740 5241 19
32 28I Sy

OIFFERENCE N
El(HPa) : E2(NPa) !
638 | 12
0 4
695 ). 29
07 0
675 ! AT
0! {1
L3210 19
564 ! 0.0
85 -2
430 6
-1023 L 5
Q) 8.
~896 | 3
0! N3
c0y 13
-588 | . -3
0! 7
0! 8
492 1. 4
0! 0
346! 15
332! 16
0 6
0! 10
359 20.
R 0
Iy 14
0! 9
295 ! 16
-658 | 0
137 L0y
43} 16
-123 0 4
155 & 16
0 I
-230 ! 5
1418
0! 4
295 1. 1
0! 10
0! 10
ST 0. L
171
01 Ki
0! -5

L T L L R R P R R g

188



Ceceesemma. .-...-n--....-....-..-----------¢m--;--..-...... ----------
........................................................................

. Mean;
- 5t.dev.

. 600,520

- 100,160

+ 700.280

NN

fapie o, 12 {cont. | ngnuay '857: 04 Lonparxson of
aoduli usthg ELMOD and FWDUTLS

700.020°
'100.040
7007060
700.080
1700.100 .
700.140

700.180
700.260.

700.300

100.320.

700. 340
£700.380
700.400

700,420 !

700,440
700.460
700.480
700,500
100,520
800,040

.........

ELMOD

EL(MPa) | E2(MP4)
4910 | . 68
ae12 63
2389

L o238l N
3168} 84
4259 | 15
2489 8.
3349 | 82
2911 ! 19
2846 é 13
4505 ! 81
1329 | 8t
9152 | 92
4293, 88
3180 | 83
3195 | 18
35170 86
2689 |- 89

~ 3985 88
3999 ) 85
3929 | 84
238370 16
Azsoz.i 1
2 .19
16431 17

bacxcglculatad

FADUTLS
ex(npa) ' £2(MPa)
.......... tiizizzai:
. 4483 % n

25 Y. 83
2966 1 - 8l
1724 92

Toul el
4259 90
15521 .93
2138 110
2404 ) 103
2069 ! 97
9398
13294 93
9152 . 95
4293 94
3241 ! 97
2159 - 95
3586 | 93
2689 ! 97
4069 ! 95
3448 ! 100.
3862 0 112
20691 97
2602 | 103
......... leeasewnnw
3525 ! 90
1860 1. IS

...................

.........
.........

.........
.........

' EZ(HPa) v

1
|
I
t
]
1
1
1
|
|
[}
'
1
1
1
|
|
t
]
[}
i
1
[}
|
|
t
|
[ S
4
1
I
|
1
1
'
'
1
I
|
t
|
]
i
|
I
t
|
¥
[}
1
|
|
]
1
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sag i A.j0Wdy L4609, SuDYTGe MOQU.1 3s used Tor uann inalyses.

....................................................................................

subsod  RUJAN.-HAR APR. MAY . JUN. UL HUG.
sta. (Wa) (%) ' .

100.060 107 S0 S e el T a4 9%
100100 108 S6.97 345 62 62 13 85 96

100,140 . 78 47.24 45 37 31 41 ST 6B

100.180 © 50 31.00 .35 16 16 ‘24 33 4l
100.220 82 49.5% 345 41 4L S1 6l T2

100.260 152 69.12 345 105 105 17 129 140

100.300 77 46,660 . 345 36 6 4 56 67
100,340 84 50.34 45 42 42 0 53 63 0 M

100,380 88 51.45 345 45 45 s6 67 T
100.420' 69 4202 M5 2 29 N w8

Table 6. 14 "Highway 36: 18 Subgrage noduli'as used'for

sub.mod Rt JAN.-MAR APR. MAY  JUN. JUL.

©800.360 - 85 50.62. 345 43 43 54 44 TS

NOTE: Rt - thaw reduction factor

Y

0.340 8 29.84 M5 L4 14 B 3 96"
0.360 66 40.28- 345 21 211 36 46 205" 34
0380, 64 3912 M5 25 25035 45 S 4 2041345
0.400% 61 37.38 M5 23 23 .32 42 5L 6T 203 WS
0,420 % 70 42.60 345 30 30 - 40 50 60 | 0°,.207 . 345,
0.440 % S8 35.64 M5 20 21 339 98, 58,201 - 345
0.460 N T4 4492 W5 B I 43 54 4209 345
0.480 69 42,02 - M5 29 29 39 49 59 69w 69 207 o345
0.500 68 40.28 M5 21 21 36 46 56 - 66 66 205 48
0.520 74\\44 92 S 3B 4 s e T 209 “ 345
Iable 6.15 nghuﬁy 45:064. Subgrade nadull as used for DAMA analyses
| ~sub.mod m -HAR ABR. WMAY  JUN. -JUL. AUG. SEP. OCT. NOV. DEC.
sta. - (NPa) (x) Y.
800.180° % 52.83. 345 49 49 60 71 82 93 .93 219 © 345
800.200 - 100 S4.76 345 S5 S5 66 - 77 .89 100 100 222 345
800.220 101 55.04 345 56 56 67T 78 90 101 101 223 345
800.240 101 55.04 345 56 56 67 ;78 90101 101 223 345
800.260 87 SL.17 - 345 45 45 S5 - k6 16 BT BT 26 345
800.280 82 49.56 M5 4L 4l 5L 6l T2 82 82 U3 S
800.300 90 52.00 - -35 W 47 B 68 79 90 90 217 345
800.320 - 100 54.76 345 ?5 S85 86 71 89 100 100 222 345
'800.340 . 90 52.00 345 47 47 S8 68 19 90 90 217 345
85 215
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.....................................................................................

sub.mod Rt JAN.-MAR APR. MAY JUN/- JUL. AUG. SEP. OCT. NOV. DEC .
sta.  (MPa) (%) ‘ S .

400.240 724376 - M5 32 R 42 52 82 12 12 208 s

400, 260 S 31,58 35 16 16 25 3 42 5L 51 198 348

. 400.280 45 28,10 M5 13 13 A 29 3 45 45 195 45

£ 400300 ,50 31000 M5 le l6 24 33 4l . 50 50 197 34

400.320 63 33 M5 24 24 34 4 53 63 6 204 NS
400.340 553390 M5 L 19 19 8 31 46 . 55 55 200 348
400.360 51 °31.58 WS 51
400.380 .51 31.58 M5 L6 16 25 M 42 sl 51 198 348
400.400 48 29.84 M5 |14 14 23 31 40 4B 4B ‘196 348
400.420 48 29.84 U5

.......................................................................................

sub.nod Rt JAN.-MAR APR.. MAY  JUN.- JUL.  AUG.. SEP. OCT. NOV. DEC.
sta, _ (Mfa) (%) ‘
700.320 92 52,55 . 345 48 48 59 08l 92 92 218 345
700,340 88 5145 M5 45 45 56 61 71 88 88 2l6 345
700.360 . 72 43.76 345 32 .31 42 52 62 12 12 208 345
700,380 83-50.07 - 345 42 42 52 62 13 83 83 24 345: .
700,400 78‘341{2tafig.345 n -u 47 51 68 18 78 211 349
700,420 86 50.90 ° 345 44 44 54 65 75 86 B6 215 345
700. 440 89 51.72 345 6 4 5] 68 18 89 89 217 345
700.440 88 51.45 345 45 45 56 67 n 88 88 216 345 -
700,480 85 50.62 345 43 43 5 o4 15 85 85 215 45
700.500 B4 S0.34 5T 42 w2 53 T63 T4 B4 B4 244 S

=

NOTE: Rt - ‘thaw reduction factor

—
.
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Table 6.26 Overlay thicknesses calculated
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CHAPTER 7

J

PROPOSED STRATEGIES FOR THE REHABILITATION OF FULL-DEPTH
, L3

PAVEMENTS IN ALBERTA
7.1 General

As it was presented in Chapters 3, reviewing experienc-
es with full-depth pavements in seasonal frost areas, these
pavements perform, generally, adequately wheh compared with
other flexible pavement structures. In Alberta, as
described in Chapter 4; there have been some problems with '
fuIi‘depth'pavements as *ndicated bvalewes and Millions
(1) . Evaluation of full-dépth pavements in Reglon 3 of the
Alberta Transportation Highway Network, carrled out using
the Department Pavément Management System, indicates that
low structural adequacy indices (SAIl) reflect on the pave-
ments overall quality (PQI) (2). However a Study which is
underway have indicated an adequate condition of full-depth
pavements in the Provlnce (3). A prellmltary‘furvey under-
taken as described in Chapter 6 appears to support the
above statement.

In view of all the above, reconstruction, as it was '
believed in the past ih Alberta, is not the only alterna-
tive that should be considered for full-depth pavements in

the Province. ‘ ' \

200



* 201
7.2 Rehabilitation Measures Proposed for Full-Depth
Pavements

Three forms of rehabilitation measures for full-depth
asphalt concrete pavements can be considered. These forms
are: ) .
1l) overlay |
2). partial cold milliﬁg‘plus overlay

a) néw material used for overlay

b) recycled material used for overlay
3) reconstruction®

a) full-depth cold milling plus construction of a

conventional type pavement with recycledv ‘

material utilized I

b) as above but with construcé&ﬁh of fuil—depth
asphalt concrete pavement with utiiization of the
reclaimed asphalt concrete

" Each of these rehabiliéation measures‘has certai;\>
advantages and disadvantages. Each form will be evaluated
subsequently.
’ ’

7.2.1 oOverlay of Full-Depth Pavements

Overlay of full-depth”pavements is the easiest of the
rehabilitation measures to perform. This fact is due to its
. simplicity of construction. Prior to overlay all the pave-

/
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»ment'vHsible defects and. distresses as.cracks and permanent

—

,.deformations should be carefully repalred Care should be'

taken to obtaln an adequate pdnd between the exlstlng sur-

' l

face and the overlay. The appllcatlon of a tack coat should
prov1de adequate bond.. |

0ver1ays have also certaln disadvantages. They eleVate

'Xhthe pavement grade’ and when of substant1a1 thlckness the .g

_h7pavement width is decreased Also when a thick overlay 1s

202;. :.

= applied all guardralls, curbs and qutters have to be elevat- E j;

. ride.

