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Introduction

quality of roads under their maintenance responsibilit aR
construction more scientifically and by carrying out rese

In approaching road construction problems (deforyhs g, cracks,
potholes etc.) more scientifically, one has to include 4 Rgology, which
gives more insight into the behaviour of mixtu : i bitumen. An
integrated approach using Road Construction tjge 2 sphalt Technology
IS necessary to better understand the problem : Mymise the problems
may occur as much as possible. Furthermorg/ i pOrtant to learn from
the results in practice, since some theorie entirely match the real

situation on the field due to variations in circ

Unlike most municipalities worldwidg \ echt (the Netherlands) has
arging road construction and

gfades. This procedure (Quality
{ scientific approach to Asphalt

eventualities of incorrectness in the asphalt mixtures, preventing a lot of
mistakes and undesirable situations during its application and giving evidence of

This book is partly based
on at the Delft Universi
Construction and Aspkre
tropics, and mostl
Netherlands. Thesg



I. Asphalt Technology

Asphalt Technology deals with asphalt as material for road cong
mentioned earlier, this subject will be integrated within road co
whole, since most changes herein also affect the strength of cqy
consequently, its longevity.
When considering this technology, the items (bitumen sort, § Ehaviour

Asphalt mixtures (usually) consist of the following

*Bitumen;

*Stone aggregate;

*Sand;

*Filler and

*Some additives that may be require
Herein, bitumen is regarded as the most £Mugialte Nt since it functions as
the “glue” enabling the other compdients # together and therefore
determining the strength and longevity of # Ixture.
The structure, the skeleton and the inte een all of the components
inside are also very important and ongfdered both separately and as a
whole.
I.1. Bitumen

Within the asphalt mixture, the bi n component functions as the “glue,”
fixing all the other components to each other so they are able to cooperate as a
whole. Bitumen is also the=sQst expensive component in the mixtures and is on
depends.

ere, a special needle with 100 gram of mass is put into
e deformation/indention measured after 5 seconds is
¥ factor of 10 is thus embedded in the registration.

1
| Penetration
ra

@ Fig. 1: Penetration Test for Bitumen

t =5 seconds



So, a 70/100 bitumen will give an indention between 7-10 mm, a 40/60 bitypaeg
around 4-6 mm, etc. This means that a 70/100 bitumen is softer than 40/6(

temperatures and so can prevent extreme deformationg

In the past decades, recycled asphalt mixed wi
more and more. The older bitumen inside the r
low penetration value of about 25-30, due to o

As mentioned, one of the positive characteriSsi
characteristic enables bitumen and aspha
relatively small damages caused by strgss angd stheis. Jhe higher the penetration
value, the higher the healing capaci and the asphalt mixtures
composed with it.

I.1.1. Chemical Components

Bitumen can be produced from oil all around the world,. As the residue of crude
oil, it is almost the last product gf the refinery process. Due to its many places of
origin, not all bitumen is prgucedA@i the same way. Chemical differences occur.
However, when looking gndmical components of bitumen, the most
important components mixtures are the Asphaltenes and the
Maltenes, especially the rz

Asphaltenes (rigid)

ﬁ%‘)’zw\j}

\/N—_ T~ A

Fig. 2: Asphaltenes and Maltenes in Bitumen




particles in the bitumen.
Maltenes are the viscous/liquid parts of bitumen, and when they are iR

therefore, a higher crack sensitivity.
These effects can be seen using a penetration test (Fig.
originally 70/100, penetration values as low as 25-30 c
period of oxidation.

The followings are more detailed descriptions of bot

(source: lloydminsterheavyoil.com)
Asphaltenes are complex hydrocarbons that have the following compon0

Condensed aromatic hydrocarbons with side chains up to C3Q.

mixtures created with this bitumen inside will also show more crack sensitive
behaviour.

&

Fig. 3: Cracks in Old Asphalt Mixture




used in combination with new asphalt, resulting in the so-called
Recycling Asphalt, or PR-Asphalt.
The old bitumen coming from PR-Asphalt with a higher Asphalteng

acterisgCs will

adhesive function of the bitumen as a glue and its healmg ch
diminish.

1.1.2. Mechanical Behaviour of Bitumen

y determined by
that the behaviour

High temperatures will decrease the viscosity3and suBsgguently the strength and
stiffness of the material (Fig. 4) to a certain VG

Viscosity T

Temperature E=Rw
ncy of Bitumen on Temperature

(¢) is brought to a certain level and kept constant as “load,” the
aused will first jJump up to a certain level due to the elastic part and



the stress will jump downwards, even reaching negative numbers, before slowly
increasing to a certain level near zero.
G| Cause

Time ==t

ol

Effect

| Time g

Due to this, it is very importgft 5 air temperature of the road’s
surroundings into account. So géphe ldsQ the tropics must be designed with

more strength than they are inypla€ges
This very crucial factor o Siyfe fvas not taken into account when

Also, in places where longer loading time is expected such as stop signs or
stoplights, bus stops, parkjaglots, crossings, etc., this aspect must be taken into
account at an early stagg ise the development of damages.

1.2. Asphalt Mixtures

With the comp,
[ 0/100, 50/70, 40/60 etc.;
of on sieve 2 — 31.5 mm;

on sieve 63 pm — 2 mm;
< 63 pum, and



*Stone skeleton, discontinuously gra¥ed and
*Stone skeleton with mastic inside, discontinuously graded.
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skeleton. A typical sand skeleton mixture is Dense Asphalt Concrete (DA
which has the following approximate specifications (Table 1):

Table 1: Specifications of Typical Dense Asphalt Concrete souk: 11)

Surface Layers - | ‘ | F
Specification i i DAC (Dense Asphalt Concrete). o~
T ] - [ I
|Grade 0/8 0/11 0
on sieve {% mim) farget { min. | max. || target | min. targ min. | magl
C315 ;
C 224
Cc16 : 6.0
Ci1.2 0 5.00| 25.0
c8 0.0 | 60 5. '
C56 10.0 | 30.0 .0 | 50. 0| 55.0
2mm 55.0 | 52.0 | 58.0 || 55.0 58.0 l0 §57.0 | 63.0
63 um X | x-05|x+1.0 1.0 y 4 y-0.5]y+1.0
Bitumen J
Content (% m/m on tc-2 66 { 7.0 6.4 6.2 | 6.6
100% min. aggr.) tc-3 6.6 | 7.0 6.8 6.2 | 6.6
tc-4 - 6. 5. 6.0 | 6.4
Penetration (0,1mm) fc-2 60170 ] 1 () 60/70 | 100
tc-3 60170 100 6017 00 60170 100
tc-4 40 | 6 40 |f 60 40 | 60
Voids
(% viv) tc-2 4. 4.0 40
tc-3 4.0 4.0 4.0
tc-4 5 6.0 6.0
y A
Marshall 7 4
Stability Pm (N) tc-2 %o /4 6,500 6,500
tc-3 7,00 7,000 7.000
tc4 7,500 7,500 7,500
Flow Fm {mm) tc-2 5. 2.0 | 50 2.0 | 50
tc-3 2, 2.0 | 40 20 | 40
tc-4 2.0 .0 2.0 | 40 20 | 4.0
[Quotient Qm (N/mm), tc-2 2,000 2,000 2,000|
tc-3 2,500 2,500 2,500]
te 3,000 3,000 3,000
[Eilling grade
(% viv) tc- 87 87 87
tc-3 83 83 83
c-4 / 80 80 80
m/m: mass/mass ||x =100 - 8(filler's density/2700). kN |
lwv: votumenorum [ly = 100 - 7(filler's density/2700). i ' '
In stone ske asphal mixtures, the stone aggregates form the skeleton by

¢e and the mixtures produce much less noise hindrance. A
of this kind of mixture is Porous Asphalt (PA) which, thanks to the

11



Table 2: Specifications of Typical Porous Asphalt (source: 11)

