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 CHAPTER -1

1.1 Introduction

The design of asphalt mix is Jargely a niatter of selecting
__a:r;d _.__proportio_n_ing_ materials to obtain the. d_e_sired propprti_es in the
finj_s_h@d_ const_ru__ci;ign.__The main objective. _f_or__,th_e_ design ot asphalt
mixes is (0 determine an __e__conomical__blended gradation of aggregates

: _.and._a_s_phalt that should produce a mix with the following properties.

- Qufficient asphalt to ensure a durable pavement

- Sufficient mix stability to satisty the ‘demands of traffic
without distortion of displacement

- Sufficient voids in the tptal_p()_m[_)_a_qt@d mix to allow for a

slight amount of additional c_ompa_ct_ion under traffic loading
without flushing, bleeditig and loss of stability
- Sufficient _workabi}_i_ty to permit :_efff_iqi:ent_plgc_ei_nent of mix

without segregation

For a specific, mix design, it is necessary to make several
trial mixes and to find out one, that meets all the __(_:i_‘igteria_ of the design
method used. Each trial mix :Edesi_gn, serves a gu__lde_.line for _c__valuating
and adjusting the next trial. It s always advisable fo _&_ar;_with an
aggregate of a gradation that appro__aching_ the median of the specified
limits, When _the__ini_tial_ trial mix fail to meet the c__ie_f_s_ig_n:cr_e__t_::el‘i__a it will
be necessary to modify of in some cases redesign the mix. Adjustments
in the, grading .I(_)f the original aggregate blend will be required to correct
the deficiency. For many engineering ma_te_gial_s, the strength of the
, material __frequenply is thought of as denoting quality, however, this
is not n_e_:cessarily the case for hot mixed asphalt paving. Extremely high
stability often pbtai_ned at the expense of lowered __durabijity and
vise versa. Therefore, in evaluating and adjusting mix design always
keep in mind, that the aggregate gradation and asphalt content in the final

mix design must strike a favorable balance between the stability and




durability _requirements,-moreover, the mix must pe produced as g

practical and economica] construction operation,

failure occlrred, this is known as Marshall flow. The ratio of stability
to flow is known ag the Marsha]] quotient, a sort of psendo “stiffness
which s g Ameasure  of the material’s resistance o permanent

deformation. o

| / T he Marshall 111e_'ﬂio_d_uses_'s_tandé_iﬂ test specification of 64
| mm (2 1/27) helght :1 02 111111(4 i_n_.) diametex stdblhty is at 60 C° (140°
F).'The;()riginal Maréhall Method_'is’ a{_)jf)'lic:ablel only to hot-mix asphalt
paving mixtures contaming aggregétes WIth 111?1:xi111L1111 25 mm (1 inch)
~or'less. A modified Marshall Method has been pl;'()[)()sed for aggrepate

with  maXximum upto 38 mm (1.5 inch). The I\/Ia'r‘.s"ha'leMeth()([ is

is ost when any modification is made to this standard procedyre.

The j)rincipaf 'fea'turés of H"\'reeni' Method of mix design are

surface capacity ang ceﬁtrifuge 'Kero.s"éne Equilatera] (CKIE) test on




The stabilometer test utilizes special triaxial-type testing
cell for measuring the resistance of the compacted mix to lateral
displacement under vertical loading and the swell test measures the
resistance of the mix to the action of water. The specimens arc
maintained of 60 °C (140 °F) for stability test and the swell test is

performed at room temperature.

The introduction of mechanical property specifications for
‘asphalt mixtures requires appropriate testing facilities. The Nottingham
_-Asphalt Tester (NAT) has proved to be -appropriate testing equipment,
where measurement of strippings stiffness modulus, fatigue cracking
resistance and permanent deformation characteristics can be made. This
suit -of tests: is suitable for mix design, problem solving and has the
potential to assist with providing data for- predictive computations for

. pavement design,

The basic NAT is equipped for the assessment of resistance

to permanent deformation using either creep or repeated load axial

(RLA) test. RLA test as it is more simulative. of traffic loading and it

has been found to be more sensitive to the effect of small variation in

‘mix composition. In RLA test a specimen Is. subjected to repeated

application of an axial stress. The load pulse wave shape is effectively

square and the standard test applies load pulse of one second duration

separation by one second test period, however other times, can-be used
if required.

" The NAT is most suitable equipment for designing the mix

design but unfortunately this is not available in Pakistan. The Marshall

Method, Hveem Method are not suited to field condition as the NAT.

Refusal density test may also be tested till the availability of NAT as the




idea behind the refusal is that the material should have at least 3% voids
in the mix at the refusal, that is the mix cannot be further compacted
and if 3% voids is there then the resistant of plastic deformation may be

minimise.

1.2 Objective of the Study

These days, bitumen mixes are mostly used on our main
roads. However, they mostly fail prematurely. In most cases, the mix
gets rutted soon after its: laying. One of the reason identified for this
~poor performance of ‘asphaltic mix is the -inappropriate mix design for

our local conditions.

‘The objective of the study is to examine the existing mix
design ‘methods so that besides identifying the ‘merits and demerits of
these methods, the critical limitations of these methods ‘are fully known
so that these may be appropriately taken care of while implementing the

road project.

