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Improvement of Fatigue Model of Concrete Pavement Slabs Using
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ABSTRACT

Concrete slab curls and warps due to the uneven distribution of temperature and moisture and as the result, internal stress develops within the
slab. Therefore, environmental loads must be considered in addition to the traffic loads to predict the lifespan of the concrete pavement more
accurately. The strength of the concrete slab is gradually decreases to a certain level at which fatigue cracking is generated by the repetitive
traffic and environmental loadings. In this study, a new fatigue regression model was developed based on the results from previously performed
studies. To verify the model, another laboratory flexural fatigue test program which was not used in the model development, was conducted
and compared with the predictions of other existing models. Each fatigue model was applied to analysis logic of cumulative fatigue damage of
concrete pavement developed in the study. The sensitivity of cumulative fatigue damage calculated by each model was analyzed for the design
factors such as slab thickness, joint spacing, complex modulus of subgrade reaction and the load transfer at joints. As the result, the model
developed in this study could reflect environmental loading more reasonably by improving other existing models which consider R,
minimum/maximum stress ratio.

KEYWORDS

concrete pavement, slab, environmental loading, fatigue life, cumulative fatigue damage, regression model

x|

=2Eot RO ERUSH BEE QI5I0 Z32|E slE= Adut & HSE St £2E0l= S 80| =0 U
C W2t ISsHE 2o etdsta2 Isioftt Z32|E &E0 Mot SHS Eot MeotA ose 4 ot 23
2E Yo HHEAOo R Mfotkl= wESotEnt 2AotE0 Qo 23 2|E &2Ee drs XBAe=z Zastl 39 052
SHOMX|A =W L2FE0| Yot 2 A7oMs 7180 +dE ATES22E D24y 418 a8stn 12 3HEEE
IHLBIACE HLE REe AE517| Ystol REHLO) ABEA| %2 Al Bm=NY His oEstn 7IE R oS
E Zuoet Hlustict 232E 2 £A mEay oM Z2adE Jfgst = 2 A0l XMOHE 2D TIE 2YES
Mot ol ANE Hlw ¥ HIGIRICH D22y E2 sefE S, &=7t4, S XXEAe, 121 stEgE 02
oxf m2aMel RIZE BAS AAGIND, 1 20 2 ool e D80| AA-ASH| RS Tsls 7IE BYS
o] Zakg Mot 2tHstES US geldez tde & Qs A2=Z LIERC
AR
=32|E Z& ZafE 2ol D23 =& 284 SHZ2E

2 o ~

1. ME o) S, WEE] 2|9} vlE, delw 7|4k

ZaE 20| £9L 7|50 EF, Aol 5, of i Y L& D HEO| Wl 5 rhok XS




of P W=tt, A E &SefjBo] YA st= S
et skl o3t Ao 7 A E
Ayt AN e o g gt shA|uk o] 2jgt
wE W s A7 RHEEUA ZAE &
Hof| mAjetdo] BAE o] A= vzatdEos UM
ot REEA o Ashe FAsteo] o3 &at YA}
T H(SY-H=H] §)¢F A EV} mtujd wjzhA]
7¥ellzl st AsHslr(@ R N e BAE A (O
Zol vl 4= lek ol=et HAE Ui 1 =E
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1977; Roesler 1998; Asgari 2004).
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18l 1, Loading Condition in Fatigue Test
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Jakobsen(1970) ¥ Tepfers?} Kutti1979 Q9 &
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S=1-B(-R)log N, (2)
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12l 2, Fatigue Life with R(Shi et al. 1993)
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Wstz] $lske], BHY3](1984), Y1(1988), U=
5(2005), 12|31 Shi 5(1993)0] AASH T2AF =}
25 $8) Tepferset Kutti(1979)7F AAIgE &
=, 27, a9 3 o 2AE A 7he] BAE AHEst
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2 FYstoieh. Lejal Ag o) whek Aoldt skEAfst Bl
L= Zhang 5(1996)2] A5 Zharste] ATt
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H 1. Collected and Calibrated Bending Fatigue Test Results

N, 5=0.9 5=0.85 5=0.8 §=0.75 5=0.7 5=0.65 5=0.6 5§=0.55
110 - 1,175 85,114 257,040 - -
R=0 132 - 1,380 158,489 676,083 - -
339 - 4,266 186,209 1,148,154 - -