_ed Another disadvantage of the overlays 1s the phenomena

"of reflecti@e cracklng ThlS means that the overlays may be

adequate from a structural p01nt of view but reflectlve
(cracking may develop. Thls may in a later t1me affect the
‘bearlng capaCrty of,the pavenment and lower,the~quallty_of

)7Z2.2"Partial Cold-Milling and Overiay of‘Full—Depth'

Pavements . g

- It‘seems that'thiS»form'of rehabilitation of the existém_ij

-ing asphalt concrete pavements w1ll be galnlng greater s

. .&’" .
recognltion from the pavement englneers and managers. By

‘"using thlS procedure pavement surface dlstortlons and de-

~ffects are removed. The cold-mllled material can be recy—

: -cled and after addﬁng some amount of v1rgln aggregate and

_asphalt cement reused for the planned overlay Thls method

~

.
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of rehabilitation usually does not elevate the existing
pavement grade or if dges the rise is not substantial Withv
such a. method a queStfpn arises to what maximum depth thf
ex1st1ng pavement may bz cold-milled. It seems to be
reasonable ‘that this maximum cg%d-milled portion 'should not
: reach ‘the fatigued or underside of the existing pavement

" The fatigued or cracked thig}ness of the existing asphalt

pavement may Be estimated using relationships developed by

B AR

"Marchionna et al. (4). After cold-milling and prior to the

overlay placement a ”cushion pad" or a layer which would

retard propagatlon of cracks from the rf%“°
9

procedures developed to retard ‘the cracks propagation

keference (5) contains a good review of possible options

In the analytical empirical design of such a measure
the" pavement layer remained after cold-milling should be
V‘ treated as a very good,aggregate layer The moduli should‘
be taken as applicable for such an aggregate course and be
in. the range of 500 ‘MPa (70 000 psi) Due to fatigue cracks
in the layer the moduli wxll not be temperature dependent.
The required overlay thickness should be.determined based
on. properties of asphalt concrete to be used for the over-.b
lay, the subgrade and the remaining layer supporting abili—

'ties and the expected traffic.



7.2.3 Reconstruction of Full-Depth-Pavements

Recq/struction of a pavement;is a very drastic‘form'ofl‘
pavement rehabilitation and‘should;pe used’only'in'the case .
of very deteriorated pavements and when other means of |
grehabilitation are not expected to produce a pavement desir-
able performance.

Existing pavement 1ayers provide a valuable source of

204 .

'material and should be reclaimed andvreu\ed- Reclaiming the

dexisting pavement should not be to the full d th of the
_pavoment to avoid mixing the reclaimed material 1th the
subgrade. It lS also wise to leave a thin layer of asphalt
concrete as-a "working table”»for the equipment and as a
- temporary pavement'to carryltraffic;aprior'to placement of
new pavement lavers the:remained portion of asphalt‘con-'

‘crete and the upper subgrade lift should" be mixed up to

obtain a uniform subgrade material. A good summary of recon-

~struction experience with full—depth pavements caa.be found
in References (6) and (7).

The Pavement Engineer has two available procedures to
follow. One alternative is to replace the eXisting
‘vfull-depth asphalt concrete pavement w1th a conventional
»type pa;lment structure. This method seems to be recognized
in’ Alberta as the de51rab1e form of full depth pavement
ireconstruction. The method has been applied for some
'projects in the Prov1nce as is presented in References

(6),(7) and (8)-



‘Another possibl. alternative would be to replace the
. "existing fullfdepth pavement with the same structure type‘f

using the reclaimed and recycled asphalt'concrete. Such a

"method has not been performed in the. Province, probably due-

- need to correct subgrade defici&ncies. It some

1nstances where the subgrade is in good condition, this
method may produce a good pavement performance based on- the

discussed adequate performance of full-depth pavements.
: . L |
v /"u' o '
) &~
7.3 Mechanistic—empirical design of rehabilitation

measures..Case studyfd

In this study a. design of rehabilitation measures using

the mechanistic-empirical method is presented As a case
example the northbound roadway of highway 14X:02 from km
.;,zfvto km 2.89‘was“considered‘ |
Three alternatives of possible rehabilitation proce;
dures were'selected: ’
'li, Overlay using recycleg¢asphalt'concrete.
2. Reconstruction using conventional pavement type with
recycled asphalt concrete yer.
3. Part1a1 cold milling of the existing pavement and

overlay of the pavement with recycled asphalt concrete

layer.

All the three cases were considered assuming a 25 year

design perioﬁ. The design thicknesses were calcugated‘using
" the DAMA computer program with the second Finn' fatigue J

™.

PZARIEE

208



. 206

equaticn incorporated.
7.3.1 Alternative 1 Overlay

- In this alternative the moduli of the existind‘Ac pave-
ment and the subgrade were taken as calculated'ueing the
- ELMOD eomputer‘prOgram. The errlay'layer moduli were ob- .
‘taimedvusing@thefhsphalt‘Institute regression equation. .
'0veriay thickneesee obtained are reported in Table 7.1. A
design overlay thickneSS'eftthe‘entire section was calculat-
ed utilizing the mean‘pius one standard deviationvapproaeh.
ARequired overiay thicknese from the structural point of f
view is 150 mm (6 in.). To prevent propagation of eiisting

cracks in the pavement through a new layer a crack retar-

- dant layer 50 mp (2 in. ) thick composed of open g _‘iv
is proposed. This layer was not taken into account in the
pavement struetural analysis. Figure 7.1’explaine‘this

_'design concept in detail.

7.3.2 Alternative 2 Reconstruction
In the presented reconstruction alternative a concept‘
of deep-strength structure was cons1dered It was dec1ded
to place 150 mm (6 in ) thick granular base on the improved |
" subgrade. A
Only one set of DAMA runs for the entlre section wase

performed assuming that the subgrade will be. prepared so L.

"
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. to have homogenouslpropert‘ies'throughoutR It was found that
‘azovmm (12.6 in.) of the asphalt concrete over the 150 mm
granular base would be required for’a design traffic. Fig-
ure_7.1-explains this design concept.

r

~ 7.3.3 |\ Alternative 3 COld-milling and overlay

In this alternative it was decided to use partial
cold—milling of the existing AC pavement to a depth of 150
mm (6 in. ).« The cold milling would ‘take place only on the
»travelling lanes. The cold milled material would~be;cast.on
the_pavement shouldersiand after addition of virgin aggre-
gate'and virgin asphaltic emulsion would be mixed in-place
and reused The material ‘would be utilized as 50 mm (2 in.)
crack retardant layer in the cold-milled road bed and 50 mm
(2 in.) layer on the shoulders After construction of such

ﬁ%layers the entire pavement width will be overlaid with a
normal type hot-mix overlay. ' |

| In this analysis the remaining (not cold-milled)
portion of the existing pavement was considered as
partially fatigued and the modulus of 500 MPa (70, 000 psi.)
was assigned to it. The crack retardant layer was assigned
the same modulus value. The subgrade moduli for the tested
p01nts were based on the ELMOD procedure. All the design
thicknesses calculated for the selected stations are given

in Table 7.2. Figure 7~1 explains this design concept. The

- calculated overlay tnic ess was selected based on the mean
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plus one standard deviation method and is 325 mm (13 in ).
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7.4 Alternative Initial Cost Analysis

An initial cost of the three considered rehabilitation
‘ %ﬁ}prnatives were calculated. Calculation of material duan%
'titles and initial construction costs are presented in
Appendix G. The unit prices utilized in the calcmlation.are
the average unit prices from the highway contracts awarded
.in Alberta in 1988, or, in some cases, in 1987. This analy-
sis shows that overlay of the ex1st1ng pavement is the |
'least expensive among the three alternatives selected.
Reconstruction is the most expensive alternative, and is |
2. 25 times more expensive than the overlay. Alternative 3 -
y cold-milling and overlay cost $160, 000/km
Considering the expected performance of the three_alter*
natives, despite equality of their structural strength,
their order-w0uld’probably.be different.
Alternative 2 - reconstruction would probahly perform

the best and wouldrneed,a major surface rehabilitation

s

measure after‘about 15 to 17 years.

»The second would be’the'alternative 3 - cold-milling

and overlay. In:this concept the'Subgrade defects would not

be removed, but the pavement would receive a very substan-

_tial thickness of a new asphalt concrete layer. This would.
prebent development of non-load_associated forms of‘dis-

tress. One may expect that this. alternative will perform
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well, and any major surface rehabilitation will not be
L)

ny

required for about 15 years. . : ' —

Alternative 1 - overlay, which initial cost is the
lowest’ is expected to perform thevpoorest among the three
concepts. Despite using a crack retardant layer, it is
expected ‘that some amount of reflective cracking would
develop requiring quite frequent the surface rehabilita-
ﬁtion. In a 25 year design period two or three major surface
rehabilitation measures can be expected. \

Taking everything into account the alternative 3 hay be
considered as a cost effective rehabilitation measure for
some full-depth asphalt concrete pavements, however more
throuqh examination is needed. To find out more about an
adequacy of this alternative a life-cycle analysis of the
three alternatives should be performed.

7.5 Guidelines for Full-Depth Rehabilitation Strategies

This research and recent surveys performed in Alberta
on full-depth pavements reveal that these pavements’ perfor-
mance is, generally,»satisfactory, This fact disagrees wi
low Structural Adeguacy Indices of these pavements. A

limited survey performed by the author of the thesis

seven full-deﬁth pavements in the Province indicates tl
the pavements,shows no'or little signs of permanent defo”ﬁu,vw
tion. Low-temperature transverse cracking is the most visi-

ble form of the pavement surface distress. Some, very heavi-

v
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ly loaded highways (15:04, 14X:02) shows signs 'of fetigue
cfecks developed in the longitudinal wheel paths. These
cracks have not developed until 12 to 15 years of service.

To work out rehabilitaéionwstrategies for a particular
full-depth pavement certain steps must be accomplished. '
1. Data regarding the pavement construction should be
obtained. Thes;’data should’include: the subgrade soil type
and densities achieved during conetruction, ESphalt con-

' crete densities, amount of air voids in the compacted mix,
amount of asphalt cement in the mix; type of asphalt cement
used, and data regafding aggregate gradation. These data
can be obtained from the Alberta Transportation and Utili- '
ties Laboratory weekly eonétruction reports. This informa-
tion might indicate reasons for any abnormal pavement
performance. If such data are impossible to obtain corinq‘
of the pavement should be performed. The coring may also be
helpful in finding the pavement actual thickness and also

(@ﬁe thickness of the fatigued portion of the pavement
layer.

2. Non-destructive pavement testing along a pavement
should be performed. The testing employing multi-sensor

-deflection devices e;g. Dynaflect or the'Falling Weight
'Deflectometer are considered at present as‘the most reli-
abie ones. The'testing‘should be performed in the euter

theel paths with a sﬁacing of 50 meters at most. Testing in
between the wheel paths should also be considered. The

moduli determined in between the wheel paths may
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approximate the pavement moduli after construction. -

The pavement moduli should be calculated, based on the |
detlectioﬁ basin shabo measurements. This calculation
should preferably be pértormed,using a self-iterative com-
puter sottwé;e. With the numerous test stations to consid-
er, efficiency of the employed program is very important.