Surface Layers ' | |

Specification | I PA (Porous Asphalt) |
| 1 ] ]
IGrade ‘ 0/11 0116
on sieve (% mi/m) target | min. | max. min.
C31.5
C 224
Cc16
C11.2 00 [ 90
c8 60.0 | 85.0
C56 75.0 | 85.0
2mm 85.0
63 um 95.5
Bitumen

Content (%mimony  tc-2 4.5 | & V4
100% min. aggr.) fc-3
tc-4
Penetration (0,1mm) tc-2 7 10 100
tc-3
tc-4

Voids
{% viv) tc-2 2(.0 ‘q_y 20.0
tc-3

tc-4
[Marshatl
Stability Pm {N) tc-2
t
tc
Flow Fm {(mm) tc-2
tc-3 y 4
tc4
Quotient Qm (N/mm} tc-2
tc-3
Filling grade
{% vi
tc4
Aaffic plass_; |
| |

“like PA, formed by the stone aggregates. However, the
spaces ; Q.aggregates are filled with mastic, a mixture of bitumen, sand
and fylel these mixtures belong to the discontinuously graded
mixhref. due to the presence of mastic, the portion of voids is

Ive . S0 in this kind of asphalt the glue function of the bitumen
fuRgtions wQre effectively than in PA and, due to the stone skeleton structure,

12



Table 3: Specifications of Typical Stone Mastic Asphalt (source:

Surface Layers | i , | I j
e e o ‘ i i ~ L R | | f—
Specification SMA (stone Mastic Asphalt). |
Grade 0/6 0i8
e Typed Type2
on sieve (% mim) target | min, | max. || target { min. { max. | target | min. | max. || target
€315 :
c224
C 16
c11.2
c8 0.0 | 8.0 0.0 | 8.0
C5.6 0.0 | 80 40.0 | 60.0 450 | 65,0
2 mm 67.6 {625 725 | 725 | 675 | 77.5 | 750 | 70.0 | B8O, .0
63 um 88.5 | 86.5 | 90.5 || 90.0 | B8.0 | 92.0 | 91.0 | 89.0
[Bitumen
Content (% m/m on fc-2 8.0 14 7.4 7.0
100% min. aggr.) te-3
tc-4
[Penetration (0.1mm) ic-2 70 | 100 70 | 100 100 70 06 70 | 100
tc-3 :
fc-4
y A
Voids
(% viv) tc-2 4.0 4.0 5 5 5.0
tc-3
tca ] [
fMarshall
lStability Pm (N) tc-2
tc-3
tc4
Flow Fm {mm) te-2
fc-3
g fc-4
Quotient Qm (N/mm) tc-2
te y A
te-4 l
{Filling grade
(%Y viv) tc-2
fc-3
fc4
SO | Y [
im/m: mass/mass IR ... I D Y AR R S A
v/v: volume/volume |

on temperature than
DAC is more sensiti
deformations than S
Therefore, DAC i

sitive to ravelling, a phenomenon also known as the
degradation of t es caused by ongoing loss of stones (Fig. 8). This kind

as well as glue. Especially in places with friction and shear forces
curves, crossings, stop places etc.), ravelling will occur very

roads, where traffic causes more and more shear forces on asphalt than
gys, this kind of asphalt is actually not preferable. Due to the relatively

13



mixture, knowing that the costs for repair and construction are high. Thesg
decisions are usually based on local politics.

py Germany some
$h mastic (a mix of
on, SMA possesses
a relatively high resistance against deformatyn and \also less dependent on
temperature. Therefore, it is very suitable foy rc@ Y

homogeneity of the mixture and ing €3 that can be seen at a very early
stage.

fiscous part. When strain (g) is brought to a certain level and kept
Joad”, the stress (o) caused will jump up (elastic part), and then

14




Smod C—— ===

S

Temperature C—"—===- Q
Fig. 9: Dependency of Asphalt Mixtures ﬁem erature

L

Stress ==
Strain e

Strain e=—S"m=

Time —— ===

Fig. 10.a: Dependency of

The typical effects of both (tg
strain of asphalt can be seen |

T Temperature:
T1>T2>T3

Permanent strain —— ===

Time /=
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I.3. Asphalt Mixtures in Road Construction

Having learned that various sorts of asphalt mixtures can be created with
kinds of structures and compositions, which consequently result ig
characteristics, several functions can be distinguished and allocated.

1.3.1. Functions of Asphalt Mixtures in Road Construction

The main function of the asphalt and the other layers (
road construction is to spread the ‘load’ gradually and
stresses and strains generated on the subgrade.
Fig.11 shows the typical load distribution pattern
therefore, how the stiffness modulus (Smod) of

ruction and,
the subgrade

Subbase

Subgrade
|(+ Landfill)

ybution pattern and to assure an optimal
; foIIowmg stiffness modulus (Smod)

fill: usually up to 100 MPa.
9 (Smod) is used instead of modulus of elasticity
(Emod) since of bitumen and asphalt mixtures is not elastic but

visco-elastic, ¢

16




optimised regarding the load distribution and divided into several layersadth
distinguishable functions.

Stress mimae-

,l R

.wfﬁ

gl
7

-lay

/
Radial Stre§_§_,,f—-*"""'—w Vertical Stre %

Fig. 12.a: Vertical and Radial Stresses in @ Rbad Construction (source: 7+8)

*The upper part wit}
-Providing
-Absorbing aghng relatively high radial and vertical

tion B:
gical support to the asphalt layers above;

-Absorbing and spreading the local radial and vertical stresses.
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For asphalt mixtures, 3 sorts of asphalt layers with different compositio
characteristics are necessary. These layers (Fig. 12.b) can be disting
the:

*Binder layer (AC-Bind), containing asphalt mixtures with {4
*Base layer (AC-Base), containing asphalt mixtures with f

Since these layers purely consist of asphalt concrete, the COYIse Y
be called the AC-layers.

AC-Iayers<

#Road Construction

Considering the functions ang compositions, it is evident that the price of
’ rf) will be the highest, followed by the
ase can be composed and produced with

binder layer (AC-Bind).
[ Partly Recycled Asphalt (PR-Asphalt). A

cheaper materials, e.g.
maximum of 50% of PR3

eraction between the asphalt layers consisting of
g the gradation upwards with a maximum factor of

18



1.3.2. Examples of Asphalt Mixtures

As already mentioned, various kinds of asphalt mixtures can be
every country has its own type of mixture. Distinguished exa
asphalt mixtures are given below, with their variations in gradgs
percentages:

+For the AC-Surf layers, function A.:
*Dense Asphalt Concrete (DAC), see Table
*Stone Mastic Asphalt (SMA), see Table 3
*Porous Asphalt (PA), see Table 2, disco

., continuously graded;
continuously graded,

*Stone Asphalt Concrete (SAC), furs
*QOpen Asphalt Concrete (OAC)

