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1, China Road Network
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According to the plan issued by the central government
In 2004, the total length of national expressway network
will reach 85,000 km finally, nearly 25,000 km need
newly construction.
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1, China Road Network

"

Total length of road network is 3.86million km
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1, China Road Network

Simple
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NoPavement,
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Cf 1, China Road Network )
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About 80% of expressway has asphalt
pavement, 20% has concrete pavement.

Typical cross section of
asphalt pavement




i 2, Cold Recycling Practices

In the past 2 dacades, China put too many efforts, and
funds into new road building, rather than maintenance
and rehabilitation.
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6 2, Cold Recycling Practices

But the situation has been changing since the begining of
this century, with more and more roads need maintenance,
more low level roads need upgraded.

And especially with the concept of sustainable
development being widely accepted, recycling has been
becoming one of the hottest topics in road industry.
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6 2, Cold Recycling Practices

The ministry level asphalt pavement recycling
specifications, drafted by a team led by RIOH, was
enacted by MOT on July 1, 2008. It gives a great push to
the use of asphalt pavement recycling.
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Asphalt Pavement Recycling

Re-mixing Half-depth

Full Depth Reclaim
(FDR)

Re-paving




6 2, Cold Recycling Practices

We use all of these recycling approches,HIPR, HR, CCPR,
CIR, etc.

» 2.1 Hot Recycling
(1) Hot-In-Place Recycling

HIRP began to be used in China from 1990s, it has seen a

rapid increase. More than 8 million m2 HIPR has been done.
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6 2. Cold Recycling Practices

About 12 sets of HIPR machines, 8 WIRTGEN, 1 NIGATA, 1
KALOTTIKONE, 2 MATEC are working in China. Realizing
that HIPR is a promising tech, Some local machinery

companies have developed HIPR machines.
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6 2. Cold Recycling Practices

(2) Hot Recycling ( In Plant )

Hot Recycling (In Plant) is not very popular for the time
being, compared with other recycling approaches. The main
hurdles are as follows:

®1)Lack of confidence in this technology.
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Hot Recycling on Guang-Fo Expressway
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Hot recycling on Guang-Fo Expressway

Pavement structure

4cm SMA-13 with PMB

5cm AC -20 with PMB

Original base layer




Batch Plant with double
drum in Belijing



6 2. Cold Recycling Practices

» 2.2 Cold Recycling

(1) Cold Central Plant Recycling (CCPR)
It has been used for about 5 years. About 800km has been
paved on expressways by the end of 2009. Some examples:
Shi-Huang Exp. , Foamed Asphalt;
Xi-Yan Exp. , Foamed Asphalit.
Hu-Ning Exp. , Emulsion;
Chan;j-Jiu Exp. , Eﬂmulsion.
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CCPR on Xi-Yan Expressway ,
Northwest China, Foamed Asphalt
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CCPR on Hu-Ning Expressway, East China,Emulsion



CCPR on Chang-Jiu Expressway,Central China, Emulsion







6 2, Cold Recycling Practices

g

(4) Cold-In-Place Recycling (CIR)

CIR is one of the most popular recycling methods in China.
There are about 150 sets of units working in China at
present. The majority of CIR on expressways and first class
roads use foamed asphalt or emulsion, but on low level

roads, cement or lime are much more popular.
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CIR on Jing-Shen expressway, North China, Foam
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CIR on Jing-Shen Expressway,North China, Foam







CIR on Ying-Da first class highway,
Northeast China, emulsion







hina, emulsion







CIR on G320 in Zhejiang Province, East China, Foam




CIR in Heilongjiang Province,
Northeast China, Lime
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i 3. Project Analysis and Thickness Design

»3.1 Project Analysis

®Visual assessment of the pavement surface
®Historical information review

®Pavement properties assessment
®Distress evaluation

®Preliminary rehabilitation selection

® Economic analysis

®Detailed project design
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6 3. Project Analysis and Thickness Design

