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Development of Fatigue Model of Concrete Pavement
Considering Environmental Loading
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Abstract

Fatigue cracking occurs over long time period because dynamic strength of slab continuously decreases by vehicle loading
repetitively applied to the concrete pavement. To more accurately predict the fatigue life of the concrete pavement, the stress
due to environmental loading should be considered prior to caculating the stress due to the vehicle loading because the stress
due to temperature and moisture distribution aways exists within the dab. Accordingly, a new fatigue model considering the
environmental loading was developed in this research by evaluating factors of existing fatigue models most widely used and by
making data points from the models. The applicability of the new model was evaluated by performing a fatigue analysis on the
general concrete pavement structure using loca climatic and traffic conditions in Korea. It was concluded that the top-down
cracking due to the tensile stress at top of the dab is dominant cause of the fatigue failure than the bottom-up cracking occurred
a bottom of the dab. More advanced fatigue analysis considering vehicle speed is expected by developing this study.

Keywords : concrete pavement, fatigue model, environmental loading, shrinkage, top-down cracking
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N: J259 &)
ab: AES B3l A9+ A

Dater= Keder(1953, 1970), Ballinger(1971), 131
Raithbye} Galloway(1974)2] 4ol A3 1407h2] FIE
W A gk H24% A9E AESIL, HARASHe
2 IFRAE 50%e] FHghEe] tisie] 2 (29 2
HERS AFsIATH1977). E7Y, oI5 Al #8317
el @ HlolEIR BASI 24%°] AHFES Zhe A
ARYE 2 (3 o] A3

logyoN = 17.61 — 17.61(S)
logyoN = 16.61 — 17.61(S)

71M, P 92HE (%) ot

PCA(Portland Cement Association)®] 3]9¢1 Packard2}
Tayabji= Keder(1953, 1970), Fordyce(1969), ~12]1. Ballinger
(1971)9] 7€ AFAFAE A3t ATgE 5% ol
PCA TS AIRFSIATH1985). T2eksol oJgt Huls
go] A 28 AT gk vlo] SHAIE 45%= 7t
Aalal 1 olske HEFH e JIE vXA] ket
Aojstion, 8- dEH| 45%~55% Atolel 55% o) /dol
ek 25T 2 @)l 2 (6y7FRIS}F o] AljtstSATt
(S>55%) 4)
(45%< S<55%) ()
(S<45%) (6)

(P=50%) @
(P=24%) ©)

logoN = 11.737-12.077S
N = (4.2577/(S—0.4325))3:268
N =00

T U2 o 92v¥S AASHO Road Teste] 3%
tlolH=RH JdE 4 (7)9] A FEje] P o= (Shi
e a., 1993), A5 EFL 3o voHZ BFe] By
o] golgh o] glof de AMS-Ht.
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Murdock®} Keders BHEE}E RekA] TA¥el= HA3d
I HEHY Bl RESin/Sna)®] ZLHES] 250l
JaFe Tk Hx2 HslYrH(1958). 152 6inch x
inch x 64inch =71¢] | AJHe]| thsle], HA82S 70ps
2 1A ZA L, HA2$EH FUeEr RS 0.13-0.18,
0.25, 050, Z&al 0.75% W3 71HA AE-S AT
7 Ay, H2HES] ZAE tig vI7t sk AlskEigel
e HA-FHUSEREE 7 29 Zo] zjols Yehiy
skt T, HA-HEEHE H2REPS 2 (8ol
21 (1)y7HA19) 2ol A=A

%) = -4.7log(N) + 945 (R=0.13-0.18) (8)
%) = -45log(N) + 945 (R=0.25) )

S%)=-3.1log(N) +95  (R=0.50) (10)

%) =-16log(N) + 96  (R=0.75) (11)
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Fatigue Life Cycles to Failure

% 2. o250 0|Xl= &4-=ciS3H|e] A&k (Murdock et
al., 1958)

Murdock®} Keder?] 17(1958) ©]%, Aas-Jackobsen
(1970), Awade} Hilsdorf(1974), Tepfere} Kutti(1979)S
A-H-gHRL H2Fd T8 RS vRivkal ®Has)
At} Aas-Jackobsen® Murdock¥} Keder(1958)2] JZ %
Fe 2] she] FERFS 4 (129 FHE Hi-HY
SEHHIE 1T 7 UEF L, By Bl A e
0.064% AA3IITH1970). Tepferel Kuttie = 2 &3
o1 2 s = 0.0685%, o F2AY
o] thelME = 0.06900F AAEFATH1979).