The calculated moduli uhould be utilizod to determine
pavement remaining life and to compute required overlay
thickness. This calculation should be performed for each
tested point rather than for an "average" moduli of a homog-
enous section.

A computer program for pavement life calculation should
use fatigue equations and permanent deformation equations
proper to materials locally empléyed and environmental_
‘conditions enéountefed. TAking@the pavement subgrade
non-linearity inté account would be a definite asset of
such a program.

3. A considered pavement shouid be carefully rated in
térms of its visual conditions. This visual inspection will
réveal the most pronounced formsyof surface distreqs.and
allow to determine borders of weakei or more deteriorated
pavement sections. It would be valuable to perform this
inspection together with the stfhctural’capacity measure-
ments; Thié way thé two surveys could be cloéel} correlat-
ed. During the visu;l inspection a pavement and its grade
actual widths, shoulders conditioh) surface drainage,

locations of objects limiting change of the pavement
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olovation.(bridgol, overpasses, guardrails), and so on
should be alsqﬂdetermined._/ ‘
4. Based on the collgdted information, several rehabilita-
tion alternatives should be selected. Rehabilitation mea-
sures will depend on the structural strength of the pave-
ment, its thickness, ago, visual conditions, ride quality,
availability ot overpay, end #0 on.

Among the selected eltdtputives reconstruction of the
entire pavement should be considered as the last possible
resort, and only for thin (hoo - 150 mm) and very badly
deteriorated full-depthnpavements. For thin pavements, but
pergerming adequatelx;’?n overlay should be considered as a
normal type rehabilitation procedure, unless it is uneconom-
ical because of other than structural constraints For |
medium thickness full—depth pavements 1150 - 250 mm) over-
lay or partial cold-milllng and overlay should be consid-
ered as an appropriate method of rehabilitation. Thick
full-depth asphalt concrete pavements (apove 25b mm) should'
be generally partially cold-milled and overlaid when a’
rehabilitation measure is necessary. Cold-milling should be
generally limited to travelling lanes, unless the shoulders‘
are in very bad condition.

Resuming, rehabilitation measures applied to full-depth
pevements should be differentiated depending on the pave;
ment‘structural, visyal and riding conditions. The selected
rehabilitation measures should be justified taking long

term economics into account.
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- vantages of these methods are also

o

7.6 Summary

o
Three methods of full-depth pavements rehabilitation

have been described in this Chapter. Advantages and disad-

mentioned.
) N

A mechanistic-empirical design procedure for rehabilita-

tion measures was described in this Chapter. For the three

" rehabilitation methéds selected, required pavement‘overlay

thicknesses for a design traffic were calculated using the
meﬁtioned approach. .

Required material quantities and the costs for each
considered  alternative were approximately calculated. It
wés estimated that alternative 1 - overlay cost $112,487
per kiiometer, compared to $254,235 for alternative 2 -
reconstruction and $156,349 for alternative 3 - cold-
milling and overlay. | _

At last guidelines for full-depth AC pavement rehabili-
tation strategies has been described. The guidelines'emphar
size the need for o$taining proper information regarding

the pavement materials, construction workmanship quélity

and proper"bvaluation of the pavement structural, visual

213

and riding quality. Based on these and on a careful economi-

cal analysis rehabilitation measures should be selected.
Some suggestions on how to rehabilitate various full-depth

pavements were also mentioned in this Chapter.
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Figure 7.1 Alternative rehabilitation measure
concepts for full-depth pavement. nghway
14X:02 km 1.79 to km 2.89.
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Table 7.1 Hwy 141202 ka 17.9 to
Alternative |, overla

I station. | overlay |
[ I {an) |
|enszzuaazznssnn |xanzssnsnznnann|
i 100.060 | 72 |
b 100,100 | 84 1
I 100,140 | 701
! 100,180 | 1711
] 100.220 | 751
| 100.260 | 5 |
| 100.300 | 215 |
! 100,340 | 90 |
| 100,380 | 91
| 100.420 | T
|= zznxx| Sszzssazz|
I . Mean | 100 1
| St. dev, ! 511
|x:z:::==:::::s:|:s::===i::::=lt|
iDesign thick., | 151 1

Table 7.2 Hwy 14X:02 ka 17.9 to
Alternative 3, overla

2!::!8838!’tlllllll:!‘!'lllllll!l

! station i overlay |
I ) (ns) |
|az2zz=zsszassen|xsa3zam2zzN2232 |
i 100,060 | 305 1
! 100.1% ! 305 1
I 100,149 | A3 |
I 100.180 | 336 |
! 00.20 1 . A3
] 100.260 1, en i
| 100,300 ¢ 35 1
o™ 100,340 | 312 |
! 100.380 | 310 |
I 100.420 | 320 |
]:::::::s:s:::::]:z::::::x:;:x:xl
! Mean | i
I St. dev, I 14 |
|zz=szzz3sz2332% |222233323233223)
iDesign thick, | 35 |

>
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AAE S | SRR o 0 CHAPTER 8
| | .
o .'" .. SUMMARY, CONCLUSIONS, RECOMMENDATIONS
" '

8.1  Summary

. The‘main purpose of this research ‘'was to provide quide—
lines for rehabilitation of full-depth asphalt concrete ’
pav&nents in Alberta. To achieve thie more detailed otc‘ ,
tives had to’ be fulfilled First: of all, experiences h

| the performance offfull—depth pavements in seasonal‘froSt

o areas, 1nc1ud1ng the Prov1nce of Alberta" were reviewed.f

B comprehensive literature search indicates that full—depth
asphalt concrete pavements are, gener7lly, performing
satisfactori T ‘ ‘
n*ordervtO'properlylevaluate thecstructural;abilities.
i of 1st1ng pavements, and full—depth pavements in
particular, elastic moduli of each pavement: layer were
determined “The moduli can be dbtained either in a
destructive g; non-destructive ‘way. The non-destructiveiw
techniques, for obv1ous reasons, are gaining w1despread
acceptance Pavement responses i. e. stresses, strains, ‘and
deflections can be calculated based on the theory cf o
‘elastiCity. The moduli backcalculation procedures using
pavement deflection ba51ns developed under a load are

' gaining acceptance‘ among -pavement en‘giynevers gnd.scientists. -

'To'Obtain'not_one but-many'pavement deflecQ&ons in each.

217
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load location, deflectiont%sting devices such as Dynaflect‘
or the Falling Weight Deflectometer have been developed.
‘ In this investigation two backcalculation computerized.l
procedures were described These are the ELMOD and FWDUT1S
"computer programs. "These two procedures were applied to

numerous deflection basins determined along selected

- full-depth pavements in the Province of Alberta. ‘Both these

. procedures predicts reasonably well the asphalt concrete
,and the subgrade hoduli of the selected full depth Aé
‘pavements. It was found that ELMOD predicts lower subgrade

i»moduli and hiager asphalt concrete moduli when compared

t with FWDUTIS Taking the ELMOD calculated moduli as 100,

the FWDUT1S asphalt concrete moduli are, on average, 9

percent lower, and the FWDUTlS subgrade moduli, on average,

17,percent‘h1gher than these obtained uSing ELMOD.
| The<1§¥er,calculatedgmgduli can‘be utilized in

mechanistic-empirical.procedures'for,estimation of pavement
N . - : ' N B B, : . o

P

iives. In this study‘threefexiSting semétmechanistic

methods‘were described and one method based'onjthe DAMA

computer program was developed. T AU .
The described backcalculation approach and the |

\

;fsemi analytical mode}s were ?gglied to ﬁ%ve full-depth
berta Hnghway Network. ‘The

pavements selected from the A

: performed procedure utilized the ELMOD calculated modu11 as

© . an 1nput and the DAMA based seml—mechanistic procedure.

‘Two different fatigue critgria Were incorporated into the

/e
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DAMA program. A comparison of overlay thicknesses obtained‘
for the selected pavements using:four different design
‘approaches was performed. These approaches .are: ELMOD, DAMA v
with two’ different fatigue criteria and the RTAC Benkelman— n°w
bean deflection based method. It was found that the calcu—'T‘
lated thicknesses varied considerably from method to meth-
od. v , :
 In the last part of the thesis one full-depth asphalt
concrete pavement -was selected Three rehabilitation mea-
.sures were analyzed using the DAMA based pseudo-analytical
model. Required thicknesses of ‘the pavement layers were
calculated and initial construction coats related to eaih
- rehabilitation alternative were computed. Some guidelines
for rehabilitation of full-depth pavements were provided
‘ The guidelines emphasize a type of data red and meth-
ods of the pavement evaluatj,pp to be usec!:ireeqrehabilita-,,
tion methods appropriate for fi&l-depth pavements were
discussed. Th%se are: overlay, reconstruction, and partial
cold-milling and overlay. This investigation indicates that

“the latter method may be, in some cases, considered as a

cost-effective one.
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8.2 Conclusions

y

L
b

4 Tﬂhmfollowing conclusions can be drawn froﬁ@this_study:

. 1 Full-depth asphalt concrete pavements appear to“per—

form well provided they are properly designed and construct—v

ed. These pavements should be designed using distress crite-
ria adequate to materials used. When full-depth pavements
arewconstructed, a spec1a1 attention should be paid to.
a. The'subgrade proper preparation. The subgrade should be
scraped, mixed, blended and adequately compacted to prov1de
uniformity throughout a section tp prevent differential’ - i&
heaving which may be harmful for full-depth pavements.
b. The pavements shduld be laid in thick lifts to\prevent
early deveiopment of 1ow5temperature transverse craCKing.
- C. Asphaltuconcretemix should be designed to provide its‘
“high‘stability. fd achieve this a high proportion of
crushed aggregate)should belused. The last statement is
Vespecialiy true in the_case of very heavily loaded roads.
d. Great atténtionbshould be paid to obtaining compaction
. of tbe mix in order‘to achieve high density and iow amount

of air voids. = ' R

2. pifferent'methodsnfor'moduliﬂbackcalculation may
produce different noduli; Care should be taken to see that
the obtained moduli are reasonable and correlate with the

laboratory obtained moduli,”if available. It appears that ,
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. ¢
the ELMOD and FWDUT1S programs are suitable for

y backcalculation of pavement layer.modnli. The moduli values

‘are reasonable ‘and close to ths’laboratory‘dbtaindf_moduli;

3. Both the ELMOD and DAMA based overlay procedures

appear to have potential to reasonably predict necessary
overlay thicknesses. An adgantage of ELMOD is its great
vefficiency. Asphalt concrete fatigue criteria are-tne most
significant factors'that’influence”the pavement design -

life. Many different fatigue criteria are preSently used

| and attention should be paid to utilize criterion proper to

<materials encountered.

