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Introduction 

• Xi ’an , Foam asphalt in plant (Express 
highway) ,in 2004;

• About 500 KM rebuild ; about100KM /per year  
increasing 

• Foam asphalt mixture as Asphalt base coures.
• Structure design method  based on  experience
• Mixture design method  is relative simple (ITS)
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Asphalt pavements 
eventually will develop 
distress such as: 

Cracking
Raveling
Pot holes
Poor Ride Quality

Traffic, weather and 
hardening of the asphalt 
binder all contribute to 
these problems.

Why Cold In-Place (or Plant) 
Recycling







4 cm surfacing
14 cm binder course

25-36 cm cement treated 
aggregate course

Typical pavement structures in china

Typical Pavement Structrue in China



Pavement Failure in China



Pavement State in China

• China ’s road network is ageing(1988Y)
• Many designs use cement stabilized 

stone(95%above)
• Need to rehabilitate with available 

materials
• Use of foam and emulsion bitumen are 

appropriate solutions for many cases



Laboratory Tests

• Materials
• Testing program
• Mechanical tests



Materials
• Shaan’xi

– Xi’ an-Bao’ji Expressway
– Old cement treated base, with old surfacing and 

some subbase
– Poor quality base (lime fly ash basecourse)

• Untreated materials obtained from 
behind recycler during road construction
– Treated in laboratory
– Foamed bitumen and cement



Lab Mixers
• Foam mixing using 

high speed twin 
shaft pugmill mixer
– Results more 

comparable with field 
mixes



Materials:  Gradation
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Lab testing Program
• Material passing the 19mm sieve was 

used in all lab tests
– UCS 
– ITS 
– Creep 
– Fatigue 



Foam form 

Foam disappear 



WLB10 Foaming Equipment



Foamed asphalt evaluation indictors

Foamed Asphalt Characteristics
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Foaming Test for Different Asphalts
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Test results of ZH foamed asphalt
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FI and Viscosity or PI



Aggregate 
temperature

water

Gradation

Foam asphalt 
disappear

Asphalt foam 
properties

Asphalt 
content

Mix 
technology



Foamed Asphalt Disappear Test

1.  Effect of asphalt foaming and RAP temperature
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2.Effect of RAP gradation

SK90# G2 fine less )

ZH90 G2 fine less

Foamed asphalt mastic



3.Effect of mixing moisture

100 OMC

50%OMC

Aggregate with foamed asphalt mastic



Gradation of foamed asphalt mixtures

G1 G4 nCA 0.3 G5 G8 nCA 0.6

1.Effect of fine aggregate on mixture gradations
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Filler contents  Optimum foamed 
asphalt content Filler to asphalt

3 5 3.0 3.5 0.9 1.7

5 10 3.5 4.0 1.5 2.9

10 20 4.0 4.5 2.2 5.0



Gradation and ITS
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2.Effect of aggregate 

Gradation
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Effect of four coarse aggregates on ITS Effect of four coarse aggregates on UCS
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Sieve
Size
(mm)

Percent passing 

37.5 31.5 26.5 19 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075

Up 
limit 100 100 100 93 90 87 79 68 57 47 39 30 25 20

Down 
limit 100 88 76 69 66 63 55 43 31 22 16 11 7 5

Gradation requirement of foamed asphalt mixture



4.Gradation error

Sieve size
mm 4.75 1.18 0.3 0.075

Percent 
passing 
error ±5 ±4 ±3 ±3

Key size
(mm) 4.75 1.18 0.3 0.075

Allow 
error 
range ±8 ±7 ±3 ±2

Allow error Based on construction 

Test methods

ITS decreasing percent based gradations error 

dry ITS Moisture ITS
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Mechanics characteristic of 
foamed asphalt mixture



1.Effect of RAP content 

Test plan two different  RAP four RAP 0 25 50 70

RAP 
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2.Effect of foamed asphalt content

Test two kinds of RAP content 0 70
3 4 kinds of foamed asphalt contents

ITS and 
foamed 
asphalt 
content

70%RAP test results
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3.Effect of cement content

Test five kinds of cement content 0 1 1.5 2 3

Strength increasing rule Water stability 
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ITS and cement content
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4.Effect of curing method 

Test seal with plastic bag and no seal 

No seal
Seal with plastic bag
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Modulus of foamed asphalt mixtures
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Compact Compact 
degreedegree Modulus

MPa
Compact change based on 100% compact 

degree

97 733.8 Decrease 19.4
100 910.5 1
103 1060.9 Increase 23.2

Curing method Curing method modulus
MPa

STV
MPa

Water 
content

Modulus percent 
based on dry 
curing (%)

Seal with plastic 
48h

40
910.5 37.3 2.18 26.8

Dry curing 48h
40 1243.1 150.9 0.73 /

Dry curing48h
40 soak 24h

25
953.1 44.2 / 23.3



Deformation characteristics of 
foamed asphalt mixture

Research plans 

1 dynastic creep test 30

2 factors 

Cement 

Foamed asphalt 

Gradation 

Different materials
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Deformation of foamed asphalt 
mixture with diferent cement content
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Deformation of foamed asphalt mixture 
with different foam asphalt content

