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> Perpetual Pavement Test Road was Constructed with Long-term
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Bottom of Asphalt Layer Horizontal Strain Model
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® Dynamic Mechanical Response Model
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Soil-based top surface compressive stress model

Bafh . In(o) = 0.054T + 0.055W +0.470
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Asphalt layer bottom longitudinal strain model

Bl In(g) = 0.019T +0.075W +2.727
=Ht%Hh:In(s) =0.037T —0.043W +5.361
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Fatigue Cracks
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» Temperature Prediction Model with Two Cracking Patterns
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The Application of Perpetual Pavement Structure was 763.8 Km (New Build) and 300 Km (Maintenance) in Shandong
from 2005 to 2007. From 2010, 700 Km was Built.
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Fatigue Prediction Model
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Heavy Traffic Highway in Shandong Province
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New Asphalt Pavement Design Specifications

34 45 B A

@20°C, 10Hz / MPa

9000 0.25 SBSEU I T
14000 0.25 Y= eiih
14000 0.25 AR ENE
8000 0.4 SBSHUTHE I T
AC-13F 8500 0.25 SBSHUPE
B IR 4 E R HEE 220 0.4 /

O MRS REREEIREARLEE, BRGIERZEI40cm (KiBIEE6%)
+40~80cm (KieEE4%) , RUEIERE120cm,

O ERARAZIGATHIFWDELNE EARATS0 (0.01mm) , & KKRINEREEGH
REAMETF220Mpa.



=EMEPDGE@EIZT

AR A ST BT 625 - 2 T

100000 20000 50000
X 0 X 10000 X 0
ﬂ@i 0 5000 10000 15000 20000 25000 ;‘ﬁ ;‘ﬁ\{ =05~ Jear N N0 0 T T G G o O A TA T
F AKX = 0 i (X
[5]10001b —@—ssingle HhAR X [H]

0 20000 40000 60000 80000

—@—steel —@—single i FELIX []10001b —tee| emtandem

7R 8K T OSKA-Th  TE

= >000§ 20000 60000
:L< q).“q.",»:'r\/."q/."q’:")).-’b‘.n‘(,).#(,)..‘b.n'b.ﬁ/\ "“b"'%"'%"‘c)"' N..’ ﬁ 0 AA — % 40088
e — e
ﬁ ?Hﬂjﬁl‘ﬂ K{%lOOOIb ;‘E;( ’5"'cb".'\r".'\"’"\/""\/""’)".")".b""'bt’“")"‘%""o"'b""\"”\ %‘b 0 OA-AO S occ)‘o P steel
= N N (=] —

N = i1 %X [7]10001b &® s8gs8g8s3e8s Tanden

steel single Tandem Axle cNTwe©e gy e Tanden

e Ste@| e single  ==tandem 44k A 10001b
10 A
500000

N o NS NN 8N 60

4% X [8]10001b

R

em——stee| e====Tandem Axle e===Tridem Axle




BT RBRBOT KA B & s

Accumulated Damage Perpetual Pavement Design
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Mechanical Response in Long-term Monitoring
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Mechanical Response in Long-term Monitoring
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Pavement Structure Design
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Combined Based Full Depth Asphalt Pavement
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In-place Air Voids (Wheel Path)
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National foreword French
specifications for hard paving grade

Test Class selection
Essential requirement Characteristic Unit
method m'M
Consistency Penstrability at 25 =C EMN 1426 0.1 mm m-M
at intermediate operating al
temperature Class !
Consistency Softening point EMN 1427 =C rmq-M,
at high operating a)
temperature Class !
Mass variation EM 12807-1 Fa =05
Class 9
Durability Remaining penetrability EM 1426 % > 5B
(Resistance to hardening Class @
to 163 °C, EN 12607-1)
Increase EM 1427 =C
of softening point =Ty
Class 9 1
Flash point EN ISO 2592 =C ‘--E'-:r:;m —
Class @ re—
Other properties
Solubility EM 12502 o
Class @ mass }
a) Class defined according to Table 1 of this European standard @
b} IMPORTANT — The supplier shall declare the reduced softening point interval, of = 5 “C around the cer
The whole declared interval shall be contained in the interval given in the fable.
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Different Test Methods

RIESH BB 7% R R
BERE, FEH(18019) KNin®; ® (119. 97120. 3) mmh#R <k
et ?300~305)s EBRE3500+4g THE REF10%
N FEREFE E SRR ® 150mm s
(B4R {EIR I8 FE 35 500K h (35~75) mm N
. Superpave HEFEE LY ® 150mm R
AASHTO T283-07 ZSPHEE (7.0X0.5) % h (95£5) mm FOTFEN
= - T 0702753 ® (101. 6+0. 25) mm s
RABHRRE WEHHLEI5R h(63.52%1. 3)mm FdFet
HEAESEUR IS T 0702753% ® (101. 6£0. 25)mm RHF6n

