CHAPTER II
LITERATURE REVIEW

2.1. Concept and Theory of Pavement Cold Recycling

2.1.1 The Cold Recycling Procedure

Cold recycling is a procedure mixing materials and stabilizing agents by a special

recycling machine capable of grading illing materials on a road surface of 60

ially designed to recycle a thick
pavement layer in a single Ersand o have large powerful motor,

which may be either tra : )\ﬂu flotation pneumatic types

The milling process begi j Tom ed to the recycler delivered
through a flexible hose in \ \; mber. The water, control by a
i OTO

ly together with the milled

Fluid stabilizing agents, like Slurry or bitumen emulsion, either

individually or in combination, can also ed gdirectly into the mixing

chamber in a similar i 9 e, T adaiton 1 ol may be injected into the

mixing chamber, througm spee m

Power stabilizing agents such.as Portland cement are normally spread onto the exmng

ot st ol 181G WIS A s s it

water into the undﬂlymg materials in a single o eratlon
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m and spray bar systems

Figure 2.1 shows the millj g’ rum‘equ Bwith a large number of special

he xiting road pavement.

After recycling, the materi ive an imitial pass from a roller to increase the

strength of material. Then/t i ¢d With & grader before being compacted using a

Grader Rol & Becycer  _ SluryMue ., Emulsicn Tan<er
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Figure 2.2 Typical recycling train with cement and bitumen emulsion using a tyre

mounted machine

Source: Wirtgen cold recycling manual 2001



Figure 2.2 shows cold recycling with cement. The recycler pushes a slurry mixer
ahead of it. In the slurry mixer, cement and water are mixed together at precise,
predetermined quantities, and the slurry is transferred via a flexible hose and injected
into the recycler’s mixing chamber. Alternatively, instead of using slurry a mixer, the

cement may be spread ahead of the recycling machine.

Figure 2.3 Recycling

Source: Wirtgen cold

1A
Figure 2.3 shows how bitumen "em d with cement in a similar recycling
train configuration, except. m—:&%ﬂf : th bi emulsion ahead of slurry

In this configuration, a tiacked recycling Eljchine would typically be used when

carrying out thlﬂayﬂnﬁ}'&}%rﬁﬁﬁ Bﬁ Ev’?laﬂ 'c'a'nsms of thick asphalt

layers and recyclifig is conducted W1thm the thlckness of the asphalt If the recycler is
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necessary.



Gradar Roller Recycler Shurry Mixer Bitumen Tanker

WR
o

2500 /M 1000

Figure 2.4 Typical recycling trains u oamed bitumen, alone and in combination
\}
Source: Wirtgen cold & a&ual
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Figure 2.4 shows two ‘ ) used when recycling with
foamed bitumen it can bg ing a pavement that includes
asphalt and/or good qualigf cif ushes two tankers ahead of
it; first, a tanker filled '

bitumen and cement arediseg

water tanker. When foamed
added either in slurry form,

using a slurry mixer, or spréadiin th?ag_xfrﬁ ) ace ahead of the recycling train.
ol b d s aul

Source: Mike Heitzman, bituminous materials engineer, Iowa Department of

Transportation (Iowa DOT)

Figure 2.5 shows typical cold in-place recycling. This is a procedure that has minimal
effect on road structure because the machine can complete the work in one cycle. This
is suitable for roads surface. The most important advantages of recycling are

conservation of resources and money.



Flgure 2.6 shows tYE)‘IBEII cold m-plant lod prepares the materials

moisture, maximum dry
density, best percentageaf foa nt co@nt and proper proportion of

RAP and virgin aggregateﬂ-'lge most importa&} consideration in this case is control the
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Source: Gunnar Hlllgmml James Tomias Svenson and Thomas Wallin, 1996

"—'-x'

plant in Swedex-i , the mix is produced in mobile

f'—,
Figure 2.7 shows a typi/

' the, mlll)ngs are stockpiled and used for reshaping

mix plants placed at thefSit T

ot

and country roads with moawehiples per day. After recycling materials

. o %
receives an initial pass fr rollér te.< Jsolldh{e it'is proﬁled with a grader before
i .
being compacted by a vibr olleri w-ﬂf 4

2.1.2 Equipments S 2 AR _
a Ve
2.1.2.1 Rollers [+

i
=l

The aim of compacting.a‘ stabilized materialxi’s. to reduce.the voids and water, thereby,
increasing the density and thus, load ¢ acity of a layer. Single drum rollers
are usually useﬂou%lagon& ﬁi ﬁe& f] mﬁatlon with pneumatic
rollers. When sel&lzting the type and size of roller, the following sheuld be considered.