Stone SAC ‘ QMP&Q@E"_G@EM
one ! ‘ | P
Grade o6 o3 (0 022 ot 016 [777)
Typot Fypeg Type2 o3
IDII sieve (% mim; target | min. | max. |{ target | min. | max. M¥target . & max. min. | max. target | min. | max. {| target| min. | max. || target| min. | max. |} target | min. | max,
€215 .0 .0
C224 00 | 6.0 H’ 0.0 | 40
C1e 00 | 80 0.0 0.0 00 | 40 00 | 40
c112 10.0 | 45, 15.0 | 40.0 0.0 | 40 10.0 | 20.0 80.0 | 400
c8 15.0 | 40.0 15.0 25.04045.0 35.0 | 50.0
G358 4501600 35,0 | 50,0
2mm 500 | 47.0 | 53.0 || 57.0 | 54.0 { 60.0 540 | 60.0 [[[| 57.0 60,0 || 67.0 | 4.0 | 60.0 [[|] 72.0 | 69.0 | 75.0 |[ 72,0 | 68,0 | 76,0 || 67.0 | 64.0 | 70.0 || 72.0 | 69.0 | 75.0
83 um 93.0 | 92.0 | 4.0 || 83.0 | 92.0 | 94.0 || 93. 0 | 94.0 93.0 0 | 94.0 || 83.0 | 92.0 | 240 95.0 | 940 {960 ]| 95.0 [ 940 960 || 240 | 93.0 | 950 || 950 | 94.0 | 96.0
itumen T
Content (% mim on tc- 45 | 55 45| 65 45 5. 45 | 5 . . .0 | 46 | 54 X 5 | 54
4100% min. aggr.) te-3 40 | 60 40 | 50 40 | 50 40 | 5 q X .0 | 46 | 5. X X 4
tc4 40 [ 5. X 48 | 5. 4 R
tc-5 40 | 50 40 [ 50 .0 | 46 | 5. X 4 X .8 | 538 X X X
Penetration _(0,imm) tc- 45/80 | 100 45/80 | 100 45/80 | 100 45| 100 45| 100 45 | 100 100 45_| 100 00
to-3 45 | 60 45 | 60 45 | 60 45_| 60 60 45_| 100 400 45 | 100 45_| 100
tc-4 45 | 60 45| 60 45 | &0 80 45_| 60 45 | 80
tc5 45 | 60 45 | 60 45 | 60 80 45 | 60 45 | 60 |
|Voids
(% viv) tc- 7.0 7 7.0 | | 0. 10 10,
fc-3 7 7 7.0 A A 10, 104 10.
tc-4 10, 10, 10 X
i-5 . K 10, 10, 10, X
arshall y A ___I 1
Stability Pm ) te-; 4,500, 4 4,500 500, 500 500, 500 500, 500
tc-3 5,000 5,0 5,000 000/ ,000 ,600 500 ,500 500
to4 ,@_I 000 1000 000 000! 000}
tc-5 | 000 000 500 500! 500 500 |
Flow Fm {mm} fc- 0 A 1.5 | 3.0 4 5 4. 4,
tc-3 . A 3.0 15 | 3.0 K ¥ 4.4 X
tc4 1 4. X
tc5 53 5 [ 30 | ¥ R X X .0 | 4 0 | 40 |
Quotient Qm ___ (N/mm] fc-: 100 2,000 2,000 2,000 000 000 ,000 ,000] ,000.
-3 2,500 2,500 2,500, 500 500/ 500, 500 500
| -4 1 3,000 000 ,000 ,000 ,000 ,000]
It I 1 3,500] 500 ‘ 000, 000 000 000
Filling grade
(% viv): te-! & 50 75 50 75 80} 75 50| 75 77
to-! 50 | 72 50 | 72 50| 72 &) 72 80| 72 75
c-4 50] 68 50} 68 72
5 50| 65 50] 65 70
. tass - [
mim: mass/mas | | o | e
v/v: volume/volur m

, one can also see several other international asphalt mixtures.

19



Table 5: Other International Asphalt Mixtures (source: 7)

Country USA Netherlands French | Germa
Mix Type Asphaltic Lean Dense Gravel Lean Dense Dense Rolled Gravel Asph; Ri Lean
Concrete, Sand Bitumen Sand I i Asphalt | Bitumen Sand nd
California | Asphalt | Macadam-1 Asphalt d Concrete | dam-2 Base Coui Sheet
Mix Composition (as comp d)

Stone % m/m 49.0 = 65.0 49.9 97.0 55.0 65.0 66.0 69.5 5 = =

Sand % m/m 47.0 83.0 29.5 42.2 = 35.0 29.5 34.0 22.0 24.5 .0 84.0

Filler % m/m 4.0 17.0 5.5 7.9 3.0 10.0 55 = 8 6.5 16.0
|Bitumen content pha 6.4 5.0 5.0 5.4 3.0 5.0 5.0 6.4 1 4.0

] grade 40/50 80/100 80/100 45/60 80/100 40/50 40/60 40/60 50 R8O 4580 20/30

Analysis of Aggregate

ASTM Sieve : of - - - 100.0 = - - .0 .
3/4" 100.0 - 100.0 94.0 - - 100.0 .0 0 79.5 =
1/2" 97.0 = 89.0 83.0 100.0 100.0 89.6 7 64.4 =
3/8" 87.0 = 712 73.0 70.7 88.0 71, 4.0 g -
1/4" 74.0 - 58.8 62.0 318 76.0 58. .0 425 =
no.4 64.0 s 50.7 57.0 13.5 67.0 51.3 .0 44.0 40.3 -

6 55.0 5 48.3 55.0 5.7 57.0 432 358 37.0 &/ - 100.0

10 45.0 100.0 33.9 54.0 5.2 45.0 1 .0 0.0 30.7 100.0 98.0

20 34.0 90.7 23.1 52.0 4.7 30.0 22, .0 24.5 93.6 90.0

30 29.0 72.6 18.7 50.0 4.6 26.0 184 1.0 17.0 22.5 84.5 60.0

40 25.0 60.8 16.1 46.0 4.5 22.0 15.9 18.0 71.7 48.0

50 21.0 47.8 12.2 38.0 4.4 18.0 19 9.0 13, 123 49.1 40.0

80 16.0 343 9.1 25.0 4.2 8.7 4.5 7.9 24.5 25.0

100 15.0 30.1 8.2 21.0 4.2 3.4 4.0 .0 74 21.9 20.0

200 9.0 16.5 5.7 8.0 4.1 9. .5 8.0 6.3 15.1 16,0

Mix Composition (a d)

Stone % m/m 55.0 - 66.1 46.0 94, 5 65.9 .0 70.0 69.3 - 2.0
ISand % m/m 36.0 83.5 28.2 46.0 35.5 28.6 3 22.0 24.4 84.9 82.0
[Fitier % m/m 9.0 16.5 5.7 8.0 1 y 4 8.0 6.3 15.1 16.0
[Bitumen pha 6.2 5.1 4.7 5.6 29 | . 4. 6.3 4.0 3.9 9.8 4.0

Properties ofl!e%ed Bitume

Softening Point 61 52 52 64 5. 59 ] 60. 62.5 60 52 53.5 69

R&B i - - - - | - - - - - -

Penetration at 25°C 38 61 59 26 36 34 27 58 60 22

Penetration Index +0.6 -0.2 -0.3 +0.2 -0.2 +0.1 .6 +0.6 0 -0.3 +0.1 +1.2

Due to the relatively high sensylivi§ tion, it is strongly recommended
NOT to use Open Asphalt GQucrete fQACY as an AC-Bind layer if intensive

¢S, however, this was done very often
in the Netherlands. During lab tests asgfvell as in practice, OAC appeared to
continuously show deformation for a very long time, even years after application
works.

entioned, discussed and explained in the follow-up. For this, asphalt
will be applied.

20



1.4.1. Effects of Vibrations

Depending on the amplitudes and frequencies, vibrations may cause cige

mixtures are more sensitive to cracks since tensile
absorbed.

For certain places where a relative : of vibration is expected, it is
recommended not to use asph Y ()7 Y are based on stone skeleton
structures due to their relativel : fity to (small) cracks which will
grow into bigger ones

Therefore, the use of PA and certal g of SMA are not recommended for

places like bridges where the vibrations Taused by traffic will last for an extra
period, depending on bridge characteristics like span-length, thickness etc.

Also, during application At . mended to avoid vibratory compaction, as
this will prevent the gengra all cracks within the mixtures.

1.4.2. Effects of Hjf s (C-Fix, PMB, PR and Combi-Surf)
It is a law of hat material with high stiffness will attract more
stresses fro alings than material with low stiffness, so highly stiff

materials may @bsorb more stress than is calculated and planned. In practice,

have reasQnable resistance to deformation, preventlng stress concentration.