WA FFEE 50K

h(63.5%1.3)mm




My A B EZSMHSHA e RENL N BSIE
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EREL ATTEFL (mm) EEIHERSE (%)
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EAE ®OE E o1 s P q FRASIETE R
S (g (kpa) (kpa) (kpa)  (kpa) C e (%) R?
{kpa)
0 630 0 315 315
1 138 1100.6 138 6193 4813
AC-13 276 1662.3 276 96515  607.15 1627 323  0.991
0 732 0 366 366
2 138 1150.8 138 6479 5119
276 1686.2 276 9311 7351
0 654 0 327 327
1 138 1264 138 696 538
SMA-13 276 1578 276 977 701 171.4 387 0.980
0 6288 0 3144 3144
2 138 1358 138 747 611
276 1654 276 9645 6805
0 634 0 317 317
138 1258.4 138 696 3624
EME-14 276 1767 276 1033 734 180.57 352 0.903
0 651.8 0 325.9 3259
138 1225 138 631.5 3935
276 1674.8 276 9358 739
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SEATARIRKEE. FIEERMEIERT
Suitable for high strength asphalt with different environment and load requirements
_ K G 5 2 T T SRAE BN R S AIE RS BN, A
LLE 7% T 2 V52N W s R T 5 KD RO AR A —

/e i BERAN,  IHRIEHLIZ R & 4480
Low Temperature G NE, 0.1mm 25~35 40~50 bt fRriEkEE ek E &=
Sensitivity
AL, °C «70 +« 80
%ﬂ 25

= ————

m FETITE m T

P A I_ L oL 535 ol ] 46 8 20 i
High Stability High strength asphalt was prepared
0 - =] =) =) =] by composite modification
= A 370 1 = BT S -
High Toughness Py
[=iE2i) i
) - =10
High Stiffness
PG82-22

TR 25 = 2 S
High strength asphalt
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——  ATMERASBSHIEEIREENE
AT Bitumen SBS Modified and High Modulus Asphalt

SR F AR K Technical Requirements
R
0.1mm 25-35 T0604
AL °C £70 T0606
FEFE10°C, Scm/min, A/NTF cm 20 T0605

175°CHi & Pa.s <1.0 T0625
AR °C €230 T0611
MR ZHE (RTFOT)
FREZH, ART % S T0609/T0610
& N\ JE Hh25°C % «70 T0604
FEFE10°C cm «10 T0605

PG4} L_PGg2-22 |



15°C, 10HzEISIEEIESiIR1.5(= soouew* Haganheis 102~1043

20000 30 101
i s - L WAmMAZ TS
_; 16000 L 25 —
2 14000 L) -specﬁmenz {3'4 e
% 12000 ] ) # specimenl 20']& le_l
p=- o e specimenl 4 =4 2
; 10000 i\f{ >4 - szecimenz 15% 4//% w
: 8000 A < > . ~ B o0 mouw — = —— ; =
~ &000 10 : : ~_
- = 5 105 H =——= . =
wgl =155 High Modulus |l N nET : T
° ° MARSTA CHZ) > - TN 2 7 7 pas = =y
IR AP FE bR HERRIR SEHTE
rhE ZE kR, YR/mm >3000 T0719-2000 70°C,1.0Mpa
ML (200009 B KAEHE ) <10mm ASSHTO T324-04
HASBE(MPa, 15°C, 10Hz) >18000 AASHTO TP79
w25 % 55 Y% (10°C, 25Hz, 1087K) £5>130pe ASSHTO T321

RERE R AR

ighway



BIKEENDIRB 10305 B 1EaeR™ 1055
Dense water Improve 103Eatique Life Improvel06

—o— AC-16 [
3500 | —o—AC-20 ]
~ 3000 | A AC10 f = 2000 §
= —+=WHMAC-10 / =z i
7 2500 | =+=SMA-13 / g 1500
= 2000 Vi “t: VA v et
& / / 2 1000
b 1500 PR T 2 B X /T } i
#1000 N - T Ej 500
500 : B
0 __|__+____+_+E4-=+"'!'/T 0
0 1000000 2000000 3000000 4000000 5000000 6000000 7000000 8000000
1.0 2.0 3.0 4.0 5.0 6.0 7.0 Cyele
TR (%)
(REAIY = EEREhEIER SEHE
B RE OKIitE 3 250 < 10-7cm/sec ASTM D5084
57 A (800ue, 10HzZ)  (PHAFAT D) >20x104{K AASHTO T321

r Mm% Bridge
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0.5
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t= AR 0]