Bitumen mixes are designed to fulfill ':éonw-'désignated
‘requirements, which they have to perform during their design lite.
Currently mixes are (lesigllecl to some standard mix design methods such
as Marshall ' Design Method, Hveem Design Method etc. These
‘methods have been reviewed in the report. 'In addition to ‘these the
University of Notingham has also developed (NAT) Notingham Asphalt
Tester and TRL has developed Refusal Density Test. The study also
reviews these tests which are considered to be more simulative to our

‘actual field conditions.




CHAPTER -2

2.1 Literzil;ure Review
| Geneml Introduction of Bituminous Mi:{es:

There are many factors wh_ich;affect_the design properties
of asphalt mixes, :b'u:t' they can be covered in three general areas of
aggregate; bitumen binder and Compaction. .

N
. About 95% of mikture .by Weight or _about 85% by volume
consists of mineral aggregates. The shape, type and other characteristics
. of aggfégates -c.ont;‘:ibﬁt.é to tllé: T
)  Stability by the gradation, particle surface texture and
“particle shape. R

2)  Durability by the gradation, cleanliness, and chemical
composition.

3) Fatigue resistance by gradation, surface texture and particle
~shape.

Bitumen Binder

~ Though the binder content is usually about 5% by weight of

. mixture, its contribution to the total life of the mixture 15 extremely high

and important. In agphaltic mixture, the asphalt acts as a binder which

holds the mixture together and also affects the folil_owjng_p_ro_p_e_rti_es:

D Stability by its viscosity and during compaction process by
its lubricating action.

2)  Durability by its resistance to aging, its adhesiveness,
cohesion and viscosity temperature susceptibihity.




Compaction

Compaction is also very 1mp01tdnt [:ke apggregates and

asphalt because compa(,tlon also aﬁe(,ts nnxtuxe pimuhes such as:

1) S'tability' by the degree that density affects, (q‘) the angle of
internal friction and tensile str ength,

2) Durability by the control of air void content ‘to make the
mixture impermeable for air and water to. penetrate in to
lower layers and this could be achieved Dby proper

‘compaction. o R

3)  Fatigue resistance by ieduung the areas of stress
concentration through ¢ontrol “of voids and-by.-mcreasing

ensile strength.

Requirements of Bituminous Mixes

The bitumen mixes are designed to fultill. the following
requirements in general.
Flexibility

The mix should be flexible to resist the tensile stresses
without cracking.

Stability

The mix should be able to withstand traffic stresses without
excessive defmmdtlon also it should be stdble against cracking due to
heavy and repeated traffic' loading.

Good Durahility

The mix should be durable to resist the bitumen hardening
and loss of adhesion, in other words it could resist wearing effects of

traffic and weathering ..




Workability

The mix should be pasily spleaded and compacted. The
st:ability and flexibility are also dependent oh W():l'kdblhty but not easily
quantifiable.
hnpereab'ﬂity

It should be impermeable o that it could cesist the air and
water e_ntering to lower layets and s0 _tesist l_mrdening of bitumen due 0
| oxidation._
- };skld Res.lqtance -

rUﬂe mix Should have gond skid lesmtmg ability for wearing
courses tox the safety of 10‘1(1 users.
o The ‘rollowmg tablel shows how Various, mixes Ccal be
prepared by changing ager egate quality . bitumen, & ade _anq_epntent, to

achieve desired mix charaetenstlcs.

R_e_quuement B _A_ggregate _ Binder Grade
SR CEa™. _

Content

Stability Dense Grading
_ o High Texture e I
Flexibility ' Pense Gmdmg 7 Soft High
T P (for thin carpet) e
Hard
(fm thick cat pet)
Workability Rounded. - Soft - High:
Durability Dense Giddmg | ko High
' 1mperme'a'bility Dense Grading «  High
Stitfness Dense Grading Hard Low
(Skid Resis.)
Reveling * __Soft _Low

* No special requirement. The choice depends on climate, material available and
the layer concerned [1]- ' '



Types of DI'e-Mix in use
_X!_._.___l._._—u_*__ﬁ

The main types of pxe mix inuy

concrete, bitumen macadam dnd hot 10Hed
used in surf:

se these days are asphaltic
asphaft. Each type can pe
acings or road bases.

Asphdltic Coner nerete -

Asphd Itic Concreté (A(j)' is aa

dense, 'contmuously graded
mix which relje

s for its strength on both the inter Iod\ between aggrey

dfe
and, to a lesser extent, on the

plopeltles of the bitumen and fil

ler. The
mix i

s designed to hgye low air vonds cmd I

ow pel meab
good durability an good fatigue’ behawoui

ility to provide

but this mdkes the materjal
par tlquarIy sensitive to GFIOIS in pI()pottlom

thez efore Ia(‘

ng, and mix tolexdnces and

king in tolerance

th.