- ) | | ’ s | . ) N i /k/r
4. The DAMA‘based overlay-procedure may be used for |
analysis of‘varions rehabilitation measures. It appears;
that this semi-analytical design procedure is snitatle for

applicatiotho pavement overlay design. ﬂr"ﬁ

5. It appears that partial cold-milling and subsequent

overlay may be con51dered as a cost-effective method for

‘rehabilitation 6} thick full-depth\\sphalt concrete

pavements.



8.3 Recommendations

1. Both Etudbuand:waUTlsfseen to be suitahfe for the ﬁave;
‘ment moduli backcalculation. However, further verification
- using several pavement sections should be per;ormed hefore_
the final conclusion is drawn in this respect Selection of
the most suitable software should be based on the -
reasonabLeness of its results, least compleXity and‘
.efficiency.' o .

y .
2..fhe DAMA based overlay design procedure seemsdto»be a.
‘suitable t001‘for designcof rehabilitation measures, but
should be-COmbined‘in one computer orogram.
3. Furtherlinvestiéation should'be carried out to decide
which asphalt concrete fatigue criterion‘is the most appro-

priate for the Alberta conditions and materials used.

4. The subgrade seasonal strength varlations should be
further investigated. The Falling Weight Deflectometer and
va backcalculation method appear to be promising toolsﬁfor

such an investigation.

*

5. all modull backcalculation techniques are very sen51t1vek

-

to the asphalt concrete temperatures and thlcknesses of the

pavement layers. Further, comprehensive, research is needed

- to find»a~proper temperature correction method for the

222



1backcalculated moduli. ‘

At present all sections having ;onlistently higher
modulus values than other sections of the pavement ahould
be cored to define the layer thicknesses and material. en-
countered. Development of a device or a method“&ble s

non-destructively determine the pavement layer thicknesses

would be of great value.

6. The concept of the Structural Adequacy Index as used in

|

Alberta for full-depth pavements should be further \

evaluated.'

7. Further research is needed to validate the newly intro-
duced concept of thick fullédepth pavement fehabilitetion

technicnle‘i.e.~ partial cold-milling and overlay.

s
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EXAMPLE RUN OF FWDUT1S
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W " :
. .
¢
FWDUTIS -~ F W D DEFLECTION BASIN FITTLING PROGRAM : \
CENTER FOR' TRANSPORTATION RESEARUH, UL T. AUSTIN, TEXAS
VERGION 1.1 & 27 MARCH 1985 BY ARG INC, &ew DELLANA LANE, AUSTIN, Tx
PROBLEM NUMBER .: 1 )
‘PEAY FORCE (LBE) v .
T LOCATION OF “MEASURES. TION BASIN ; 057104 sta. %00, 100
oAl LRSS ) !
TRIAL NO. - 1 &P .""3
THICKNESSES(IN); 73 :,'.3; i - o .
POISSONS RATIOS: et 8 Lmoo ) ¢
E.MODULI (PSI): , 75098, ! 16408,
~-. COMPUTED DEF. (MILS): 12,50 9,57 7.9 b.54 4.48
-—>» COMPUTED DEF. (MILS): -  3.21 a.a5 - '
MEASURED DEF, (MILS): - 12.72 .80 7.9% 6,48 4.2 oL
MEASURED DEF.. {MILS): 2.95 . 2.24 4 S
O o A > '
- PLOT 'OF THE ABOVE TRIAL
g 0-————0———-o;-o-ow—foo-———o-‘-—-0---—9 ------ *.
.0 + . . : - L
e - .
- i . o - N “ﬁ
. 3,0 +* ) o + *
. _— ‘.
. - N . a ) - ,
DEFLECTION = . . -
4.0 + . R .
Q R -
ST '3 TS M- 0 : ‘ -
9.0 . : _ ; - .
. - 0 S ‘ .- v
. _ . .-
- - . L d -
12,0+ ' o .
-0 . ' M: MEASURED --
- ) ) £3§ COMPUTED -
. - S0 IFC M -
15.0 + . ’ +
————— Fr e e e e b e e —————
1 2 3 4 5 & ?
GEOFHONE NO. °
. »
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APPENDIX B |
. "y
> | Y | |
. STATISTICAL COMPARISON OF ASPHALT CONCRETE AND SUBGRADE
'~“’4)DULI OBTAINED USING FWDUT1S AND ELMOD COMPUTER PROGRAMS .
>
Y ‘ '“"
; »m’ ' \
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* .
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_ GENERAL, ASSUMPTIONS
1) Data obtained using both programs are normally
distributed |
2) Data are paired i.e. paires of modul i obtained with the

use of the two programs are truly correlated

3) Null hypothesis for asphalt moduli is formulated as

follows: asphalt moduli obtained usig the two different
meteods of moduli backcalculetion‘are not significantly
different Ei1g = Ejp

4) Alternative hypothesis for asphalt moduli is as follows'
asphalt moduli predicted uSihg FWDUTlS computer‘program_are
significantly lower than these obtained using ELMOD

computer program. E p < ElE

5) It is seen from the above that the statistical test is

one-sided.-

6)vNu11 hypothesis for subgrade moduli is as foilows:'

subgrade moduli predicted using both programs are not

significantly different. E,p = E,p

7) Alternative hypothesie for subgrade moduli is as

follows: subgrade moduli obtained with ELMOD are

’significantly,lower than subgrade moduli obtained with
FWDUT1S. Eyp < Epp™

'8) Again_it is seen that this statistical test is

one-sided.

9) The t-test for paired data will be used.
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;
X3 = Lxy/nmy

, .
xl = Exl/'nl
Yy = X3 - X1

y' =Zy/n

standard deviation of y is: *
S s = (E(y - y)2%/(n-1))0%:5

The standard deviation of y' is:

sys = sAM

The t-test is applied to y' by ¢omparing it to a 2er9
mean difference: .
, »
='Y -0|/Syl

- The .number of degree of freedom is determined as follow§:

v o= n-1 and tabulated t value is ruad off for an

“appropriate level of 51gn1f1canc”{51f tcale > tiap the

difference‘is statistically siqn1f1cant.



HIGHWAY 14X:02

A. ASPHALT MODULI

R =20; v=20-1m=19;

’

y' = 338 & = 300

sys = 3004/20 = 67.08
“

tcalc = 338/67.08 = 5.04

\

-

/

[

‘trap = 3.883 with probability of 0.0005

Conclusion Asphalt moduli obtained using FWDUT1S are
) . , '
lower that these obtained using ELMOD with the level of

significance 0.0005.

-

P R
n=20;v=19;
’

y = 30 s = 24

Sys = 24A/20 = 5.37

teale = 30/5,47 = 5.59

»

™ ,44’3‘.0’4_ ] )

B. SUBGRADE MODULI ... -...

tiap = 3.883 with probability of 0.0005

conclusion Subgrade moduli obtained using B"bb-are lower

that these obtained using FWDUT1S with the level of

significance ,0.0005.

237
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HIGHWAY 36:18
A. ASPHALT MODULI |
ne13; v =13 - 1 = 12;
y' =327 s = 538
8y, = 53813\ = 149.21
"tcalc = 327/149.21 = 2.19 | (/"“\\5

i

trap = 2.179 with probability of 0.025

conclusion Asphalt moduli obtained using FWDUT1S are
lower that these obtained using ELMOD with the level og

significance 0.025.

o

B. SUBGRADE MODULI

y =9 8 = 12 .

Sys = 12A/13 = 3.33
ttab = 2.179 with probability qf 0.025

ggnglggign:éubgrade'moduli obtained using ELMOD are lower
that these obtainéd.using FWDUT1S with the level of

significance 0.025.

o
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| HIGHWAY 45:06A
A. ASPHALT MCDULI - | ’
n‘-25:v-g5,-1-24;
y =584. s = 748
Sy - 748/\/'53 = 149.6
.

4
/

teap = 3.745 with probability of 0.0005
anglggign Asﬁhalt moduli optained using FWDUT1S are
lower that these obtained uéing ELMOD with the level of

significance 0.Q005. '

,ﬁ» .

B. SUBGRADE MODULI

tcale = 15/3.00 = 5.00 »

tiap = 3.745 with probability of 0.0005

@anglgglgn Subgrade méﬁull obtained using ELMOD are lower

that these obtained using FWDUTlS with the level of

-

significance 0. 0005.
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HIGHWAY 45:06B

AT

A. ASPHALT MODULI
n=19; v=19 - 1 = 18; ' (
y =579 8 = 566
syf - sssAJI§ = 129,85

tecalc ™ 579/129.85 = 4.46

(

teap = 3.992 with probability of 0.0005

conclusion Asphalt moduli obtained using FWDUT1S are
lower that these obtaihed using ELMOD with the level of
significance 0.0005. |
7 |
B. SUBGRADE MODULI
n =19 i vo= 18;
, .

y = 16 ‘s = 12

syr = 12/\I9 = 2.75

tealc = 16/2.75 = 5.81 |
Ty P

teap = 3.992 with probability of 0.0005 K

conclusion Suﬁgrade moduli obtained using ELMOD are lower
that these obtained using FWDUT1S with the level of .

significance 0.0005.
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A
4%- v

. HIGHWAY 857:04 | Calt
A. ASPHALT MODULI ' '
n=269; v=69 - 1 = 68; @{?

y =125 - s = 412

sy, = 412/\k9 = 49.60
trap = 2.0 with p;obability of 0.025

. o
conclusion Asphalt moduli obtained using FWDUT15 are

¥

lower that these o'ot;aihed using ELMOD with the level of 2‘

significance 0.025.