21



C-Fix
Asphalt mixtures composed using a ‘hard binder’ called C-Fix (g
Fixation) for bitumen have been tried for several years already. T,
binder/bitumen is the ultimate hard residue of crude oil and has p@s
values of around 6 — 9. Due to these very low values, the mixture

to cracks and ravelling, as observed after just 1 year (Fig.lf.a).

In the tropics, on the contrary, C-Fix aspha e recommended for
application, especially for roads where heavy ¥, very intensive and at
stopping points, parking lots etc.

PMB (Polymer Modified Bitumen)
The modification of the bitumen wj ot polymer will also push the
stiffness up to relatively high leve)§. g d modifications of bitumen in
road constructions are SBS (Stfrene Styrene) and EVA (Ethylene
Vinyl Acetate). However, in clintatg yn low temperatures, cracks have
been seen at very early stages.

PR-Asphalt
The stiffness of the bitumen 3

fiA/pe of asphalt where the bitumen has been
giragtion value of around 25. Due to the increase
in the Asphaltene/Maltee-Rakie the old bitumen, segregation of the new

Combi-Surf
Efforts have also

Ig 14.b: Cracks in Combi-Surf (PA injected with cement slurry)

22




It is evident that asphalt mixtures have been sought which have relativg
stiffness, especially for roads in the tropics. However, the effects of fa
and crack sensitiveness must be considered when choosing the agf
within the asphalt layers. Referring to the load distribution pattern in¥
to the functions (1.3.1.), the surface layer, or AC-Surf, must posspe
stiffness and the AC-base the lowest. Next to downsizing the ggAdation
however, the difference between the stiffness has also to be | * grder to
ensure the optimal cooperation and interactions betwgen tle asphaly’ layers.
Factor 2 must be considered as maximum. So, when t l Radshaef Smod of
3,000 MPa, the AC-Bind should consequently possess¥s
and 6,000 MPa and the AC-Surf should have a max ¥ MPa.

1.4.3. Effects of Shear 0

The effects of shear on asphalt constructi een on places where
ravelling occurs. Due to the shear forceSNg g wheel braking and
turning, the stones on the surface are expg g spleways force. Depending

these forces will generate minor or g€ :

This kind of damage is mostly sg ' mithin the city area. Due to the
much higher driving speed, thg #/s/eXperience this phenomenon on a
much smaller scale.

In theory, the bigger the gradation S he rougher the surface will be. On a
rough surface, shear can easily transt® its forces to the surface aggregate
unevenly (Fig. 15), creating concentration spots. The stones on these spots will
have to absorb the forces g#fhoStyndividually since the surface is rough, meaning
that it is not evenly filleg p0lizontal direction.

This effect will becomg ghen discontinuously graded mixtures are used
on the surface layer. Shg gfrab the bigger stand-alone stones and pull them
loose from the mixjewe the skeleton structure is damaged, potholes will
rapidly occur.

,

Rough surface Smooth surface

. Shear Forces Applied on Surface Stone Aggregate

2ffect, it is recommended NOT to use a gradation bigger than
C|ty area. The most ideal gradation size is around 5-8 mm. Therefore,
gation of PA and of some SMAs within the city area must be considered

S, @ maximum gradation of 16 mm is recommended.

23



I1. Asphalt Techno-Road Construction Design

I1.1. Theoretical Approach

The theoretical approach to road construction is given in this gection\with a
special focus on the construction structure, the gradation of thg s te Jayers,
the stresses and strains that occur and the application of Mohr’ asphalt
construction.

11.1.1. Construction Structure and Gradation of the

(D

own function. This is done to optimise the l08g n rom the surface to

natNghn be constructed as

wearing course);
* AC-Bind: an asphalt

layer(s), depending on the traffic, the materials used and the
subgrade;

>AC-Iayers

Bound/unbound

Unbound

Subgrade

Ig. 16: Typical Cross-Section of a Road Construction
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From the base layer up to the AC-Surf layer within the AC-layer, the g
of the layers has to be downsized. This is necessary to optimise the i

base, the AC-Base should be at 20-25 mm, the AC-Bind at
AC-Surf at 5-8 mm.

Along with providing more comfort in driving, a

chosen due to the relatively lower initial construction

lifetime ratio during a period of time when

concrete pavement.

Mechanically, the functions of the AC-layers gge:
*To provide a comfortable and safe drj ﬁ}

*To decrease the stresses and straing
subgrade, and
*To minimise the effects of deform;

supporting the AC-layers and also
trains applied by axle-loads by
transferring them to the subbase.
Unbound materials such as fine grave¥ stones etc. are mostly used; however,
when more bearing capacity is necessary partially bound materials can be
applied. Finely graded met€Ttads from demolished brick or concrete walls have
also been used and, why Bfy, cement can be added.

Referring to the load g » pattern in Fig. 11, the stiffness modulus of this

base layer should be ayound=0@’- 1,000 MPa.
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The bearing capacity expressed in the stiffness modulus of around
higher is recommended.

the road in case replacement of the “soft” soil is not
the stiffness modulus is less than 50 MPa., replaci
about 50 cm thickness is recommended.

Caution must be taken when clay or pet soil (remna®

show deformation for a very long period; sofg/Mindsyvill even show it over a
period of more than 30 years. When ghey ON Y| is present in the
a) a y. 1

be considered regarding the 8 spfains that occur (Fig. 17). When
rolling, certain friction forces W also g€cur on the surface, causing shear
stresses within the construction.

Tension Compression

' 'Gv
‘ —=atifem

iR
ig. 17: In Situ Stresses Under a Rolling Wheel (source: 7)
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Poisson ratio v), the stresses and strains that will occur right under
be calculated using the theory of elasticity. The local strains can t
from the stresses according to the well-known Law of Hooke:

ex=1/E [ox- v(oy + 02)] €x = strain in x-direction

Ox, 0y, 0z= stre@

E = Elasticity/Y] /)

@onal directions

V = Poisson ra

(source:
The variations of the vertical and radial -%v der the wheel into the

depth of the construction is given in Fig

ones.

the shear stresses (t) &d thefliding line, the tangent of both circles (Fig. 19).

Sliding Line

3

O'r,l Gv,1 Gr,2 Gv,2 G *

Fig. 19: Mohr’s Circle of Asphalt Concrete (source: 7+8)
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This line denotes the resistance of the material against sliding. At thg
within the construction when the vertical stress (ov) and the radial sty
create a circle that crosses this line, sliding will occur.

along the sliding line, as determined by tangent ¢. 0
The sliding line can be described by the following form

T=Ty+0 18 @ (source:7+8)

is bigger than
NYill occur.

When the combination of ov en or creates a sh@
(ty + o - tg @) at any point in the construction, th

pplied in this region. Asphalt
d Partial Recycled Asphalt (PR-

OAC, as already mentioned, is very sensttive to deformation for a very long
period of time and PR-Asphalt is very sensitive to the generation of cracks due
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! Strain  =——lte——
Radial Strain
Vertical Strain Interface

I

IS to use a factor of 2 as a maximum ratiO

used for the AC-Base layer, the gradation g AC-Bind layer should not be

less than 11 mm (11-16 is preferable). When dion of 11 mm is used for
8 oul

than 6 mm (6-8 is preferable).

By doing this, the risk that the g
fail (causing less longevity), is

f Af a road construction must be based on the:
*Traffic, causing cal loads from above;
*Subgrade, suppogti

*Construction math
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+

Conversion Factor

Ne

10?

10

Conver;

107

1072

1072

107

107°

ne=2.4x 1¢f°

a#€rs to the damage to the asphalt construction caused by
means that the damage caused by an axle load of 100 KN is
e damage caused by an axle load of 10 KN:

/ 10°'KN)* = 10* = 10,000)
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A loaded truck/bus will cause about 10,000 times more severe damagg
personal car.