Howevel to ensure
that_l_nixes are resj

stant to defounatio

n, a mnumum value of M: arshall
Quotient i e, etablhty divided by flow

» should also pe specified (2), To

provide g _sun‘dcmg material which wij be resistant (o deformation
under traffic, it has beep Proposed (Jack
Mar]

vehicleg where -

Marhai) Stability (KN)




It is frequently found that mixes are designed to have the
highest possible stabilities. This usually means that the hinder content 18
reduced resulting in. mixes which are more difficult to compact and are
less durab_ie. ‘To. ensure - that the compacted mineral . aggregate in
_ wntmuously graded mix has a voids content large enough to contain
suthcxent bifumen, 4 ‘minimum value. of the yoids . in . the mineral
. aggregate (VMA) should also be specified. To ensure that the material
_wil_l_-not_.cmnp_act under (raftic to quch an extent that the voids in the
. mix decrease. to.pear Zefo, reulting in instability, the. .mix should be
: -:teqted using the Percentage Refusal Density test.
| -.B_'iﬁu.nén: :Maéadam
Close - g,laded bitumen -macadams (formerly._c-all_ed dense
bitumen macadams or DBM’s) are continuously graded mixes sinlar to
“asphaltic com,retes “put usually with a les$ ‘dense aggregate structure,
*They have been developed in the United Kingdom (British Standar d
4987 (1984)) from emplrlcal studies over many years ¢ and are made to
recipe specifications without reference to a formal design ptoceduw In
_the Middle Hast they are designed by Marshall pmwdme and have an

excellent record of deformation resjstance.’

Macadams of high qﬁality are used for wearing courses and
the so called heavy duty macadam is similar to AC. For lower layers in
the pavement ditferent specifications are used which allow larger
maximum sizes of stone and slightly less bitumen. The higher level of
voids enure so that the mix proportions are ot as critical as for AC, 50
that they are easier O make. But they are not as durable as the denser
mixes e.g. the best quality AC and hot rolled asphalt, hence they are

usually used as road base or binder courses.




Hot Rolled Asphalt

- Rolled asphalt jg 4 gap -.graded mix which relies for it
Properties primarily on the mortar of bitumen, fifler (< 0.075 mm) and
fine aggregate 0.075 - 2.36 mm). The coarse aTgr;egé'te'(> 2.36 mm)
act as an extender, byt it influence on ‘stability aﬁd’t_fe’ﬁ_é_ify ncreases
- particularly as the proportion of coarse aggregate in fhe'.'n:l'ix".'increases

particularly at the higher percentages. If the coarse 'ag_gtjé_g'ét'e content is
“less than about 40 percent, pre-coated chippings should b_e:'r'(_)lled into
the surface to provide texture for good -skid*resistanc_:(:,\}v"l_'ler_é inecessary__.
Rolled asphalt has peeg developed in’ the United ‘Kingdom' o recipe
specifications but cap also be designed using the Marshall test so that
physical characteristic of the fine aggregat; (,dnbetai\enmto account

(British Standard 594 (1984), - -

- asphalt mixes, They have g greater. tolerance. to Proportioning errorss
than AC ang are more tlexiple and more. durable. However, rolled
asphalt has not proved successful when. incorporated to overseas. They

were found fairly susceptible to deformation in hot climates,

1d




CHAPTER -3

3 Mix Mix Design Methods
3. 1 Marshall Design Method:

This method was developed by Blucé'Max_'shall of the
Mississippi State'HighWay Departm'ent. The USAzmy crops of
Engineers, latter on after extended research and _(_;_(__)1'1_'_¢i::__ati__(_)_1_1 studies
improved and added celtam featmes for Mdnhdll Méthod and
| de,veloped mix dewgn criteria. The Mcus.hail tc,st pno(,edule lmve been
| qtandaldlzed l)y Amel 1can Souety iol Testmg, dnd Mdtel ials. Ploceduses
'. ;ue glven by ASTM Demgndtlon D 1559 (Rcsn{anw 10 [")!cl'\lib flow (}f :

B1tummous Mixtules usmg Malshall Appal dtus)

The procedure for the Marshall Method st:art"-with the

. preparation ot test specimen to see-the-folldwingif: -

- That the materials proposed for use meet the requirements
ot the pro]ect specifications.

- - That aggregate blend combinations meet the gradation
_ 1equ1rements of the project spemficatmns '

- ‘That, for use in density and voids analysis, the bulk specific
~ gravity of all aggregates used in . the blend and. specific
' ;;,rawty of the asphalt cement, are detet mmed

| | The Marshall Method uses standcud test specimens of
64mm (2 1!? in. ) height x 102mm (4 in.) diameter, These are prepared
usmg a spu,;hed procedure for heating, mlxmg, and compact__ing the
asphlat—ag,grcmte mixtures. The two plmupdl fedtL.les of the Mcusha!l
Method of mix design are a density-voids, _ana_lys_ls and a stability-tlow

test of the compacted test specimens.




The stability of the test specimen is the maximum load
resistance in Newton (Ib.) that the standdr d test spPleen will develop
at 60 ¢ (140 £ ). The flow value i (s the total movemient of strain, in units
of 0. 25 nnllm]etel (1/100 in.) occ,umng in_the specimen between no

load and maximum Joad during the stability test. 12].

" Test s) )ecin’u;u |
To detelmme the optnnum dspha]t content 101 a p(umulczr

'. b]end or gmdatzon of dg,g,le;:,ates by the Mdlslmﬂ Method a senes of

: _-'_.test spemmem are plepa:ed fm a range of dlffelent asphalt umtents S0

that the test data curves show : we[l dehncd optlmum va]ue Tests

specimens are prepar ed o on the basns of 1/2 pelcent increments of asphalt

~ .content, with atleast two -asphalt contents above “optimum?” and at least

two below “optimum?”. - Usually three - test specimens -are - minimum

- prepared for ¢ach asphalt content.

