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Structure Optimization for Long-life Pavement Based on Response
Surface Methodology
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School of Civil Engineering, Hebei University of Technology, Tianjin 300401, China

Abstract Considering the large variety of design parameters and wide range of values of long—life asphalt pavement structure, this
paper analyzes the influence of the modulus and thickness of each layer on the tensile strain at the bottom of asphalt concrete layer
(&) and the compressive strain at the top of the subgrade (&,) using the KENPAVE software. The significant influencing factors of &,
and &, were further studied by the response surface methodology (RSM), and a correlation model was presented. The analysis results
show that intermediate layer thickness, base layer thickness, subbase layer thickness exerted significant influence on & and &,
intermediate layer modulus and base layer modulus exerted moderate influence, and & and &, were optimized when 16 cm of
intermediate layer, 1800 MPa of modulus, 6 ¢m of base layer thickness, 1200 MPa of modulus, 40 ¢m of subbase layer thickness were
chosen. The test results may provide a reference for future studies of structure optimization of long-life pavement.

Keywords road engineering; long—life pavement; response surface methodology; tensile strain at the bottom of asphalt concrete

layer; compressive strain at the top of the subgrade
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Table 2 5 and & under different intermediate
layer thickness

Hy/em &/10™ &/10™
6 1.70 2.27
8 1.55 2.10
10 1.43 1.94
12 1.32 1.80
14 1.22 1.68
16 1.13 1.56
18 1.05 1.46
20 0.96 1.36

Table 1 Pavement structure parameters
=i JERE/em  15°CHLEE E/MPa AR LL
JEFESZ (SMA) 5 1800 0.25
HiEl 2 (AC-16) 6~20 1600 ~ 2000 0.25
HZ(AC-25) 6~12 1000 ~ 1400 0.25
JRER (REHA)  20~40 400 0.35
i%8re — 30 0.40

7E:SMA 4 % H B3 5 A G i AA AC-16 A B AR K2 A 16
mm 8 F R 2 IRAFAC-25 A A R KA A 25 mm 8 IR s
ERAH,

B R B R M 07k WE SR T )2 R
i, SRR AR JRCHE 2 R A N R R N AR
1 S5 T H 7 A8 A5 M R o SR AR A O B S SR T
B 254G B R LR A A eI T R 2R SRR
FE IR R N BN, LAYETE 2 I 7 A8 I L T
W 7% SR WA, SR H Design—Expert 8.0 Gt 1173 A7 45C£F iy i
IVATIRE o R i =R i I S B/ S s o/ TH LI YV 1A
FZE H AN, SR U A (B

f R 2 0T LA Y, 59 v B2 5 B X 0 1 )2 G P A8
L TR L AR 4 B R R, HLAE R M R . a2
JEJE 6 com SEHNEN 20 em B, 575 2 57 7 725 1% I T FE o
AR 2 D8N , B i 1) 42.49% F1 40.04% .
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A

TEWITBFREZIEE NS5 em, i H 1800 MPa, Hh[E] )28
FE R 12 em, K2R K 10 em, 522 HE 4 1200 MPa, Ji§ i
JZIRE R 30 em THEAAERIEOLT , Wit H a2 B 1600
1700, 1800, 1900 ,2000 MPa, BF 75 A [i] 0 5 H ] J2 45 1 % )
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#®3 ARAHEFEEEE THERERMNETNIEERERI
Table 3 & and & under different intermediate
layer modulus

F/MPa &/10™ &/10™
1600 1.32 1.82
1700 1.32 1.81
1800 1.32 1.80
1900 1.31 1.79
2000 1.31 1.79
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1600 MPa 3 /i 21| 2000 MPa i, 5 75 2 JiG v 1 A2 F1 i 56 15 He
PRI N T 0.91%F1 1.87%

21.3 EEEEXHER RN EENEN T

TEWI T EFEIZIEIE A S em Bl 1800 MPa, Hila]J2 5
BER 12 em M4 1800 MPa, 32 #5524 1200 MPa, JE3E 2
JEFER 30 em fHEANERYEAL T, L2 )E T 6.8.10.,12 cm,
TR 5 AN [ 3o J 2 V2 X 00 22 G i oy 488 R i 356 T 17 A% F) 5
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Table 4 & and & under different base layer thickness
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Table 6 & and & under different subbase layer thickness

Hy/cm &/10™ &/10™
20 1.54 2.32
24 1.43 2.09
28 1.35 1.89
32 1.29 1.72
36 1.24 1.57
40 1.20 1.43

Hi/em &/10™ &/10™
6 1.55 2.08
8 1.43 1.93
10 1.32 1.80
12 1.22 1.68

A 40T LA 382 5 X 0 7 )2 S o g 74 6 5 T
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IS LT I AR ) sE R , 25 SR LR 5 .
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Table 5 & and g under different base layer modulus
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H138.14%.
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Table 7 RSM experiment design and results