As can be seen from the factors, the intensity of heavy traffic
crucial for road construction. Heavy traffic will also cause high strz4

maximums are dependent on temperature and load repetition/fftigye ( 22).
Therefore, when calculating the road construction, at least sonfie @\ al checks
ogprevent

failure. For this, the formula of “Miner” can be used.

ﬁ

of some strains on ‘“fatigue” regarding heavy load af necgssany

Temperature: T3 >T2>T1

Max. Vertical Strain

L&ad Cycles

Fig. 22: Effects of Temperatureng/Lba@ Ragetition on Max. Vertical Strains

[1.2.2. Subgrade

The subgrade also determines the suitable road construction since its
characteristics limit the possjhilities and the strength of the construction.

Usually, the subgrade og gOf)the following sorts of soil, classified below
from the softest to the ard€y
*Peat soil (remnaN{s of ygQetation);
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necessary. However, checking the modulus of stiffness (Smod in MPa.) i
to see whether it possesses values above 100 MPa is strongly recommengk

11.2.3. Applicable Materials for Base and Subbase Layers

construction. Many countries have to import such maﬁ
higher.

The following materials are usually applied:
*Sand: -For the subbase;
-Almost available everywhe
-Water permeable, preventln
and around the cons
*Gravel:  -For the base;

*Crushed stone:
*Crushed aggregate:

*Recycled granulates:

As already mentioned, the gradual downsizing of the gradation from the base
Iayer to the AC-layers is nece to optimise the interaction of those Iayers. A

attention to the state of compaction of the
materials used in road coNgtructigh. Due to the dynamic load situation, the road
ontrol the state of compaction on site is using a

). The results can be seen almost directly, so extra

measurements d right during the construction.

F1OM23: Nuclear Test Apparatus, Testing the Compaction on Site
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When a relative amount of clay or peat soil is present at the upper regio
subgrade, replacing it with e.g. 50 cm in thickness of sand layer
necessary. In all circumstances, it is better to check the stiffness of al
used for the base and subbase layers in the lab and it is highly recon®
do the compaction anyway.

I1.3. Construction Calculation Using Software @

The calculation of asphalt road construction can be ddig Qveral methods,
from the CBR (California Bearing Ratio) using graphi Q rodern ones
using computer software.
In this book, SPDM (Shell Pavement Design Method 0%e
applied internationally in several countries. 0

pe applied;

hich has been

*The SPDM: giving estimatio tal thickness needed for
the specific road constyict/On

*The BISAR: calculating t gSeg agdhstrains at every point in the
construction after d ffle ASplalt layers, putting their
characteristics as i ng the traffic characteristics.

In the following examples, the version NDS 2.0, SPDM 3.0 and BISAR 3.0

are used: (source: 15)

11.3.1. BANDS 2.0:

#S (SBIT) with e.g. the following input
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The Asphalt Mix Stiffness (SMIX) ca
parameters (Fig. 25):

resulting in:

EI BAMDS 2.0 - Biturnen and Asphalt Momoegraphs for Windows

File Edit Momograph Window Help

Biturmen Stiffness (SBIT) : 1

Select Calculation Method

" Softening Point [T800Pen] and Penetration Index
{+ Softening Point [T800Pen] and Penetration with Temperature
" Use 2 x Penetration with Temperature
" Penetration with Temperature and Penetiation Index

Input Parameters
Parameter Uit Range From

Time of Loading [ |2
Bitumen Temp. *C [ |2

Softening Point *

[TE00OPen) E |12
Pen Yalue 0. 1mm [ |2
Pen Temp. C

Reszults Bitumen Stiffness

Penetration Inde

*Bitumen Stiffness;

fllculated using the following input

*Volume Percentag and
*Volume Percentagle 0 dte,
+Percentage Void!
X|
Unit Range From To Step
uPe | 2
|
zv | 2
Percentage Yoids Zv/y [ 5,00 |
Mix Stiffness MPa | 4250 |

Wults Table | Resultz Report | Help | LCancel
y A

Fig. 25: Calculating the Asphalt Mix Stiffness (source: 15)
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Calculating the Fatigue Life Asphalt Mix (NFAT) is based on the folla
input parameters (Fig. 26):
*Volume Percentage Bitumen;
*Asphalt Mix Stiffness and
*Fatigue Strain,
resulting in:
+Fatigue Life.
Fatigue Strain can be replaced by Fatigue Life when t

Azphalt Mix Fatigue Life (MFAT) : 1 ﬁ
Select Calculation Method
{* Calculate Fatigue Life (~ Calculate F3
Input Parameters
Parameter Unit Hange 'om To Step

Yolume Percentage Bitumen Zvly -

Aszphalt Mix Stiffness MPa 475

Fatigue Strain pmsm B 0
Results V '

Fatigue 1000 | z@100
Reszults Table | Hexultsﬁg ; !)E LCancel

Fig. 26: Calcul ngthe gy€ Life Asphalt Mix (source: 15)

Calculating the Asphalt Mix Perform
parameters (Fig. 27):

*Loading Time;
*Temperature of 2

e (COMB) uses the following input

g Bitumen;
g Aggregate and
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Asphalt Mix Performance (COMEB) : 1 ﬂ
Select Calculation Method
{+ Calculate Fatigue Life (™ Calculate Fatigue Strain
Input Parameters
Parameter Unit Range From To Step
Loading Time |2
Temperature of Bitumen *C 2
Penetration Value 0. 1mm [ 2
Penetration Temperature C
Softening Point *C [ 2
VYolume Percentage Bitumen Zvlv |2
Yolume Percentage Aggregate Zviv 2 82
Fatigue Strain pmsm 2 500
Results Penetration Index
Bitumen Stiffness  MP H
Azphalt Mix S5tiffness M 42
Fatigue Life x 1000 28.700
Results Table Reszults Beport H LCancel

Fig. 27: Calculating the Asphal '@rfo ance (source: 15)

[1.3.2. SPDM 3.0

With this module, calculation
*Thickness Design;

*Rutting and

*Qverlay Design.

gfjarding (Fig. 28):

= SPDM 2.0 - Shell Pavernent Design Method

Thickness Design...
Rutting Calculation...
Overlay Design...

%

Faigllatabase...

ig. 28: Calculations with SPDM 3.0 (source: 15)

ness Design, the following blocks of parameters are taken into
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*Climate (Fig. 29):

= SPDM3.0 - Shell Pavement Design Method
Project Edit Results Window Help

Thickness - Example own characteristics

Azphalt Stiffness &

Climats Traffic & Base Layers & Agphalt Mix
imate Layer Thickness

Design Lifs Subgrads Strisin | Composition & Fatigus

[ Enter w-MAAT Directly Save

Lacation: ILD"dU"

Januam
Febiuary
March
April

May

June

July
August
September
DOctober
Howember
December
wAAT °C

Fig. 29: Climate As |
*Traffic and Design Life (Fig. 30):

= SPDM 3.0 - Shell Pavement Design Method
Project Edit Results Window Help

Thickness - (untitled) x|

Traffic & Base Layeis &
Desian Lif= Subgrade Stain

‘aphal Wix
Composition & Fatigus

y N
(=) B/
o |

! Mol of Standard Ades per Lane for Desian Period Save
Betieve

Climate

Asphalt Stiffress & |

Layer Thickness Asphalt Stiffness &

Layer Thickness

x|
Base Lapers & Asphalt Mix
Subgrade Strain Composition & Fatigus

I Enter Equivalent Number of Standard Avles per Lane for Design Period

Eduivalent Humber of Standard ades perLans per Day: [T
Numbet of Diays with Traffic per Year: [355

Flaleof Trafc Growth per Year (2 [T0

Desian Peiod of Pavement finyeash [7

Equivalent Number of Standard Axles per Lane for Design Perod: [D0000E00

Euivalent Number of Standard dsles per Lane fo Design Perid. [T

Latersl Distribution Factar for the Traffic in the Lane: [2.7 Lateral Distribution Factor for the Traffic in the Lane: lzu—
Healing Factor for the Pavement under Traffic Corditions: |_5‘D Healing Factonforthe Pavement unds Trsffic Condions 50