S=1-(1-R)logN (12)

Shic H&-HASEHHE 18 5 e APS AAEA
i1, 571 A2 (NegyS NTRZE goJslar Weibull 2325
ARESE obA Bl A (7 FAKE A2 FEje] vER
FE 2 (13 Zo] ARFSFATH1993).

S= AN70.0422(17R) (13)
A7, A AESE WE AlFEA F 13 2ol vehy
k.

Cornelissen?} Reinhardt= #4829 =77} FAES]
AzABe Ve FFE o) slstel, A 1
o

s

Ul

AAFNAL HAgEE WS Ay AT H2AY
AABFATH1984). TA3Fsel ok o IFeHS AA
IO 40%2F 90%2] AlololA ABAT|AL, HAgE e
7] QIO 0%, 20%, 30%, 1T]al 40%E H3IA]Y)

APE AT g HAagEo] JErt Qe 49
< Hoju 4502 JHHAS s ast] B4 k=53
=9 10%, 15%, 20%, 12]al 30%S] S AlskshHA|
TZAFES AT 1 AHREA HAagE] A F S
0] @Yo Ae Aol et Ao FRAHER A
(140014 2] (1671414 V=R S AASFAH-

o H oX

E 1. shie| 22| MSE MESE Al$ (1993)

PES K] 0.95 0.90 0.70 0.60 0.50
A 0.9611 0.9843 1.0067 1.0190 1.0289 1.0380
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logN = 14.81—14.528'—?"—"’—X+2.798'——fm1 @=" AME)  (14)
Cc [
logN = 13.92— 14,5270 1 5 79mim E=eE AE) (15)

logN = 9.36—7.93—3“1@‘5+2.598‘“'m @z 4 FHE A1)
fC C (16)
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Keder= 35 AstSls B AslEert 2aE 92473
of PX= FEe golr] At APS AABHATH1953).
Ginch x Ginch x 64inch 7|24 3,500psi®} 4,500ps]
7] SSAEE Zi= 100719] Al tiste] £ Ak
T 703]~4403] Aolol|A] WSIAZIHA AES XIS
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HEol] weba] Fetgks 710 E oF £7% HelolA wiske}
POt 1,0008] of/de] AfstEEA] oF 4% Folte A
o= SAHo] HWEo R &% ARt HREFHle A
A YIS PIXA] S= AR HAEAU.

Raithby?} Galloway= A1He] gk 84 sledds AA
g o), 35 A Ao vl At JES vjH=
As WAskAnt. skA|Rh, HRARNNE e ATt
Aol & GRS vXA] etk Barsllth(1974).

Hsu= 35 AlslEErt o2 vxe d3ks AR
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o] AsHlze] wet B2o] Hio] walglom, 19 3%
o] 3k Asislarl 1,0008) K 2L G F Iy
oNx A7 g AFdFs JeEIT 53, sk Alskslt
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AT E FH8ksS 7Istelol w7t 2gslelth(1981).
webr, e dke ASEIFE 1,0008] ek} 1,0008] 3
o] T 7} WelE FREala, ol tiEle] d% Ak
1T F Ae A2RFS JPUsi

Hanson (19747 Murdock(1965) 8- -4=H|7} 75%
vekd uf), H25me 3 AFErt 1Hz~15Hz2] H9)
oA oRzte] Wb QIthal BAlEtiom, Furtak(1984)%
35 AskEEES e JERYS AT Grafet
Brenner(1934)2 35 ASRI="} 4.5Hz~7.5Hz2] HeIol
< dolls F27ro] AY FFS A gkom, A=t
16HzE T ARHA] H25Ho] Fol57] ARRRtaL Bars)
Aot 531, Zhange FAT|ES] F2RF| tjsle] dtF Al
Sl A o] Hrk oflg}, EAIEH], SAEH
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sl 7129 FdaE 2 AYES T3 ERR ATE

