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ABSTRACT .

A theoretically sound and practical method of flexible
pavement design remains oﬁ; of the ﬁbst needed, though widely
unapprééiated, éspecté of t}ansportation engineering.‘ Paperg
presented at The Third.International Conference on the Structural

,Design-o? Aspha]t'Pavemeqts in 1972 greatly increased the awaré;

' ness of design engineers of the testing pr061gms jpvo1véd-fn this
field. The generated.interest in rationaI,:as opbésed to empirical,
f]éxipie pavement design‘approachés brought aboét'a pressiné neéd .

~ for material- characteristics for use in available theoretical models.
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This? study involved the deve]opment of Taboratory equip-
ment capab]e of providing values of res111ent modu1us, e and
Poisson's rat1a§ v, of asphaltic cong;ete specimens. These
properties are required as input for elastic layer analyses of
flexible pavement systems. It was recogyiized that-the developed
equipment must be capable of providing reliable results at simijar
costs to conventional Mareha11 or Hveem tests, and-shou1d be

adaptable to realistically simulate site conditions. It is

considered that the equipment- described herein satisfies these

)
conditfons. "

Test results onpoTymericcafibration samples compare
favogrably to those obtained during previou; work on théresi]ien§
modu]us of asphalt mixes. . The testing pragram identified tempera-
ture aspha]t content and aggregate type as parameters that affect
the resilient modu]us. A future phase of thls study 1hv61ves a
more comprehensive test1ng program in these areas, in add1t1on

to studying the effects of confining pressure and stress levels on .

.material properties using equipment suggested from this initia1

3

testing programf

Comparative design studies using available theoreétical
methods and generated étiffnes§ parameters indicate possible coet’
savings as a result of redaced thickness requirements for pavement -
systemé comprised of mixes with hifher MR’va1ues. Conventional

empirical approaches do not permit. similar thickness reductions

for higher quality (strength) mixes.
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“ . CHAPTER 1
INTRODUCT ION

" The devl]opment of a rational flexible pavement structural
design approach based on fundamental concepts is necessary to deal
with design situations differing from those previously experienced.
A combination of theoretical methods of analysis, and accuratq
knowledge of the mechanical propemties of component matenia]s, must
’replace cunrent empimical methods if efficient designs are to be
achieyed; -New materials witn better strength characteristics
(performance) or heaviér, and mare numerous vehicles, could lead
to over-design or under-design respectively,in the future, if roads
aFe‘conetructed on the basis of past experience alone. .Funther,
the increesing'cost of construction matenials‘re&ques the most,
efficient uti]izetion of these mesourcee. This study is concerned '

with the characterization of asphaltic concrete mixes, an essential
, &

step in the rational apprnach to flexible pavement design.
N ‘
1.7 PAVEMENT STRUETURES ~ |

A pavement structure is a layered system des1gned to dis-
tr1bute repeated truck axle 1oad1ngs to the subgrade W1thout perma-
nent deformations. There are basically two types of pavements, rigid,
and f]exib1e~ A rigid pavement structure usually consésts of two

’ layers, a portland cement concrete slaR and a base course. Figure
1.1 111ustrates the rigid concept. in pavement des1gnﬂ Aspha1t1c

/cdnerete'(flexible).bavementsjconsist of an asphaltic concrete sur-

face courseﬁé:nd one or more asphaltic concrete base courses.
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supported by the subgrade. Subbass, or improved subgrade layers,.
‘
: or both are sometimes 1nc1uded in the structure as }?dicated 1n

F4gure 1.2. The obJect of the flexible system is to dijtribute

. \\ the applied stresses through layers of * decreasing qual1tI with _
b 4

depth. The loading effects are thu where

-
the subgrade will support the loa

redJ%eﬂ to the.poin
withoutidamage: While not
discussed here, research has S0 1ndicated:the importance of-
:éorrect shoulder design.
In this study, the stress—strain behaviour of asphaltic

concrete mixes is being comsidered, and hence suBsequentgg?scussion
'wi1] be restrieted to flexible paveéents. The asphaitie concrete .
layers of prime intereetxare shaded in Figureﬁﬁ?Z. ‘

t

1.2 EXISTING ASPHALTIC CONCRETE PAVEMENT DESIGN METHODS

L
. 6eve1opments in pavement design have generally followed
two discernible patterns, either the empirical or theltheoretica1.
The empirical methods have sought rationality through etatistida1
treatments designed to fit the measured eata to a curve(s), whose
equation can then be used as a basis for predicting behaviour under
: different loading and subgrade conditions On the other hand, the
theoretical methods have sought to validate the resul ant design
equations through experimental work. Some of these éiéxems and a
number of sub-systems are shown ‘in Tableltl. The hethod;of particular

concern in this study is Number 1 (a).



" TABLE 1.1 p
BRIEF REVIEW OF SOME EXISTING METHODS OF PAVEMENT pestan ')

&

" 1. ‘Elasticity Methods \
‘ . -Con;idgr'the'behéviour of pavgments under workiné stress

“Tonditions when deflections by definition remain proportional to
app?iéﬁ loads. Design criteria consist of limiting stresses or

strains to values established by observations. to be "safe". Methods
in this group include: ‘ A

"(a) Shell 0i1 Company Method

(1) The.ho;}zonta] (radial) tensile strain at the

bottom of the Towest asphalt bound layer must bé sufficiently small
to prevent fatigue cracking iqgthe “Jsphalt layer. kii) The vertical
compressive strain at the surface of ‘the subgrade must be maintained
sufficiently small to prevent permanent deformation.

(b) Kansas Highway Department Method
[ The surface deflection is the criterion for determining
the édequacy‘of the design. The effect of the relative stiffness of
pavement and subgrade materials is accounted for by replacing the
pavement with an "equivalent" thicknéZS of subgrade material.

2. Empirical and Environmental Methods : f

~Relate the pavement thickness to some partfcufér soil qu

envirynmental conditions.

o

(a) .Michigan Method
This method is based on experience, with the design
criterion being that the pavement section be similar to ane which has
_ been successful under simitar traffic and Subgrade conditions.

(b) Canadian Good Roads Association (RTAC) Method
Based on obse}ving the performance of many existing
pavements, Déercfions of!the surface must not exceed ‘a value which is
a function of the particulararea in which the pavement is constructed.




TABLE 1.1 Continued

-

3. Semi-Empirica¥ and Statistical Methods
— Based on information concerning conditions under whﬂéh

pavements of certain composition and Strength have experienced pér—
formance failures. They include no theoretical consideration of
pavement mechanics yet the thicknesses are determined from properties
of materials as determined by some empirical “strength" test.

// (a) CBR Method.

Thickness of each overlying layer is empirically
related to the strength of the material as indicated by CBR tests.
Relationships between thickness requjred and CBR have been estab]ish;d
from practical experience. Extensions and modifications to permit '
treatment of traffic volume, minimum subgrade strengths, etc. vary
greatly between organizations.

rd

(b) State of California Method
Pavement thickness is determined by the requirement
that perménent deformation in each layer of the pavement system be
prevented. The thickness required to accomplish this is a function
of traffic, and tensile and §hear strength (stabilometer) character-
istics of paving materials. ‘ . '
(c) Other Methods in this Group Include: _
The Canadian Department of Transport Method, The
AASHO Interim Guides and The Asphalt Institute Full Depth Asphalt
Pavement Design Procedures.




1.3 THEORETICAL (RATIONAL) METHOD

An essential step in any ratiéna] f]exib]e.pavement design .
approach is the computation of the deformations (strains) and stresses
at key points in the pavement structure resulting from any anticipated -
wheel loadings. (There ére a number of methods currently available
for estimating equivalent axle loads for variable truck loadings.)
These values are then compared to maximum acceﬁtab]e 1ev;15 that
still give satisfactory performance for similar loadings over the
given design 1ife. This is essentially an iterative process with
the f%icknes§es and-mix compositions (quality and characteristics
of ‘asphaltic concrete mixes) beipg adjusted until a satisfactory
design results. Obviously, there are many comsinations that will

achieve fhis and the best solution would be that which is most,

economic from an initial cost, maintenance and salvage viewpoint.
1.3.1. DISTRESS MECHANISMS

Once the pavement is constructed, thelfactors that govern

‘its actual perfo}mance are closely fied tp loadings and environment.
Traffic loadings generate pavement distress through fatigue and plastic
deformatiqn of materials,and result in cracking and permanent'deformgtion.
The‘environment'causes deyerioration of pévehenté main}y through
differentiaf settlements of the subgrade resu]tiﬁg in roughness anq
cracking of the surface. Obviously, while the anticipated loadings
thg been considered during the désign stage, changes, particularly

a trend to heavier axle loadings, will be quickly reflected in poor

4



bavement performance. The rational method can be used to study
the effegts of ‘'such changes and allow for'remedia] measures. It
{s difficult to incorporate environmental effects {temperature,
moisture and water table position) in thé rational procedure,
except to allow for a range of material behaviour during the

analyses.

A failure in the pavement system is simple to define since
the user has a keen perception of poor riding quality. However, for
pavement design purposes these perceptjons must be related to actual

distress indicators.
1.3.2. DISTRESS INDICATORS

Experience in various countries has indicated that there
are three principal fai]ure indicators: permanent deformations;
load induced cracking; and thermal cracking. .In Great Britain, per-
'manenf deformation seems to be the one of major concern, but the
potential also exists for load associated (fatigue) cracking. (gg
Fatigue cracking is tﬁg most prevalent indicator of distress in the
" United States. (3) By using results from the AASHO road test and '
analysing successful Ontario designs, Jung and Phang (4)'found.that

the yertical deflection at the top of the subgrade was the most4

important indicator of flexible pavement performance for -this area.