Example:
Items Test Length Equipment
Surface distresses 245kmx2 CiCS
Deflection 245km Deflectometer
Unevenness 245kmx2 Laser section
Rutting 245kmx2 mstrment
Hidden distresses 100km Geo-radar
Digging and Coring 100




| CiCS : Cracking image Collection System
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Classifi PCI RQI RDI PSSI
cation
Length | Percenta | Length | Percenta | Length | Percenta | Length | Percenta
(km) | ge(%) | (km) | ge(%) | (km) | ge(®) | (km) | ge(%)
Excelle 213 | 98.61%
nt 205 | 41.84% 322 65.7% 4 0.8%
d 2| 0.93%
890 234| 47.76% | 125| 25.6%| 191 39.0% ’
fair 1| 0.46%
48 9.80% 31 6.3% 263 | 53.7%
0 0%
poot 3 0.61% 90| 1.8% 31| 6.3% ’
bad 0 0% 0 0%
y ’ 3| 0.6% 1l 02% ’
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Geo-radar tests:




test pits and
Ing cores:

ing
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Digging test pits and
taking cores

& ¥ m..
g
Ei %Y
=
"
-
. L3

&

W N el
it i U




C@, Project Analysis and Thickness Design

Original cracks

Overtaking lane, |
Original pavement
®lt is not a good

candidate for CIR if the
strength of underneath
layer is not sufficient, or
there are structural
failures —cracking, mix

instability, wet or soft

New crack

sub-grades, drainage
Carriage lane

issues, etc. CIR layer



. Project Analysis and Thickness DesigrD

.

»3.2 Thickness Design

®Theory: The calculated surface deflection of elastic continual multi-layer
system under the double circle uniformly distributed vertical loading should
not exceed the designed deflection, and the tensile stress at the bottom of

asphalt layers and base layers should not exceed the required stress.
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i 3. Project Analysis and Thickness Design

®Iinput: ESAL, Designed deflection, Elastic Modules of
each layer, ITS of each layer material, thickness of base
layer.

®Output: The thickness of designed layer (Asphalt layer).



i 3. Project Analysis and Thickness Design

®Cold recycling layer must be overlayed. On expressway,
the overlay thickness is suggested to be more than
100mm.

®The thickness of one CCPR layer should be more than
60mm and less than 160mm. The thickness of one CIR
should be more than 80mm and less than 160mm. The

thickness of FDR should be more than 150mm and less



CCPR approach and Pavement Structure, Xi-Yan Exp., Foam

Original After Recycling

AC-13 4cm
AC-20 6Ccm
CR, foam 14cm

AK-16 4cm
AC-20 5cm
AC-25 6Ccm

Semi-rigid base 20cm -
Original base 20cm

Semi-rigid sub-base 28cm
Original sub-base 28cm

beteteleletelatalatolelel
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5550550
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Normal




CCPR on Chang-Jiu Expressway, Emulsion

Asphalt Original After Recycling
sSpha
Layer ‘ PMB,ACI3  4cm
PMB,AC2 m
Top asphalt ?cm AC20 oc
AC20 6Ccm
Bas = Second asphalt 4cm
e 3d asphalt layer 6cm CCPR 10-12cm
Semi-rigid base  22cm  Original base  20cm
SRS Original graded |
SUb- '< i:i:i:i:i:?‘«%‘«i:i:i& Graded gravel 33cm rginal graded grave
Base SRR

Normal



CIR on Ying-Da first class highway

15cm,base
30cm,sub-base

30cm,semi-rigid sub-bas

Central reserve Overtaking Ian'“

Normal



CIR and CCPR on G320 Zhe-jiang Province

Original after Recycling

Normal




4cm,PMB,AK-13A

Asphalt layer ( 15cm ) 88cms’%tlj>lz)30)
cm,

Semi-rigid Base ( 15cm ) CCPR with emulsion(10c¢m)

Sub-grade Sub-grade




CCPR approach and Pavement Structure, Hu-Ning Exp., Emulsion

Original After Recycling

PMB,SMAI3  4.0cm

PMB,Sup20 8.0cm

Sup25 8.0cm

LSM25 10.0cm

CCPR with emulsion

Original semi-rigid base
layer, 20-40cm

Milled semi-rigid 10.0cm

base materials
Graded Gravel 20.0cm

4

Reclaimed semi-rigid
materials 16.0cm

Sub-grade

Conservative




CIR on Jing-Shen Expressway

original After Recycling

18cm, asphalt RSk, :
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30cm, semi-rigid sub- 30cm semi-rigid base

Progressive




@) 4, Mixture Design

»Mixture Design procedure
@®Obtain Sample of RAP

@Material Selection

®Gradation Design

@Determine Optimal Moisture Content
®Test Trial Mixtures

Establish Job Mix Formula




CC 4. Mixture Design )
»4.10btain Samples from Field
®(1) RAP Sampling

Method: Milling(CIR),

Stockpile sampling (CCPR)

Frequency: The CIR project is
divided into sections based on

vement condition and mixture

ndition, and each section is
.