Fig. 30: Traffic and Design Life As Inputs (source: 15)

Azphalt Stiffness &
Layer Thickness

M cteristics ﬂ

Traffic & Base Layers & Azphalt Mix
Design Life

Subarade Strain Composition & Fatigue

ion: Bevo
odulus . —
Description:
% confidence level Retrieve
% confidence level I

5% confidence level

Thicknesz [m] Eliﬁgil:llgufshfl:"a] Poizzon's R atio

Sub-base: [9500 [B1.94 035

Subgrade: infinite: [25.00 035
rmissible Subgrade Strain Criterion: B
(s Uze specific criterion —
" Diefault criterion at 50% confidence level m Betrieve
" Default criterion at 85% confidence level Ngub = l. £ —
(" Diefault criterion at 95% confidence level H

. 10
Description: Iuwn criterion m: |-3,95 log | |1E,5EIEI

ig. 31: Base Layers and Subgrade Strain as Inputs (source: 15)
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*Asphalt Mix Composition and Fatigue (Fig. 32):

Project Edit Results Window Help

Project Edit Results Window Help

14300,00

3. Asphalt Stiffness and Layer Thickness as Inputs (source: 15)
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resulting in the following data (Fig. 34 and 35):

SPDM 3.0 - Thickness Design Report

IS0 0 [ [ 0 ) ™ T ]

SPDM 3.0 - Thickness Design Report
Example own characteristics
Asphalt Thickness designed at 0,264 m
(Dstermiined by the Suberads Strain Criterion)
Climate Traffic & Design Life
Location: London
wMAAT (°C): 119
Jan Feb M Apr May Jun Jul Aug Sep Oct Nov Dec
40 40 70 90 120 160 180 170 150 110 70 40
Base Layers & Subgrade Strain
Deseription:
(Sub-base medulus calculated at 30% confidence level)
Thickness Mobdulus of Poisson'’s Design Life:
Layer (m) Etasticity (MP2) Ratio Latetal Distribution Factor
Sub-base 0,300 8194 033 Healing Factor:
Subgrade infinits 23,00 033
Asphalt Mix Composition & Fatigue
Name of Asphalt Mix
Example Asphalt Mx Da
Description Slope  Intercept
O eriterion 23,93 16,300 Description
Own measurements
Asphalt Stiffness & Layer Thickness
Thickness Mx Stiffness Poisson’s
Layer () (P Ratio
Asphalt Layer 0,264 14300.0 033
Asphalt Layer e (°C 17.1
Loading Time in Seconds (for ReferenceX.....oorevorserreeree 0,02

SPDM 3.0 - Thickness Design Iteration Report

O o = 7 S Y e

Fig. 34: Results of SPDM Calculg®ion, Inp

Data (source: 15)

=15l x|

@

SPDM 3.0 - Thickness Design Iteration Report

E xample own characteristics

Thickness Under  Between

ife (x 1 million}, 30 kN s.a.

phalt Subgrade
Between Under  Between
awheel wheels

Strain (um/m)

Asphalt

Case (m) awheel wheels
1,00 0,264 37,60 39,17 507,33 42723 109,34 101,04
3530 100,00 100,00 100,00 100,00

Design:

} sults of SPDM Calculation, Calculated Data (source: 15)
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11.3.3. BISAR 3.0

After using SPDM, the BISAR module can be used as a tool to check thg
There are 3 modes within this software module: Loads, Layers and Pog

[ BISAR 3.0 - Bitumen Stress Analysis in Roads
Project Edit CopyFrom Results Window Help

Example Project

Humber of Systems (1-10): %

Positions Between the Wheels and Under a Wheel

Layers Pasitions

Use Standard Dual Wheel?

Mode of Load: |jl 5ot ST ﬂ

Load Wertical ertical
Number Shiess Load Coordinate
[kPa) [kM] [rm]

1 577.433 20,0001 10,0000/
2 577433 20,0001 10,0000

Due to this, it is possible to analyse the“State of the stresses and strains within
the whole construction before the start of the construction work.

Save Retrieve
Mo of Layers [1-10): E%

Thickness Modulus of Puisson's
[m) Elasticity Ratio
[MPa)

5.00E+03

1 0,300

2 0,200 1.00E+03 0,35
3 0,150 8.00E+02 0,35
4 2.00E+02 0,35

0,35

Fig. 37: The Layers Mode of BISAR (source: 15)
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{4 BISAR 3.0 - Bitumen Stress Analysis in Roads
Project Edit CopyFrom Results Window Help

Example Project

Number of Systems [1-10): %

Pozitionz Between the Wheel: and Under a wheel

Layers Positions

Select Positions for Standard Dual Wheel ‘

Mo of Position Entric

Fig. 38: The Positig

In the end, these modes will si{O of stresses and strains across the
construction in a Block Report (

5] BISAR 3.0 - Block Report = x|

(1] (1 (o) o] [ [ (@] 562 ™55 3008 10 |+ "o
3944 15 3944 100 1 of 2

Structure
‘Horizautal (Shear) Shear
Layer Thickness. Load Stres Radis X-Coord ¥-Coord Angle
Nuwaber () 0y (P2 ) ) () (Degreey)
1 0,300 ©ODUEROD  D.0DCEROD  1.0S0E-DL  CO00ER0D  -L.S7SE-DL 0. pocErD0

0,200

z £, 000ER00 ©,000ER00 1.0808-01 ©,000ER00 LE7EE-cL o.BocEvED
E 0,150
1
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More details are available in a Detailed Report (Fig. 40).

L5 BISAR 30 - Detailed Report

E E m IE IE @ Read Selected Total 3 Page
3930 30 3930 100 2 of 17

BISAR 3.0 - Detailed Report (
Example Project
System 1: Positions Between the Wheels and Under a Wheel
Position Number: 1 Layer Number: 1 X Coord (m): 0,000E+00 Y Coord (m): 0,000E+00 Z Coord (m): 0E-
F=y £
v i v Tasga Vetial  Rad T Tillve
aooEas 4 am0s A wEn " P )
aoEan SUES  EMES  SOUE0S 000EW ol oo

[Cosd Demswis Diplament (=)
Mo Lesd Avi(m)  Tems (% Radisl Tasgeueial

Versial Radisl Tasgemcial

4THE TIEAD IR
Es

f
Fi
8

Total Stresses (Pa) XX: -1ATIE+04 YY: -9446E+04 ZZ: -1290E+03 YZ: 0.,000E+00
Total Strains XX: 1268E-05 YY: -8831E-06 ZZ: -1815E-03 YZ: 0.000E+00 XZ: 0,000E#0
Total Displacements (m) UX: 0.000E+H00 UY: 0,000E+00 UZ:  $S00E-03

Principal Values and Directions of Total Stresses and Strains

Normal Normal Shear Shear

Stress (Pa) Strain Stress (Pa) Strain

Maximum: -LATSEH4 1.268E-03

Minimax: -9 A46E+H04 -8 831E-06

Minimum: -1.290E+03 -1.813E-05

Maximum: 5. THE+4 1,542E-05
-7,186E+04.

Minimax: 3.983E+04 1,076E-03
5 AGIE+4

Minimum: 1,726E+04 4,660E-06
-L117E+05

Strain Energy (J: 1 494E+00 Strain Energy of Distortion (J): 9.266E-01

To avoid possible mistakes, made by the m@ due to wrong inputs, it is
strongly recommended to manually g | strains from BISAR, using

I1.4. Drainage and Maintenance

In completing the design and constructiOWof a road, the aspects of drainage and
maintenance will be considered. These aspects also determine the longevity of
the construction and will sy#rSegently save a lot of work and money, as well as

nstruction, drainage is one of the most important
ity of the total construction. Water must be given the

creating a slope of about 2-3% (depending on the amount of
2ar), so water can run off the road. It is also necessary to
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level to prevent water from infiltrating into the construction after a period of
time.
0

2-3% Slope

AC-layers

Bound/unbound

Fig. 41: Drainage 0 @

When PA is used, the edges of this layer must Qe % o that water
running inside the PA is able to drain away. So mewns that regular

cleaning of the edges is necessary.

budget is very narrow.
However, carrying out regular maintenange ¢a lot of work and money.