6 33 - 7413 34,674 154,882 4,897,788

- 49 - 8,511 93,325 263,027 5,011,872
- 51 - 15,488 95,499 331,131 -
- 100 - 15,849 109,648 478,630 -
- 107 - 31,623 117,490 524,807 -
- 155 - 35,481 120,226 660,693 -
- 269 - 37,154 123,027 1,479,108 -

R=0.08
- - - 51,286 125,893 1,548,817 -
- - - 52,481 141,254 1,995,262 -
- - - 54,954 151,356 - -
- - - 57,544 - - -
- - - 60,256 - - -
- - - 72,444 - - -
- - - 74,131 - - -
(HE A%




457 - 4,365 - 229,087 -
182 - 9,772 - 281,838 -
708 - 11,749 - 295,121 -
71 - 3,631 - 107,152 -
72 - 6,457 - 173,780 -
R=01 117 - 14,125 - 239,883 -
195 - 15,136 - 512,861 -
224 - 18,197 - 549,541 -
457 - 21,380 - 707,946 -
537 - 23,988 - 724,436 -
513 - - - - -
98 - 661 15,136 69,183 263,027
575 - 1,023 - 269,153 | 398107
1,175 - 1,072 - 234423 | 436516
R=02 47 - 912 - 23442 | 1412538
- - 3,162 - 28840 | 1,698,244
- - 4,169 - - -
- - 5,888 - - -
1,000 6918 58,884 - - -
2,754 16,982 95,499 - - -
4,266 11,220 102,329 - - -
R=0.3 562 - 35,481 - - -
1,698 - 45,709 - - -
2,455 - 58,884 - - -
3,631 - 141,254 - - -
- 457,088 - - -
851 38,019 3090 | 1584893 | 83176 -
5,888 70,795 3,715 2754229 | 186,209 -
117,490 83,176 45,709 - 660,693 -
5,248 933 257,040 - - -
13,183 1,820 301,995 - - -
9,550 2,239 602,560 - - -
1,095 16,218 229,087 - - -
R=05 2,512 - 501,187 - - -
3,467 - 549,541 - - -
3,467 - 7413310 - - -
4,898 - 912,011 - - -
79 - 33,884 - - -
229 - 51,286 - - -
302 - 64,565 - - -
741 - 446,684 - - -
1,950 - 446,684 - - -
832 - 5,248 - - -
R=0.8 1,349 - 26,915 - - -
19,953 - 97,724 - - -
& fFellde # 18] B2AY NS ARkl 4 logN;=A+BxS+CxR
(@)} ol Log(N)E S&W42 staL, 9 RS 42
SHMFR sho] @A|9] 7% (stepwise regression) & o7]A, A, B, Z2]3L C= Aot
2 OFIAREAE AAEAT. oA7|A dAE] ol I 204 BZo] mao] AAL(R)S AAA
TEHApO JFE F= Mt = A4 FY 4 p) & 27 0.8529) 0.7268 09, 72.3%2) A
MR AMgshe S etk A= 0.05, Al o Jehygleh 283 Durbin—-Watson©| 24t 2-&
A 012 Jestdion, foees 0.052 84 (8218 AxHE 7+e] AHuaA| 7} glo] 3l fHmE o] Agt
st e & 4 At 19 39 S|lAEIPA K| 3
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H 2. Model Summary

Analysis of i
R | R Sauare | Adiusted R | Std. Error of nalysis of variance _ Durbin-
g Square | the Estimate | R Sauare | Change df1 df? Sig. F Watson
Change Change
0.852 0.726 0.723 0.678 0.726 229.009 2.000 173.000 0.000 0.821
1.0
Mean = -5.88E-15
255td. Dev. = 0.994
N=176 A
20— .g
o
3 £ 0.6+
S 15 5
g o
] =
L o] g 0.4
a
i
51 0.2+
. -2 -1 0 i 2 9.8 T T T