B. SUBGRADE MODULI .

ne=e69 ; v=68;

? w

y =12 s =8
syr = 8/\[69 = 0.96

toalc = 12/0.96 = 12.46

teap = 3-46 with probability of 0.0005

conclusjon Subgrade moduli oBtained using ELMOD are lower
that these obtained using FWDUT1S with the level of

ey

significance 0.0005.
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N w
q
1 /

ALL HIGHWAYS TESTED
A. ASPHALT MODULI '
n = 146; v = 146 - 1 = 145;
y' = 310 © g =835
By = 535/ 14§|-A44.28-

t

teap = 3.291 with probability of 0.0005

- conclusion Asphalt moduli obtained hsing FWDUT1S are .
‘lower that these obtained using ELMOD with thédlevel,of‘n
R V,l'ﬂ! ,‘~

significance 0.0005, -

B. SUBGRADE MODULI

n = 146 ; v = 145;

4

Yy =15 s = 14
8ys = 14/V146 = 1.16

e

t = 15/1.16 = 12.95

calc

3
A

tiap = 3.291 with probability of 0.0005

significance 0. 0005.
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TRAFFIC CALCULATIONS
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- J\\;'} N 3 .ﬁiGHWAy.14x:oz-; .
5 \ ‘ I L . ,
L~Est1mated trafflc growth =0. 045 a- year.uuwfééy v .
' Cumulative no% ?fj SAL‘FQ 1984‘ 3438*365*0 85 = 1;056,640'
.Cumulatlve no. of: SAL'to 1985  4281#365%0.85 = 1,325)180 -
[ESAL/dayA, ,(1,328,;30-;;063,640)/365‘#'716.5.ESAL/déy‘.
“'JESTIMATED TRAFFIC N 1987 5
 ;Used formnla., IR ' » ‘ v .
(ESAL/day)*BGS*O 85*[(1+;)n-1]/1n(1+1) + (ESAL in- 1985) y:fgg\ﬂ

wherev.85 is a de51gn lane factor (only for multllane roadsf

iy
n .- de51gn perlod in- years~

- -1yegrly t;afflq growth,'

.

716. 5*365* 85*((1+0 045)2—1]/1n(1+0 o45)+1 328,180 ='}"
1,792, 925 | ‘
f  ESTIMATED 'TRAFFIC IN 2002 |
.716 5*365* 85*[(1+O 045)17-1]/1n(1+o o45)+1 328 180 =
6, 950 957 . o ‘
"fESTIMATED TRAFFIC IN THE DESIGN PERIOD 1987~ 2ooz
6,950, 957 1, 792 925 < 5,158, 032

ESAL/month 5,158,032/12%15 = 28656
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Y 36:18
8 o
" Estimated traffic growth «i=0.04 aflN. . oo

cumulative no. of ESAL to 1985 g = 145,270

| " e £\ _odi B

Cumulative no. of ESAL to 1986  497%365 = 181,405

: : O . [ : ' e
ESAL/day (145 270-181, 405)/365 = 99 ESAL/day :
i

*ESTIMATED TRAFFIC IN 1987
Used formula'

‘(ESAL/day)*365*[(1+i)n-1]/ln(1+i) + (ESAL in. 1986)

‘.whe"re V
B n - de51gn perlod in years i
1 - yearly trafflc growth ' SRR .
7999*365*[(1+OQ04)1*1}/1n(;+0.04)+181,405‘é”218,258v‘
SE

' ESTIMATED TRAFFIC IN 2002 |
‘ 9*365*{(I+b 04)15-11/1n(1+0‘04)+181 405 = 985,704
 ESTIMATED TRAFFIC rN THE DESIGN PERIOD 1987-2002

985, 704 218 258 = 767,446

:ESAL/month ) 767,446/12*;5 = 4264

L3 L
. R



/ ESTIMATED TRAFFIC IN THE DESIGN PERIOD 1987- 2002 >

e

| .4 =l
HIGHWAY 45:06X
ST
e

Esﬁimated(traffic growth i=0.04 a year,

‘Cumulative no. of ESAL to 1984  542%365 = 197,830

Cumulative no. of ESAL to 1985 = 6Q2#365 = 219,730

ESAL/day (219,730-197,830)/365 =60 ESAL/day -

'ESTIHATED TRAFFIC IN 1987 .

Used formula'
Yy

' : g N
(ESAL/day)*BSS*[(1+i)n-1]/ln(1+i) + (ESAL in 1985)

&

where

n -‘désign period’in'years ‘
h oy o )
i o yearly traffic growth
PO A o ' | |

60%365*[ (140,04) 2213/1n(1+0.04)+219,730 = 265,294

o ' R

’,..,

ESTIMATED TRAFF:@,IN 2002

T

1

go*sss*[(1+o 04)17—1]/1n(1+o 04)+219, 730 = 749 017

749 017- 219 730 = 483,732 .

:v\i

ESAL/month 483" 732/12*15 2687 P

246



'HIGHWAY 45:068 @

Estimated traffic growth. i90{04 a year. |
_Cumulative no. of ESAL to 1984 ~ 544*365 = 198, 560

-

~ Cumulative no. of ESAL to 1985 . 604%365 = 220, 460 -
: ‘ * ‘ . ’

g ,
ESAL/day (220,460-198,56,6‘)/355 = %60 f:S_A’L/day
| ESTIMATED‘TﬁAF-FIc IN '1"98_7_ | (

Used formula 1s ‘ | L}
‘(ESAL/day)*365*[(1+i)n-1]/ln(l+i) + (ESAL in. 1985)
, | uE

where |
n - design'pefidd\inuyéars
‘i -4yeér1y“traffic growth |
60#36‘5*[(l+01.'04)2-1']/1n(1+0.04)+220,'4‘60 = 266,024

A&

ESTIMATED TRAFFIC IN 2002

‘.4'

'60*365*[(1+0 04)17-1]/1n(1+o o4)+2zo 460 = 749,747

ES?IMATED TRAFFIC IN THE DESIGN PERIOD 1987~ 2002

749, 747 266 024 = 483, 732 ST e
. R L B S
v "‘b'.,k ', s - '” \*"“ . . ‘ V
LR

:::ESAL/ﬁbnth : 483;732/12f15.= %Qéh‘” ;
, . B g

247




N

where . ‘ ¢ o :

. 183, 372*45 260 = 138 112

. d.)

HIGHWAY 857:04

QEstimated traffic growth 1=0.04 a year.

XCpmulative n of ESAL to 1985 107*365 = 39,055
+ tunulative: no.Tof ESAL to 1986 - 124365 = 45,260
$ | R . |
“Es&L/day. (45,2%0—39,055)/365 o 17.EsAL/day;
ESTIMATED TRAFFIC IN, 1987 |

[}

" Used §ormulz£§>’ i N _ B ¢

(ESAL/day) *86 *[(1+i)“—1]/1n(1+1) + (ESAL in 1986)

{‘ . >

‘ﬁ’ n - design period in ygérs‘ ‘

3
Al

SRl - yéarly traff§cwngWthv
‘?"i . " C } B i h '
17*365*f(1+o,04)iﬁlj/1n(1+o.o4)+45,260 = 51,588

& ‘ . &

| ESTIMATED TRAFFIC JIN.2002 |
‘17*365*[(1+0 04)15-1]/1n(1+o 04)+45 260 = 183,372

. ESTIMA%ED TRAFFIC IN THE DESIGN PERIOD 1987-2002

ESAL/month 1 138,112/12%15 = 767

o
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v - APPENDIX D.

'EXAMPLE RUN OF SELECTED PROCEDURE FOR OVERLAY DESIGN .

!




45104A sta, 800,940 run A

e .x_
: a

SR ‘nuu‘-uutn-nﬁ
LR gD openrxss
LAYER HAIER!AL L POISSON'S THICKNESS
CNNBERTYPE, RATIO (IN.)
I ASPH. CONC. 0.35 6.00
2 SUBGR, SOIL 0.45
, )
CLRING CONDITIONS
LAVER  MATERIAL CURE TINE NONTH OPENED  HONTHS CURED
NUNBER  TYPE (NONTHS) JO TRAFFIC BEFORE OPENING
I ASPH. CONC, 0.0 SEPT. 0 ’
TRAFFIC CONDITIONS A
" NUNBER OF REPETITIONS PER NONTH * 1730
 ENVIRONNENTAL CONDITIONS |
(NEAN WONTHLY AIR TENPERATURES, DEG. F). -
ION, FEB. WAR. APRIL WAY JUNE JULY AUS. SEPT..OCT, NOV. DC.
-1 81169 31.8 S52.0 5.B:42.5 58.7 50.2 39.7 223 7.2
LOAD CONFIGURATION AND CONPUTATIONAL POINIS - R .
LOAD PER TIRE = 4500 L85 _ : | -
CONTACT PRESSURE = 95.00 PSI | o
~ RADIUS OF LOAD ~ = 3.88 IN.
LOAD SPACING = 13,50 IN. U .
CONPUTATIONAL POINT 1 X = 0.0 IN. (CENTER OF.ONE TIRE) .
CONPUTATIONAL POINT 2 I = 3.88 IN. (EDGE OF ONE TIRE) .-
CONPUTATIONAL POINT 3 X = &.75 IN. (NIDPOINT OF TWD TIRES)
¥ !
MOBULI CONDITIONS ‘
ASPHALT S{ABILEEED thsn' .
CLAVER  WTERIALPOMT . TR OIS NODWLS EF o :
nunaen . 'TYPE ' NUMBER  (DES: F) %:‘gg) - «PSE) . : -
; N - |
1} ASPH,COMC.» ‘ Ny
v Fa 1 107 886910
% ‘\;'; ) 2. 9\0 “ 368 o
R
L A 25,0, ~aaoea
T PTE P W07
e - “@ &1 03 Oﬁiék



Gy

-
S © o 3

1
12

NODULI CONDITIONS
(“\-.---; ---------

Sd?éRhDE LAYER

LAYER NATERIAL
NUMBER TYPE

2  SUBGR.SOIL

,‘lu uA

¥

T
-

JAN.
F“l

- QPR*E
Mh }
JUNE

J

LY

AUG.

SE

PT..

ocr.

‘ N

V.

DEC

{flliil!iliiillDESlSN L]FE OF, PAVEnENTiiftftfeoi\;i }0 = ﬁ

.. 268208 -
196343

“
‘Il.o
»

BT
102127 v

e
w4 monuLus

.

44849

080

-

50000

50000
50000
6786
4786
8352,
9914-
11484

13050

13050

-31625}‘ ‘

0000

POSIIION LIFE (YEARS)

"!ll:iﬂ:’llllll!lllllllll

- NUNBER  TYPE .~ (NONTHS)

LAYER  DAMAGE CUMULATIVE - CRITICAL DESIS
e g - DAWABE
S ‘farxsu‘ o ,.5‘1.000, ”'ﬁ’ 3
© 2+ DEFORMATION .7 "1:000 1
"“f;qszoan sta. 800, 3~o run v ) 4
L LMER iND MATERIAL PROPERTIES
RENTY S HATERIQL POISSON'S  THICKNESS

MR TYPE RATID- ()

o e, f7is“”v 0.35 ro
2 ASPH. CONC, 035 " . 600 .
C3SBBRISIL 0.8 o5

ij‘cuaxns connxrxdus T
e o _
LAVER - WTERIAL  CSCCRETINE, . WONTH OPENED

JO TRAFFIC -

asraae'oﬁ ns}

251



L1 ASPH, CONC. 0.0 SRl 0
TR AGPH. CONC. 0.0 SEPT. 0
N ) : v L " o
" TRAFFIC CONDITIONS .
* o MUMBER OF REPETITIONS PER MONIH 2435 ’

fa St

~COMPUTATIONAL POINT 3 X

" ENVIRONNENTAL CONDITIONS .
(NEAN NONTHLY AIR TEWPERATURES, DES. F)

CIMN. FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC.
S0 B4 169 318 52.0 58.8 2.6 58.7 50.2 3.7 223 1.2

' LOAD CONFIGURATION AND CONPUTATIONAL POINTS

*“LOAD PER TIRE - *= 4500, LBS

CONTACT PRESSURE = 95.00 PSI
RADIUS OF LOAD = 3.88 IN. .
;. LOAD SPACING = 13.50 IN.

