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A Study on the Viscoelastic Model of Asphalt Concrete Pavement
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Abstract

Existing basic mechanical models which are methods characterizing viscoelastic materials were first reviewed to account for
viscoelastic behavior of the asphalt pavement structure in this paper. A viscoelastic mechanical model considering a single load
of vehicles subsequently was suggested and an equation that indicates the time-dependant behavior of asphalt pavements was
derived from the proposed model. Non-destructive tests using falling weight deflectometer(FWD) were performed for a test
section to estimate the application of the model. Both deflections and strains procured by the equation were compared to test-
ing results according to loading history. By observing field measurements and theoretical evaluations, if two results are com-
pared by the features of deflection according to time history, it could be concluded that the proposed model is expected to be
suitable for prediction of the behavior of asphalt pavements because there is hardly difference between field data and cal-

culated data.
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a8 1. FHEY 2Yl

— 430 -

2.2 Maxwell model

o] BdlofA= 17 19] apllAe} 2] SpringZt Dashpot
7} AEg ddEe] Jonz, o] Jixl 739l Spring
o 2+83h= &8 £, Dashpooll 2-83h= &8S £z} ot
W o] A& TEAIRI

fi=ta=/S “

S, AA WAE &2 SpringdlA] WA= WAE g7}
Dashpotoll Al AIsh= WEE go] §o| Ao} =,

E=ETE, (5)

ag_ags agd_ 1 8_

ot ot ot E, ot ﬂofd ©
A71M A @yt o] §9o] B gors Ax et 2
2 Ajo] dof Mot

9f_1of, f
ot ant+/10 D

o] 2jo] Maxwell model®] 7 2jo]n], T &4 =
eMe Ak AEP ofste] el WAE BHEARINL
Lo Lt ]
*TE EO( TU) ®
A7IM, T=A/Ec™ &3} AlFH(Relaxation time)S & 7<)
gt 9 o 3¥ sl mdo £3HFog &g
Springe %7 W f/EsS YERNH, o] WEo] IG5
FAEE 552 AlRte] Adel w2 Hap gyt A=
o 0o] "t} o|ZtE HeAS] S g3t} 31, Maxwell
model o3 S8} AE Ashe wdolr)

2.3 Kelvin model

Kelvin modet> 18 1] b)llXe} 2o] SpringZ} Dashpot
7} HEE AdEo] 7] wiFe] <] JsiAH, S5}
HEFo| T3 th3 2]o] Ayt

f=f+r &)

E=¢g,=¢ (10)

219l A 22ys skl 210y 2ol HIE
S BE5 2A ske] Ashd o] Kelvin model®] 7]
o] FE||ZIct,

f=Elg+/11‘§; (11)

D I A1) Thee] (12 Bo] AR,
= JE 4 9L, olAS AR A(13)E T 5 2l

of*CiEiE: JIog/;: (12)
gi}%[lfexp(f%ln (13)

A7 T=A/ELE AoshH XA AlZH(Retardation time)
S UeRllE glolrh. AA AR zhe vl 4Es

Rt A e sk



0l0
Ju
[

3

I

i

| v i
| A2t I

8 2. 33of chst 32= ¥

f

El T

TO
7

J% 3. Burgers model

32j9] ol Yhat )T )Eka HISe, Kelvin
model®: o3 el @S gshe wdolet & 5 9]
o 79 25 YT o] A8 we) =)o) o)
B2 nofz},

2.4 Burgers model

Sl A B R F e mde HEe] A
sofel wlol] -85 o] F mdrlos olagEe] A
W ASS wooE Yehdie dele olsieol ok w
24 Maxwell model®} Kelvin modelS 2] 7] o]& =
dEo] ARk JTh(Irving et al., 1997).

Burgers model> 1¥ 33} Z©] Maxwell model?} Kelvin
model2 FHZ o]& Tdo], Dashpote] 4 Alg tizlell
s} AR 1o A AR TS ARgSte] LERASITE
ol Hedol i3V} Fjre] 54 BFE 283l A
Ao B4l 7R AFS AT F Aok Holx] oA
g 7 Bl gesital g5 = St

o] o] 7|2 Ae kol AFd Ay A13)el 23l
A ot 2ol 7 4 Qv

. %(‘+F0)+£[‘*exp(*%lﬂ”o:?»o/ffo,ﬂ:k./Eo (14)

E26% H3AWE - 20064 S5H

3. FWD H|mja| SHEAH

31742

H|g} AlPS I =
x7Fe] go] glo] 21 = FAsteS 7hete] A
ke AR BeEN 7 £ T BATE A Al
o]}, H]u}s] AH](Nondestructive Testing, NDT)= Lyt
Aoz F 7INE ERHY Hth = FWD e}
Dynaflect ZHIE AFE31] 75 A& AR sk 4Hlo]
a3, ¥ HREs wage] ~HE” &)X (Spectral Analysis
of Surface Waves, SASW)} 7+ IdE 7[HS AL8s=
Zlo|cH(Lytton, 1989). TA3tzo= FAFEHS] HWS
Welal o5 &4sk= AHIQl FWDE 1963 Bretonniere
of oJslA A|ZtE ©]F WES, Dynatest, KUAB, Phoenix
T4l 5o oy 71X 79 FwDrl ZEEe] @Al o]=
31 Stk (Boutros et al., 1985).