N [ 2n done in time.
ixture is used as the surface
&None as soon as possible, since the
)6 discontinuously graded. A small
in a relatively short period of time.

In the case of a stone skeleton, y
layer (AC-Surf), repairs of da
mixture is dependent on the
pothole can rapidly grow to 8%y
This is seen very often with PA.

Small Repair
In all sorts of asphalt mix
and taking away the edgg o/ Nlamaged spots, up to around 10 cm. Just filling
: | are available) will only last for a very short
t be cleaned, dried and filled in with repair
preferable to cold due to its better adhesive
8 longevity. Repair asphalt of the same sort (e.g. SMA
Jieve grade or lower (avoid higher) is recommended.

Interaction between the new repair asphalt with the existing
8(acks can also be repaired by sealing with bitumen 70/100.

Fig. 42.a: Maintenance, Cuting the Edges
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Big Repair and Reconstruction
When the damage has already grown to a pothole, it is recommended
renew the AC-Bind layer. Usually, this intermediate layer has also beeng

the ‘connecting borders’ with the existing asphalt smce the rey [
deep compared to the thickness of the new surface layer. :
must be cut and provided with a “step” S with the follo

*Svertical-1:
*Shorizontal-1:
*Svertical-2;

So, when a new AC-Surface of 30 mm thickne
thickness is applied, the step S at the connecy
the following dimensions: Svert-1= 3 cm; Shog= 15°

\ New AC-Surf N cm

Fig. 42.b: Step:h(ecting Borders

some months, allowing water to come into the
ansequently destroying the whole construction. In

AC-Base. 2 steps should be created at the border with the following
vert-1 = 3 ¢M; Shor-1 = 15 - 20 cm; Svert-2 =5 cm; Shor-2 = 30 cm and
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In this chapter, some methods in upgrading asphalt mixtures are,go
considered, followed by examples.
Some tests (and the apparatus) which are used very often on asphalt
presented and discussed here.

[11.1. Theoretical Approach 0

Upqgrading and Testing Asphalt Mixtures

Since asphalt mixtures merely consist of aggregates w one usually
follows the gradation-line or the bitumen-ling™ upsggding an asphalt

mixture.

* Gradation-line:

*Bitumen-line:

percentages are optimised to achi
percentage of bitumen.

composition for the percep
method, the mixture
resistance to deformatig

In the past, this has led T8 gfled volumetric design for SMA, where
optimisation of the volume™s{ tfe mixture is taken into priority. Some
efforts have resulted in more compacted mixtures that have higher
stiffness and qualit

ig. 43), the bitumen is usually modified by putting

: ind by optimising the bitumen percentage. The bitumen
: ‘{k, py varied to find the optimum area, based on a certain
compo§ition erdmg the aggregates. During the optlmlsatlon process,

bitumen percentage will push up the resistance to cracks and ravelling,
ut it will also decrease the resistance to deformation.
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As several kinds of mixtures are very dependent on the percentage
bitumen, and as bitumen is the most expensive component, this
will also affect production costs.

Bitumen line

deformation

tafewgfc/
r
area
Bitumen %

The results of upgrading SM [ eyhod have shown that it has the
advantage of improving the sti the stgength, the longevity and also the

sEEEm T T

Resistance

mixture SMA are given, which is used as a
applicable to most other mixtures.

Here, examples of upgrac
surface layer, although tha

as been (and is still) a lack of regulation regarding
pwn SMA when available.

In the Netherlands took the opportunity and the risk
A to MODUS and DESA asphalt. The upgrade was
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111.2.1. MODUS

MODUS is derived from the Dutch SMA 0/8 from the year 20Q0C
abbreviation for MODified Utrechts Sma, using 70/100 bitumen anting
for the asphalt surface layer (AC-Surf) for city traffic.

By varying the bitumen percenta
additives and removing some com

tch SMA200: MODUS: A (%):

*Marshall-Stability (Pm in 4,350 5,500 +26
*Marshall-Flow (Fm in mm): 2.8 2.0 -28
*Marshall-Quotient (Qm in N/mm)? 1,550 2,750 +77

During lab trials (Fig. 44)
than around 2.0 to mairg@in_thg
and also to prevent the j *Of Lrack sensitivity.

Ao arshall Flow was kept from decreasing further

city of Utrecht weg ed by MODUS as an AC-Surf layer (wearing course).
Up until now ( 1 years), no maintenance has been necessary since
[ f detected.
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Bitumen-line was also used to upgrade the NG
bitumen percentages, shifting the gradation gutimg i me additive and
removing some components, the following rg '

DESA: A (%):

6,000 +38
2.0 -28

3,000 +94

*Marshall-Stability (Pm in N):
*Marshall-Flow (Fm in mm):
*Marshall-Quotient (Qm in N/

sing DESA as an AC-Surf layer (wearing
, N0 Maintenance has been necessary.

The use of MODUS ar¥y
2009. In other ¢ ‘
government, ma

on many highways belonging to the central
Ele now covered by these mixtures, especially due to

factors such g @2 for production and a noise reduction of about 2
dB(A). (note:
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been developed, designed for use as a bicycle lane with potential to be #SedNG
heavy traffic. ﬁ

[11.3. Testing Asphalt Mixtures

’s, there are a lot of new

When testing the characteristics of aspifalt
l er, makes the comparison of

methods and apparatus available t . TNS, how
the results very confusing.
Some of the most known and stj

111.3.1. Marshall
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Each block should contain about 1 Kg of aggregate, sand and filler in
create a block with height of around 62-65 mm.
The aggregate, sand, filler, the Marshall rings and the bitumen are th&g
to a mixing temperature of about 150-180 °C, depending on the sorfe

sample into the Marshall rings, compaction can be carried
stamping 50 times twice, on both sides.

Marshall
gt the vertical
Fig. 48). The
denotes the

After cooling down, the Marshall blocks can beplesje
pressing machine, resulting in registration of the Mz
axis in KN and Marshall Flow at the horizontal &
Marshall Loads denote the stability and th
deformation.

Stability (KN)

Deformation (mm) it

Depending on the heights of the samples, correction factors have to be applied
on the Marshall Stability (Pm). The Marshall Quotient (Qm in N/mm) can then

From the 4 samples, the\{i
the calculated Pm, Epra

gnding (4PB) test in 2008. The aim of this test (Fig. 49) is to
c lifetime of asphalt mixtures by measuring the fatigue
hich corresponds with the number of load cycles to failure with the
applied. The results of these kinds of fatigue tests are expressed in
mber of cycles for the tensile strain level applied.
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Along with this, the 4PB test also measures the stiffness modules of t alt
mixtures dynamically.

Force Force

Loading p:n. L

Specimen AN

I

Supporting pin

or controlled stress.

The results from this dynami
the fatigue resistance as wel

111.3.3. Rolling Bottle

With the rolling bott
advance regarding thg
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Fig. 50: Rolling Bottle Te

111.3.4. Deflection (FWD)

Deflection tests have been carried out for deC . The aim of this test is

to predict the bearing capacity still present igfapFemsting’road construction. This
method is a non-destructive one and can be garr ugvery quickly
Qe £ £ ¢
5.8 88
Falling
Weight

di| d2| d3| d4
Deflection curve

ng apparatus of this method (Fig. 51) is also known as a Falling
lectometer (FWD), which uses readings from a series of geophones
¥y small deflections at the pavement surface.
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A mass of 50-350 Kg (the choice depends on the kind of pavemeng
investigated) is dropped at 40-400 mm height (also depending on the pf
on a steel plate with 300 mm diameter. The impact on the asphalt wi

the curve of the deflections can be determined.