VBt HVITIVIETR E

e 10 to 15 ton statistic mass for compacting recycled layers up to 200

mm thick

15 to 20 ton statistic mass for compacting recycled layers up to 200
to 400 mm thick.
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4 Frequency and Amplitude
e Vibration frequency range from 29 to 35 Hz
e Vibration amplitude range from 0.91 to 1.66 mm

e Large amplitude/low frequency for the initial compaction, deep

penetration of energy

Small amplitude/high frequency for the final compaction, shallow penetration of

energy

Figure 2.8 shows a typical sin,

oller of recycler WR 2500

Figure 2 8 Typlcajxgm /‘5’

Source ertg |||||||| "-IIITZ‘IIV.IIII IIIII Vllrl_“

2.1.2.2 Gradﬁuﬂqwﬂwlng’]ﬂi

These should have power enough to spread, place and level the re@ycled materials. As
sice ARGk ERR U I VI TR E

0 100 kW engine power
® 3.66 m blade length with repeatable mould board wear strips
e 610 mm blade height

¢ Hydraulic controls for constant speed blade positioning.
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Grader Roler  Recycler Slury Mixer ~ Bitumen Tanker

WR 2500 W 1000
Figure 2.9 Typie %ld recycler WR 2500
Source: Wirtgen cold ¥ ma.ylal

2.1.2.3 Bulk Spread

There are various type

-

[ @ - | j' ‘
Water Tnker~ Bulk preader

Recycle

o Rofler
Grader -

Figure 2.10 Typical of bulk spreader cold recycler

Source: Wirtgen cold recycling manual 2001



13

2.1.2.4 Slurry Mixer

The WM 1000 slurry mixer is generally employed where site conditions demand:
e A high degree of accuracy in the application rate of cement

¢ No contamination from wide-blown cement

In a composite bitumen/cement recycling train, the WM 1000 should always be placed
immediately in front of the 2200 CR or WR 2500, the bitumen tanker being the lead

vehicle.

IGas.
Source: Wirtgen cold recychng
b\

. —':l-';’:i" =
The WM 1000 has magimusi outpuf of 10

This capacity meets herdemand of a WR 2500 stabilizing' 4 300 mm thick layer with

ement slurry per minute.

4% cement at a for warﬂpee of o

Figure 2.12 shows the maiJn ‘t;c'.atures of the Wﬁl}l IQOO.

72 I S at i Y Suspens:ion
smm 11000 | 25 m? St

¢
L_Sw

Figure 2.12 The main features of the WM 1000

Source: Wirtgen cold recycling manual 2001
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2.2 Advantage of Cold-Recycling

The following advantages of foamed asphalt are well documented:

1

10.

11

RAP materials can be reused with a stabilizing agents procedure and virgin

aggregate to reduce budget for materials movement
Reduces fuel cost for heating aggregate as well as pollution during mixing

With an efficient machine, the quality is higher and paving and compaction
are smoother and of higher d

Cold in-place recycli ect on road structure because the
work can be com lin a si

E—
Work is very f( ﬁc flow

Work area is a single Jané causit minim cttotrafﬁcﬂow

The foamed b v feases | reng h and reduces moisture
susceptibility” of #granuls strength of foamed asphalt

approaches thg exible and fatigue resistant

Foamed treatment ¢é ' ler range of aggregate types than

other cold mix pro esses ==

As foamed -asphalt ¢ ».- . binde; ater than other types of cold

mixing, the § costs

Because foangi aspha ompacted immediately and carry traffic
almost immediately,after compactign is completed, time expenditure is more

ecomﬁﬂ%«lﬁl’mﬂﬂ‘ﬁwmﬂ‘i

Because only the bitumen n€eds to be heated while the aggregates are mixed

i Vil ) b Ghinekd W ind W} G

12

13,

nvironmental side-effects resulting from the evaporation of volatiles from

the mix are avoided since curing does not result in the release of volatiles

Foamed asphalt can be stockpiled with no risk of binder runoff or leeching.
Since foamed asphalt remains workable for extended period, the usual time
constraints for achieving compaction, shaping and finishing of the layer are

avoided
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14. Foamed asphalt layers can be constructed in adverse weather conditions,
such as in cold weather or light rain, without affecting the workability or the

quality of the finished layer

2.3 Benefit of Cold Recycling

Several benefits can be realized from cold recycling, some of which are readily

evident while others tend to be less tangible.