0.0 IN. (CENTER OF ONE TIRE)
3.88 IN. (EDGE OF ONE TIRE)
6.75 IN. (NIDPOINT OF T TIRES)

| a

CORPUTATTONAL POINT 1 ¥
CONPUTATIONAL POINT 2 X

WODULT CONDITIONS
- ASPHALT STABILIZED LAVER -

CLAYER  NATERWL-POINT  TEWP. . MODULUS EI MODULUS EF
o NUMBER  TYPE - NUMBER (DEB. F)  (PSD) (PSI)

27,1 ASPH.CONC, ~ . »
L : . 1,0 2049568
9.0 1963568
17.0 1788372
23.0 1568898

33.0 1305203

48.0 817164

p— ‘
& W~ e Wy -

85.0 444250 : s &
73.0 311448 : ‘ &
81.0 211381 4

12 89.0 13897 o
_WODULUS. PARAMETERS: NU = 0.150 P20 = 6.0 FRE@ =10 HZ W = 7.0 "VEE 13,1
o [ . . ) } ‘ ' 5;

e
—

i

oA

4.0 1051786 o N

57.0 612898 ~ ,,_trg-@?.;



2%

i,

ASPHALT STABILTZED LAYER o ‘
) » v.,' ‘ .
LAYER MATERIAL POINT TENP, MODULUS EI HODULLS EF
'NUMBER TYPE ‘- NUMBER (DEB;’Z:_ (PS1) . . (PSD
2 ASPH.CONC. k ,
o 1 1.0 628910 ,
\ 2 9.0 404348 “
L Mf 3 17,0 562217
. i ] 25.0 483464 "
" 5 33.0 407407 :
b §1.0 330744
7 hﬂgﬁn 248204 ¥ {
. 8 ST 196303
9 5.0 443898 o
10 L1300 102127 .
U 81.0 70241
1R - 89.0 44849
NODULT CONDITIONS - »
SUBGRADE LAYER
LAYER MATERIAL MONTH MODULUS
NUMBER TYPE
3 SUBBR.SOIL
JAN. 30000 -
FEB. 30000
- MAR, 50000
APRIL 4784
NAY 478
JUNE §352
JuLy 9914 -
AUG, 11484
SEPT.’ 13050
0cT. © 13050
NOV. 31625
DEC. 50000 .
Iil{liiiiliiiilDESIGM‘LIFE OF PhVEHENTiilllllilllllli!lllllfl’!ll'lIlligf’llll’lifll.
LAYER DAMAGE - CUMULATIVE CRITICAL DESIGN DESIGN
- TYPE DAMAGE APDS]TIDN LIFE (YEARS) REPETITIONS
1 FATIGUE 1,000 3 183.6 0.5657€+07 '
2 FATIGUE 1.000- 2 ‘5.9 0.1729€+04

3 DEFORMATION 1.000 1 4.0 ~ 0.1176E+04

S=3€=z===s= I2z==zE=z=c=3 RS SIS I I IS I IS IR SIS AR IIIIIERNISIIZSRNSERES
. f




451060 sta, 800,340 run C

LAYER AND MATERIAL PROPERTIES

LAYER  MATERIAL POISSON'S THICKNESS

NUMBER  TYPE RATIO (IN.)
I ASPH. CONC. 0.35 3.00
2 ASPH. CONC. 0.35 5,00
3 SUBGR. SOIL 0.45

CURING CONDITIONS

LAYER  MATERIAL CURE TINE NONTH OPENED  NONTHS CURED
NUMBER  TYPE (NONTHS) - T0 TRAFFIC BEFORE OPENING
| ASPH. CONC. 0.0 SEPT. 0
2 ASPH. CONC. 0.0 SEPT. 0

TRAFFIC CONDITIONS
NUMBER OF REPETITIONS PER NONTH 2435

ENVIRONMENTAL CONDITIONS
(NEAN MONTHLY AIR TEMPERATURES, DEG. F) .

JAN. FEB. MAR. APRIL MAY JUNE JULY AU6. SEPT, OCT. NOV. DEC.
-1.1 8.1 169 31.8 52.0 8.8 42.6 58,7 50.2 39.7 22.3 7.2

LOAD CONFISURATIUN AND COMPUTATIONAL POINTS

LOAD PER TIRE = 4500, LBS
CONTACT PRESSURE = 95.00 PS!
" RADIUS OF LOAD = 3.88 IN.
LOAD SPACING = 13,50 IN.

COMPUTATIONAL POINT 1 X = 0.0 IN. (CENTER OF BNE TIRE)
COMPUTATIONAL POINT 2 X = 3.88 |IN. (EDGE OF ONt TIRE)
CONPUTATIONAL POINT '3 X = 4,75 IN. (MIDPOINT §F TWO TIRES)

MODUL1 CONDITIONS

“ASPHALT STABILIZED LAYER
. T

LAYER  MATERIAL POINT  TENP.  NODULUS EI NODULUS EF

NUNBER  TYPE NUMBER  (DEG. F)  (PSI) . (PST)

I ASPH.CONC. :
1.0 '2049568
9.0 1963566

17.0 1788372

25.0 1568898

33.0 1305203

N o W Ny

254



\ : ‘255

01,0 1051788 ' S
48,0 BI716N ‘
§7.0 412898 - (
9 65.0 444250

10 73.0 311468

11 81,0 211381

‘ 12 89.0 - 138974 E

MODULUS PARAMETERS: NU = 0,150 P00 = 8.0 FREQ @ 10 K2 W ¥ 7.0

@ ~3 o

7

ASPHALT STABILIZED LAYER ' Vot .

LAYER  MATERIAL POINT _ TENP.  MODULUS EI HODUBUS EF s
NUMBER TYPE  NUMBER  (DE6. F)  (PSD) (PSI)

2~ ASPH.CONC.

0 628910
0 504348
17,0 %6217
-25.0 483666
33,0 407407
41,0 330746
48.0 268204
57.0 196343
$5.0 143898
73.0 102127
81.0 70241
L 89.0 44849

o ~N o~ - Wy —

—
n - o o

MODULI CONDITIONS

SUBERADE LAYER

LAYER  MATERIAL . -MONTH  MODULUS ¢
_ NUMBER TYPE

3 SUBSR.BOIL
AN, 50000
FEB. 50000
HAR. 50000 -
APRIL 4786
HAY 6786
JUNE 8352
LY . 9914
AUS. 11484
SEPT. - 13050
ocT. 13050 - N
NOV. - 31885 . _ﬂ%‘?_
DEC. 50000 -



. COMPUTATIONAL POINT 1 - X

- CONPUTATIONAL POINT 3 I

i

o p : : . &
P e b et eateDESION LIFE OF PAVENENT S50 00000 0as 0as bt Hio st itstttinssstbnstists :
LAYER DAMABE CUMULATIVE CRITICAL DESIGN . DESIGN
TYPE. f‘_ DAMAGE “POSITION LIFE (YEARS) REPETITIONS
i FATISUE ' 1.000 . S| Jb1.6 0.1118E+08
2 FAT)GUE 1.000 3 21.1 0.616BE+0b
3 DEFORMATION ‘ 1,000 1 29.6 0.845BE+08

3TN NN N R R NIRRT SNSRI TSNS 2SI IISART IR

45:06h sta. 800,340 run D

LAYER AND MATERIAL PROPERTIES

o

LAVER nnregggg POISSON'S \ THICKNESS
NUMBER RAT]O (IN.)
C© o ASPH. CONC. 0.35 5,00
2 ASPH., CONC. 0.35 5.00
3 SUBGR. SOIL 0.45
CURING CONDITIONS
LAYER  NATERIAL CURE TINE NONTH OPENED  NONTHS CURED -
NUNBER  TYPE (NONTHS) T0 TRAFFIC BEFORE OPENING
I ASPH. CONC. 0.0 SEPT. 0
2 ASPH. CONC. 0.0 SEPT, 0

TRAFFIC CONDITIONS

NUNBER OF REPETITIONS PER NONTH 2435

_ENVIRONMENTAL CONDITIONS

(MEAN MONTHLY AIR TEMPERATURES, DES., F)

JAN. FEB. NAR. APRIL MAY JUNE JULY AUG. GEPT, OCT. -NOV. DEC.
-1 8.1 16,9 31 8 J3e.0 58.8 é&2.6 98.7 50.2 39.7 22,3 7.2 ‘

LOAD COlFIGURATIDN AND COHPUTATTONQL POINTS

LOAD PER TIRE . .= 4500, LBS
CONTACT PRESSURE = 95.00 PSI
RADIUS OF LOAD ~ = 3,88 IN.

= 13,50 IN.

LOAD. SPACING

0.0 IN. (CENTER OF ONE TIRE)
3.88 IN. (EDGE OF ONE TIRE)
6.75 IN. (NIDPDINT OF TWO TIRES)

COMPUTATIONAL POINT 2 X

-



L)

Y

MODULE CONDITIONS | B as?