0 1000 2000 3000 4000 5000

-100

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

s
t
r
a
i
n
(

)

time(s)

RM2(2.5 FA)

RM4(1.5 FA)

RM5(3.5 FA)



Deformation of differentt mixtureDeformation of different 
gradation foamed asphalt mixture
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Fatigue properties of foamed 
asphalt recycling mixtures

Research plans 

1 ITS TEST 15 STRESS CONTROL  MODEL 

2 EFFECT OF  CEMEMNT ON fatigue 

Effect of Foamed asphalt content on fatigue 

Effect of Foamed asphalt properties on fatigue 

Effect of Different materials  on fatigue         



Fatigue life and stress ratio

Cement contentCement content
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Foamed 
asphalt 
content
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Fatigue life and stress ratio

Effect of foaming property
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/S-lgNf with different materials



Foamed Asphalt in Plant Recycling 
Construction 

Foamed Asphalt in Plant Recycling 
Construction 



Foamed Asphalt Cold Recycling  
Rehabilitating Highways Project  in China

Old pavement 
struction

Tradition  method Cold recycling 
method 

4cm surfacing 4cm surfacing 

4cm surfacing 6cm binder course 6cm binder course 

8cm binder course 6cm binder course 26cm
Foamed asphalt recycling 

course20cm cement treated 
base

22cm new cement 
treated base

22cm lime treated 
subbase

20cm lime treated 
subbase

20cm lime treated 
subbase





DEFLECTION SURVEYS
Load impulse: 57,5 kN or 11,5 t axle load
Impulse duration: 15 to 45 msec

Falling weight Bearing plate: 300 mm diameter

h2; E2

h3; E3

Em

Geophone for load impulse and deflection measurements

h1; E1



Core extraction



Cut pit 



Existing 
pavement

Step 1

milling
and 

preshap
e

Step 2

FA 
Recycle 

and 
stabilise

Step 3
Apply 

asphalt

Asphalt

CTB

CTB

S/base

S/base

In situ



Mixture  Gradation Design

1. asphalt 
foamed temperatures 160 170 

foamed water content 1 1.5 2 2.5 3

based on LAB test 

optimum foamed temperature 160 

optimum foamed water content 2

expensive ratio 22
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2.RAP and mix gradations

Mix gradation 73 RAP 25.5 fine 1.5 cement

0

10

20

30

40

50

60

70

80

90

100

37.531.526.5191613.29.54.752.361.180.60.30.150.075

s(mm)

P
e
r
c
e
n
t
 
o
f
 
p
a
s
s
i
n
g
 
(
%
)

upper Down 

RAP gradation



Dry ITS and FA Moisture ITS and FA

TSR and FA

3.ITS Test Results
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Foam conditions Mix gradation 

Foam 
asphalt 
content 

/%

Water 
content 

/%

TEM/ Water/
%

RAP      
/% Fine /% Cement/

%

Optimum 
content

2.3
5.1

160 2.0 73 25.5 1.5
Error  

range
±0.3

Final Design Results   



Test   Samples



KMA200 Plant



Paving of Recycling Course

WR2000 Pavers

26cm foamed 

asphalt recycling 

courses paving 

divided into 13CM 

each.



Roll of  Recycling Courses



Finishing



Test  road core 
Test  road core 



Marshall (6 )

USC/(MPa) Modulus
/(MPa)Stability 

/(KN)
Flow 

/(0.1mm)

5.48 22.2 3.28 974

Test results of trial sectionTest results of trial section



Deflections test results



Economic and effective analysis

Base types
Semi-rigid

Foamed 
asphalt 

recycling

Flexible 
base

Pavement 
structure 

AC-13   4cm
AC-20   6cm
AC-25   6cm
CTB 22cm
LFB 22cm

AC-13   4cm
AC-20   6cm
FARB 26cm
LFB 22cm

AC-13   4cm
AC-20   6cm
ATB 26cm
LFB 22cm

Cost
86.91YUAN/m2

(6cm AC-
25+22cmCTB)

82.27YUAN/m2

26cmFARB
130YUAN/m2

(26cmATB)

FARB than Semi-rigid 1kmSaving 18560YUAN/m2

ATB 1kmSaving190920YUAN/m2



Conclusions
• The use of foamed asphalt is growing in popularity and 
general acceptance both in China and throughout the world 
as  a results of recent research and extensive trials

• Rehabilitation using foamed asphalt has proved to be 
successful because of its ease and speed of 
constructions ,its compatibility with wide range of aggregate 
type and its relative immunity to the effects of weather.

• Foamed asphalt has the potential to be used throughout 
China and provides another useful tool for the rehabilitation 
of heavily trafficked asphalt pavement or airport pavement 



Future  consider 
• RAP using in mixtures , as black aggregate, and  

other effect on different aging , asphalt content 
ect; micro-structure research ;

• Mixture  design method need consider the 
middle and long-term performance ;

• Structure design method based on cold 
recycling course 

• APT test  
• Quality control method include binder content 

and cement content, and gradation 



cold recycling
for better

roads ...