2.3.1 Environmental

Full use is made of the he |existin ent Spoil sites do not have to

be found and the voluffie of W/ als that be imported from quarries is
minimized. This redu€€s I quarries and borrows pits.
Haulage is much less. us significantly reduced as

d net work.

2.3.2 Recycled Layer Q

Consistent high quality sgwith water and stabilizing

agents is assured. ¢ gddition of the flui thanks to the micro-processor

fa

controlled pumping S)ﬂem - g take, %ce as the components are

rigorously mixed together in the mixing chamber
¢

ﬂumwamwmni

233 Structura Reliability

Cold re:ﬂn}g rlﬁ Qﬂj gf! %’JM fllg m gl! ’]rﬁe%'!ous and do not

contain weak interface between thinner pavement layers, as is sometimes found in

conventionally constructed pavements.
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2.3.4 Sub-Grade Is Not Disturbed

Much less disturbance of poor quality sub-grade occurs, compared to pavement
rehabilitation using conventional construction equipment. Cold recycling is typically a
single pass operation with a recycler or high flotation types passing only once over the
exposed sub-grade. The sub-grade is subjected to repeated high stress loading with
conventional equipment, often resulting in conditions and necessity to excavate and

the backfill with imported materials.

2.3.5 Shorter Constructi ‘ ”#/
orter Cons c; ’/’

Modern recycling machine _ase~eapable of ' production rates that significantly

shorten construction times«€6 .\~ "“- itation methods. The shorter
construction time. This padVic 7 intang . le benefit for the road user as traffic

is disrupted for less time g

2.3.6 Traffic Safety

One of the most important Beng 115 . S ss'1s the high level of traffic safety
that can be achleved The full r éwr i g ,4 be accommodated within the width
of a single traffic lane.JFor example, on roads with two' raffic lanes, recycling can be
, and the full road width,

including the complete cycled ane, reopened to traffi [ﬂ by nightfall.

ﬂﬂﬁl"l‘i’l&lﬂ‘ﬁﬂﬁl’]ﬂ‘i

2.3.7 Cost Effébtiveness

e s AN AT OA DY BB o o

pavement Fehabllltatlon in terms of cost effectiveness.

carried out along on
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2.4 Stabilizing Agents

Stabilizing is currently the most widely used method in the world, whether it is
stabilizing with cement, foamed asphalt or emulsion asphalt. The aim is to achieve

binding of particles for increased strength higher water resistance.

Stabilizing agents are very important and depend on their materials. They can be
separated into cementitious stabilizing agents and bituminous stabilizing agents used

in construction. Both are generally available worldwide.

2.4.1 Cementatious

Cement is most co ¢ worldwide for exceeds all
other stabilizing age g€ main reasen for this is its availability as cement is

manufactured in most cofintgi | readilyavailablé throughout the world.

The cementitious stabili ant lime Po d'cement is suitable for a fine-grained
base and sub-base becauseithe » cla I the Portland cement increases

strength. If Portland cement 8 ouniy sed i to'cracked or reduce the pavements

1. 2-4% Portlan

2. Plastic index of aggegate greater tggl 10 (PI>10)

>, Lol B &m@pwrm«n;a'
q RIAINTUURIINYNY
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2.4.2 Bituminous Stabilizing Agents

The bituminous stabilizing agent consists of bitumen emulsion and foamed asphalt.
The bitumen treatment is a cost-effective way of improving the strength of materials
and reduces the effects of water. Bitumen bound material produces a flexible layer
with superior fatigue properties compared to those treated with the cementitious

stabilizing agents. The problem of bitumen emulsion is its moisture during

Table 2.1 A tages of cement
dvantag & g

compaction.

Advanta Disadvantages

—

Availability: Cemen age racking is unavoidable,

worldwide, either in B an b inimized

Cost: Compared to biturng i ﬁP mal igidity which reduces
in-expansive. e, atigue acteristics.