It is. convenient to consider the design computations in
two parts: fatigue crackjng; and permanént deformation.  Design
methods to prevént failure due to fatigue cracking have been fairly
well established, especiaily for conditions exi§ting 1H the United
States. The object is to limit the strain at the bottom of the
aspha]tic:concrete Tayer to a value determined from a fatique curve;

(3)

relating tensile strain to sérvice life. Finn et al have given

a comprehensive summary of this "fatigue sub-system".

The determination of permanent deformation is moré:%omplex
. L -4
and the procedure Tess well defined than for fatigue cracking. An
interim method for dealing with pennanént deformation is to limit

the-vertjcai strain at the top of the subgrade.

1.3.3. AVAILABLE THEORETICAL METHODS OF ANALYSIS

Based on the distress indicators discussed previously,-the
two critical parameterg that need to be calculated in the analysis
of the flexible pavement structure are the horizontal strain at thé;
bottom of the lowest asbha]t'bound layer and the vertical strain at
the top of the subgrade; as shown in Figure 1.3. The use of gIastic
layer theory fOﬁ predicting these values has gained wide acceptanée.

(5)

(For instance, Finn and Hicks have shoin that strains measured in’
-~ the field are reasonqb]y close to those computed by the elastic
layer analysis). This is the éeneral éoncept.adop&ed by the Shell
0f1 Company, Chevron 0i1 Company, Peattie, JOQFS (67,8,9) and

various other agencies and researchers. The initial step involves
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“representing the real pavement struc§Ure and loadings in a simpler
form suitable for currentiy available methods'of computer-based
aﬁa?ysis. The representation of a typical flexible pavement is
given in Figure 1.4. A summary of the available methods for the
.elastie analysis of flexible pavements, and their requirements and
Timitations are given[}n Table 1.2. While the CHEVRON , Shell
'BISTRO and Shell BI%AQ computer programs have been obtained and
developed fet use.on the McMaster CDC6400, for reasons given later,

~

only the‘BISTRO program has been used in this study: -
1.3.4. MATERIAL PROPERTIES
. ' It is cldAr from.Table 1.2 that the material properties
of the various Tayers of a pavement stfueture must be known if a
theoretical analysis using any of the elastic methoé&gdescribed
ear1ier'is to be undertaken. Some of the currently available
"methods for highway materials characterization are outlined in
* following sections. The preperty of prime concern in this -investi-

}

{
‘gation is the resilient modulus of asphaltic concrete mixes.

[ »

Resilient Modulus of Asphaltic Concrete Mixes

{

The §Eiffne§§ (resi1ient modulus) of asphaltic cancrete

[
-

mixes has been’ shown.to be dependent on }oqding time, temperature
and void content, as well as volume concentration of aggregate in -

the mix. (2) A semi-graphical method that has been widely used to

predict mix stiffness.in the past is the Shell 011 Nomograph (10).
~—

N\
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_bF ASPHALTIC CONCRETE PAVEMENTS

TABLE 1.2

METHODS FOR STRESS-STRAIN ANALYSIS (2)

Q

12.

(a) Data requifed for analysis of flexible pavement
, structures ysing linear elastic theory.

-

LOAD DETAILS ~

Radius of loaded area

™.

Contact pressure or total Toad

LAYER DETAILS

—~

*ModuTus of Elasticity, E

*Poisson's Ratio, v

Thickness (not required for subgréde)

(b) Summary of major methods available for flexible
pavement analysis. '

METHOD FORMAT LTMIZATIONS
Jones Tables and Charts Three layer systems;
. ’ v =0.5
Peattie Stresses and strains
v only at interfaces on

Peattie and Jones

"Interpolation"

" CHEYRON"
<

|

“BISTRO/BISAR"

Tables

‘Computer Program

Computer Program

Computer Program‘

| ¢ of load

Interpolation difficult

Three 1ayef.systems;
v=0.3

‘Surface deflections
only

IQterﬁolation difficult.

Based on Jones' tqb]es

mputer . s

. (ggquires fairly large:

B Réquires fair]& large

computer’

* or similar.properties Such as Ii

R

and Dynamic v




s,

This involves the use of a nomograph to first determine the aspHaIt
cement stiffness and then an equation to|determine the asphaltic
concrete mix sfiffnegs. A correction faétor is applied to mixes
with high voids content. This procedure reflects the importance of
aspha1t‘cement characteristics, but does not adequately handle the

total mix properties.

Clearly, the use of laboratory tests on the actual asphaltic
concrete mix is the most realistic method for obtaining its stiffness.
Anticipated loading and environmental conditions at the site shduld

be reproduced during such tests if the resulting parameters are to

S

be use?u] in desigyg. Schmidtfll)whi1e working for Chevron 0il in
California, developed a method for deéermining the resjlieént modulus
of asphalt treated mixes that is now used for a range of asphaltic
mixes. The equipment while expeﬁsive, is commercially avgi]ab]e, but
for reasons out]ine&ujater was not used in its original form in this
study.

-

Resilient Modulus of the Other Constituent Layers g

Though not of direct concern here, the propertfes of 50il
and granular materials as well as asphalt treated bases are required
fﬁr moét pavement analysesﬂ InveStigatibni have ind{cated that dy-
namic repeated Toading triaxial tests can provide the necessary design

parameters for soils and ngound materials. An approximate relation-

ship(z) that’ has been extensively used to determine .the dynamic

modulus of soils and unbound materials is:

3
L¥]
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’MR y

'whq?e: the CBR (Ca]ifornia Bearing Ration) is in per cent.
;

1
v

| Terrel and Monismith (12) have 1nvest1gated /the res111ent ‘and

!

stress strain propertWes of asphalt treated base mater1a1s Var1qus

other 1nvest1gat1ons/have also focused on this prob?emﬁ

Poisson's Ratio . 1 ;

/1.4 PURPOSE AND SCOPE

r ;o

Reference to the experimental determ?ﬁation of Poisson's
ratio for asphalt mixes in the literature is sﬁanf.' Although,

/

a range of values for Poisson's ratio between/O.B and 0.5 may be

" assumed without introducing large errors in the computed stresses

:and strains, on a more fundamental Tevel, a knoWPedge of the mixes

/
Poisson's ratio gives some indication of potential rutting and
/ :

" lateral deformation. A simple system for Poisson's ratio determina- '

tion is presented in this study. o

. /

It would seem shat the currently amailable'techniqqes for
rational pavement analysis have progressed furtmer than the ability
of convent1ona1 test methods to prav1de the requ1red material proper-
ties. Parameters such as res111ent modulus, creep modulus, Po1sson s
ratio, etc., are needed to descrIbe the elastic and visco-elastic

properties of asphaltic concrete mixes. Test methods must be simple

= 10 x CBR MN/M2 L :
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., and suff1c1e9t1y accurate if a theoret1ca11y sound approach 1nte-

grat1ng a complete stress and stra1n ana]ys1s with approprnate
constitutive properties is to rep]ace the present %rec1pe sqlu;ions
in routine control and mix designs. v

\

This thesis presents methods for the rapid and accurate

be the resilient modulus -Mp and Poisson’s ratio v

determination
of asphalt mixes. The resilient modulus device developed is an e;~
tension of the syspem suggested by Schmidt. A simple apparatus for
obtaining Poisson's ratio has also' been deve]oped; but was not used
in the current study. The effect of asphalt conteﬁ%, aggregate type
and temperature on the resilient modulus of asphaitic'concrete mixes

was investigated. Comparative studies between thickness designs -

based on multilayer elastic theory using the BISTRO -computer pro-

gram and stress-strain parameters obtained in this study were made. <
4 ,f
. Y ‘
_ .
e \ ‘
2



CHAPTER 2 - F oy

" THEORETICAL CONSIDERATIONS AND z .
EQUIPMENT DEVELOPMENT

4 . St 4
2.1  RESILIENT MODULUS TEST :
2.1.1 HISTORY Y
In 1953, an indirect test for measuring the tensile strength
(13)

4

of portland cement concrete was des¢ribed by Carneiro and Barcellus

(14)

iq Brazil, and independently .by Akazawa in Japan. In this test
cylinders of portland cement‘concrgte are crushed by ing uni- j?
formly distributed loads across a diameter which results yn tensio{//
along the connecting diametral plane. This test (split-cylinder
test) is now widely used to determine théytensile strength of a
number of construction materials (ASTM C496-71)(CSA A.23.2.25). A
schematic iT]ustratioﬁ of the test is given in Figure 2.1.
2.1.2 THEORETICAL BASIS

An analysis or che indirect tensile test for a numbef:of,

(15,16)

simplifications has been presented by various researchers. It

N

"has been démonstrated*tpat a uniform cqmbressive-]oéd épp]ied,a1ong.
the verfica] diameter of a thin disc (assumingpianes;régs) results
in a constant horizontal tension across,the'veftical central section
(i.e., along the line of fhe 1o$d). Be]oﬂlf%e yield point, the
elastic.modulus of a material may be determined if the- deformation

across the horizontal diameter is measured.