................. »
O
ASPHALT STABILIZED LAYER .
v
* LAYER  NATERIAL POINT  TEWP,  MODULUS EI NODULUS EF L
NUNBER . TYPE  NUMBER  (DEG. F)  (PSI) (PSI) ) oo
L ASPH,CONC | ' ‘
. 1 1.0 2049568 _
2 9.0 196356 ' : ’.
3 17,0 1788372 o
4 25.0 1568898
5 33.0 1305203
y 6 41.0 1051786
4 7 480 817184
v K 8 570 pleEe - ,
T b9 5.0 4aegso ' )
Yoty 1o 73.0 311468 ‘
SO 81.0 211381
e e ¥ 1e 89.0 138974
mwwsmmmnm mako P200 = 5.0 FREQ = 10 HZ W = 7.0
gﬁﬁspuner sraaiszsn LAYER
LAYER‘ HﬂTERlAL POINT  TENP.  MODULUS EI w  MODULUS EF
e Nunasa ,'TYPE  NUMBER: (DEG. F) (Pil) “oooesn
ey PO - VU
R w, FIE R N T0)
ey TR @ 6,0 4ok ;
T -f~‘. S 30 seeent '
TR , % - 25 483ees «
b Lo 5 B0 w0707
R 6 410 330744
. 7 48.0 248204
B 5.0 196343
9 b5.0 143898,
C 40 7300 102127 ” ~—
. . B 81O 7024l [ \\"”‘7
» . 12 B9.0 44849 N
. hd A L
HODULI counrrlans [\
subéRAnE LAYER §
+ LAYER  NATERIAL MONTH  ‘MODULUS
" NUMBER  TYPE o
.. . 4..
3 SUBGR.SOIL ; :
' IAN, 50000 _
FEB. . 50000 :
MAR. 50000 -

APRI{ 678 - . o -
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K CJUNE- e
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CoOAUB. o 1ese o

. GEPT. 13050 . . T

S CeCT. 13050

. NV, e
T UDRLL YT 50000 %

R T

'|f}|}iil{i§iiifDES}shAL]FE.UF PAVE"ENTI;Q?}}{!!#{#{}#!i!iiiqﬁ;}igg;i}f{ifiqfiffgiff},3 B e
o LAYER DAMAGE . CUNULATIVE . CRITICAL DESIGN' - DESIeN . ‘.
S TYPE. -~ DAMABE . ' POSITION LIFE (YEARS) - REPETITIONS ‘

b

CRATIBE o Low e 4w ougmsee b
COFATIBUE™ - 10000 . SRR B U117,
. DEFORMATION ©~ . 1.000 ° W2 0.41256+07
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52 fcracking in 10ngitud1nal4

‘Pavement - gga‘- 13 years. -
erlay Very heavy traffic

Phbfo E- 2 Highway 14%: 02 Cricking in longltudlnal :
‘ wheel path. Detailed view. - | L

a
»

oA



L 1

E-3 Highway 15 o:, 'anninq Freeway* Genera1
view' Pav&meqai @ = .16 years. 0verla1d .
.. raffic.» R o

Photo E-4 - Highway 15- 1 'Hahning”Freeway. cracklng Lo
L eveloﬁhd v ngitudinal wﬁeelﬁpaths.. . :
L Detailed viei > s

<



" Photo E-6

v

. pavement (1 5%

_hiﬂ full—depth
usuglly good

leht age“- 14¢y9ars.
‘aff fe. -

performance. -}
No. overlay.g~

'Highway 851 : 04, Example]bf an: excellent
full-depfh pavement. Pavement age

years. Very low tratfic. v S
SN
[} = FEP #
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4ON USING THE BENKELMAN BEAM DEFDEICTION
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1 HIGHWAY 14X:02 km 1.80 to km 2.90 lane 1.

a) Maximum spring Benkelman Beam deflection measured in
1987 was q&‘the aVertge 2.67 mm (0.105 in.) - (see Table .
6. :& with’ a standard deviation 0.69 mm (0,027 in. )y

b) Sectibn is unifdrm in Wstrgss evidence, soil?,_traffic
. 1 [l
. 3 : 4

and geometrics .

c) An overla" J;should be sufficient for a design periad of '
- 15 years. Estimated traffic volune from 1987 to 2002 ie
.5 158 032 equivalent single axle loads - see Appendix C for
traffic‘details.

d) From Figure‘6;2 a'%esign Benkelmaniaeem defleétion of
.0..6353 mmv (0.025 in.) 'i's raqui'red‘to carry the future -
'traffic. The ex1st1ng facility has a design\ deflection of
2,67 + 2 * 0.69°= 4.05 mm (0.159 in.). - 1%C2£«

e) “From Figure 6.3 for the above deflection value of 4. 05

mm (0.159 iny) and the . "esign deflection of 0. 6?‘ 0. 025

1r} ) the read off additional thickness of gravel layer is

625 mm (24.6 ing) or 259_nmL&2;a;inll_gr_gepnglt_ggngzete_

Lt
. Y .
\ e L N

-
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2.HIGHWAY 36:18 km 1 04 to km 1.60. »

a) Maximum spring Benkelman Beam deflection measured in

1987 was on the averaqe 2.67 mm (0.105 1n.) - (see Table
. /6.25) with a standard deviatio® 0.46 mm:(0.018_in.).

b) Section is uniform in distress evidence, soils, traffic P

'
-

and geometrics.

A

c) An overlay should be sufficient for a desigﬂ period of
" 15 years? Estindted traf’%c volume from 1987 to 2002 is
767,446 equiwalent'single axle loads, - see Appendlx C for %
w$t£;fﬂic details

d) From Fiqure 6.2 a design BenkelLan Beam d
‘ AY ’
1.22 mm ( 048 in-) is required to C%Fry the fu_ure

of

traffic. The existing facility has a design deflection of

2.67 +2 % 0.46 = 3.59_mm (0.141 in.). '

e) From Figufe 6.3, for ¥he above deflection value of 3.59
¢ B ’ 4

.mm (0.141 in,y and the design deflection of 1.22 mm (0.048 .

in.) the read off additional thickness of gravel 1ayer is

270 mm (10 5 in.) or 110 il (4.3 in.) Qﬁ gsghalt concgete

llm)" ’ - ‘ é’ ‘
- ) ‘ * '

ALY |



N , | .
3.HIGHWAY 45:06A km 13.43 tp km 13.98.

. w"-”f;)”, ‘ . : R LT M

a) Maximum spring Benkelman Beam goflection measured in
1987 was on the average 2.74 mm (0 108 in.) - (see Table“
6.25) with a standard deviation 0.20 mm (0.008 in.).
b) Section is uniform in distress eQidence, sails, tratfic
and geometrics. \ ‘ '
c) An cverlay should be sufficient for a design period of
15 years. Estimated t%nffic volume from 1987 to 2002 is
483, 732 equivalent single axle loads - See Appendix C for
traffic details. - ‘.;‘
d) From Figure 6.2 a desiqh:Benkelman Beam deflection of
1.27 mm (0.05 in.) is required tc carry the future traffic
The existing fac1lity has a dedign deflection of. 2.74 + 2 .o
0.20 = 3.15 mm (0.124 in.).
’e) From'Figure 6.3, forvihe above deflection value of 3.15
mm (0.124.ib.)rand‘the desigchdeflection of 1.2¥%mm (0.05 '
) the read off additignal thickness'of grave}ileyer is™ ¢

40 mi (9.35 in.) or 95 mm (3.75 in.) of asphalt concrste e

L}




4. HIGHWAY 45:06B km 23.27 to km 23.82. .
. @) Maximum spring Benkelman Beam deflection measured in’

1987 was on the average‘4.17 mm (0;164.in:)‘~ (see Tabie

Vﬂ6 25) with a standard. deviation 0.66 mm (0.026 in. )'
'-b) Section is uniform in distress evidence, s01ls, traﬁ?ic

and geometrics | ‘\\\ ‘ ,
¢) An over;;y should be|sufficient for a. design period of

ﬂ'15 years. Estimated traffic volume from 1987 to 2002 is ‘

+ 483,732 eanzplent single axle 1oads -~ see Appendix C for
traffic detag?s. ° . - . 7
d) From Figu;c 6.2 agresign Benkelman Beam deflecticn of

1. 27 mm (O. 05’1n ;) ig required to carry the future traffic

Th.:.gxatinilzacixity has a éesign deflection of 4.17 + 2 * ‘qgf

oss-ssﬁmm(oznin)
e) From Figuxe _6 3, for the above deflection value of 5'51
mm (0.217 inf?t}nd the design deflection of‘l 27 mm (o 05
_in.) the read off additional thickness of gravel layer is
/)éo mm ' (13.0 in )s oX " in. : asphalt concrete

lﬂ¥§£& _

.-

£ ’ . P



-

thy QA 271

,5 HIGHWAY 857:04 km 1;'25 to km 12.80. i

a) Maximum spring Benkelman Beam deflection measured in
1987 was on the average 4.11 mm (0.1632 in.) - (see Table

+ 6.25) with a standard deviation 0.62 mm (0 024 in.).

‘b) ,S}Lction i& uniform in distress evidence, soils, traffic
and ‘geometrics.

c) An overlay should be sutficient for a design period ot
15 years. Estimated traffic volume ‘from 1987 to ‘2002 is -
138,112 equivalent singie_axle loads -~ see Appendix C for
traffic details. o

d) From Figure 6.2 a design Benkelman Beam deflection of
1.78 mm (0.07 in.) is required to ‘carry the future'tr&ffic.
The existing facility has a design deflection of 4.11 + 2 *
062=536mm(02111n) >

e) ffom Figure 6.3, for the above deflection value of 5. 39
mm (0 211 in.) deflection and the design deflection of 1. 78

mm~(0.07 in.) the read off additional thickness of gravel

layer is 250 mm (9.8 in.) or 100 mm (4.0 in.) of asphalt
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ALTERNATIVE CONSTRUCTION QUANTITIES AND INITIAL COSTS o
I{IGHWAY I4X 02 MO 00 TO KM 3.22 1. KILOMETER BASIS :

e

e - *

P
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. | T . e ' ' . v ’
ot a1 it . . RN P
; . ; i ) . . .

- . QUANTITIES . *
< v J ) L
IR o | A e
| ALTERNATIVE 1 OVERIAY - B T B |
1. Pavement edge cut .ﬂ' - ‘// & 1000 m
2, Reclarm edge of asphalt concrete pavement . | o
0.30%0. 30*6*0 5*1000*22{294 =- \61‘9 tonnes -
3. arthwork ([(0.30- o 075)*6+2 4o+2/.4b]/2*(o 30-0. 075)+
_ , (1 00%6+2. 4o+2 40)/2*1 00)*1000 = 6092 cu.m _
» 4. Subgrade preparatrcn , -.%'40*1000 =~f 2400’ea;m;‘
‘5. 'Crushed gravel base course'fromfplt to sp. 2”— 25 )
. (o. o75*5+2 4o+2 40)/2*0 0751*1})00*1.“7*1 1= 3@9"‘.t§n_nesi .
6. Prime coat R i f 2.4041000 = * 2400 sq.m
7. Tack coat » -/’ 12.50%1000 = ‘12589 sq.m’
8. Asphalt stablllzed ‘base course (ASBC)(12.50+0;15*6*2+
‘ ~ 12.50+0. 20*6*2)/2/41000*0 05*2 294 = 167{@ tonnes °
9. Recycled asphalt concrfte pawement (R&CP) |
(12.50+12. 50+0. 15*6*2,)/2*0 15%1000%2.294, = 4611 tonnes
. ‘ //‘ | , o
ALTERNATIVE 2 REcousTﬁucTIoﬁ
o £/' o
v1 Reclaim ex1st1g ACP | _
(12 Bo+12 50+o 8*6*2)/2*0 28%1000%*2. 294 = 9108 tonnes
f%. Earthwork ;/ / | | N |
) (2 oo+2 oo+1 00%6) /2*1. 00*1000 = 50_0\0-cu.f\’m
yii.rSubgrcde éreparatlon - f',v 16.10%1000 = 16100‘sg.m '
';4.’Sub§raqé/excavatlon 0.02*(12;50+0.28*6*2+ . | “/}}ﬁ\ ‘,
) / e L o o ~

' '2'73



5

)

<1g/§§:;?30t5i2y/2*1000 - 32 cu.n

N
N

,‘Ctushed grabel.ga;é/course from pit . to sp. 2 -25

(12.50+0.32%6%2+12.50+0.47%6%2) /2#Q. 15%1000%1 . 7#1, 1
. 0 - . o i

6.