Ease of application: Ce entAﬁ?_

spread by hand in the abséncé'ef‘speared

11 es proper curing. Early
icking can damage the surface.

and slurry mixers.

Acceptance: Cemer
construction 1ndus;‘3.

methods and speci 1ca?ons are usually

e @UYANYNTNYING

Significant imptovement of compr fsswe

RRIRIMIR NN INYIA Y

Improvés a material’s resistance to water.
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2.2 Advantages and disadvantages of foamed bitumen

Advantages

Disadvantages

Ease of application: Like with bitumen
emulsion applied through a special
spray bar after coupling the bulk supply
tanker.

Flexible strong pavement: Foa neg

bitumen treated materials have.
flexible mortar bounding Wit

particles. It therefore exhibi
resistance to both defe
fatigue.

Cost: Foamed bitume
penetration grade bi

no manufacturing costs.

Rate of gain of strength: eriale'n
V  Jaids
support flow immediately- —af

installation.

A | sfabilized materials are determined by

Foaming demands that the bitumen is
hot, typically 170 °C, which requires
special heating facilities and safety

precautions.

Bitumen quality: The qualities of

ming characteristics which are

e [Od

predominantly dependent on the quality

s and condition: Saturated
aterials deficient in fines

o\ cannot be treated with

} §
AULINENINYINg
RIAN TN INGINY
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Table 2.3 Advantages and disadvantages of bitumen emulsion

Advantages Disadvantages

Flexible pavement: Stabilizing with | Cost: Bitumen emulsions are not
bitumen creates a visco-elastic material | normally manufactured on site-process
with superior fatigue properties. requires  strict  quality  control.

Ease of application: The recycler is Emulsifying agents are expensive.

coupled to the bulk tanker

application through a spray b ‘_ \ Ee content of the materials in

Acceptance: Bitumen vement is sometime too high

Transporting water, not only bitumen.

and.._becomes saturated when the

relatively  well .
nulsion is added.

construction indus
methods and s ake a long time. Strength

available. is dictated by moisture

: The required formulation

ing work may not obtainable.

Source: ertgen cold recyelir Mﬂ
Vf ' ‘
2.5 Foamed Asphaltﬁhara
Foamed charact uﬁ ﬁ;ﬂ ﬁmﬁx tio and half-life. The
expansion ratlo Eje Fm lumes achieve in the
foamed stated an the volume of foamed bitumensThe half-life is.the time taken, in

seonds B R YT b b B Bl

The Foamed Asphalt characteristics are specified in two parameters:
1. Expansion Ratio
2. Half-life

Expansion Ratio: Ratio of maximum volume of foamed bitumen produced relative to

the original volume of the bitumen.
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Half-Life: The time taken for the foamed bitumen to collapse from its maximum

volume.
. _Key 2
2 Denotes percentage
29,7 S N againor of water
bt B s acdead to produce
\ N e foarn
N B R —-— 160 :C
=3 4 ~ = ) :
= £ ~ - - — - 170 °C
- ~
= S e 180 ‘C
-g :_3_ ~ ' .__.-'.
o — S e
g W, H, B
& W s
= - — _:" TTree. g
B
——
a T T
20 25
Figure 2.1
Source: Wirtgen Cold
15 — 25
e w*:
2L :','_'
r’r -4 20
o i
< 9 415 §
c -
Red @
2 =
© e
Lo o 410 «©
- L
Expansior
Ratio i
‘e, ku Life
e 46
a

Source: Martin Kendall, Jothi Ramanujam

The quantity of Foamed Asphalt increases in a surface area when small amounts of
water are added to hot bitumen, significantly reducing the viscosity of the bitumen. In

this form, it is well suited for mixing with cold damp aggregate.
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The foaming characteristics of specific bitumen are influenced by numerous factors,

the most important being:

1. Soft asphalt or low penetration value is given to high foamed qualification,

Penetration smaller than 100 grade is suitable for tropical areas.

2. The foaming characteristics of most bitumen improve with higher

temperatures.