’

Frocht(]q) giyes .expressions for the stress components

9y and °y (Figure 2.2} along the-hdrizpntél section ofﬂéymmetry for

a disc under diametral compression: , .
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x wtd d2+4x2
4
2P 44
g = = -1 (2.2)
y - T td ((dz Y )

stresses perpendicular and parallel.to
Y direction of loading, respectively;

where o0 , o
X’

P = applied load;
t = thickness of cylindrical disc;
d = diameter of disc; and

x = distance along horizontal diameter
from centre of disc.

o

Assuming plane stress and elastic behaviour, the strain across the

horjzontal diameter is: o

e, = %—(ox - voy) ' (2.3)

where: €y = strain ac&®dss the horizontal diameter;
= Young's modulus; and )
v = Poisson's-ratio:

Substitut%ng equations (2.1) and (2.2) into equaﬁion (2.3) gives:.
2p Ez;d“v - 1645) L (g vE} (2.4)

. ’ € =
o’ - X E‘Tftd (dz + 4X2)2

The total deformatié% across the horizontal diameter is found
by integrafing the strain, €y between the limits * d/2:
d/2 : )
' b= e dx y (2.5)
B -d/2 ' ' S
. 4 . s . .. , ,
where A = total deformation across the diameter. Substituting equation

’ (2.4),?n€b equétiqp'(Z,S) and iﬁtggrating yields:



Y

p . '
¢ A= TE {((4/n) + v-1}) (2.6)
or in terms of E; .
E = P(\) + 0-2732) (2.7)

ta

Thus the modulus of elasticity E can be calculated if
values of Poisson's ratio v, thickness t, and the horizontal defor-
mation A across a cylinder for a given vertical load P are known.
In the case of purely elastic materials equation (2.7) applies for
both static and dynamic loadings. For asphaltic concrete mixes
(which are actually non-linear and visco elastic) and short dura-
tion loadings, it is usual to adopt the term resilient -modulus MR
to d;;cribe the "appargnt”'Young's modulus. The resilient modulus
is used ihterﬁhangeab1y with Young's modulus 16 flexible pavement
structural design calculations using finite element or multi-layer

elastic methods. Thus, for the resilient modulus te;t:

) ‘ .
_ P(v +0.2732) -
R = N ) (2.8)
A
where A is the maximum lateral deflection and is not

M

necessarily in phase with the load pulse.  Any phase lag aspects
‘betqeen the lToad and deflection pulses may be used in a qua]itatiye
manne; to examine potential fatigue resistance, an area~of interest
to.be considerea'¥b;}0f&re research.

°

“An



'Equations (2.1 to (2.8) represent stress cbnditions for
g.point Toad oé a thin disc. In practice, a ]oad1n§ strip of finite
width is employed to ensure good load distribution. The stress
analysis of a circular element subjected to short strip loadings

(7).

has been presentéd by Hondros However, the simplifying

assumptions of line loading and plane stress conditions are gener-
ally reasonable for the geometrics involved. (This aspect of the
test is being considered. in an extension of this study). Experi-

mental moduliivalues presented in this study are based on the pre-

ceeding theoretical considerations.

2.1.3. METHOD ADOPTED
The diametral method for determining resilient modulus
proposed by Schmidt (11) was adopted for this investigation. This

procedure is attractive because it is non-destructive, relatively

simb]e, cheap (with the equipment developed) and uses samples pre-

pared 'by the widely used Marshall Method. Conseédently, the same
samples that were used for resilient modulus deterﬁinations can be
subjected to Marshall stability and flow tests. This system can.
also.accommodate cores from existing pavements so that the important
inf]uéntes of énvironment can be considered. It was iecognizeq that
there was scope fér adopting the system for use in standard 7 inch
r(178 mm) diameter'triéxial cells to study the effects o% confining
pressure (lateral stre§sr/which is a ?uture‘phase of this investi-
gation. 'In qddition, results obtained by this procedure correlate

(1),

well with tﬁgﬁé\using direct tension and:compression methods



2.1.4  EQUIPMENT DEVELOPMENT

The resilient modulus device used in this researﬁh is based
on the assembly developed by Schmidt. Significant modifications |
have been made to key aspects 6f~the system, particu]ar]& for the
determination of the lateral deflection where strain gauges mounted
on cantilever beams replaced the Stratham UC-3. transducers used by
Schmidt. Figures 2.3 and 2.4 show the assembly utilized. Other
developments of note included changes to the yoke (floating collar)
to facilitate more accurate assemb]x, and designs for a so]jd

state timing circuit and solid state amplifiers.

The changes presented in the following sections improved
the systep in terms of ease of assembly, resistance to‘damagegand
decreased manufacturing costs. A critical design considerations
was 'the potential miniaturization‘pf the system so that it could be
.fitted into available triaxial cells for a future phase of this
investigation. Also, the proven gtrain gauge cantilever beams for
méasuring deformations were utilized during the design ana fabri-'

cation of a Poisson's ratio determination apparatus.

2.1.4.1 Loading System

The loading system developed used controlled time and
pressure air pulses supplied to a diaphragm air cylinder

(Bellofram D-12) from an electric solenoid valve (Skinner AE-2)

v
.
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act}vated by a so]id(state‘timing circuit deﬁigned for this ap-
plication. Ldad pulses were transmitted to\{he specimen through a
curved loading strip as indicated in Figure 2.3. The harrow load-
ing strip gives a more gniform loading distribution and is gener-
ally used during diametral testing of'construction materials. A
schematig diagram of the timing circuit is given in Figure 2.5.
It consists of an oscillator set at a period of 2.9-seconds, which
triggers a monostable multivibrator producing a pulse with an ad-
justed width of 0.1 seconds., The pulse is used to drive Tight
emitting diodes which in turn {rigger a semiconducfor thyristor,
perfbrming the function of an AC power switch. Reasons for using
this particular load frequency and duration are givep later in

this chapter.

2.1.4.2 Measuring System L

The measuring systém was designed to determine the magni-

tudes of the vertical load and the corresponding lateral deflections.

(a) Load ' ] .

‘A commercially available load cell (Lebow 661-13A-11)
wifh a capacity of 1500 kg was used to hepsure the vertical load.
It is possiﬂie to subsitute an inexpensive "strain-bolt" type load
cell in the piston ram to miniaturize this aspect of the gqufb-

ment, and further decrease the costs. . ' T
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FIGURE 2.5: SOLID STATE TIMER CIRCUIT’
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o

2.1.4.3 Llateral Def]ection‘ ¢

o - )

‘Figure 2.6 shows the de&ice des{gneq to determine the
‘lateral deflection. Two strain gauges (Micro-Measureménts EA-06-
125BZ-350) are mounted on each side of the cantilever beam ‘and
wired in a full bfidge'as shown in}éigure 2.6C. Lateral movement
of the probe causes compressive strains on one face of the beam and
tensile strains on the other. This results in a change in the re-

<

sistance of each arm of the b?idge circult thus creating a potential

difference. (The fu]]b;;?dé alsg provides ‘temperature compensation).

This signal is conditionéd by ghe solid state amplifier described
later in this sectiﬂé; and tﬁen fed to the recording system.
/l~ '/

Two of these gauqed cantw]ever beams are bo]ted to a
floating collar des1gned to facilitate d1rect mounting of the
1ateta1 deflegtion de%;ces on the. specimens so'tha%~they ride with
any vertica] movementl A set-up holder, described in Appendix "A",
ensures that the proé;s are positioned at either end of the hori-

zontal d1ameter

The 9ateral deflection devices described above meet all
conditions of sen51t1v1ty and re]1ab111ty required for this study
They are easy to fabr1cate, 1ggxpens1ve not' témperature sus-
“ceptible aqd‘may be ca]1prated while bo]ted to the f]oat1ng collar.

Because fhey are small, when waterproofed, they ma} be incorporated

i
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into a system for use in available triaxial cells to study the
effects of confining pressure on resilient modulus, a future phase

of this investigation.

2.1.4.4 Recording System

A system for recording both load pulses and lateral de-
flections on a time base chart is necessary to complete the test
equipment. Qutput from the load cell is fed directiy to a light-
beam oscillographic recorder (S and E 3006). Solid state amplifiers
as\shown in Figure 2.7 were developed to c¢ondition signals from the
lateral deflection monitoring devices. The amplified signals were,

then also recorded on the oscillographic recorder.

2.1.5 Test Procedure (ﬁd'

The experimenta1.procedure involves mounting a.specimen
in- the Toad frame and measuring the lateral deflection resulting
Frpm application of the pulsating load. A schematic representation
of the experimental set-up is shown iﬁ Figure -2.8. Load pulses of
0.1 seconds repeqfed.eQery é seconds were chosen because this gof—
responds to dynamic traffic loading patterns at'creep'speed which
xare most damaging, and has been used by other investigators.(]])

) Pausé§ of three seconds between applications of load permit |
viriu&]]y_comp]ete visco-e]astic.recoveny of the specimen. Details

of sample preparation and assembly are giveA'in Appendix "B".
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‘A typical trace obtained from a test on an asphaltic
'concreteispecjmen is shown in Figure 2.9. The resilient modulus is

determined by measuring corresponding peak load and deformation

-
Y
Y

from the recorded trace and substituting into equation 2.9.

- LS :
MR = : (v + 0.2732) 2.9
t(61c1 + 62C2)
where 6 = trace value for loading

é4 = trace vatue for Gauge 1

§, = trace value” for Gauge 2
t = thickness of the specimen
. ) ; c, = lead calibration factor
¢y = calibration factor for strain Gauge 1
C, = ca]ibfation factor for strain Gauge 2
and .~ '

v = Poisson's ratio

LOAD oL
e
MN\WMU\MNW\W
GAUGE 1 o 5 |
ﬂwmm - e
fjﬁ\\\"\\ ) ¢
\/ e —
GAUGE 2 L. 62 )

MWM

-

- FIGURE 2.9:° TYPICAL M., TEST TRACE

R

LN
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2.2 POISSON'S RATIO TEST

Values for Poisson's ratio are need in analyses that use
elastic Tayer theory. While assumed values are typically used and
influences on stress are not large, Poisson's ratio does indicate

potential lateral confining influences and does modify stress levels.