Regression Standardized Residual

& 3. Histogram of Regression Standardized Residual

o.l4 0.6
Observed Cum Prob

0.0

0.2 0.8

3% 4. Normal P-P Plot of Regression Standardized Residual

B 3. Regression Analysis of Model Coefficients

Unstandardized | Standardized ¢ Si 95% Confidence Correlations Collinearity
Coefficients Coefficients 9 Interval for B Statistics
B Sl Beta Lot | Beper | Zste Partial Part |Tolerance| VIF
Error Bound | Bound | order
(Constant)| 13.291 | 0.432 - 30.788 | 0.000 | 12.439 | 14.143 - - - - -
S —12.431| 0.581 -0.946 —-21.398 | 0.000 |-13.578|-11.285| -0.761 | —0.852 | —-0.852 | 0.811 1.234
R 2677 | 0.278 0.426 9.643 | 0.000 | 2219 | 2129 | 0.015 | 0.591 | 0.384 | 0.811 1.234
Dependent Variable : Fatigue Life
7 BES} Ak HIE7E HFEEE UEhier, 19 log N, =13.291-12.4315+2.677R (5)
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X 0.9
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- - 03 wm
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ol & sofl /idE AP 4] (5) Zrt 12! 5. Predicted Test Results Using Proposed Model
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(a) Proposed Model

R? =0.7085
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Test Results (log scale)

(b) Existing Model(Shie et al. 1993)

3% 6. Comparison of Predictions between Proposed
and Existing Models
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¥ 4. Proportions of Traffic Volume by Vehicle Class
(ZESHYS, 2007)

AADT 185,080
class 1 69.823%
class 2 3.370%
class 3 11.419%
class 4 8.209%
class 5 2.330%
class 6 1.460%
class 7 1.050%
class 8 0.430%
class 9 0.060%
class 10 1.550%
class 11 0.060%
class 12 0.240%
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¥ 5. Geometric Shape and Material Properties Used

in Program
Number : 6 (2x3)
Siab Thickness : 300mm
Width : 3.6m
Geometric Length : 6m
Shape Base Thickness : 150mm
Subbase Thickness : 300mm
Subgrade Thickness : 1000mm

Elastic Modulus : 28GPa
Poisson’s Ratio : 0.2

Slab Coefficient of Therma
Expansion : 1.0x10°/C
Bending Strength : 4.38MPa

Elastic Modulus : 15GPa

Materigl Base Poisson’s Ratio : 0.2
Properties Elastic Modulus : 200MPa
Subbase . , o
Poisson’s ratio : 0.2
Subgrade Elastic Molulus : 50MPa
Complex Modulus of
Subgrade Reaction 417.90MPa/m
LTE 85%
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AollA et o, wE, H 2 4 24 5= 4
Ao 5(2008)0] 7t A=l A= ARt
of g%l AIZF 2t Amtoe] o Q-SHe Tkl &
g-7erlg D2y gty H24gs A6kl
o 2 dAtollx= W2, AeE rader 4
OJ5}aL Miner(1945)9] ol whet A (13)1} 2ol 5
ot HHo R 209 5¢F 24t FAsl

D/oml = z Z z N. (13)

1 ko j o=l f,,_,“
A7, Dy FA WE2EY, N2 4 e
W2, ik A AL ke Y 1 ¥ o)

oA drgst 2P E x4 =3 u2dAt A =
BEIHE AHESto] 2 AollA] AljbE 4] (5)8] 2K
F 7|Ee AtE HRRFse] ol F4 w2
< AAbstar vlwstgitt, s AME HRRYPES
X*Elo}lll 63 &t Shi 5(1993)8 Z¥o] A= A
o5 50%Y 2] Al=o]a AASHTO 2002(NCHRP
2004) 2 9] p= S 50%Y 2] Aol

¥ 6. Fatigue Models Used in Cumulative Fatigue
Damage Prediction

Darter(1977) logN,; =17.61-17.61S

Tepfer Kutti(1979) | S=1-0.0690(1-R)log N,

Cornelissen and | 1og N, = 14.81-14.52 Omax | 9 79 Omin
Reinhardt(1984) Je fe

S — AN—().[)422( 1-R)
Shi et al.(1993) !

where, A is Survial Probability Level

Zhang et al.(1996)| S =1.107[1-0.087(1 - R)log N;]

AASHTO 2002 | logN,=[-5""log(1 - P)/0.0032]"*"

(NCHRP 2004) | \yhere P is Failure Probability Level

This Study log N;=13.291-12.4315+2.677R
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