Before preparation of Iéborétdry Sén.lsplé the aggregates are
dried at 105° C_:(221-0:F-) to L10° C (230 ) and are separated by dry

seiving to desired fraction. The tempeldtu:e to  which the asphalt

oo must be_ heated to -produce . VISLOCItlBS of 170 4 20 centistoke

kinematic dnd 280 + 30 centist()kes kmBEHdUC shfll] he established as the
mixing temperdture and compaction tempemtu;e respectively.  After
":'cleanlng the: mou!d assembly and the face of the compaction hammer
“and heatmg them in a b()lllné> water bdth | or on hot p!ate to a
temperature “between 93° ¢ (200” F ) to 149 C ( ’300” F) The
| “mould s than Ieddy so that the m[xtme is put mslde it. PIdLC A peace
of hfter paper inside the mould before the mlxtme is plaaed in the
mould. Weigh'into separate pans for each test spcumen the amount

of each size fraction required to produce a batch that will result in a




wmpacted spuc'imen 63 5 —i— I 3 mim. (2 5 -+ 0.05 in.) in height. When

the ag:,yeg,ateu and asphalt are heated and ready for mixing they are put

111' the"'mechamcal mlxture The temperature of the mixture prior to

agam apply Lhe same numbex of blowq to the face of the reversed

specnnen Aftei compactlon remove - the ba%e plate and allow the -

spec den o_uool m air until no. defonmatlon w1li result when removing

Testmg_ tfﬂ)ecnnen

bvely compacted test 5pecunen 15 subjected to the

followmg tests and analysxs in the oxdex lmted below.

_-_Buik specmc glawty detel mmatlon
'.-_-':ﬁS.tabdlty and flow test.
_-_'___-."'fl)ensny and V01ds analysns

'.-:'_"_’:The te%t spemmen is then placed in the testing machine.
The Ioads a:e appiled thlougnh semi- ulcular testing head at a constant
rate of sttam of SImm (2 in, ) per mmute This 1s also equipped with a
callblated plovmg 1111}:, to detelmme the applied load, Marshall
stablhty and Malsha[l ﬂow A universal testing machine equipped with

suitable ioatl & deformatlon indicating devices may be seen at Fig 1& 2.

13




Mechanical Mixer
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Marshall Des nCt -

The Marshail demgn crIterla 18 glven in the following table: 2
 Table No 20000 '

f:-.__-.'_I’rafhc Category
- Medium . Heavy

250 2x75

KN 33 53 3.0

Marshall flow. w2045 2040 2035

Void content, - .-_-%___ 3050 3050 3050

-:J-._-Maxunum SIZe of ' Minimum voids in
aggrepate. mm ' mixed aggregate. %

i bmde: content and other mix

-!:plopertle‘i "the followmg graphs ate pIO_tted

) VS en31ty (gm/cc)

o --._._':_'Bltumen content (%) vs air void (%).

. Bitumen content- (%) vs stab;hty (KN)
‘Bitumen content (%) vs tlow (mm),
Bitumen content (%) vs VIM (%).

* Bitumen content (%H




In each graphical plot connect the plotted values with a
smooth curve that obtains the, best-fit for all values. From the graphs,

(Fig: 3) trends generally noted as below:-

Tlle stablhty value 1ncreases w1th 1nueases in asphalt

content up to a maxunum after whlch the 5tab1hty decnedses

The flow value increases with in_cr.e_as_es in asphalt content.

The curve for unit welght s similar to the stability. It
mcneases with increase in bitumen content and decreases with further

increase in bltum_en c__ontent.[S]

. The optunum bmdez content 15 th_e_ a_ﬁerage of the three
| bitumen contents SR :

1. Bltumen Content at mammum stabllxty

2. Bitumen Content for maximum unit weight.
3. Bitumen Content at 4 % unit air voids.

Thus, a hot mix desi_gn study using six different asphalt
contents will normally .fe_quire at least eighteen test gpecimens. Bach test

specimen will usually require approximately 1.2 Kg of aggregate.

Therefore, the minimum aggregate requirements for one series of test -

specimens of a given blend -and gladdtlon w1ll be dpplommdtely 23 Kg
or approximately 50 Ib. Four 1ittels (one },allon) apptoxnmateiy of

asphalt cement will be adequate. -

3.2 Hyeem Method of Mix Design:

This method was developed by Francis N. Hveem,
California Division of Highway. This method is applicable to paving
mixture using both penetration grade and liquid grade of asphalt and

aggregate up (1 in.) maximum size. The Hveem method uses standard

17
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test specimens of 64mm (2-1/27) highest by 102mm (4 in.) diameter.
The principal features of the Hveem Method of mix design are the
surface capacity and Centrifuge-Kerosene Equivalent (CKF) test on
aggregates to estimate the asphalt requirement of mix, and followed by
stabilometer test, a cohesiometer test, a swell test, and. a density void
analysis of test specimens of compacted paving mixtures. The stability
test is performed at 60° C (1407 F) and swell -test al room
temperature. Usually samples are prepared - above and ‘below the
estimated optinmm asphalt content. The compaction of the test specimen
is done by a mechanical compactor which imparts a kneading action to
consolidate by a series of individual ilnpl':eés'i'.(')n' mddew1thd ram having
a face shaped as a sector of a 100 mm diameter circle. The optimum
binder content would be  that which gives ‘the required stabilometer

value, cohesiometer value and swell test values in the design criteria.[2]

. Hveem Design criteria:

The suitability of hot mix design by the Hveem Method is
determined on the basis of whether the asphalt content and aggregate

grading will satisfy the following requirements.