- Of greater significance to this particular study would be values -of

an "equivalent parameter"*under dynamic 1oadi?g conditions for visco-
elastic materials. This would relate more closely to the real
situation of traffic loadings on asphaltic concrete pavements. Re-
ferences in the literature to the experimental determination of

Poisson's ratio.or an equivalent parameter are, at best, scant.

Asystem for the determination of Poisson's ratio (or
equivaient) was developed as part of this study. This invoﬁved the
design of equipment to monitor lateral and axial strains under
repeated compressive loadings. The rquired measurements are il-
lustrated in Figure 2.10 The values of the relevant parameter v

can then be computed on the basis of Equation 2.10.

‘ € € ‘ /
_ Lateral Strain _ - %Y _ %2 210
Axial Strain €y €y '
. . _ Radial Deformation
where: Lateral Strain = Diameter
.and: Axial Strain  =- Deformation Qver Test Length

Test Length

X,

* termed the dynamic_ Poisson's ratio to reflect the test conditions,
but recognizing that the Poisson's ratio is not typically considered
loading dependent.

f
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SECTION C-C

DETERMINATION OF RADIAL

’ ‘L " STRAIN ACROSS DIAMETER

— .

- ,:b ., DETERMINATION OF AXIAL STRAIN .

Y /
‘ \“*A‘_// .
SPECIMEN ~___ .
- 8" Cpme ~C | VARIABLE
L B

~4Il

* A,B,C indicate typical locations of Collars A,B,C shown in Figure 2.11

FIGURE 2.]0 : MEASUREMENTS FOR THE DETERMINATION
OF DYNAMIC POISSON'S RATIO .
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2.2.1 EQUIPMENT

figure 2.31~shpws the device developed for Poisson's ratio
deterﬁinations. The system is’designed to fit into a 7 inch (178 mm)
diameter standard triaxia1‘ce11 for studying the effects of cbnfining
pressures. [t uses 8 inch (203 mm) by 4 inch (102 mm) diameter

cylindrical specimens to minimize end restraint influences.

The central ring (CollarC) in Figure 2.10 used to measure
the lateral deformation. 'It is spring mounted direct]y on the speci-
men to avoid restraining radial deformation and to allow it to ride with
with vertical movements. The axial deformation is measured by the
outer rinég‘(Co1Tars A and B). The adjustable rods on Collar B allow
the measurement of axial deformations over various sections of the

cylindrical specimens.

The obération of the device involves the measurement of
axial and corresponding lateral deformations resu]fing from the
application of compressive ipads along the axis of the cylindrical
specimens. The axial deformation in monitored by the average re]ativqﬁ
deflection of ﬁhe strain gauge béams mounted on Collar A and the proﬁe\“
rods on Collar B. The lateral deformation is measured directly by
the strain gauge beams mbuntéd'on opposite sides of Ring C, as shown
" in Figure 2.10. The straiq gauge canti]eyer beams used in th{s system

are similar- to those developed for the resilient modulus device.
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2.3 COMMENTS

While Schmidt(]])'deveToped equipment for the determination
of resilient modulus,it is relatively expensive and not suitable for
use in a triaxial cell. The equipment used for this stweilﬁzﬁi1e
similar, is based on readily available laboratory componeﬁts and is
small enough to fit into a standard 7 inch (178 mm) .diameter triaxial
cell. The potential problems involved inh miniturizing and water-
proofing the lateral deflection measuring system used by Schmidt were
considered so great that the lateral deflection devices described’
ear1ier wére designed and fabricated. Other advantages of the adopted
system were given earlier. Difficu]tigé with electrical noise pick-up
were experienced when an electrically. po@ered mechanical timer was
used to pr?duce the required Jogd pu]ses.‘ This prob1em'&as ;o1ved
by designing, the solid state timing circuit to perform this function,
and solid state amplifiers to condition the signals from the de-

flection devfce?. The end resu{t was a cheap, sﬁmb]e and rel{ab]é ’

assembly for the determination of resilient modulus.

It was recognized that the lateral deflection device developed
for use in the res%]ient deu1us apparatus was'eminentix sui;ab]e for -
anorporation into a system for the dynamic meésuréhent of Poisson's
ratio. Such.a systgp, capable of being fitted iﬁto a standard -7 inch

(178 mm) diameter tiiaxial cell, was désigned and built, but not used

in the “current study.
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-

‘While the timer ;ircuits and solid state amb]ifiers des-
cribed here performed satisfactor%]y, it was recognized that sdimpler
and more efficientldesigns could be developed. This problem is pre-
sently being studied, and/improved designs will be incorporated in

equipment used in future phases of this investigation.
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CHAPTER 3

- . TEST RESULTS
3.1 GENERAL

The program of 1nvestig§}ion outlined in Chapter 1 was
undertaken using the apparatue described in Chapter 2. This chapter
reports the results of the experimental work and eveluates the
accuracy and relevance of the accumu1ated data. Assumptions made,
and reasons for making them are stated in the appropriate points in
the chapter. As a preLude to the presentation of the experimental
findings, current mix design procedures and the relevance of MR,de-

terminations i% m%; design are briefly discussed below.
3.2 MIX DESIGN STUDIES

Results from the Marshall and Hveem stabi1ometer asphait
mix design procedures (Figure 3.ifare widely used.to obtain optimum
asphaltic concrete mix designs based on the air voids concept fhe
spec1f1c design procedures are given in references such as the Asphalt
Institute Manual Series 2, Mix Des1gn Methods for Aspha]t Concrete
(18), and will not be detailed here The aim is to produce economic
mixes that y1e1o the required de$1gn properties indicated fn'Teb1e
3.1. Both procedures at best yield information on $tability (shear
6trength) and flow (flexibility) at, fai]ure and a]]ow che optimum . ’

aSpha1t content to be determined for various air void requirements



FACTORS IMPORTANT IN OBTAINING SATISFACTORY PERFORMANCE
FROM DENSE-GRADED ASPHALTIC CONCRETE PAVEMENTS (19)

TABLE 3.1

{
/

W

DESIRED CHARACTERISTIC IN
PARTICULAR ELEMENT

N

DESIRABLE | MODE OF MINERAL MIX
PROPERTIES | FAILURE ASPHALT - AGGREGATE PROPORTIONS
Stability |Distortion: |High vis- |Rough particle | Low asphalt and v
of mix rutting or_ |cosity surfaces~angu- | contents; High pe
shoving lar or cubical’| centage of fines
shape (passing #100 sieve
Resistance |[Fracture High vis- |Not subject to | High asphalt content
to fatigue |in flexure |[cosity for|stripping ’
failure . pavements
thicker
than 6'; .
10% vis~
cosity for
pavements
2" and
* thinner
Resistance |Fracture Low vis- - High asphalt content,
to dow in tension |cosity low void content
temperature
cracking
Resistance {Fracture or |Low visca-{Not subject to | High asphalt content,
to aging disintegra- {sity, re- |stripping low void content
.|tion sistant to
] ) aging
Resistance Disintegra- |Suitable |Not subject to | High asphalt content
to ravelingftion, as-— surface stripping
or strip- {phalt-ag- . |[charge
ping gregate
bond broken
Impervious- |Weakening to - *INot subject to | High asphalt content,
ness to wa~|underlying stripping high percentage of
. ter and-air|layers - or : fines (passing #200
" |disintegra- sieve) .
’ tion or in-
stability of -
, ‘| pavement
Skid re- Surface be- . - Rough surfaces,|Low asphalt content
sistance comes slick resistant to
. . C polishing,  not
{ subject to
L stripping

T

Y -
- —t

}
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Gra&ation, air voids, VMA* stability and flow are all closely spec-
ified by agencies such as The City of Hamilton and The Ontario Ministry '
of Transportation and Communications. The'general specifications for
The City of Hamilton, whigh are similar to thosg used throughout

Ontario are outlined on Table 3.2 (20). It should be noted that no

dirggﬁ mention/of strdctura¥ capacity or fatigue resistance is made

in these specifications.

-

*voids in the mineral aggregate

Head of lesting machine

VT 7,7
I | Follower for applying -
Load . . 7/ load lo specimen Not to scalt
7 4
e .

\ _} 71 NN eedle ‘vaive Manuaily operated

Pressure gauge ” i ;"“{ 8: n /saew-fwc pump
ol - :Au citamber .

recording pounds Specimen A= =

per square inch éﬁ’(‘é’: I‘ . [b&\;.'t.‘;‘:.l L

N,

Liquid under small

Adwsiatte PHTT.
slage

mitial pressure

O Flexible draphiagm
PN

/Pbten of lesting machine

<

(a) . (b)

FIGURE 3.1 - SCHEMATIC DIAGRAMS FOR STABILITY TESTING
OF ASPHALTIC CONCRETE SPECIMENS | '

( 0) MARSHALL (b) HVEEM

(After Reference 19)

a




<

TABLE 3.2
CITY OF HAMILTON - PHYSICAL REQUIREMENTS FOR MIXTURES (20)

Property of . - - HM3 ' - ' '
Laboratory  |WHT | W3- | s | TYPe | Tyee | Type | Type | Type | Steel
L:jCompacted Mixture Fine _ g
Marshall Stab111ty 1200 120Q - 1200 500 500 500 500 500 3500
(1bs, at 140°F) Min. | Min. Min. | Min. Min. Min. Min. Min. Min.
F]ow Index (Units ) ,. . ‘ 12 »
or Qﬂ/lf1nch) 7—16 '7-16 7-16 7-12 47-12 7-12 Min. 7-12 8-16
% Voids in Compacted : )
Mineral Aggregate, 16 . 18 14 18- 18- 18- 18- 18- 20
allowing for absorb- || Min. Min, Min. 25 25 25 25 25 Min.
ed asphalt B
. hd |
% Air Voids * 3-5 2-4 3-6 2-8 2-8 2-8 2-6 2-8 3-5 |
% Asphalt Binder |l = | 7-0- | 85- | 6.0- | 7.5-°] 6.0- S
Content ** 5-10) 5-10) 43 | g5 15.5 | 10.0 | 10.0 | 70.0 -7
% Asbestos - - - - - - 1.5- - - |
) 2.0
% Rubber Content *** i - - - - - - - 5.0- -
10.0

*k

T kkk

The pe} cent air voids shall be as required by the City, within

this rangﬁ}ﬂigiethe conditions existing at the particular location.
~Asphalt Binder Content is the weight of cutback asphalt, asphalt

emulsion or asphalt cement incorporated into the mix, expressed as
a percentage by weight of the total mix.