‘7.

ALTERNATIVE 3 . COLD MILLING AND OVERLAY

.
N

Prime coat = (12.5Q+0.32%6%2)*1000 = 16340 sq.m
| (12 , 0 = 1€

| q S .
Recycled asphalt concrete pavemént (RACP)

(12.50+12.50+0.32*6*2)/2*0{32*1000*2.294 = ‘1058Q;$onné
,‘. « ' . ‘ ' ' \\ i

v

~

'

Pavement edge cut 1000 m

Rec;alm of asphalt concrete edge

’

, = 4836 tonnes

274

-

4

" 0q 30*6*0 30*0. 5*1000*2 294, = 619 tonnes‘

Earthwork ([(o 30-0.075)*6+2.80+2. 80]/2*(0%30-0. o75)+

(1.00%6+2. ao+2 80)/2*1 QO)*lOOO/— 6582 cu.m

~ °

’CrushedvqraVellbase course from piclfo sp; 2 =25~

n

(0.075*6+2.80+2;80)/2*0}075*1000*1.7*1.l

’ .

ZASBC in place~m1xed and compacted [(O. 05*7 00)+(2 50

+0. 17s¥6+2 50+0. 225%6) /2#0. os+(3 %o+o 175*6+3 00

+0.225%6)/2%0.05]%1000%2.294 = 1709 tonnes

425ftcnnes’

‘Subgrade p;eparatlonva- S 2.80*1090 = ..2890 eq.m-.

£

Prime coat - o ‘2.80*1000 = 2800 _s8q.m
Tack coat '. (12.50+0.175*6*é)*1000‘f 14600 sg.m
.Ccldnmilling,existing ACP 1 ’

| ! \ 0.15%7. oo*lodo*z 294 = 2409 tonnes

HauL of unnecessary cold mill 1709/3\= 570 tcnnes



"
i
. 's;

11. Crushed gravel to mix with remained RAP
o 0.95%570%1.1 = 596 tonnes
MJ

'?‘

¥

275

12. Asphalt cement : ‘. '\ : 0 05%570 =' 28.5 tonnes

13. Recycled asphalt concrete pavement (RACP)[(O 15*7.q"¥

(12 50+O 175*6*2+12 50)/2%0.175]1*%1000%2.294 = 7848 tonnes“

>

‘COSTS

The following éeet Cahcuiationé are based on averaéegunit
pricee in Alberta in 1988. Numbers'in bfacketS'designate
the item number according to the Alberta Transportation and
Utilities unit prices - highway and road contracts.

»

ALTERNATIVE 1 OVERLAY

1. Pavemipt’édge cut (P520) 1600E*$1n50/m = $1,500
| 2._Rec1aimvedge of ACP (P150) : 619t*$5 208/t = ,‘$3,274
e3;1Haul Reclaimed ACP BLF (P160) 619t*$. 726/t = $ 449
4, Haul Reclalmed ACP. haul (P161) o : ig,
619t*15km$ 113t. km; . $1,049
5. Common borrow excavatlon teﬁtrucks (G138) |
6092cu m*$2 741/cu m =A.$16,698‘

" ——

6. Truck haul com. QOrrow exc. (G154)

'$16,448

6092cu.m*15km*$.. 180/cu m.Xm

7. Subgrade reparatlon (5111, 8112, B113, B114) 5

j , . o - 2400sqg. m $ 57/sq m = $1,368

»

~



\

10% FIELD ENGEENERING

- " $759

8. Crushed pit gravel to sp.2- 25 (B314) .
| v , . 369t*$2.056/t
9.‘Haul gran. mat. BLF (8341) - 369t*$.747/t
‘MloQaHaul gran. mé%. haul (B342L o - f'f T
' . 369t*15km*$ 114t.km
'11. Excavate and stockpile (B340) v
) ’ | 369t#$1.058/t
. 12. Prime coat (B686) +24008q.m*$0.028/s8q.m
13. Pglmebcoat‘mat. (X401) | |
| 2400sq.m*2Kg/8q. m*$ . 176/kg
14. Tack coat (B688) | 125995q.m§$.012/sq.m
15. Tack coat mat. (X401) A
o 125008q.m*. 3kg/sq.m*$. 176/kg
16. ASCB from PRSP 2-16 (B622)
| 1675t*$8;610/t
17. Haul ASCB BLF (B640) . 1675t+$.743/t
18, Haul ASCB haul (B641) | )
| | 1675t*15km*$. 112t . km
19. RACP 1-12.5 (P142) . 4611t#$6.450/t
20. BACP BLF (PL60) 4611t*$.745/t
21. RACP haul  (P161) 4611t*15km#*$,113/t.kn
N SUBTOTAL

‘TOTAL§: $112,487
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- $876
- $631
=  $390
- - $67
= "$885
=  $150
= $660
= $13,417
=  $1,245
=  $2,814
= $29,741
=  $2,624
= "$7,816
= $102,261
=, $10,226
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ALTERNATIVE 2 RECONSTRUCTION

‘ \
1. Reclaim existing ACP (P150)

| ¥ . 9108t#*$5.208/t = $47,434
2. Haul RAP BLF"(P160) . 9108t#$.726/t =  $6,612
3. RAP haul (P161) 9108t*15km*$.113/t.kn = $15,438

4. Common borrow exc.to truék (G138)
¢
(5000-32)cu.m*$2.741/cu.m = $13,617

5. Truck haul com) bor. (G154)

§5000-32)cufm*15km*$.180/cﬁ.m.kml= $13,414
6. Subgrade excavatibn (B100) - “ o R
| o "“ J2cu.m*$1.360/cu.m = - $44
7. Subgrade.preparabﬁon (;119, B111, B112,' B113) |
| ‘rls,loosq.m*$.57/sq.m;= *59,177'
8. Crushed pit gravel to sp. 3;25 (B314) | ¢
- | | 4396;*52.055/t‘= $9,942
- 9. Haul gram. mat. BLF (B341) 4836t;$.747/t = $3,612
~ 10. Haul gran. mat. haul (3342) |
| | | 4836t*15km*$.114/t.km =  $8,269
11, Excavati&h ‘and stockpilé gran.’ mat. (B$40) .
| | 4836t*$1.058 =  $5,11¢
12. Prime cégt (B686) 1 163408q.m*$.028 = s458
13. Prime coat mat. (*401) . |
| | 163405&im*.3kq/sq.m*$.176 = $5,752
14. RACP 1 - 12.5 (P142) - 10585t#$6.450/t = $68,273
15. RACP BLF (P160) 10585t*$.569/t‘= 56,023(
1%. RACP haul (P161) 10585t*15Fm*$.113/t,kmf= .$17,942
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ALTERNATIVE 3 COLD MILL AND OVERLAY

1. Pavement edge éut‘(PSZO)

-

10% FIELD ENGINEERING =
&»‘\'d
v

)

’
14 p—

- 1000m*$1.50/m

2. Reclaim edge of ACP (P150) 619t*$5,.208/t =

#3. Haul Reclaind ACP BLF (P160) 619t*$.726 =

4. Haul Reclaimed ACP BLF (P161) 619t+*$.113 =
) I ' ' . ’ L

6. Truck haul com. borroy exc. (G154)

N

. Subyrade prepiration (B111, Bl112, B1l1l3, Bl14)
] ‘ -

/5. Common -borroW excavation to trucks (G138)
orrey

6582c“.m*$2‘.'741/'cu.m =

. »
6582cu.m15km*§.190/cu.m.km =

28005q.m*$.57/sd.m‘

. Crushed pit gravel to sp.2-25 (B314)
¢ .

10.

©o11.

12.

13.

\
{

n

425t*$2.056/t

. Haul gran. mat. BLF (B341) 425t*$.747/t =

Haul grad. mat. haul (B342)
| 425t#15km*$.114t. km =

Excavate and_stoékpilé}(B340) |
o 425t%$1.058/t =
quéme coat (B686) _zeobsq,m*so.ozs/sq;m =
Prime coat mat. (X401) )

v

28008q.m*2kg/sq.m*$.176/kg =

¢ SUBTOTAL( = $231,123
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23,112
$ &

TOTAL = $254,235 .

&

$1,500

$3,274

$449
$1,049

$18,041
$17,771
$1,596

$873

»

$726

$449

$78

$317

$986 -



14,
\”

15.
l6.
17.
18.
719.
20.
21.

22.

23.

24.

25.
26.

27.

r 1 ’ ‘;'.

T?ck coat (Bsss)‘\\\k 146008q.m¥$.012/8q.m =" $175

-t

v \“
Tack coat mat. (X401) - .

14500sq. %* 3kg/sq m*$, 1767kg = g $771

édld mill exist. ACP (P150) 2409t*$5.208/t = $12,546

Cold-mill_BLF (P160) - ~ B70t*$.726/t = $414
cold mill haul (P161) 570t+15km#$.113/¢.kn = $966
;‘V’H

ctushed grq*g% from pit to sp. 1 -~ 12.5 (B302)

596t*$4.423/t
Crushed gravel from pit BLF (B341) ’
| 596t*$ 747/t ¥

Crushed gravel from pit haul (B342)

596t*15km*$.114/t.km =  $1,019
Excavate and stockpile gravel (B340)

,. 596t#$1.058/4t =" $631
Asphalt SS-1 (X400) . 28.5t*$176.218/t =  $3,807

Mixing, ﬁlacihg and ‘compaction of ASBC (see B117)
[(2409/2.294)+(28.5/1.01) ]£*$3.000/t, = $3,235
RACP 1 - 12.5 (P142) 7848t*$6.450/t = $50,620
RACP BLF (P160) ” 7848t*$.569/t = $4,466
RACP haul (P161) 7848t*15km*$.113/t. km = $13,302
e —emeemmme S S SR S
SUBTOTAL = $142,142
10% FIELD ENGINEERING = $14,214
——————— e m s me el e
TOTAL = $156,356
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