3. The expansion ratio increase with an increase in the amount of water added,

4. Low pressures (be- ‘ ect both the expansion ratio and
half-life.

5. Presence of anti- | , sucl \'\"'\ compounds.

2.6 Foamed Asphalt

Adding a small amount of water ¢ dfeam o bitumen (160 to 200 °C) results in the
formation of foam that expands t . the origin volume o.f the bitumen. The
low viscosity of the~foamed allows it to ith aggregate and breaks
preferentially coatin; that, foamed asphalt is

suitable for mixing wiffi the e e potential of using foamed

bitumen as a cold-mix Pmder was first reahzed by Prof. Ladis Csanyi at the

Engineering Ex ﬁ lr' ﬂ mw Eilﬁrﬂy‘i- 1956 where a steam
tom

injection process gas use

’QWWMﬂifIJ AN Y
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Time controtled claanmg and
closure of the nazrzic

Post l»m:::«ws

EEFRESE § P
ngzLien

Expansion charate
wertly foarrnreg e sl

t procedure

Cold recycling, unlike hot- alt; produges a material stabilized with foamed

bitumen that is not black! is Jfa er particles of materials are not
coated and are usually free of oamed bitumen comes into contact
with materials, the bitumen bu@ ons of tiny “ spots that seek “ out
and adhere to fine p‘ ‘ varticularl 5 mm. This results in a

cening in the color of the material§ after treatment.

AULANENTNYNS

The additions of %ement, lime or othxer such ﬁne‘éround materialj (100 % passing

0.075 mﬁlmﬂw ﬁgmgﬂ % 2'] Qxﬁ %(é‘iﬁ %}ability.

The base-Bourse materials are very important for road construction whether new

therefore only slight da

natural materials or RAP. The natural or RAP materials size from course to fine is a
key property of aggregate gradation affecting the workability of Portland cement or
foamed or stabilized bitumen mixes. The materials should be uniform or within
assigned specification, the percentage passing of No 200 (0.075 mm) at least 5% and
the base course may also include several types of under course, such as sub-base,

leveling course.
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2.7 Materials Suitability

2.7.1 Foamed Asphalt Materials

Figure 2.16 shows typical material suitabilities. The materials that are not fine will not
mix well with foamed bitumen. The minimum requirement is 5 % passing through a
No 200 (0.075 mm) sieve. When materials are enough, the foamed bitumen dose not
disperses properly and tends to form what is known as “stringers”, or bitumen-rich

agglomerations throughout the recycled material. These stringers vary in size

according to fineness deficiency. A, 2 ge deficiency will result in many large stringers
which will tend to act as a lub .‘;_.__,,_;b\ /i and Jead to a reduction in strength and
stability.

tAct e,

iy

Ty ] Tty

=

‘M
HO e
£
(1] I

4}

ot i

Cummuiatve Dersentans Dass.

0 3 LY
2] K
s0| i il 30
- § O cu«rsu i 20
‘ ' [} .
—_——— i i
10 e | I T
L ,\d ! a
ol . 4 i j L1l o
200 ) GG -3 * ? e Imparial
US No.

1) 8 s g 5

Source: Wl%en cold recycling leanual 2001

ARIANN I AN Y



25

Percentage passing
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i gges édaﬂons
Source: Gunnar M v Tomas '- enson and Thomas Wallin,

Sweden. 1996
Figure 2.17 shows In-plaht i o 2 old mix development in Sweden -
during Laboratory Testin : ' | is'that the idual binder on the old RAP

p to 15% virgin aggregate.

Typically 8 mm course s addled tou :tthe grading.

2.7.2 Portland v

Materials for stabilized I}o land cement wgre determined by AASHTO T 27. The

RAP materials ﬂvu Huq %ﬁ] %rﬁénﬁﬁ q ﬂ @ be uniform or within

range specificatién passing No 200 (0 075 mm) 51eve at least 5% by weight. Figure

e AT YO A Y I T g
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100
: |
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» Zone B
& Zone A
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- Zone C
20
»
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Source: Gunnar lames Tomas Svenson and Thomas Wallin,

Sweden. 1996
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2.8 Ciriteria for Stabilized Foamed Asphalt

Specification for foamed asphalt mixture in engineering is very important to specify
the efficiency in real work. The best materials of a foamed asphalt mixture depend on
mixing duration. To find the optimum content, the RAP and virgin aggregate blends

differ according foamed asphalt content, as shown in Table 2.4.