- Traffic Category Heavy - _ Medium Light
Test property! Min  Max | Min Max ! Min Max

Stabilometer ! 37 - ! 35 - 130 -

value ! o ' !
Swell Less than 0.762 mm (0.00in.)

Although not a routine part of the design method, an effort
is made to provide a minimum percent air voids of approximately 4

percent.




All criteria, and not stability value alone, must be
considered in designing an asphalt paving h1ix. Hot mix asphalt bases
that do not meet these criteria when tested at 60° C (140° F) are
satisfactory, if they meet the critéria when tested at 38° € (100° F) and
~are placed-at 100 mm (4 in.) or more below ‘the surface. This
recommendation applies only to regions having a range -of climatic
conditions similar to those prevailing throughout most of the United
- states. A different lower test temperature ‘may be considered in regions

- having more extreme climatic condition. -

 Traffic Classification:

- Light:  Traffic conditions resulting. in a design EAL < 10",
- Medium: . Traffic condition resulting in a design EAL between 10* &
0% |

Heavy: Traffic condition resulting in a design BEAL > [0°,

In applying these requirements, the design asphalt content

~.:-should ‘be the highest percentage the mix will accommodate without

reducing stability or void content below minimum values,

3.3 Hubbard-Field Method

__ The Hubbard Fleld Method of demgnmg hot mix asphaltic
pd\}lng nnxtun $ developed by plevoa,t Hubbdld and F. C. Field, both
formally assocxated with Asphalt Institute, The Oi‘igi_n'al design method
was developed primarily for sheet-type paving mixture but, later on it

was modified to design paving mixture [3].

Like Marshall Test, the two principal features of Hubbard
Field Method are also density voids analysis and a stability test. The

latter consists of applying a vertical loading to the specimen at 60° C

20




supported by a circuniferential orifice. The original method for sheet
type mixes used standard test specimens, 50 mm diameter by 25 mm
height. In the modified metbod the test specimen is prepared of 150
mm diameter and 68.75 mm to 75 mm height. A series of test specimen
are_prepared by 1/2 percent increment in binder content and spectfic
gravity, stability and den_si_ty/_vjoids analysis are performed on each
specimen, After plotting the graphs between unit weight Vs binder
content, Hubbard Field stability Vs binder content, percent voids
- content Vs binder content, the optimum binder content simply a matter
of comparing the test property curves with the applicable limits of the
crlterla Usually at 3 % or 3 5 % voids, stablhty is Ide from the graph.
.'The optunum bmdel content has to fulhl both stabllnty and voids

requirements and if it does the Thix is satisfied or re- deSIgned if not.

3 4 Slmth Pr1-Ax1al Method

This . method was developed by Vaughn R. Smith of
C_ali_fo_rnia Research Corporatlon. This _method_ is app_.lig_c_:ab__le to dense
pav'mg mixture using penetration grades of asphalt cement and
__contain'mg aggregate up to, 25 mm maximum size. The standard test
| pec1mens of 95. 5 mm dlameter and 200 mm height, are prepared by
;_spemfled ploeedure of heatm}:,, mixing and cmnpaetuun the asphalt
aggregate mixtures. The main features of this design are a density void

analysis and a “triaxial stability test of the compdcted specimen. [3]

The s_uit_;_ability.___o_f__:i}l_ix__design is determined by the use of a
test evaluation chart. The obtained values of & and;e"ere plotted on the
chart and checked whether they fall within satistactory area or not. The
voids in test 5pe01men should be in between 5 % and 10 %. . If criteria

are not satisfied the test is ‘repeated after making proper adjustments.

21




Notingham As halt Tester:

Ihe Nottingham Asphalt Tester (NAT) was developed at
the Umversrty of Notingham to enable mechanical properties of
asphaltic materials to be measured and assessed on a’ toutine basis for
"pavement engineers. This equlpment has an important ‘role in areas of
quaI:ty control failure mvestlgatlon and “pavement evaluation and for

‘the assessnient of new materials,

The NAT machine can be used to perform the following
--main Tests:-

- - Elastic Stiffness (Resilient Modulus) .
- Repeated load Axial (RLA) test for Re&lstdnce t() Deformatmn
- Dynamniic Creep ( an advance version of RLA Test).
SR Um-ama_l Creep (Resistance to Deformation ).

It was designed to carry out tests on eithel fOOmm 150mm
~or 200mm dlametel Specimens so that elthex ldboratory moulded
' specmlens or cores cut from the road cou!d be used. The NAT uses a
pneumatlc !(,adlng 'v.ystem which is supplled with air ‘at a pressme of 7

‘bar. The hame is made of stainless stecl an(l the he;;bht of the
~ crosshead is adjusted to accommodate specimens of different helghts and
":"diameters A rong diaphragm’* air actuatm applles Toads up to
"apploxmlately 4.3 KN. Load i s measured with a pleusmn strain gauged

load cell, dbformatlons are measure wu:h LVDT traducers. NAT is

.shown in Fxg 4 -Fig.5,

3. 6. The The Measur ‘ement of Stifness Modulu
(!ndlrect Tensﬂe Stiffness Modulus ATSM).