E:/MPa &/10™ &/10™
1000 1.34 1.83
1100 1.33 1.82
1200 1.32 1.80
1300 1.30 1.79
1400 1.29 1.78

H13 5 AT LU M, i 2 ] 901 77 22 U A A A T

IS BSR4 /N o 2SR 1000 MPa 3% /0 %] 1400 MPa
Hﬂ‘ L W 2 TR I 28 R 3 366 T00 R 7 A8 43 5308/ T 4.03% 1l

2.90%-
215 REEEBEMHEERE
e
FEVA TS RE 2 R 5 om 4 1800 MPa, Hhji] J2 /5
FE S 12 em B 1800 MPa, 52 LB K 10 em, B ity
1200 MPa i & AR IH BT IR I8 H 20,24 .28 .32,

TR R 250 B B T M 2R R

s H>/em Hi/cm H./em &/10™ e/10™
1 6 6 30 2.03 2.67
2 20 6 30 1.12 1.54
3 6 12 30 1.56 2.11
4 20 12 30 0.91 1.29
5 6 9 20 2.07 3.17
6 20 9 20 1.17 1.75
7 6 9 40 1.64 1.82
8 20 9 40 0.91 1.15
9 13 6 20 1.73 2.60
10 13 12 20 1.37 2.06
11 13 6 40 1.36 1.57
12 13 12 40 1.07 1.31
13 13 9 30 1.32 1.80
14 13 9 30 1.32 1.80

15 13 9 30 1.32 1.80
16 13 9 30 1.32 1.80
17 13 9 30 1.32 1.80
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Table 8 Analysis of variance of the sregression equation

p: 3/ N = 25 R = F P>F
iR 1.775%10°® 9 1.972x10° 2030.92 <0.0001

H, 1.255x10™ 1 1.255x10" 12927.89 <0.0001
H; 2.176x10” 1 2.176x10° 2241.03 <0.0001
H, 2.331x10” 1 2331x10° 2400.71 <0.0001
H.H, 1.762x107™ 1 1.762x10™° 181.46 <0.0001
HH,  7.508x10™ 1 7.508x10™  77.31  <0.0001
H.H, 1.122x10™ 1 1122x10" 1156 0.0115
H3 2.544x107° 1 2.544x10™°  261.92  <0.0001
H? 4338x10™ 1 4.338x10™° 447  0.0724
H? 137310 1 1.373x10™° 14136 <0.0001
Bk 2% 6.798x10"* 7 9.711x10™"

KPP 6.798x10™7 3 2.266x107™

#iXNiR 2% 0 4 0

BEZ 1.776x10° 16

7E:R*=0.9996, R3,=0.9991, CV=0.71%.,
R9 gEFFERMFESH

Table 9 Analysis of variance of the g regression equation

HF SEA AEEE My F

B 4.375%10° 9 4.861x10” 527.46 <0.0001

H, 2.051x10° 1

H, 3.276x10° 1

P>F

2.051x10° 2225.99 <0.0001
3.276x10” 355.54 <0.0001
H, 1.745x10°° 1 1.745x10™ 1893.27 < 0.0001

H.H, 2.250x10™" 1 225010 24.42  0.0017

H,H, 1.395x10”° 1 1.395x10” 151.38 < 0.0001

HH,  1.863x10™" 1  1.863x10™ 20.22 0.0028
H3 3.800x10™° 1 3.800x107° 41.24  0.0004
H3 2.695x10™ 1 2.695x10™ 029  0.6054
H? 2745%107° 1 2.745%10™° 29.79  0.0009
% 6451x10" 7 9.215%x107"*
KPR 6.451x10" 3 2.150x10™
A xR 2E 0.000 4 0.000

B2 4.381x10° 16
7E:R*=0.9985, Rty =0.9966,CV=1.61%

£,=4.693% 10" - 1.448 X 10° x H, — 1.331 X 10™° X H, — 6.440 X
10°H, +3.161 X 107 X H,H,+ 6.189 x 10" X H,H, + 5.583 x 107 x
H.H,+1586x107 xH+1.128 x 107 xH>+5.710x 10* x H
(1)
£ =7.945x 10" -2.349x 107 x H, - 1.981 x 10~ x H, - 1.503 x
10°x H,+3.571 x 107 X H,H, +2.668 x 107 X H,H, +2.275 x
107 xH,H,+1.939x 107 x H,” + 8.889 x 10 x H.> + 8.075 X
10 x H,?
(2)

8 n J, e M ME 5 FEH, F [11)9=2030.92 > Fos (9,
7)=6.72, KT F{HAIAEZE P<0.0001 , 22 W 1k, [ )73 4% 18 0
JLA U s R A AH G B R=0.9996 , 15 B JH AR 751 5 52 i P
UG BT R IE D E R AL RL,=0.9991, Ui IH % 5 i fig
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BT R8IV, — IR I H,  Hs H I 8 3% 5 38 B30
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MILME R R
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Fig. 2 RSM diagram of ¢ influenced by interactions among
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