Table 2.4 Bitumen range of foamed asphalt mixture

RAP/Crushed stone (50/50 Blend) 1.5 to 3.0 % (By mass)

Crushed stone \\\ ’ :2.5 to 4.0 % (By mass)
tho 4.5 % (By mass)

Natural Gravel PI <10, CBR>30

Bitumen stabilized material sfrg ' 5. fiormal aluated using the Indirection
Tensile Strength (ITS pfefgrefice {0 Supgrpave g. The test is conducted on
standard Superpave briguet; ecm‘se S /4 t one temperature, only 25°C, and the

K[;

following range of ITS valdes eé £
priefes -

Table 2.5 Indirect Tensile Stres: f Foamed Asphalt Mixture

RAP/Crushed st e

The res m ﬁ(ﬂiﬂ m@ ﬂﬂltWB %ry subjecting a
spemmﬁ repeate sting values are: ﬂrﬂ

Table 2.6 Resilient Modulus (Mg) of Foamed Asphalt Mixture

RAP/Crushed stone (50/50 Blend) 2500 to 5000 MPa

Crushed stone 3000 to 6000 MPa

Natural Gravel PI <10, CBR>30 2000 to 4000 MPa
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2.9 Criteria for Cement Stabilized

The most important engineering property applicable to cement stabilized materials is
strength. The strength or unconfined compressive strength (UCS) test is the most
commonly used test for evaluating cement materials since the CBR is not considered

to be sufficiently sensitive for testing high-strength materials.

UCS test is normally conducted on prepared specimens that have cured for 7 days at

temperatures of 22 -25°C and humidity of over 95%.

able 2 ‘-‘ment ixture
Tabl /‘/// \\\ Ce Mi

RAP/Crushed stong @lh\\\\ 0 3.0 % (By mass)
Crushedto 0 4.0 % (By mass)
//@Q\\ X

Natural Gravel PI <10§CE .,'4,-- f . ' ‘,‘1 n‘ to 4.5 % (By mass)

|
=

L | .
Crushed stone n/a
¢ a

NaturalG e Jl [ T (1 ! )| :

’{mﬁ%ﬂﬁ%ﬂm I TR e

Table 2.9 Resilient Modulus (Mg) of Portland cement Mixture

RAP/Crushed stone (50/50 Blend) ~ 5000 MPa

Crushed stone ~ 5000 MPa

Natural Gravel PI <10, CBR>30 ~ 4000 MPa
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2.10 Literature Review

Mofresh Saleh (2001) said that foamed bitumen stabilization of base course materials
offers the advantages of reduced transverse shrinkage cracking and a fast stabilization
process with minimum traffic delays. He further stated that the performance of
foamed stabilized aggregates is comparable with or better than that of bitumen

emulsion stabilized materials.

Stefan A (2003) said that the optimum water content for foaming was found to be 3%
0 Celsius (320 °F). The added asphalt

water injection rate at a binder te m .

cement at which the soak of the mixture was maximum
| ‘J - - .
with a 3% water injection-ra , %C with materials classified as

Etsuo Sekine, chief regéz incer, and partners said that vacavic-cohesive —clay

chemical stabilized soil #vi 3 stren; € times or over the repeated load

asphalt content of 7o ﬂor foamed It cor Te resilient modulus (Mg),
Was found to be Mr = 1750

es wea evaluated with and without

MPa. For emulsion aspglt
the addition of 2% Portla@d cement, asphal&sement at maximum soaked stability of

emulsion aspha.ﬁl% mm% wl&* ’]Sﬂ/"g)ntent asphalt content,

the value of resilignt modulus (Mg) was found to be 1500 MPa, wh1ch is some what

“ARTRNN TN

Ramzi Taha (2002) talked about the cement stabilization of reclaimed asphalt
pavement aggregate for road base and sub-base. Five blends of RAP and virgin
aggregate were 100%, 90%, 80%, 70% and 0%, respectively and using 0%, 3%, 5%,
and 7%. Type I Portland cement, curing at 3, 7, and 28 days in plastic bags at room
temperature, results indicate that the OMC, MDD and RAP strength will generally
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increase with the addition of virgin aggregate and cement. Longer periods will yield
higher strength.

S.A. Shihata (2001) said that the PCA suggested three cement contents of 5%, 7% and
9% by mass durability test. The standard proctor compaction test using 7% cement
resulted in the following values of maximum dry density (MDD) and the
corresponding optimum moisture content (OMC), which had been used in specimen

preparation.