In this test a cylindrical specimen g subjected to a load
pulse along the vertica diameter axis and the resultant peak transient

deformatiom along the horizontal diameter is measured. This is a very

22
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Fig. 5
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simple and non-destructive test %and is relatively quick to carry out as
‘many as hundred specimens may be tested in a working day. Stiffness is
a measure of the load spreadmg ability of the material and is strongly
dependent on the bmder plopertles and the volumetric composition of
the mixture in partl-cular..VMA (voids in minor aggregate). The test

provides 1mp01tant mformat:on which relates to binder grade and

compaction !evel

temperature A standard ioadmg ""tlme of approximately 0.12 seconds

is used. altheugh thls can be le led if required. However, care must be

\ Sand 9 show the typical

printout of elastic stiffness modules results.

3.7 Permanent Deformation

The NAT is equipped for the assessment of resistance to
permanent deformation using either static creep or repeated load axial
(RLA) test: Most users prefer tﬁe RLA fest as it is more simulative of
tratfic loading and it has been found to be more sensitive to the effect of

small variation in mix composition. In this test a 150 mm diameter

i

25




Fig.

6

Nottingham Asphalt. Mix Tester
(repeated load. indirect tensile tcst)
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REPEATED LOAD INDIRECT TENSILE TEST (Gradation GA)
Date = 25 6 93 Operator Naeem

Specimen name ngal : ,

Temp {(C) = 20 Poisson ratio = (.35

Specimen dia. = 101 mm Thickness = 63 mm

Pulse Ho,o Pulee Mo, 2 151 Polse N, 3 Pulsa o 4 Prlsa Ha, 5

LY B B R i e TT Ty rerr ETrT Tt lil!_“!li l“lllllr
{0-400 ws {-400 5 o O-900 s (400w 3-408 us
:
Pulse Uarticai Tensila Hariz. - Rise Elastic :
Ha. foreg stress dafl b e stiffnass
Chidy LePay Ciorons) | Sw.osecs) ChPad
i .48 2054 4.8 i i
2 2.37 2061 48 4 5600
3 2,87 238.7 4.7 @ | 4951 ‘
: . | ;
4 R Z36.4 B N St Lo ENsG
5 2.7 236 .6 A7 44 49501
Mean - | 2. 2964 AT g S saan

‘' SUMMARY OF RESULTS
0 TEST DETAILS . °

vertical fdrce ' KN

= L 2.4
: ‘horizontal stress = 1 236.4  kpa :
Mean horizontal defm = 4.7 micron

Mean risetime 98 millisecs
‘Mean phase angle 15.4 degree (NOT VALIDATED)
PLEASE NOTE. The pPhase angle is currently an approximation

i

ELASTIC STIFFNESS DETATLS

minimum = 4942 MPa. maximum = 5046 MPa

range = 103 Mpa. , mean = 4991 Mpa

std dev = 41 MPa, median = 5011 Mpa
Fig. 8
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REPEATED LOAD INDIRECT TENSILE TEST (Gradation CA}
pate = 14 6 93 Operator Naeenm

Specimen-namernal
pemp (C) = 20 _poisson ratio = 0.35
Specimen dia.. = 101 mm  Thickness = 63 mm

"o | Pulse Ha. 1 e, 2 ] [Pulse Ma. 3 | { Pulse Na. 4 | | Pulse Ha. &
SR /
w! . /lll‘ , fll‘.
1
| /
1 \
: y \
| \ \
. A \ \,
I |"g~ \“-.
é T
t \ \
_{ \ - ._JF B A
e 1 \\
s rrry b T T I T I O L S S T B R YU I_ I.l 1) L L
QA ws || 0-400 me {-400 ns [-400 ns 0-900 ns |
Pulse Hertical Tensile Hariz. Rise Elastic
Na. |: farce stress © | defr time | Stiffouss
CkH} CkPa) Cwiprong) | (n.sens) . GHPaD
ol aee | moE | A R 8550
oo 3e4 3840 R T I T/ R P B
e 2.E4 3645 A2 . 420 gasn -
q 3.64 364.1 4.4 i 00
g5 4,64 4644 4.3 120 e
Moan 4,63 963.5 4.4 ma | g0

SUMMARY OF RESULTS

TEST DETAILS

Mean vertical force = 3.6 kN
Mean horizontal gtress = 363.5% kPa
Mean horizontal defm = .. 4.3 migron :
Mean risetime = 120 millisecs

Mean phase angle = 7.2 .degree (NOT vALIDATED)
PLEASE NOTE. The phase angle is currently an approximation

ELASTIC STIFFNESS DETALLS

minimum = 8097 MPa. maximum = 8626 MPa

range . = 529 Mpa. mean = 8335 MPa

std dev = 213 MPa. median = 8443 MPa
.Fig. 9
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specimen is loaded axially between 100mm  diameter plates. The
specimen is given a repeated applications of axjal stress. The load i
applied for one second and then there s one second rest before the
second load pulse g applied, 100 Kpa load is applied in each load pulse
and this is considze_red to be suitable, but thig can be changed. The
re_cm_m_n;ended_test temperature is 40° C, and that specimen is normally
suﬁje:ct'ed to 3600 pulse which takes two hours but this can be increaseq
to 1_{5,0_00_ pul.sé.: Fig.10 and Il show the computer print out of the

‘permanent deformation resuits.