Hoffman¥} Thompson FWD, Road Rater =32 400B
o} WAt vl njwsle] FwDrF AA 2wslEe] o5k
s AR A7 s 7FE 2 e 5 e
A9)S Eslul Atk(Hoffman er al., 1982). T3+ Bohn,
A. 5 AA 2} FWD kel og $9-AIzL o]
g3} HIFEARE o]gS Blasle] FWD7F 22Ae] 7t
e AFslsRAs 7P & UERd ¢ e Hlge
AES WHn}t JtkBohn ef al., 1972).

s & ATelde Bl AJAERIEZA] KUAB 2m-
FWDHIE AAsle] SHIi2o] F2731] tige] Al
SR 7] He F3S 1 kNOE 319oH, Al
Zhll i3l 200 m FAC 2 HslslES 7kete] o] of Ay
sle ARHE S48

}?:]—

]%_

BN
2

welr] f3 Aldes

s 4
b £

!

H

3.2 FWDe| 7= U AlgiHy

x7el AJ Axs Jrishk=d] 461 FEivF tids] &
83k Qlo] Hth. NDT AR lolle BF A3 A,
Steady-state ]3] “gH], FWD 3 “gHIQl Al 7}x]9] 7|2
HE7E Aok FWD ARle 34 AR AXE EREd 5,
A T EAE Vg 2RE 0|2 STix 5483 A
A Foll JrA 1 T4 EAH| Hdshs Aot
FWD “gHlof|xe] T4 3l5e] B2 fZol= vl 3kF
= we- AR e, f2ole Edo|y 7] 3
of osl A7 AR M-S aF o JERd 4
=3

FWD Ao A48 24t Edde], ARH S4n|9}
AFE AlzEoz FAEY] g, o5 FYdhs AZES)
o7} stk 24t Egdee ARH 24 AE AU
U= Ao R AREoH X Lol Al
A4S 5 e IS ZFa Uk A¥E 4 A
3k Ak, sl WA X, 15 45 Fx] 2 A
7] To=2 FAE] Utk HFTE] AIZE HTE] A
AAFFAA, AREF SHAZE dHolHZE Aesh= Al
28 2 9 RUER] AlZElo g FdE]o] it

I3 49} a8 5= 42 KUAB 2m-FWD ZAH]e] AA|
o} A= SAZHNE HolFE

30, ofy o

e 3ok

—431 -



2=8 Y H0lE XF
Hydraulic Segmented =
Loading Plate *AARYE 018

TrL I

i H

Twormass Sysim

<ANSFAVSRR RRPRR Y

«egy 2 8@ Son A "
. : Seisorci

S IYTIR A FILE BT <NBAZY A8 48

T
LR TBENY AN B D

T2l 4. KUAB 2m-FWD ZH|2] A=

J8 5 My FH |

= FALLING
MASS

~ SPRING DAMPING
SYSTEM

T2l 6. FWD sF=SXist MAE

% 62 FWD ZH|e] Y&} stz gt AA=e|th 1
ol el nie} o] Y8} = (Falling massye 3%
=olollA Spring damping system Y12 A H31E™, 300
mm 279 o7 7] EEH AvkEe] sl 2ol AlskE]
o] iR 29 o] wHeME SarT FdEa, B
HH 9 o)7] 2% 42 Ao 3 A1 o8 4
o] #rt}.

S, Falling massel]l oJ$F B0 Avle wPgdse} &
A= RS o] a8 72 5l & 41 Utk 5%
AEAIZEE Hi7) 30~40 mseco]ar, H) ZF-L Hefo] &7k
Ho= Fold o Springll AFE WHE RS AMESIA
2 AR 7] ZEAE URAE ARkl 2AE R A

—432-

30 ~ 40 msec

Load

Time
12 7. FWD &£Z{5k=e| §M

o A 4 St} 32 dALHS AFoE A AR
o2 AR AR BRI AR S8 AL At
AT 1 FOoFRE 02, 03, 045, 0.6, 0.9, 1.5m 14
o= wix"E 7H] SEAC oJste] SAE AN &5
& FA] Awste] T8 "ot

3.3 FWD AIgcHa 72+
FWD Alguld 7ke] XA #2384 507 ¥4 49
o] HlwA TRl MEA] oR~BE ¥4 WA 20m
1Pyl thaiA st A3 MEe wsd s Sk
WIS W el et AbAE], wEF 3O Ed %
S AL A aEERe} SRR FA] I {3,
a4 9 dd 5 2 gko] HIsH Ee Fies
Akttt ARxog, eAld] we S48 7P & v
Pt Je SHIAYEE AF =AHo= AHstar, SHY
2o Walul st 7S AlEude R st
}.

SEYYRe] 27 7159 EAAe E 19 2o, 73t
o] Agehde 19 8ol YERNATHAEA], 2001).