AL 2] (17 2o D2 wFS ATk 1996).
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S=C{[1-(1-R)BlogN] (17)
A7IA,
p: ZARE AR mE (it ZEL o 0.87)

R:¢3 91e auefet Ha-H-gge] v
R =R= oo (R>0)
Shrax
R=R (R<0)

C;=abo9f+c (18)

f: 3% A= (Hz)
a b, c: ZIZE AEEA W A5(a=0.294, b=0.920,
¢=0.796)
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3 SEge] AEglo] 0.0025 xR HAEJL, FA)7)
7} Aojdas W Eo] FolEo] gId o2 =241
o] S7IhS AT

7
N
&
¥
&
i

[e

tlo

A

25 XU 9 xfHe| HE

Murdock?} Kede's= 2| rlxe ZIZE FE9
FES golrr] fste] XA AR o] vt
A A ] IS AlHS 27 Ao vlasigoe
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ke dinie) ERge 1% 3@t go] Hagd
WA o AR WAYATIEA ) )
o B73515-¢ As) el 5 ik, AN, A 22
FAFS kol AEd A o] skl o3 3ol
E=dE AejellA wEskEel 23k SEo] FlE ==
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B3l 50%e] vl #E, R=0, 20Hz9| 3% A=
YREAQl Z7dEo] AFlA oln| WFEIAY Ee 34
of|A] Hkedsh 4= BHEES APt Tepferel Kutti
(1979)°] =&} 3do] 20Hzo] 3lF A= T ofd RS
2] (18 #o] Zhange] AXG staAlst HIEATE BAY
ale] HlolElE 231903, Murdock®} Kedler(1958)] %3
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e Smax =0 02[TTFNT Ty TT77h Smax
" " Amplitude
@ a
Amplitude @ - —¥ Smin
l'ime Time
(a) IE3ETE ZAISH O 2A4E (b) tHstE VA ZAlSE T 2AE
O 3. gHdetse n2{shy| fIst m2AEo| sty
H 2. HIo|E] &2 2[8t D2
A7} DIRCARRY BEE/E g Agxa
_ A8 P = 50%, Syin=0.13~0.18
04) = - hEE=S = in
MUTdOCk-T"]' Kesler(1958) 5(/0) 4-7|Og(N) +945 g]%zﬂgl_ BT =6.7~7.3Hz
Darter(1977) logyoN = 17.61 — 17.61(R) 22, P=50%, Syn=0
Cornelissent} Reinhardt(1984) logN = 14.81 — 14.52(Snax/fc) +2.79(Sninffc) EAE, P=50%, S;n=0
A5 p= =
Tepfere} Kutti(1979) S=1-0.0690(1 - R)logN ;i;—_,; :553(;/"' Sm=0
)& — =
Shi 5(1993) S= A0 B3, PSh Sm=0
Zhang 5-(1996) S=C{1- (1-R)BlogN] 243, P=50%, Sm=0
o}, &3, Corndissen} Reinhardte] I Z%28(1984) 5 = E¥ogHE 2Z5 golgd gt HiAEHoZ 3
g0l Fadeel ghe AWS AFsiel e BERy RS S50 B velHz mae) nyo] Sl
T} o] BEAS A5G4S oz e B S AlRst AHE e A5 FHY g2RFHo] 4 (19)9F 2ol Il
At wEQjon, o] A Al A9l Bl 32 77t 1.054948
ol9} o], ¥ EE P=50% R=0, dFA3 = -0.043594% ZA =1}
ZOHZQ] FY3 =4 é}oﬂ 1 3%7}]%—% ‘?4‘_3]'04 :l' = S= 1.054948N-00435% (19)
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