Rubber Content is the weight of reclaimed rubber incorporated into
the mix, expressed as a percentage of the total weight of asphalt
cement and rubber solids in the mix.

4



The currently employed mix design methods, although ré—'
quired for stability and air voids control af; really not directly
related to the structural design aspects of the pavement system If a
rational de51gn method is to be ach1eved present procedures must be

combined with tests of the resilient modulus type which yield parameters

that more directly reflect structural and fatigue resistance criteria.

In the following sections the results of resilient modulus
tests on Lucite using the developed equipment are compared to those re-
\

ported by Schmidt.Experimental MR values fora wide ranéeof asphaltic¢ con-

crete mixes under various temperature conditions are also reported.

3.3. COMPARISON OF MEASURED MR VALUES: FOR LUCITE AND RESULTS
REPORT BY SCHMIDT

The resilient modulus M, for Lucite was determined using the

R
apparaﬁus and method previdus]y described. Specimens were subjected to a
range of repeated dynamic loagings and values computed using the meagv
sured .diametral deformations and a Poisson's ratio of 0,36 (Schmidt).
Exper1menta] values, together with those reported by Schmidt for a simi-
lar mater1a1 are shown in Figure 3. 2 The medsured values compare |
favorably to the modulus supplied by the manufaétqrer*(650 ksi @ 23°C).
It is'noted that measured values for resilient modu1us appear to be
generally lower for tests conducted at higher diéﬁetra] stress 1eVels;
This possible trend will be investigated.in a futuré phase of this re-.

search program.
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3.4 INFLUENCE OF ASPHALT CONTENT AND AGGREGATE TYPE ON MR

s N .
The resilient modulus of specimens conforming to the City

of Hamilton HM1, HM3, HM5 and.steel slag specifications with a range
of asphalt contents from 3 to 9 per cent were determined using the re;
silient modulus device. Details of aggregate gradat{ons and asphalt
cement properties are\qizgi in Appendix "C". Results of thesez

tests are presented in the summary Table 3.3 and Figure 3.4. The

mean values of two tests performed at right angles on each of three
specimens per type. Peak loads of 25, 50 and 100.pounds were applied
to test specimgnts,at 23°C with no significant differences in the.
compu ted MR values. Lower peak loads (25 and 50 pounds) were used at
38°C to minimize the possibiiity of permanent def&rﬁation. Asphaltic
concrete stiffness greatly increases at 1owér temperatures. Conse-
quently, higher peak loads (100 and 209 pounds) were used for tests con-
ducted at bOC. Poisson's ratio was assumed to be 0.35..- Differences
between actual and assumed ya]ues'for this parameter under the given
test conditions could inf}uencé the result p_ta 10 per cent over
the témpgraturelrange“considered. The evaluafion of Poisson's ratio
over representative temperature ranges is an area to be considereqeﬁn
future research. Individual test results were qomg&ﬁeg on the'pasis
of average values taken from 5 repeated a;ial load pulses: Variations
of approximately x5 per cent wepé tybica],in the individﬁai values, a
significant portion of which could be attributed to electrical noise

pick-up-in the signal traces.



TABLE 3.3

SUMMARY OF TEST RESULTS
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MIX TYPE
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Figure 3.3 indicates optimum MR values in the 4 to 6 per
cent range of asphalt cement content. In general, the optimum
asphalt cement.content values for standard HM type mixes were higher
than for the heavier steel slag aggregate specimens. This appears
reasonable since material properties are more likely to be controlled
by volumétric asphalt cement to aggregate ratios than weight ratios.
It is ré;ognized that different levels of absorption by different
aggregates will influence this relationship. The recorded MR values
for steel slag specimens are significantly highe} than those obtained
for the HM type mixes. Test results for HM} and HM3 indicate similar

rgsilient'modu1f1. The influence of aggregate type on MR will be

further examined in a future phase of this investigation.

Trends reflected in Figure 3.3 are in general agreement '
with previous reséarch on the dependéﬁce of:MR values on asphalt =
content (11). The highest Mo fbr each mix type tends to be at. a
somewhaF Tower asphalt cement content than that‘for the correspon&ing

optimum Marshall sability.

3.5 INFLUENbE OF TEMPERATURE ON MR

¥

Material properties used as input in rational pavement
. design sysfems must be generafed under conditions that simulate

ﬂanticiﬁéfiiggield conditions. This section discusses the effects of



a reasonable range of temperature on the MR of HM type as we]]‘as
steel slag mixes. Tests were performed at three discrete temper-
atures,. 0°C (32°F), 23°C (73°F) -and 38°C (100°F). The samples were
prepared for testing by enclosing them in two individualy sealed
plastic bags and placing them in. the appropriate temperature con-
trolled environment. A refrigerator and two thermostat controlled
water baths were used to provide thé required temperature conditions.
Samples were conditioned for a minimum of eighf hours and testing -
was started within two minutes after removal fromvthe temperature
controlled envi}onment. If set-up times -in excess of two minutes
were experienced that test was aborted and the sample reconditioned.
The results are Tisted in Table 3.3-and the variations of experi- '

mental MR values for HM3 and steel slag mixes are shown in Figures 3.4

and 3.5. An assumed valye for Poisson's ratio of 0.35 was used in the cbm-_
pufation%’,which can influence the results by up to 10 per cent as ex-

plained previously.

Results of these tests estab]ishés-temperature as the
’pgrameter witﬁ the greatest influence of res;lient modu]us. A-
review of the experimental findings indicates that the stiffness
of/stee] slag and HM3 mixe§ are affected in a simi]ér manner by
changes’in temperature. At higher témperatunes the relationship
between MR and temperature approaches linearity on a semilog plot.

Similar results have been reported by Schmidt (21). This suggests

the possibility of predictipg MR values for different temperatures .

rd
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on the basis of meaéured values at selected discrete temperatures.
However, it {s considered that a much wider testing program must

be undertaken to establish such a relationship. Figure 3.5 sug;ests
that the stiffness of gspha]tic concrete mixes with higher asphalt
c&ntqnts is morg susceptible to temperature variation. A com-
‘prehensive testing program is ﬁ]anned for a future phase of this
investigation to study these apparent trends. Further, the relative

susceptibility to temperature changes of asphalt emulsion mixes will

o -

be considered.
3.6 CONCLUDING REMARKS

The re]fabi]ity of the tést system was established by
compariné generafed stiffness values for Lucite samples to those
reported earlier 411). The results of the testing program identify'.
temperatu?e, asphalt ébntent aéd aggregate tyPe as the key para-

meténs‘that affect the measured M, values. Further testing is

" needed to comb1etely establish these trends.

P



CHAPTER 4

INFLUENCE OF MATERIAL CHARACTERISTICSTON
“PRVEMENT DESIGNS BY THE RATIONAL METHOD

p

4. GENERAL - C s :

This chapter estab1ishés the impértagce of the general theme
of this study within the ratﬁona1 pavement design f}amework. A typical
design process is oﬁt]ined, and a comparative study using multi-layer-
elastic théory is undertaken to determine thickhessrrequirements for
asphaltic concrete pavements of varying layer coefficients (elastic ’
properties) under identical 1oading and subgrade conditionsy Input
data for the design examples preseﬁted are obtained fhbﬁ ﬁhe exper-

imental findings of this studysand results reported by other researchers.
4.1 DESIGN PROCESS

The rational approach_to flexible pﬁvement &esign is‘baéed

~ on the use of analytical techniques to determine the.response of
constituent. 1ayers‘of the pavement system undgr repfesentétive tfaffic'
and environmental goﬁditidns., Calculated stresses and strains at kéx
points 1q the-system are compared to maxfmum allowable va1uesrto \
determine the édequacy o% the deéign It .is essentially an 1terativé
procedure where initial estimates of layer thwcknesses and mater}als

used are mod1f1ed until ‘a structura]]y .sound and economic deS1gn ‘ C
is produced. E1gure 4,1 is a f]ow Q1agram which outl;nes the- design -

_(22)
process.
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4.1.1 TRAFFIC AND ENVIRONMENTAL CONSIDERATIONS

The number and magnitude of wheel Toads expected in the
design 1ife of a pavement are of extreme importance in design. The
equivalence factors derived from thé AASHO road tests have been ex-
tensively used to reduce mixed traffic 1oa51ngs to an equivalent
number of s;andard 18 kip (80 KN) axle loads. However, use of this

technique requires a knowledge of the expected axle load spectum,
'especia11y at the heavy end, since these Toaﬁs have the greatest in-
fluence on pavement performancéi Typiga] specta for common road .
types are available in most developed countries. Hopefully, the

utilization of portable axle weight analysers will result in readily .

available traffic information for most design situations.