PCA (1992) minimum resi
11% acceptable mass loss_
while at 14% the resid

11% cement and =3.0

ed soil cement = 6.2 MPa, and
US Army Corps of engineers
ssive strength = 3.2 MPa with

Dr. Teeracharti Rue -, aj ' vay Department. Said the advantages
disadvantages of cold - ace ‘- w.;,; ng s 1' struction of cement/asphalt
recycled base increases y cement/asphalt addition into

the surface.

Ruckel (1983) recom r-:.r-:::r.r.;::.:.:;.:r:::m{r on ratio and at least 20

seconds for the half-life.

Maccarrone (199%).u i m possible to produce
highly expandeﬁnuﬂ ﬁﬂfn mﬁiatlos greater than 15
and half-life greater than 60 seconds ¢

AR AN M URIINYIAY
Brennen (?980) found that the half-life and expansion ratio of the foamed produced
from any particular bitumen was affected by the volume of foamed, the quantity of
water and the temperature at which the foamed was produced. Higher foaming

temperatures and increased quantities of water both resulted in increased expansion

ratios, but resulted in decreased half-life.
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Lee (1981) found that the optimum mixing moisture content occurs in the range of 65
- 85 percent of the modified AASHTO OMC for the aggregates. This optimum range

of moisture contents for mixing was confirmed by Bissada (1987).

Ruckel et al (1982) concluded that the moisture content during the curing period had a
major effect on the ultimate strength of the mix.
Lee (1980) provided experimental evidence which suggested that moisture loss was

not a prerequisite for strength gain in foamed asphalt mixes.

Castedo Franco et al (1984) such as lime reduced the moisture
susceptibility of the mixe Céemen waﬂalsm be as effective as lime, and

cheaper (Lewis, 1998). '

because higher densitie

duce moisture susceptibility
perm abilities (lower void

contents), and to increas fines with binder.

| » : l ‘
Recommended f med-b tumen-gravei-cure - fays at 60°C find out
Dry-ITS at least 2%9 ' m
Wet-ITS at least 1 ‘kPa '

Lanster (1994) sﬂgu ﬂhrathe r;él V] modulu;ﬂof:])acl]edi asphalt mix is at least
1500 MP. Tﬁﬁ ﬁ aﬁrecommended
dynamnc WKQ\ﬂ mﬂn mgj uj asphalt mixes
minimum dynamxc creep modulus of 20 MPa.

Best practice guide (2002) the temperature of foamed asphalt before foaming should
be in the range of 180-200°C. it is recommended the half-life of foamed bitumen be at

least 12 seconds and expansion ratio be at least 10:1

Retain ITS at 25°C = 60%
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Min. Dry-ITS = 100 kPa — 150 kPa
Resilient Modulus = 900 MPa — 1500 MPa
Dynamic Creep = 10 MPa-15 MPa

Rajib B. Mallick (2004) reported that the foamed asphalt mix included 75% ash and
25% recycled concrete with 4%bfoamed asphalt content a mean ITS dry of 208 kPa,
with ITS wet of 95 kPa and retained ITS of 46%.

AULINENINYINT
AN TUAMINYAE
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2.11 Flowcharts

Foamed bitumen mix design procedure

Bitumen RAP Virgin
Aggregates Aggregates
Determination of Sieve analysis & Sieve analysis on each
foaming bitumen content aggregate sieve
characteristic
Vary water Combination the
amount & different aggregate size
temperature to produce a
; continuous grading
Optimum I
expansion ratio &
half-life lon Of OMC |
B A ‘ ' ; . .;».:"’f‘- “ “ . ’.‘ W

Ext '!! samples out of the'mold after 24 hr in room
temperature ‘& curing samples in the oven at 40°C for 72 hr

Lu samples cool in room temperature for 12 hr welght &
< X a Y

l- €d

q
Dry group: curing at 25°C Soaked group: curing at 25°C
for 1 hr conducting indirect water bath for 24 hr conducting
tensile test indirect tensile test

v v

Plotting data & selecting optimum foamed bitumen content

B L R T : - R S T PR S O R e

Figure 2.19 Procedure for foamed bitumen mix design
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Portland cement RAP Aggregate
Type I
Sieve analysis & bitumen
content
Gradation
E 3

Lﬂum VWA R
RN ING A

Conclusion and recommendations

Figure 2.20 Procedure for portland cement mix design
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