70°C,1.0Mpa

I A, /mm

>3000 T0719-2000

ASSHTO T324-04

WAEE 200009k 5 KA T )

<10mm

AASHTO TP79 MR XN

IR SLIGFt

B E(MPa, 15°C, 5Hz)

>10000

BX. 68 ER Port Road
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o [E B8ORS, RImm >4000 T0719-2000 70°C,1.0Mpa
A (200009 ¢ KA TE) <7mm ASSHTO T324-04
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R

>4000 T0719-2000 70°C,1.0Mpa

H A INBIK AT SR Fn

60°C, 0.7MPafffi/E, 0.IMPaElE, HIE5XMMN
#0.1s/EHE, 0.9s/Ef@
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>10000¢% AASHTO TP79
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Elasticity of Mixture

After 10000 times Loading, High Shock

Resistance of Mixture

350 r e 2]
® ifi/E : 0.7MPa
300 ' e EE: 0.1MPa B
250 | © OISWIEKE+O0IsEIR 7~ .05 o)

T REEIME/ADME (12/5N.m)
— PG76-22
KEEIME/E0ME ( 6.2/3.5N.m )
— PG64-22

200 F
1.00E+02

150 |

P
LotE-01 | ®PG82-22_ ¥&HIME/HIME (12/5N.m ) i 1.00 ///,/_‘_’
APG76-22, ¥5¥IME/#IME (6.2/3.5N.m ) f

0.50
1.00E+00
1.00E- 1.00E- 100E- 1.00E- 10GE- 1.00E+ 1.00E- 1.00E+ 1.00E+ 1.00E+ 0.00
05 04 03 02 o 00 o 02 03 o4 0 2000 4000 6000 8000 10000
SR (Hz) farEA ERIREL

tinEEFmPEihEStiERiStatEL High Toughness
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High Modulus Asphalt Concrete.
The French approach

Jean-Francois Corté



Exemples of full bituminous pavements

Toll motorways catalogue (1994)

axle load 13t

HGV 1200-2000/day geometric annual growth rate 4%
over 25 years

Modulus on the formation level : 120 MPa

25BBTM ==\ 55 BRTM .
5 BBL 7 EME 2 5 BBTM
10 EME
12 GB 10 GB
10 EME

C A Jam—a A

BBﬁ/@@ery thin asphalt b GRste

BBL: Asphalt concrete for binder layer
GB : Base asphalt concrete
EME: High modiulus asphalt conereterancols CORTE 112



Exemples of full bituminous pavements

National roads catalogue (1994)

axle load 13t
Cumulated traffic 6 to 14 105 HGV
Modulus on the formation level : 120 MPa

2.5BBTM  |=——=

6 BBSG 2.5 BBTM
9 EME
10 GB
10 EME
11 GB

JEAN-FRANCOIS CORTE 113



Economical benefit of HMAC as a base layer

Flexible pavement
(Traffic 500 to 750 HV/day, increase 4%/year, 15 years - Sub-grade 120 Mpa)

Traditional HMAC
VTAC
AC VTAC
AC HMAC

Unbound gravel

Unbound gravel \
A thickness : - 7 cm (33%)
A aggregate : - 33 % JEA-FPA-QQ@EO.R?EZLI' %




Concluding remarks

Care should be taken to the following:
- don’t use a too stiff bitumen (thermal cracking);
- always protect the HMAC layer with a wearing course;

- only lay on a stiff support (formation level at least 80
MPa or better 120 MPa);

- have a strict enforcement of the specifications
regarding the homogeneity of the mix, the binder
content, the flatness of the supporting layer, the
thickness of each lift.

JEAN-FRANCOIS CORTE 115
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Axle Load Spectrum
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Axle Load Spectrum

Axle Load/T
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Pavement Temperature Distribution
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B35 NS4 E Dynamic Strain Signal Feature
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Mechanical Response

B AN 8 S EDynamic Stress Signal Feature
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Mechanical Response
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Mechanical Response
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Mechanical Response
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Mechanical Response in Long-term Monitoring
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Mechanical Response in Long-term Monitoring
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Mechanical Response in Long-term Monitoring
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Mechanical Response in Long-term Monitoring
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Mechanical Response in Long-term Monitoring
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