-

7
Environménta] conditions significa influence the per-
formance of pavement structures. However, it is difficult to in-
corporate environmental effects into the rational f]exible pavement '
design process. The current strateqgy is to-establish the pertinent
1éyer cogfficients for conditions existing when the pavement structure
is at fts weakest. These conditions are typicé]fy ident{%ied during

field test programs such as the Brampton Road Tést(ZBl undertaken

by the Ministry of Transportation and Communications.

s



4.1.2 ANALYTICAL TECHNIQUES

The available methods for the structural analysis of
flexible pavemenfS include elastic, viso-elastic and finite element
approaches. It is re;ognized that asphaltic concretes and unbound
soils exhibit non-linear and somewhat time dependeﬁt stress-strain
characteristics. The more complex visco-elastic theories, and finite
element methods of analysis are capable of dealing with situations that
cannot be direét]y considered by linear elastic theory. However, it
has been demon;trated that the linear e]aiiic analysis‘providés ade-
quate solutions for most rationa] flexible pavement design purposes(zz).
Further, the current state of the art does not Just1fy the use of

the more soph1st1cated theor1es

LY

»

The iterative type of approach to problem solving out-
Tined in the ratfonal design process (Figure 4.1) lends itself to
solution by. computer. A number of programs ﬁave been developed for
.this purpose (6’7). The BISTRO combuter program, a powerful and
" flexible s&stem, and one whiéh had been adapted for the use of ﬁhe
McMasteF_CDC 6400 was used_in this study. The required iﬁput para-

meters are given in Table 4.1.

) . R



TABLE 4.1

'REQUIRED INPUT FOR STRUCTURAL ANALYSIS OF
FLEXIBLE PAVEMENTS USING THE BISTRO COMPUTER PROGRAM

No, Detail
1 Number of layers
2 Modulus of Elasticity and Poisson‘s Ratio
(or equivalent)and thickness of each layer
3 . Number of circular uniform]j distributed
Toads
4 . Contact pressure, radius and co-ordinates
of the centre of each load
5 Stresses, strains and deflections required.
| 6 N Number of positions where results are
required. ’ ’
7 Layer number and co-ordinates of each
position.

A
4.1.3. MATEQ;RLS CHARACTERIZATION

Realistic values of the re]evanf material properties must'
be generate&fif the rational approach to flexible pavement design is
to be used. Further, test equipment must be inexpensive, and reqdily
available to small materials testing laboratories before general use
by all levels of the road @ui]diné 1ndhs§ry cdﬁ be expected. This.
research program focussed on the materials char%cterizgtion aspects -

of rational design, with particular emphaéis on asphaltic concrete
f ¢, %

+ ks
@

s
.
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2

mixes. The current state of knowledge, together with research

needs and trends have been discussfd in Chapter 1.

4.1.4 DESIGN CRITERIA _,;>

Critical Tevels of stress and strain in flexible pavement
structures under working conditions have been investigated by various
agencies and researchers. The question of 1nteréction'between
tayers is important in this context since a given level of stress or
strain, while hot being critical to the material in that particular
layer, may result in failure at some other point in the structqzs;,___\
With the current state of knowledge, the following criteria were

judged suitable for this study: " -

(1) Tensile strain at the bottom of the Towest asphalt
! - cement bound layer; and
(2) Vertical'stvqinat.the top of the subgrade.

(24)

Browﬁ and Pell have demonstrated that pavement failure

through cracking resu]fs i} the tensile strain at the bottom of the

. Towest asphalt cement bound 1ayerlis greater than some limiting

value. This value is a function of temperature, nuﬁber of load ap-
plications and resilient godulus. The Timiting tensile strain )

criterion.used in this study is thét'develobed by.Shell 011
(25) . )

~

Researchers



N

* The importance of the seconq criterion ie indicated by the
very purpose of pavement design, i.e., the prevention of excessive
deformation of the subgfade under traffic foadings. It is 1ikeﬂy
that permissible compressive strain in the subgrade is a function of
sof]stiffness. However, research and associated findings in the
5;:H‘amenta1s of soil behaviour hive not advanced far enough/to allow
permissible limits 6f strain to be established on the basis of soil

(25)

stiffness alone. Consequently, the Shell 0i3d design cr1ter1on

<o

_ ba§ed on correlations between provep”ﬁiR designs, resu]ts from
AASHO road tests, and work by Dormon and Metca]f have been adopted
Q for th1s study. . : )

L

\

\
4 2 . DESIGN EXAMPLE

¢

§.2.1 STATEMENT OF PROBLEM

& B |

o A theoretical analysis using elastic layer theory was

Qi

undertaken to compare thickneés\requirements forqpavement structures
composed of aspﬁa?tic concrete mfkes with diffe%ent'material pro-
perties. The example outlined is made for a number of'simplifications

since the punbose is simply'to project possible results that can-be'

expected from a more sophisticated analysis. General discussions on

the key aspects of the,des1gn procedure have been preSented in. the

preceed1ng sect1ons



Conditions assumed for design are as follows:

(1)

(4)

Load Details:-

Time pressure: 80 psi (550 KPa) {

)

o
//

Radius of loaded-area: 4.2 ins. (107 mm)

Centre to centre distance

of adjacent wheels: 12 in {305 mm)

Traffic Details: »

‘Number of Standard 18,000 1b (80 kN)

axle load applications over design life: 106

Failure Criteria;

Allowable tensile strain at bottom of lowest
asphalt cement-bound layer: 1.45 x 10-4

Allowable compressive strain at the top
of the subgrade: 6.50 x ]0‘4 )

Pavement Layer Thickness and Material Properties:

Pavement No.| Léyer Thickness ins(mm) \MR‘ksi(KPa) v(assumed)
1 HM3 2.5 (63.5) 250\(1725) 0.35
HM5 To be determined | 150 {1035) 0.35
Granular 15 (381)" 50 345) 0.30
*|" Subgrade N/A 20 138), 0.43
2 .+ 1 Steel Slag | To be determined -323{(2250) 0:35
.GranuTar |. 15 (381) - ] 50 ( 345) 0.30
Subgrade - . N/A 20 ( 138) 0.43




S..

As indicated in an earlier section, the allowable strains
for design purposes are based on values,repor}ed by Shell Oi1(25)
Resilient modulus values for the asphaltic cgncréte layers are
estimates from test results conducted at 23°C, and reported in the
previous chapter. It is recognized that the weakest condition of
the pavement structure occurs at somewhat higher termperatures
(“3OOC). Howevery the values used are considered adequate for the
purposes of this study. The resilient modulus of the subgrade is
based on results from the Brampton Road Test(23) while that for the
unbound granular material was computed from the following re]ation:
(2) '

3
-

sﬁip suggested by Brown and Pel]

M, = 2.5 M
Granular Subgrade

4.2.2 RESULTS OF COMPUTERIZED ANALYSIS

The pavement structures, with loading conditions as
specified in the preceeding section, were analysed using the BISTRO
computer program. Initial e;tfmates of layer thicknesses for steel
slag and HM-5 asﬁha]tic concrete were modifjed until écceptable

designs were produced. The results of the analyses are as follows:

CF



TARLE 4.2 RESULTS NF COMPUTERIZED STRESS-STRAIN ANALYSES

Pavement | Iteration ) Laver Thickness Maximum Strains
No. No. Y _ ins (mm) Allowable Computed
' eh* e, * £ * ey ¥
’ : HM-3 2.5°(63.5)" 4 4
‘ HM-5 2.5 §63.§) 1.47x10 1.45x10
Unbound Granular | 15.0 (381
" Subgrade oo —z.a3x0q? 6.5x107"
2 HM-3 2.5 (63.5) | / " 4
1 HM-5 . 3.5 (88.9) % 24x10 1.45x10
- Unbound Granular [15.0 (381) - P, -4
_ Subgrade et 2.20x10 6.5x10
3 HM-3 2.5 (63.5) 4 4
. ) HM-5 .1 3.0 (76.2) 1.35x10 1.45x10
_Unbound Granular |15.0 (381) C 4 -4
Subgrade oo 2.31x10 6.5x10 i
' | -4 -4 |
1. Steel Slag 3.5 (88.9) 1.54x10 1.45x10
Unbound Granular |15.0 (381) 4 4
Subgrade i oo * 2.74x10 ) 6.5x10
2 Steel Slag 4.5 (114.3) 1.29x10°" 1.45x10""
9 Unbound Granular |15.0 (381) -4 -4
‘ - : Subgrade | e 2.58x10 . 16.5x10
3 Steel Slag 4.0 (101.6) | 1.41x10°% 1.45x107"
- Unbound Granular |15.0 (381) ) -4 _a
Subgrade so 2.43x10 6.5x10

e - horizontal strain at bottom of lowest asphalt cement bound Tayer
‘ey + - vertical strain at the top of the subgrade

29
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A review of these results indicates total asphaltic
concrete thickness requirements of 5.5 inches (139.7 mm) and
4.0 inche$ (101.6 mﬁ)for‘HM type and Steel Slag mixes respectively,
to produce satisfactory designs. Although a detailed economic

evaluation was not undertaken, the reduction of 1% inches (38.1 mm)

in thickness requirements is 1ikely to result in significant savings.

Thus, if pavements are designed on the basis of the rational struct-
ural approach, cost economies may be.rea]ized if asphaltic concretes
with greatef strength properties are used. Conventional empirical
methods; in contrast, do not allow the better strength character-
fstics of particular types of asphaltic concretes to be reflected

in reduced pavement thicknesses.

»
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CHAPTER 5

CONCLUSIONS AND COMMENTS OF FUTURE WORK

A prototype resilient modulus device based on the diametral
method, has been designed, fabricated and subjected to laboratory
evaluation. The proven.deflection ééasuring elements used in the
resilient modulus system were subsequently 1nc9;por&ted in the devel-
opment of laboratory equipment for the determipation of "dynamic
Poisson's ratio". The values of these material properties under
~operatiﬁg conditions arelof importance in the elastic analysis of

Ve

flexible pavement systems.