Racrd
suggested to be 500m -5000m w

long, or 5000 m2- 50000m2. Take

one sample for each lane of each

section.
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@) 4, Mixture Design

g

»4.2 Material Requirements

RAP aggregate cement emulsion foam water mixture
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‘\ 4, Mixture Design )
®Foamed Asphalt
Items Requirement | Test methods

Expansion ratio

10

JTGF41E

Half life ( s )

8

JTGF41E




®Emulsion: Solvent free, CSS or CMS type, Lower than 60°C.

: Test
Items Reruirement Method
Slow or
Set speed Medium T 0658
Particle charge positive(+) T 0653
Sieve test(1.18mm) % <0.1 T 0652
Engler, E,; 2-30 T 0622
Viscosity
25°C,Saybolt Furol V S 7-100 T 0621
Residue content % 262 T 0651
Solubility in o <
Tests on | trichloroethylene % s97.5 T 0607
residue ]
- Penetration (25°C) 0.1mm 50-300 T 0604
Ductility(15°C) cm 240 T 0605
Coating ability 22/3 T 0654
mixing test good T 0659
Storage stability test e % > T 0655
- T 5d ; <5




® Asphalt used for foam and emulsion, Aggregates, filler,
cement, lime, etc, should meet the same specifications as

those used for HMA.

®Water should be drinkable water.



»4.3 Aggregate gradation

®Cold recycling with emulsion.

Seive Percentage passing each seive ( % )
( ?Tl]f: ) Coarse Medium Fine-A Fine-B
37.5 100
26.5 80-100 100
19 90-100 100
13.2 60-80 - 90-100 100
9.5 - 60-80 60-80 90-100
4.75 25-60 35-65 45-75 60-80
2.36 15-45 20-50 25-55 35-65
0.3 3-20 3-21 6-25 6-25
0.075 1-7 2-8 2-9 2-10




® Aggregate gradation for Cold recycling with foam.

Percentage passing each sieve ( % )

Sieve size
(mm ) . .
Coarse Medium Fine
37.5 100
26.5 85-100 100
19 - 90-100 100
13.2 60-85 - 90-100
9.5 - 60-85 -
4.75 25-65 35-65 45-75
2.36 30-55 30-55 30-55
0.3 10-30 10-30 10-30
0.075 6-20 6-20 6-20







® Aggregate gradation for cold recycling stabilized with

. . Percentage passing ( % )
Sieve size ( mm )
1 2 3
37.5 100 90-100
31.5 100
26.5 90-100 66-100
19 72-89 54-100
9.5 A47-67 39-100
4.75 29-49 50-100 28-84
2.36 17-35 20-70
1.0 14-57
0.6 8-22 17-100 8-47
0.075 0-7 0-30 0-30




i/ 4. Mixture Design )
=\

»>4.4 Determination of Optimal Moisture Content

®Modified proctor test is used to determine OMC in
accordance with China’s MOT JTG E40-2007 T0131, which is
similar to the ASTM D 1557 “Standard Test Methods for
Laboratory Compaction Characteristics of Soil Using
Modified Effort (56000 ft-Ibf/ft3 or 2700 kN-m/m3).”

2.28
2.26 //"'—\\
2.24
,c%‘ . / . \
(S 2.22 / \
. " % 2.20 /
(-]
& 2.18
z /
| 216
2.14 *

2.12
3.0 35 4.0 4.5 5.0 5.5 6.0 6.5 7.0

Water content(%o)




e 4. Mixture Design

"

»4.5 Specimen preparation

® 101.6 mm diameter Marshall specimens.

®Emulsion mixture: 50 blows on each side of the
specimens at ambient temperature, 48h curing in 60°C oven,
25 blows further on each side at 60°C, cooling down and
extruding.

®Foam mixture: 75 blows each side at ambient temperature,

h curing in 60°C oven, and then cooling down and
-




i/ 4. Mixture Design )
\
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»4.6 Laboratory Tests
o VvV
®ITS,,, at 15°C

OITS, . at 15°C. Specimens are immersed in a 25°C water

bath for 23 hours and then placed in a 15°C water bath for
an additional 1 hour prior to the ITS test.(40 °C Marshall

stability tests are the alter
-thaw TSR.