As can be seen in Fig. 52, the results of the measurements are g
the temperature. At lower temperatures, the defle
smaller.

For accuracy, several measurements have to be tak

< Distance from Center of Load

Deflection a

It is known from the
stiffness of the materta

pavement layerg
the layers’ sti gdlus value.

Finally, ba hedt stiffness modules and the traffic prognosis, the rest
service li e road can be estimated.
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1V. Implementation in Tropical Road Engineering

engineering in the tropics. In addition, Chapter 1V will support the

improvement.
W onstruction
¥ SOMpgast Asia and

IV.1. Implementation

Based on decades of observations and involvements rega

in South and Central America, South and North JA¥

Oceania and the items as discussed in Chapters |

many roads in the tropics:

*Are not provided with a base and/or s
load distribution patterns withi

*Have asphalt mixtures which are cg

All of these have apparently affected the longevity for many tropical roads,
which can be regarded as verylow (1-3 years). This must and can be improved.

more suitable f
Chapters | -

mentioned in the introduction, the city of Utrecht in the Netherlands
inplementing its own procedure when applying asphalt. This
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procedure (Quality Controlled Road Engineering) is based on the scig

lot of mistakes and undesirable situations during application and giving
of deficiencies within the construction.

After designing and calculating the road construction, preliminar
subgrade, subbase and base layers are carried out. Preliminar
asphalt mixtures are also done before carrying out the applicatiop.
During the application, several items regarding the co
considered and registered, which are necessary to
constructed. All of these items are mentioned in th
where some directives/guidelines are also given on thg

Checklist - Directives/Guideline:

l. Project
*. Project name:
* Teamleader: LS
* Field supervisor: LY

Il. Location

*. Street name:
*. Road section:

Ill. Data

Ill.a. Preliminary checks
*. subgrade / landfill / (un)bound (s
-. compaction / Nuclear test
*. asphalt mixtures:
-. date of receipt:
-. date of checking:

+_g¥aiming test results.
. request (contractor's commitment).

+. written approval before application.

lll.b. Asphalt mixtures
*.type & gradation: - g +. conform notes of remittance AMP.
*. function: AC-Surface / -Binder/-Base/ ..... %

lll.c. During application

fadater ™ 0000000000 s gy Ao (dd/mmlyy)
* time: SR T 1)
*. air temperature (T o snaen(0G) +. Tair > 6 °C for dense mixtures and

Tair> 10 °C for semi-open to
open mixtures (PA).

eviieeenieneeee...+orepairing and sealing cracks.
....... (°C) +. Temp. > 6 °C.
(draw/specify) +. dry (no water visible) and
clean (no visible contamination
& loss particles).

....... (%) +. RH < 85 (%).
... (m/s) +. Vwind (m/s) < Tair (°C).
dry/wet/............. +. dry and no chance of freezing after
application.
er@ure Mefore application:  ....... (°C) +. measuring at spreading machine.

+. no vibratory compaction on SMA & PA.

....... (mm) +. measuring on 5 places and averaging.
........ (°C) +. measuring at 1 m above ground.
e eeevees = e (dd/mmlyy) +. minimal 24 hours after application.
....... = (h)
gffneasurements:
.. +. treatment of asphalt layer’s joint.
il sadn R R R s L (TEMIGSION for initial slippery PA. & SMA.
*. check on asphalt layers:
+. boring: +. on min. 3 different places.
+. test report boring cores +. layer’s thickness, asphalt sort,

gradation, density, HR%, Bit.%,
penetration and filling grade.

53: Checklist — Directives/Guidelines for Asphalt Works
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The Team Leader and the Field Supervisor of the project are responsibl
correctness of the data filled in. With this kind of data, continuous imp

analysis can easily be made to trace the causes and to find an adequate
As can be seen, the weather conditions are mentioned severa
checklist, especially regarding water, since water can never
origin of bitumen. To minimise water’s negative effect o
between bitumen and the other components, a dry condiion oNring apgication
IS necessary for a proper quality of the asphalt mixture.b

however, it is applicable to all regions in the world.
Especially when regarding the high temperatugggs i feas, one has to
realize that the ‘hot’ asphalt mixtures just afte : ot yet possess the
strength and stiffness as they are supposed Q0 Jhis warmth must be
ertain period to cool
down, the cooling down period. Usually,™s period of 24 hours is

sufficient before opening the road to traffic

= SPDM 3.0 - Shell Pavement Design Method
Project Edit Results Window Help Edit Results Window Help

Thickness - Tropika Road ness - Tropika Road x|

p— Trafic & Base Layers & Asphalt Mix Asphalt Stifress &
imate Desion Lite Subgrade Stiain Composition & Fatigue Layer Thickness

et Traffic & Base Layers & ‘Asphalt Mix ‘Asphalt Stifness &
imate Design Life Subgrade Strain Composition & Faligue Layer Thickness

[~ Enter wMAAT Directly [ I Enter Equivalent Number of Standard &les per Lane for Design Peiiod

Lecation: [Tropika Fload
Equivalent Number of Standard Ades per Lane per Day: [T
ot A rer ) "
b Number of Days with Traffic perVear: [365
Rote of Trafic Gronthper Vea (4 55
Design Period of Pavement (in years): 1
Enuivalent Number of Standard Adles per Lane for Desion Period: [28554E 707

Betiieve

I

MMAT C Traffc Spectum

270

Latera|Disrbution Factor fo the Trelficin the Lane: 20
Healing Factor fo the Pavement under Tralfic Condilons: [E5

= SPDM 3.0 - Shell Pavement Design Method

Project Edit Results Window Help
Project Edit Results Window Help

Thickness - Tropika Road

£
|

st Asphalt Stifness &
! igue | Layer Thickness

Base Layer —
Subgrade Strain Thickness - Tropika Road

—

Tralfic & Asphalt Mix Asphalt Stiffness &
L.

o Base Lapers &
I Design Life Subgrade Strain Composition & Fatigue: ayer Thickness

Asphalt Mix Calculation Diptions:
o

Fetiieve
Modulss of Retrieve
odulus of )
Elssticits (MP|  Poissen's Rali
(035 . . .
Name of Asphalt Mix Velume % of Bitumen  Volume % of AgoregateVolume % of Voids
[03s [rsphal Tropikd 1200 [0 [5.00

...... 5
o ﬁ sphak Faligus Dptins:
< confi el

+ Use own fatique characteristics

!

=le™ fetizve ~ Use standard atigue nomograch —kE"
“ 1 Jat &
et [ Deserptor: | w51 gk e

ig. 54.a: Example of Calculation, “Tropika Road” (source: 15)
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BISAR 3.0 - Block Report

‘ E E m IE IE @ @ Read Selected Total X% || Page |
3341 12 3941 100|| 1 of 1
BISAR 3.0 - Block Report
Tropika Road
System 1: Tropika Road
Structure Loads
Modulus of Vertical Horzoutal(Shear)
Laver Thickness ‘Elasticiry Paisson's Load Load Stress Load St
Samber (=) (53 Ratio Sumber 9 P ) L)

7.800Em2L 3. B00E-01 7.0008w01.

To ensure a proper result, it is recomme e
strains calculated and manually checkthem on Tatfg

*30 mm AC-Surf. on 55
*300 mm Base layer;

VIODUS on a City Main Road, containing: 30 mm MODUS as AC-Surf. +
45 mm AC-Bind. (0/16) +

60 mm+80 mm AC-Base (0/22) +

250 mm Base layer (Mixed Aggr. 0/40) +

500 mm Subbase layer (Sand)
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RQESA on Highways
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