38 :'Dy_. namic Creep

T_he_.dyn_élll_ic creep test is _s_imi_lar in principal to the RLA
(Répéate& Load A*ia]) test in that the specil_nen is subjected to repeated
appl.i(:_iéi_{ti.(z)n of é&i_al stress. Both axial dnd radial - deformations gre
- monitored, Noriﬁ_al_fy a Ioad.pu'lse of 0.2 qecond duration is applied for
evelﬁy _.'2 seconds, and. the output of load and deformation transducers
during a pu!se'and the subsequent rest period are captured and stored at
intepv_é_l_l_s during a_'test. As air ig Coxlipressible, it is difficult to achieve
comp_létely squafe waveforms with basic pneumatic  system [6]. A
typical load pulse and resultant . axial strain out put is shown in the

following Fig. 12. : i

3.9  Refusal Density Design;

Bitumen Mixeg usually experience secohdax'y compaction in
the wheel paths under severe loading condition. Severe condition cannos
be defined precisely but wil consist of g combination of two of more of

the following:
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NOTTINGHAM =~ ASPHALT TESTER
REPEATED LOAD AXIAL TEST FOR GA
conditioning period to be uged
Date is 30 6 93
gpecimen is ngbl .
Temperature = 40 Celsius
gpecimen height = 64 mm
Specimen dia. = 101 mm
Axial test stress = 100 kPa _
gtrain during qonditioning = 2057
2 2364 '
4 2610
6 2787
g8 - 3025
10 3280
20 3900
40 4357
60 - 4644
80 . 4836
100 ' 4960
200 5375
300 5627
400 5790 E
500 5938 e o R ‘ '
600 6080 HWEﬁH?UM_HﬁmmﬁﬁTmLm}HHT
7700 “pl142: S Bt
800 65282

1000 6339 : i ; v ; g
1100 6443 . : B ; : f
1200 . 6489 . ] R ¢ ; :
1300 . 6537 | : RALE K i }
1400 6603 | » : : 1 : i
1500 T I — | b T
1600 6688 | 3 o B . :
1700 6694 | - il : i i i
1800 6714 |} S T l
1900 6789 | « - D e :
2000 6833 | ¥ 1 § ?
2100 6833 | w o ; o § : ;
2200 6853 ,ﬂ [j,‘k_; ............. preeseneee : ......................... :,'E“' ...................... ;
2300 6874 | ] o e ; § ;
2400 - 6891 1 % ] : 3 ; , g
2500 6915 - : g 4 : ;
2600 6990 ; : . EE : i
2700 6991 Lo i 4 ; i
2800 7005 Gl e TR TR |

... 2900 7026 i it 1.1 ik o ik i
‘ 3000 7043 ' = L s
-+ 3100 7053 R e .
: 3200 7073 o
' 3300 7108 ' R e

3400 7126 e = —
3500 . 7167+ Specinen = nighi C Pulse mumber = 000

Musharoof load pulses -

' . 3600 773 ppedivioning pevigd = 0 wing C L fpial isti-;e:“‘ﬁ tkpadr = g

Tesl duratia = ZB00 pulses ; R R ' -
Tusl duration SH0U gl f e fwial wicrastrain  # 7174

 Test period alapsed

: I ———
Qata stored n File naked noeer. R LjffiLﬁlEﬁBEEEi&?"mﬂ

kg b ol

Fig. 10
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NOTTINGHAM ASPHALT TESTER
REPEATED LOAD AXIAL TEST FOR  CA -
i .

Conditioning period to be used.

Date 13 17 & 93

‘Speciman is nal

Temperature = 40 Celsius

Specimen height = 61 mm

Specimen dia. = 101 mm

Axial test stress = 100 kPa

Strain during conditioning = 2576
2 5249
4 5807 .. S
6 5807 SR
8 6394 A ’
10 6590
20 7147
40 7747
60 8120
80 . 8409
100 8516
200 9297
300 3686
400 9539
500 10126 -
600 10292 ‘ AR L
700 10415 REPEATED LOAG ANIAL TEST - LOG PLAT
800 10490 ' SR :
900 10615
1100 10756 ] ; ;
1200 10842 k 5 h ' 5
1300 10879 /] : f 5 :
1400 10922 ] : = = :
" 1500 10997 3 Do g e :
1600 11015  y ¢ g i ;. s sensae oo eI
1700 11065 : ; e ;
1800 11121 4 ; P e ;
1300 11157 ¥ 1 : : 4 :
2000 11173 ¢i : ; 4 ;
2100 11213 # : i g ;
.. 2200 11264 ol i ! 4 :
2300 11284 4 . OI- ;
2400 11296 ¥ ] ; : at :
2500 11327 1 5 ; e :
2600 11343 " : : ot '
2700 11375 4 : ; 3 :
2800 11394 : S + !
2800 11415 0.t T nmi (i ri.__l_fl.li T JHlllj T fl!llli T
3000 11450 ut+ 1.4 ks [N o4 1.1k 1t
3100 - 11486 L N B
3200 11491 ' :
3300 11502 Hushar af laad pulgses -
3400 - 11509 '
3500 11537 ' = St
3600 11548 Seeciren ~ = nal ” ~ Pulse nusher = R}
fonditiontng periad = 1 ping Mwial skress CkPa) = 1
Test durabion . = 360 pulzes fial nicrostrain = 14540 '53
: Test pericd 2lapsed i

TEST TERKINGIED - press key bo oles o

flota stored In File naped naeos. pr

Fig. 11
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v _:_ ._ . 1 i 0
L il
? 1000 " 2000

~ OUTPUTS - DYNAMIC CREEE.