A




»>4.7 Requirements for cold recycling mixture

®Emulsion

Items requirements

Air voids 9% ~ 14%

o 20.50 ( base )
ITS/ ITS at 15°C, MPa 2 0.40 ( sub-surface )

15°C Retained ITS after

>
soaking 24h, % 275

> -
Marshal stability, kN | _ 6.0 ( base/sub-base )

Marshal 2 5.0 ( sub-surface )
bility/ | Retained Marshal
40°C stability after 24h >75
soaking, %

Freeze-thaw TSR % 270




® Foam

Items

requirements

ITS at 15 °C, MPa

20.50 ( base )

ITS/ 2 0.40 ( sub-surface )
15°C Retained ITS after > 75
soaking 24h, % -
- 2 6.0 ( base )

Marshal Marshal stability, kN > 5.0 ( sub-surface )
stability/ | Retained Marshal

40°C stability after 24h 275

soaking, %
Freeze-thaw TSR % 270




® Typical mixture formula:

1. RAP: 75%-80%

2. Virgin aggregates:20%-25%

3. Foam Asphalt: 2.2%-2.5%
(or Emulsion: 3.5-4.5%, 62% residue)

4. Cement:1.2%-1.5%
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i 5. CR Mixture Characteristics

"

®(1)Mechanical Nature

It's visco-elastic material, rather than rigid material

1.00 300
a —— Emul-ITS
2 - 700
0.80 R —®—Foam-ITS
' \x\ —+- Emul-Mod 4 600
X A —¢- Foam-Mod
= 0.60 N 1500 =
ol . =
1\ p—
= E {400 3
= 0.40 : ~ =
S 1300 =
- 200 II
0.20
- 100
0.00 ! . , . IT'EmpEratu]_l':le CC)H

10 20 30 40 30 60 70
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®(2) Asphalt Content

ITS values don't change significantly with the asphalit

content changing in the range of 2.0-3.0%, but the modules

drop significantly with the increase of asphalt content.The

lower limit of asphalt content is around 1.8%.

70 —— Emul-ITS

18 —=— Foam-ITS

e \ il]imul-bﬁoi
- \ oam ‘D
=1.2 .
7 1.0
0.8 - e — .
~0.6 ey

0.4 _

0.2 -

0.0 | '

2.0 2.5

| 200
0 700
| 600

500
400

300
200
100

Module (MPa)

Asg].:t?lt conten? (%)



®(3)Strength Gaining

CR mixture gains most of its strength in the first 7 days.

1.0 Emulsion, 2.2%
—k— 1.5% Cement-ITS
08 U —==12 5% Cement-ITS
-4- 1.5% Cement-ITSwet
. -X= 2.5% Cement-ITSwet
éiﬂfi _________________________ Y
E Y
“ 04
('
0.2
Curing Times(Davs
00 | | | | | | | g | ( y )

0 3 6 9 12 15 18 21 24 27 30

Laboratory Data, Emulsion




1.0

Foam,2.2%
08 ——1.5% Cement-ITS ——2.5% Cement-ITS
' -4~ 5% Cement-ITSwet =X+ 2.5% Cement-ITSwet

E 0.6
7]
=
~0.4
I

0.2

0.0 | | | , . | Curing Times(Days))

0 3 6 9 12 15 18 21 24 27 30

Laboratory Data,Foam il




FWD data Foam

o
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—
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Deflection (0.01mm)

= M = On G0

2 3 4 5 16

‘ Oafter recycling Woriginal pavement

These Data were get

fvmima AliffFAavArnt At
IHOITI Ultierclit b[JUL
+the same road

recycling project




®(4)Virgin aggregates are helpful to enhance strength

@ ITSdry
0.5 B ITSwet

o
I~
\

100%RAP 95%RAP+5%Chips ~ 90%RAP+10%Chips




®(5)Cement content

Portland cement is absolutely necessary in CR mixtures.
The point is, correct amount of cement optimizes mixture
than too much or too little cement. The optimal cement

content for CR mixture is around 1.5%.




(5.1)Cement and initial strength.