2

34 AE zt
B 7o) KUAB 2m-FWD AHIE o] &3l A1g
Tl il AlOMRE 200 m ZHAoE B AHLS =

I 1 AEOY e ZF Fo =24

94 | Plem | mepew | RHIE
= 120 0.35 9982
== 200 0.40 1023

Hz7)= 330 0.40 420
A Infinite 0.45 85

I 5= 12 (Ascon)

............................................... | 718 20cm (ReHE)
""" z ; : s BEI|S 33cm
Z 22 AT | (2a4e )
. . .o 3 > % . =
S S R T =4 100em
- Chinoai - v = A
J8 8. AlEchat 712ie| ZREHH SR IR)

Rt A e sk



2 5Y IxIE Fci MFEx

Sensor o) A3k (um)
D 0m 200m | 400m | 600m | 800 m
DO 50.4 53.0 51.8 68.0 78.9
D20 478 48.6 494 62.4 70.6
D30 44.1 45.6 47.0 53.8 62.8
D45 433 444 46.2 51.2 59.2
D60 41.0 424 455 43.8 54.8
D90 384 402 418 40.8 453
D150 25.6 28.8 325 30.8 274
100
sl
5—5—6 0m
-ﬁ 70 - . + $——t—r+  BOOM
% 6o b o +
& w} [ - 5 @ —e L
2o B
% sl N
= 20+
10 -
Z i ; .

Do 020 =k} (=] (=0 D150

Das
Sensor ID

O% o &5F fIX|E EUMEEY

et 7F 24 AR 7he] AW SN =
B AR Ho ARG 3 29 2k

a2 A%, shgol A3 A= AR (Doyplxle] Hol A3
2 800 mollA] 78.9 umZE 7P T RIS UEROH,
7 AH (D150l Ho) HR-gES 25 um~33 ume]
FRE B =3 E 2004 600 me} 800 m R[] A
Aol o2 AHe vla| JiFoz & e vehle 3o
2 Ko} o] A3e] AP eIV thE Al vls) tha 7
e & g AT AR FAe TF 9ol Bole el 2
o] A3} A (Dol Holds Ho X-gke] HA} Zo]
= kst T4 HelS Ho|n, YukAQ] opBE ¥
o] 39 AP FARE AFS el RS 1 4 )

At

6000 60

5000
4000
H
3000 =
5 £
35 2000 };
g 2
= jo0 E
a
0%
=1000
2000 -20
o 5 10 15 20 25 30 35 40 45 50
Time(msec)
J&! 10. FWD sE=0|3at EHXE IM
264 HE3AME - 2006F SH

£ dFelxe &4 A FHo AR ZAHE vlasi,
& uii-e] EiZE 7P dssitar deEE 400 m AH
HolelE Balae] vnl gpe s Agsiltt. 18 10
13 P2t Al Esllal SFeh o2 RE] 400 m A|FolA]
e ATkl tigk FWD skso|g 3 RSG5
B FAA ] FAAMFFAS YA Sl

I 10914 R npe)l o] sEAlst Sl =49
JASAAX (Do) WA 7P Zal, APt E55
HAFo] Aa3hs & = oH, skeAlst T4l Ho
Joll W} FAue] =gAIzte] SUFsl] wiitel] HuxR
o] MKk Aol e AAH = RS E F Atk ®
gk of~BE IS HE ATS s "ol kol Al
A Fol] o] AR gl &= BAlE &
7], Z2olxe} o] slo] AAE Folx= BA <3k 7+

AR050] WAlshe AL 2 5 I

B

o

Wi

A

™

—_—a—

41 M2

ORZE YA 7RIS dlEd olF AFEel <3t Elo]
o feott. wEkx ApEFe] Elololzh Ak v o] b
Al He sled YA o, Akt wet gho] tEA
"ot =, g FEIE 23 nigaa el ARSEE
FWDAH|OIMZ A7 &4 o)F slee] JTFS esh]
#8030 msec TS| THsTS ARSI

¥ AL ol9} e AL AZFESH] o)F FFS 1
#sle] AAlE). oejgt skse] B4 wiiel] gAgh S
9] Hed ASS Yehlls duksld mde A4 As
¥} zpo|E HolA doh. wEA F o] Aol 7k A
9] =2 SfeiMe &S w3l TRiAE ol5EES
sle] dwtslEl mdoa A4 WP B s T S
#hol FA1E 4= TH(Huang, 1993).

e

42 85 SM8 DA AEN Y

B AFME o) =] EAS wEsls deky ot
A RS ARk e o] 18 119 YERACH

a9 1o Hole upeh o] Agtd mEe sl

[

Eo - Elaste model
N .
Ei i . — A Kehvin madel -1
- - 1 -
L] L
E: - — A Kahvin model -2
- - -
'

T 1. 315 S48 T2510] Moke ety oy

—433 -



Elastic model®} F 7§29] Kelvin modelE& A% JomH,
Z}z7}e] edAret AAAE YERAL itk 27ellA] =9
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