~ Fig. 12
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High Maximum Temperature
Very Heavy Axle Loads
Very Channeled Traffic

Slow moving Heavy Traffic

ensure that at refusal there is 39 voids in the mix, Refusal density

c'.';.in”b_é. 'déter}'i]ined by two methods

- Extended Marshal| C0111;)at_i_6_11"_?3:'-_ ;
- Compaction by Vibrating Hammer

compaction, . : Ll _ e

3.10 Extended Marshall Com action
— o —=raishall Compaction

Yor severe sites, the following specification for base course

are likely to be the MOst appropriate. First of all the normal Marshall

provide an irdication that Marsha]] design parameter will be met,
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SUGGESTED MARSHALL TEST CRITERIA

Total Traffic <1.5 i.5-10.0 = 10.40 Severe

(10 esa) _ _ Sites
Traffic T1,1T2,13 T4,T5, 6. 'T7,T8 -
Minimum Stability 35 6.0 7.0 9.0
' ':.._(KNatOOOC) : ! . e

Minimum Flow (mm) 2 2 2 2
Compaction level =~ C2%50 7 ax75 - C2x75 0 2xXT5
(No. of blows) N

Air Vo:ds (%) ' 35 3-5 3-5 35

Tl = < 0.3

T2 =03 0.7
T3 = '07-15
T4 = 1:5-3.0
‘16 = 6.0-10.0 |
17 = 10-17

T8 = 17-30 .

- Suggested Marshall Criteria for Close Graded Bitumen Macadam

(10“3521) o - o . Sites

‘Traffic Classes —~ T1T2,13° ‘r4:T5T6 17,18 =

Maxinum Stability 35 60 79 9.0
(KN at 60° C) ' AR ETE :
“Minimum Flow 2-4 24 24 24
(mm) Y

Compaction level 2x50 2x75 + To - To
(No. of blows) i&:hlbdl rcfusul

The binder content corresponding_t_o'_ 0% _VIM obtained in
the Marshall test should be noted and additional test samples prepared at

each of three binder contents pamely the binder content at 6% VIM
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and also binder contents, which are 0.5 above and 9.5 percent below
this. value. Then these samples must be compacted to refusal, The -
nember of blows required to produce refusal condition wi]l vary from
one mix to another. It is preferable to conduct a trial using the lowest
binder content and to compact using an increas_in_g 11.u1_.1_1_m§r_ of blows,
200, 300, 400 etc. until no further -increaseﬂ m denwtyoccurq Usually
500 blows on each face is found to be sufficient. After that a graph of
VIM at the refusal density again_g_t_billgi__er content is the plotted and

design which corresponds to VIM of 3% can be determined [7].

3.11 Extended Vibrating Hanuner Compaction

In the vibrating hammer methbd the samples are compacted
in 152-153 mm dianmtér mo.'uli_ds to a thic_khess approximately the same
as will be laid on the roads. ‘The BS 598 bompaction procedure for the
PRD test is repeated if hecessary to achieve an ‘absolute’ refusal
density. The electric vibrating hammer ‘having a power consumption of
750 watts or more and 2 frequency 20 to 50 HZ, is used. Samples should
be mixed so that they can be compacted immediately afterwards at an
initial temperature of 140 + 5°C for 8oy 100 penetration grade
bitumen or 145+ 5°C for 60/70 penetration grade bitumen.

This is the standard PRD compactidn p'ro(:edure but to
ensure that the refusal density is reached, it may be becessary to repeat _
this procedure a second time, It is suggested that trial mixes with g
bitumen content which corresponds to approximately 6% VIM in the
Marshall test are used to.

() determine the mass. of material required to give a
compacted thickness of approximately the same thickness
as for the layer on the road. :
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(i)  determine the number of compaction cycles which will
ensure that absolute refusal density is achieved.

After these tests have been completed, the samples are

made ‘with bitumen contentq 9ta1tmb at the Marshall optimum and
_decwd%mg in 0 5 pelcent steps until the bltumen umtent at which 3

:percent v01ds is retamed at absolute 1efusa1 denqlty can be determine

e
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CHAPTER4

Conclusions and Recommendations

The use of asphaltic mixés IS heu)mmg more popular in
developmg countries l:ke Pakistan. In Pdklbfdll almost d” the major
Toads are bemg paved WJth asphaltlc (,onuete mlxeq ThlS mdtenal is
considered as ideal for roads carrying hedvy traffic cmd hds a g,ood
riding quality. But this materia has not produced the desired résults in
most of the cases in Pakistan as most of the road sections have shown
plastic deformation sooner or later within the first fow years after laying

and opening to traffic,

Many factors could be responsible for this plastic
deformation but one faétor could be the mix design method 1tse]f
Mostly for the design of asphaftu, mixes, the Marshal Method s bem;:

used in Pakistan which is not simulative to our field conditions and does
not seem capable of coping w1|th extreme environmental and loading
conditions prevailing in our country. There is an urgent need for using
some other techniques like Refusal Density Test and Repeated 1oud

Axial Test Technique.

According to research carried out by the Transport
Research Laboratory (TRL), U.X., a minimum of 3% air voids after
several years of heavy traffic (3% air voids at refusal density)

required to minimize the risk of deformation in the asphaltic layers,

The Notingham Asphalt Tester (NAT) also provides a
convenient method of measuring the elastic stiffness and repeated load
axial test which is more simulative to field conditions. In Pakistan,

it would be hetter if some test sections are made by using refusal density
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test and with repeated load axial test and after continuous monitoring,
the performance of these test sections, we can design bitumen mixes

whit;h would be more suited to our environment and field conditions.
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