0.7 0.7
*+0%C t
06 ¢ 0% Cement 06 " 0.5% Cement
e 0 . 4 1.5% Cement X
Ry /x x 2. 5% Cement| x
05 | 415% Cement /A 0.5
x 2.5% Cement 4 -
< 04 - -
s . :2:0.4
z A e
Z 03 % %03
- [ ]
0.2 0.2 = —
0.1 0.1 // .
0.0 2 | | | C ‘rin T'me‘(i)a s) 0 ¢ A/./'jilme(i)ays)
u i v
1 2 3 4 5 6 5 7 Y § 0 1 2 3 5 6 7 8
Celtnen Coefficient of Certnen Coefficient of
Linear Regression Determination, Note Linear Regression Determination, Note
Conten 5 Conten 5
R R
t t
0.0% | y=0.0325x - 0.0425 0.9399 0.0% | y=10.0165x - 0.0185 0.9945
0.5% | y=0.033x +0.023 0.9595 Y- ITSqy 0.5% | y=0.0305x + 0.0255 0.9754 y- ITSyer
15% | y=0.06x+0.115 0.9125 X ouring x-Curing
70 | YT OIHxT O : time 1.5% | y=0.0375x + 0.2175 0.8452 time
° =
2:5% | y=0.047x + 0.272 08871 2.5% | y=0.018x +0.443 0.3927




*(5.2) Cement and moisture resistance properties

ITSwet is more significantly affected by cement content than ITSdry.

Cement is indispensable to CR mixtures considering moisture resistance.

0.9 0.8
0.8 I : ;g 0.7 | * ld pi
X
07 | a5d " 3d /
x 7d 0.6 H ASd
?,6 — x28d ;05 | x7d /%
— —04
Zo0.4 S
%z &
:0.3 = 0.3
/ / 0.2
0.2 .
/A//
0.1 /// 0.1
0.0 ‘ | | | Cement C(;ntent( % ) 0.0 | Cement C‘ontent( %
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 2.0 2.5 3.3
Curin Coefficient of Curin
. g Linear Regression Determination, Note . g Linear Regression R? Note
Times R? Times
1 day y = 0.1125x - 0.0066 0.9771 1 day y =0.1651x - 0.0132 0.9973
3 days =0.16x + 0.05 0.9813 3 days =(0.2153x + 0.0303 0.9883
y y y- ITSdry y y y- ITSwet
5 days y = 0.1892x + 0.1222 0.9581 x-Cement 5 days y =0.2105x + 0.0607 0.9984 x-Cement
Content Content
7 days y =0.1569x + 0.1959 0.9435 7 days y =0.1688x + 0.1451 0.9146
28 days | y =0.2942x + 0.049 0.9627 28 days | y=10.2847x-0.0003 0.9663




(5.3) Cement and rut-resistance properties
Adding cement enhances the rut resistant properties. However, when the

cement content exceeds 1.5%, there is no further improvement.

25000 3.0
—=a— Dynamic Stability
4 - -A- - Rut Depth
N 125
20000 |,
£
E “
2 . 120
= 15000 | .
£ P 115
& 10000
= |
= 1.0
< - A
= ~
)
2 5000 BRI
1 0.5
0 0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Cement Content( % )

Rut depth after 60min Load(mm



(5.4) Cement and crack-resistance properties

Increasing the cement content lead to a higher maximum bending strength

and lower maximum bending strain at low temperatures(-10°C).

\L/ Load at rate of SOmm/min

m1.=100mm Afj\

250mm

-10°C RB(MPa)

-
1.5

14
1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5

h=35mm

b=30mm

\ / —t— RB —8—¢B

0.0

0.5 1.0 1.5 2.0 2.5
Cement Content(%)

3.0

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

-10°C £B(x10-3)



®(6)Emulsion design

Carefully designed Emulsion

leads to better properties.
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i/ 6. Construction )
AN

6.1Compaction

®Moisture content of mixture on the jobsite should be
about 1% less than the OMC determined by lab test.
®Heavy pneumatic roller and vibration roller are

recommended.




‘ 6. Construction

6.2 Curing
@it should be cured for at least 7 days before overlay, or
reaching the following two circumstances: An integrated
core can be taken from the recycling layer; the moisture
content is less than 2%.
@It is prohibited to open to traffic within 24h after

s to open to traffic after 24h, heavy trucks are
prohibited, and it is.desirable to spray a fog seal

~ghe..
beforehand (0.05 ~ 0.2kg/m2 diluted asphalt emu '



6.3 Quality Contral
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¢ Traffic safety RC
¢ I'TS RC

¢ Automobile RC
¢ Environment RC

@ Traffic economy RC
@ Logistic RC

?Payemggt management RC
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