The experihenta1 work identified temperature, asphalt cement
_content, and aggregate fype as variables that significantly influence
the resilient modulus of asphaltic concrete mixes. Diametral stress

levels may also affect the measured values.

Further research emanatiﬁg from this initial-phase includes:

(1) The study ‘of confinidg pressure effects on the materfal
i prbpérties of concern. -This will establish the édequacy of tﬁe'bre- '
I'sent unconfiﬁed system in foutiné mix design and constxuction cohtrol
' programs:. ' |

i
L}

' (2) The‘iqvestigation of "agiqg“ effecis‘by carrying out‘ )

_ tests dn‘cores.taken'from existing pavements. In additioh.to aiding.

%

s
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- various loading patterns. -

%

the prediction of future’behaviour of new pavements, this will permit
the evaluation of existing systems and provide design data for possible

overlays.

(3) The testing of materials other fhan asphalt cement -
treated specimens (e.g.,lime-stabilized materials and portland cement
concrete). In the case of portland cement concrete, one possible
application is in the f1eld of computer based pile driving analyses
by the wave equation method where the determxnatlon of E values for

concrete piles under ‘driving conditions are of interest.

(4) Refinements to the system which will include improve-

ments to the electronics and provisions to study the ef%ects of

]

Mich of this work is currently in progress at the Construction

” RS, . .
Materials Laboratory at McMaster University, under the direction of

(26)

M. Lee and J. J. Emery.

.t
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APPENDIX "A" \
| SET-UP HOLDER

The set-up holder shown below ensures that the cantilever
strain ‘gauge beams areé centrally located with respect to the speci-
men. The edges of the floating collar are groved‘to fit snugly over
the ho]der at a fixed distance above the guide strip at the base of
the holder. If samples smaller than thé usual 4 inch diameter are used
then the guide strip is shimmeq until the strain gauge probes'are on
opposite sides of the horizontal dfametér of the specimen. Lateral

2

alignment is achieved by centering}£§87specimen on }he base guide

strips and matching set-up lines on the floating collar and holder.

"t‘g‘#

Cs ////// l(/;t Up Holder -~ Specimen
~ Floating Collar . -~ . ,

~ | ilever- Strain
Rg§a1n1ng SCrews - . g:ﬂ;; g;a; '

- . ‘. ‘..'/“:
© . FIGURE.AT: SET-UP HOLDER - . “
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APPENDIX "B"

SAMPLE PREPARATION AND ASSEMBLY

Labofatory samples for testing are made using the Marshall
Method. The Ministry of Transportation and Communications procedures
for compacting the Marshall Briquettes were fallowed during the cur-

rent study.

Specimens for testing &re marked along vertical and hori-
zontal diameters, put into two indivjdua]ly sealed plastic bags and
placed into the appropriate temperature controlled environment. A -

stabilization period of‘at least 8 hours is allowed before testing.

' Prior to testing, the floating cellar is p]écednoﬁ the set-
up holder and the retaining screws and strain gauge beam probes re-
tracted. The specimen is then quickly renoved from elastic bags,
ptaced in the holder, a11gned and fastened to the floating co]lar by
tightening the ret§1n1ng ‘screws. The specimen and attached floating '
collar are then transferred to the Toading frame holding only the
specimen. The top lToading str1p is assemb]ed and the allgnment
verified with the bubble Leve1. The strain’ gauge probes are rotated
inwards until they just touch the specimen; then turned for a furtﬁer
one'ha]f rotation.-‘ﬂ photo;}abh of the assembed apparatus is shown

l

in Figere B.1.

|



72.

" Top Loading
Strip

Bubble

Level Floating Collar

Bottom Loading
' _ Strip

Bottom Guide
. Strip

¢

. ©
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APPENDIX "C* '
PROPERTIES OF ASPHALT CEMENT AND MIXES
ASPHALT CEMENT

"
Type ‘o :  85/100 Penetration

o
Ductility at 77°F (ém) ¢ Min. 100
Flash F (Cfeveland

pen Cup) ;- 500 .
Penetration, 100g, .
5 sec, 77°F Co-: 86 - 100 i
_ 3 ) ' : r
Ductéliﬁy'of Residue . & :
@ 77°F/(cms) - : 75
~ Retaj /ed Penetration o K . .
e 77 : ) . - ¥4 L ‘
KingmaticOViscosityg ,/*’:}g;:j) o
cSt @ 275°F : 3 .
~ ,/ Y
gll ) i . ‘ : .
/ .- ] .
;" . ’ f ‘ i
/ S .
/‘ Results of Marshall tests performed on typicaltsamples ‘
" '/‘ 4 - .' ‘. ) i ’ - )
of ,mixes used during the experimeéntal work are shown on the following = |
_péges. : o Lo
v.\.- ) {4‘ - j. ’.,‘ k -
! . T :" " 3 -



M c e
- PROJECT NME: - R Determinations
LOCATLION REFLRLNCE:: MCMaSteT UN1V9t§IEy . bare:November, 1975,

SUhHARY OF MARSHALL lLbI VALULS

TYPC OF Mix:  HM-3 (3% AC)-

-t 3

Tesf Values Requirements

.

Voids (%) 13.5. 2 -4
Flow (.01") 8.6 . 7 - 16
*{ Corrected 1275 . 1200 Min.

© Stability (1b.)
VIR (%) S 196 18 Min.

A

“ Bulk S.G. 144.3 <;L

Asphait‘qontent(%) 3.1

EXTRACTIOM
o _ GRADING: % PASSING
SIEVE STZE N SAMPLE ‘ %PECIFICATION

rr—

e ——. — >

1-172" .
1" —— e rn )
3/4n :

R 5/8" ," i ‘4

. . _ /2" , N '

g o 3/8" - 100 - . 1oo .

SRR X 7 (3/15") 1. 857 .75 - 100
" No. 8 b .. 7 66.3 o 50 - 80

T ‘.Fﬂ&jfmfj? B3 | ..
oo L Ne30. i awac | -]
N S RSV N B % 5 - 20

PP P S P S S

t ’ ) or = ~— - i -k gt

. ,\f’ . ‘~ A No. 200 /r . 3.7 . .J; . . 0 - 5".
‘f"—:f ASPHAL) IR ETINE a

B s LS TR T A,

. L

POUEEI S N g 4 o My o, AT - = e -
Pl T e e B = +-.

A .. « w ot L v ¥ '/‘

COREMARKS:“Poor coatina. My o L

e LTl . . " .
. vy 3 - - -4 - !
~ e R -~ .. .o PN

R [ - (34
. -



proJicr N g Determinations

LOCATHON RLIFLRLNCL ;-

McMa;ter University __bAT: November 1975

SUMMARY _UF MARSHALL 1LST VALULS ]
TYPE OF MIX: HM-3 (5%)
Test Values Requirements
Voids () 7.8 2 -4
Flow (.01") . ) 10.2 7 - 16
| Corrected .
Stability (1b.)" 2215, 1200 min.
V.HLAL (3) , 19.5 18 min.
Bulk S.G. 150.1 .
‘ Asphalt content(%) 4.9 . -
EXTRACTION
GRADING: % PASSING
" SIEVE SIZE SAMPLE SPECIFICATION
C1-1/2"
I ]l{
7 A N R
5/811 i
'I/le . ) . )
3/8" 100 100
Ho. 4 (3/16") | 832 f 75100 .
| - No. 8 64.7 50 - .80
___No. 16 51.8 <
......_._.N 0.'_3. O - 3.0. ‘.7 hod
. NO._S_O_____ ‘ ]] .9 5~20
—__Ho. 160 23 -
No. 200™ 3.5 0-5 4
ASPHALT ~ R |
CONTENT 4.9 - ~

=)

v

"-hEMARKS:. Good Coating - Mix Medium

* . * —

.
L

——r



. M
PROJECT NAME: R .

LOCATION RekrRingy:  McMaster University . November 1975

- w—.

SUMMARY OF MARSHALL TEST VALULS

TYPE OF MIX: HM-3 (6% AC)

- ——

P

" Test Values * Requirements

Voids (%) - 3.4 : 2 -4

Flow {.01") . 10.5 7 -16

Corrected -- s
Stability (1b-) 2710 _ 1200 min.

VLA (%) o wa 18 min.

Bulk S.G.  149.8 .-

'Asphélﬁ content(%) 6~0f/ _ -

PR

EXTRACTION
GRADING: % PASSING

SIEVE SIZE A 7 SAMPLE SPECIFICATION

- - o dtame R ——— e - ——— e e f e ———— — =
"

. | C1-1/2"
. ]'ﬁ . _ N
3/4ﬂ L ]

5/8"
7/2° ..
3/8" : 100 . 100
No. 4 (3/16") -1 - 838 _ 75 < 100
No. 8 . - _ 65.1 50 + 80
o Mo 16 - e B16-.. ez
B R o No.30 - 7 29.8 =
: - { . No, 50. - 1.0 - - 124 - ‘
S e M. 00 T TR -
Lot - - No, 200 | . .3.6 @ |-

£

L Y
o
s
y*2]

1

- . : .t . R
. . p G A = PRI . .
. ' . P ASPHAL.T’(‘ L. - . - - et e . . )
piiic i BRI 500 I R
. [ - - - 2 - | ORI - . - g < -
’ el T » ONFFEN:T- ROl o , . e A . ,
* oo AN s s C. - AP .?'r “ M - ~ah
~ . T - R DALY N A o . . . L
- LR S, N . ~ N . A Nt . - « - .
e i s -table S e e T e e S ————— e _,'_.) SR “ - AT e
T, > TTw N ® el (v - . N oy . """'_1 - I
. ST Gt et e ST e
.- v . . * P - . A A 27 N .. Lot -
. - e AT - o AR S ¥
: 3 . Good Coatingi: Mi dium to Yich. - - N
o ... REMARKS: "~ .Good Coatingi' Mix medium io vich. ‘
[ R raT, L s e - ol rac - or
“ [ tLe .o . @ N . . N Lo &% RN « " PN
L e -, oy L Coa e e R o v 4
P PN 4 S I AR IL I S A Y “ -4 L e . . - ~ . - - N
* * B o v - . N - F o, ey
- — by




ifMARKS:

PROJECT NAML:

MR Determinations

LOCATION Rel) RiNG::  McMaster University

DATE .

. N
SUMHARY_OF MARSHALL TLST VALUL>
TYPE OF MIX: HM-3 (7% AC)

Test Values

Requirements

Voids (%)
Flow (.01")

Correctéd
Stability (1b.)

V.HLAL ()

Bulk S.G.

Asphalt content(%) -

2.4
12.6

1804,

18.7

146.9

7.0

N

2 -4

- 16

~

1200 mﬁn.
"18 min.

<o

S ——

EXTRACTION

GRADING: . % Pﬁ§51ﬁs

SIEVE SIZE

1-1/2"

SAMPLE

- m——

SPECIFICATION:

- mma—a

K T T
3/4" o
5/8"
/2"
3/8" -
No.-3 (3716") ]

" No. &

RN CA

. _No. 30

No. 50

tio. 100

No. 200

ASPHALT

v CONTENT.

b ey

No Grada

A

© e

. November 1975

- - aa o——

=

‘4?

-

- . st
o e kS R

Y

tion Performed. Similar o ﬁﬁ§3j1;3;-34&'6 pgf?tentjtig§~;;;'

LY o
L
. . o,



Voids (%) 0.8 2 -4
Flow (.01") "17.2 7 -16
Corrected 581 ] .
Stability (1b.) 1200 min.
CLMAL (R) 21.4 18 min..
Bulk S.G. 144.1 -
Asphalt content(%) 8.9 -
. EXTRACTION
GRADING: % PASSING _
SIEVE S1ZE SAMPLE ~ SPEC]FICATION i
1-1/2% o )
(il e L _
. 314:1!
" 5/8"
. 1‘/2" N
- . ,‘ X . '3/«8|l - *
SERONE! No, 4- (3/16") .1 - o -
R - W0, 8 T
T - No. 16
R . i NQ-'30 s ___ : o
- -1.— o ”'{. ..“:: "-:chl-. 50, e - ‘e
”'_ . ) .\ x"“_ - Ndz i(I‘O’O ’ - -
e e 0 T _
PR - ASPHALT. VR, _
ST CONTENI T '
AR TR ‘“: "_j":m e e ~jv~_r = R ‘_:\\ - :
FS - ."f;': :5 \\., o T . .. R . . -
: RENA§K51 No Gradation Performed on Extracted Mater1a1 Simjtay to other

M Dammnwhom

PROJIECT NAME: TR

LOCATION REFLRENCE::

t

——— e s

McMaster Univers

e

’ty DATL, :

SUMMARY OF MARSHALL 1LST VALULS

TYPE OF MIX:

‘HM—3 (9%

AC)

November 1975

. Test Va1ués

Reguirements

H P
~

I

»u\



) " M_ Determination .
PROJECT NAME: R m_‘ rations .

: LOGATTON REFLRENGE:  McMaster University o _November, 1975

———— bt e

- .
SUMMARY _UF MARSHALL TEST YALULS

TYPE OF MIX: HM-1 (6% AC)

/ .
Test Values Requirements

Voids (%) 3.1 3-5
" Flow (.01") , 12.7 7 -16

Corrected ' ) : .
Stability (1b.) 423 1200 min.
VAL (5) 7.6 . | 16 min.

Bulk 'S.G. | " 149.9

Asphalt content(%) | 6.1 - . -

Fad -

L - =
7

EXTRACTION
, GRADING: % PASSING .
‘| SIEVE S1ZE . SAMPLE SPECIFICATION

P

a8 s b 4 e c——— o e b — = =]

1-1/2" L ,
A ‘ ? e
3/4" 3 T
/8 , _ oL
1/2" . 100 ° 100~ e T
3/8" - 99" T80 - 100, S
Mo. 4 (3/16") - . 184 60 -80 - | '
— TWe. 8 623 35 - 65 | .
o ReMe 527 e e
Mo 30, 35.2 SR S
. No. 50 U 16.8 | . . 6-25 . |-
tio, 100 0.2 L L = ki e e
No. 200 R —.-7:0 - F Qe .=1’9‘ “r :;}";::::' g a ) ’
ASPHALT |+ T T e e

w m A

T

.REMARKS: Mix Rich. Similar aggregate compqsi;ions were. used for aH HM—‘L :_ .
5 Mixes., - A TSN TR

- .
b RESATI - - - ,v-_-;,»_‘_:.:.'..,.‘_,‘,._,-, e B
LT
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LOCATION REFERENCE

v MR Determinations

PROJIEC l NAMI:

— —————— =

McMaster Un1ver51ty

o ——

DATL:

SUMHARY OF MARSHALL TEST VALULS

TYPE OF MIX:

HM-5 (5% AC)

November

1975

Test Values

Requirements

Voids (%)
Flow (.01")

Corrected
Stability (1b.)

(%)
"-Bulk S.G. -

V.MLA

Asphalt -content(%)

4.3

3-6
7 -16
1200 min.

14 min.

EXTRACTION

g . GRADING:

% PASSING,

SIEVE SIZE - SAMPLE SPECIFICATION

‘ T-!/Z”—
: ]Ilﬂ ’

-~ 100

100"

3/46

KR

90 - 100

5/'8“~ .

T 80-9

142" -

-65.7

3/8"

~89.T -

00"~ 80

NQ 4.(3/76") -

35« 65

NGa 8

%17

.20 - 50

'iNovJO@;;f"

____;_pr 15 ;'*“" S
' Ho. 30 ., | 2 25‘9 K R
et 23 .~_.'_" T

"NQ. 200

RN

= BSPHALT ™

CONTENT Egv}fiti;‘*

A o
.,
L ”’0 :
'l i
it
"

™ w  r
- -

,ﬁr

1'-u.

RN 3 X,
g Vo v .
. X ! R
R A T ¥
- - o REMARKS‘
W a0 N
N L S T
. e
. P

Sjmi}ar aggregate ¢qmposition used for 4 and 6 per cent AC Mlxes.
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REMARKS :

M
PROJELGCT NAME: R

LOCATEON RLELRLNCE:

SUHMARY UF MARSHALL

f

McMaster Un1vers1ty

DATE: )

TEST VALULS

TYPE OF HIX:

Steel Slag (OH) 5% AC

Test Values Requirements
Voids (%) 3.2 3 -5
Flow (.01") 19.3 8 - 16
; -
Corrected . 5350 3500 min.
Stability (1b.) - :
VAL () 18.1 20 min. |
Bulk %.G. 188.3 -
.
+-Asphalt content(/ 5.0 -
R -
EXTRACTION \
GRADING: . % PASSING
SIEVE SIZE ' SAMPLE SPECIFICATION ¥
1-1/2" !/
-Iv‘"“_ ) -_-‘“./ ) -.::-. -
3/4|| -
5/8" - ff ,
lég" j9§.2 100
378" '90.7 98 - 100
| No. 4 (3/_1_6'_'_)“__ ___ 65.8 75 -, 95
- No 8§~ ' 45,7 g5 - 80 | -
Tho T8 T T 31 "3 - 60. -1
NO 30 2]‘.«5‘...._._,;... weas 2Q-‘ 45
. No. 50 16:3 10 - 30
o, 100 1.5 T
No. 200, 6.2 ] 0= 1
. ASPHALT ~ N A
CONTENT |50 aj' e,

Current Clty of Hamilton Spec1ficat10ns..51mﬂar Aggregate L‘ompos‘itfons

=
—‘-.__' .—“-‘ ~

""i’"

'ﬂ‘...v\_, o~

November, 1975

‘were: used for 4 and 6, per‘cent,AC lees*;j 'fxffﬂfﬂh.~*~lfp

St ‘va' !




PROJECT NAME:

MR Determinations

%

LOGATION REVLRENGE:  MeMaster University

DA l'

SUMMARY_OF MARSIALL TLST VALULY
TYPE OF MIx: Steel STag (BOF) 5% AC

Test Values

" Requirements

*

Voids (%)

Flow (.01")

Corrected
Stabi]ipy (1b.)

V.MAL (%)
Bulk S.G..

Asphalt content(%)

4.5

19.1
5370

19.2

~184.7
5.0

3 -5
8 - 16

3500 min.

20 min.

]

EXTRACTION

!

GRADING:

% PASSING

|

SIEVE SIZE

e

1-1/2"

. SAMPLE

o ————— - e e an— W m—

SPECIFICATION”

] "ll

3/4 !

—_— - —
Sty = o =
e

5/8"

) ]/2"

100 -

3/8“

[¢+ 3 V0]
O~

98 - 100

4 (3/!6")

75 - 95 |

55 - 80

35 - 60

NSRS

Yhe

2045 |

No.. 50

L4

10 - 30

6. 700

~
. .

515

“No. 206

At |t
.\.xf!\)m

T ASPEALT”

.
R
LTS
) N

T T Sy

*

-,

e
Y

WO ool oo oo dt
vy .

—_—

. D-0

-

CONTENT .. * . |

»
.
et

u,
[N

4 o*

e REMARKS: % Curent City of Hamilton Specificatigns. Similar aggregete
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