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Abstract

Improved performance predictive models are greatly needed for use in various pavement
applications including design, evaluation, rehabilitation, and network management. The entire
project consists of three phases (I, Il, and Ill) to be completed within three years to conduct
“development and applications of pavement performance prediction models,” using the well-known
Long-Term Pavement Performance database (LTPP DataPave Online) (http://www.datapave.com)
to improve the proposed systematic statistical and engineering approach for the development of
pavement performance prediction models. The major tasks completed in Phase | include:
preparation of standard pavement distress identification manuals for domestic use, domestic
applications of the LTPP database, review of the proposed the systematic statistical and engineering



approach, and investigation of the application of dynamic segmentation concept in GIS. In addition
to continuing the implementation of dynamic segmentation databases using commercial GIS
software, the major tasks of Phase Il include: development of flexible pavement fatigue cracking
and rutting prediction models; and development of rigid pavement transverse cracking, joint
deterioration (spalling), and faulting performance prediction models The major tasks in Phase Il1
(this year) include: system integration and applications of domestic PMS and GIS systems;
development of IRI roughness prediction models for rigid pavements and flexible pavements;
domestic considerations of the proposed Mechanistic-Empirical Pavement Design Guide (MEPDG)
models; and establishment of a web-site for future communications and experience exchanges

Exploratory data analysis (EDA) of the response variables indicated that the normality
assumption with random errors and constant variance using conventional regression techniques
might not be appropriate for prediction modeling. Therefore, without assuming the error distribution
of the response variable, generalized linear model (GLM) and general additive model (GAM) along
with quasi-likelihood estimation method were Poisson distribution were adopted in the subsequent
analysis. Box-Cox power transformation technique, visual graphical techniques, as well as the
systematic statistical and engineering approach proposed by Lee were frequently adopted during the
prediction modeling process. The goodness of the model fit was further examined through the
significant testing and various sensitivity analyses of pertinent explanatory parameters. The
tentatively proposed predictive models appeared to reasonably agree with the pavement
performance data although their further enhancements are possible and recommended.

Keywords : Pavement, Performance Prediction, Pavement Management, Geographic Information
System (GIS), LTPP, Generalized Linear Model (GLM) and General Additive Model (GAM).
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W4 o Frests LTPP 34 &4 2 M 2B K v; 47 1 3+ 4 (Strategic Highway Research
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’?F * ;2 & | IRI =-0.4963 +0.0064(Wet.Days)+0.0001(PC,,,/PC..)
GPS-5 B +0.0054(SG200)+0.0124(AGE)
CRCP 5 =
i R 3; i IRI =2.2106 + 0.008(Days32) - 1.925(PSTEEL )
s )7}§ i
SH L
% F ;;__“ " | IRI =2.1952 + 0.0076(Days32) - 2.015(PSTEEL ) + 0.0042(AGE)
— &

LTPP 3+ & #-ig it 2 pl A #Fchif o k2 = 0 - 2 0% it 342 £ » DataPave Online 34t
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FiT o drk A AT oo 131:,\.{1%4!5(3:_&}}», i j\#”f fd * peniE @ ?FE‘Z"'TLB > °4*\,_/?JF'&P'§'-';‘~
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S @*“1‘51 ’%yzlﬂ A ﬁ BT b2 FEE e @ Microsoft Access #2585 - £ 7 %
1?—:4 b:’?"JFx ‘}J—E.'E:E“’,f SeenfesN > B F 4R \ﬂﬁab P\ﬁ'- HRE G o o m%(r:'Fn ‘f’z\'\*#-ii
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443 gl
g i FoR A 47 P (Bl - )7 Av IR 60 0 & — SO TR Rz ¥ A o Bt
LAY A4 R (IR TR G Bl o A R B AR R A R £
R B AR AR (Generalized Additive Models, GAM) %t 85 & 45 » 1045 01 & if 2 p % Bos Bl
¥og e R H e Gl L 0468 AAILEL NS 0577 T L 605 & 5 gk Y
LHRETRE > LA R G R L Sl ERER ev@:ﬁ*“ IRI #2582 Ag% 22373 &
5‘27""|ﬂwﬁ'ﬁ‘g‘f"} B FEREGE AL o F ﬂ‘ﬁﬂﬂ’:ﬁ’yﬁ—i’}’s‘—i\“f#@ip
7 [Lee, 1993] > 41 * Box and Cox Transformation & & ;= Mw B4 2 HaE o GAM E T 7R
xpal it AP - BARE A 2 F BB OSBRI AP A 2 RRTER R AR
$c2_ 4f Fe :x,g;; Box- Cox ﬁ%ﬁ,z % — % F & 4% (Power Transformation) » & % #icd * &% 3442
B2 B R E R TR FE Sl s BT 0 T R R GE T EE o a
% = AT 11&1%?.5;&% POIRI EREg e 8 2 R B ERI A R EIEY T
A < P IR GRRAR L e BT IEARE PF ORI R 0 2P a4 i
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F= ATER|PAE G ORER TR
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JPCPND IRI =0.3701+0.2758* ,/age + 5.5953 * ! —8.3323*#

kstat jtspace?

—304.1814 % +0.0529* FT? +0.2985* log,, precip

thick?
ol B R?=0.231 » SEE=0.681 > n=605

JPCPD
IRl = 0.47 + 0.0017 * age + 270 * +5.7%— —0.17*log,, (cesal)
kstat jtspace
+0.00042* precip+0.1bt — 0.18subgrade+ 0.25 * widened
izt % 1 R?=0.35 » SEE=0.41 > n=380
IRl =-0.554+0.1978+ ,/age +168.3167 * tal +0.021= jtspace™ + 0.0015:*thick
+ 0.3166*% —0.528* log,, (1+ psteel)+0.431* edgesup+ 0.0837* subgrade
#3t %% 1 R?=0.4 > SEE=0.34 » n=416
CRCP

IRI =1.9568+0.1158 % \/age —112.3738 - 1k2 —0.2423log,,(cesal)+0.0001* FT**

+0.4333* log,, precip— 2.3863* psteel®>® —0.1041subgrade— 0.0183widened
H3t % 1 R?=0.14 » SEE=0.44 > n=537

¢ cage & 4 o 68 (£ )kstat G B < 4 ficBc(MPa/m) ~jtspace &  dHLR FE(M)
thick % /=582 =& & (cm)~FT & ik 7 75 % =< #c(cycle) ~bt & & & 33t ~edgesup L% A
psteel & %% 4% 55 chf &b (%) ~ subgrade % E: AL 3 3 4 #F ~ widened i & i 4r B~ precip
g (mm)e B oo REFINL L {/f@“’f%ﬁ ' 0 5—9?1‘—#%% R SAR I R R
o0 mippd gt a‘% 123 REIRAOZHB JRAIEL G L ipkd &
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B2 J R R LRSS © 0 00§50 2 A
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HHi R

RAEASYTE 2z FHmp 37 %7 vﬁ&[ > 2007] 0 5 RV A RT LG
Ly R N R LE A Lr"f:
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RGN

3 A E IRI = exp[-1.243+0.139*/age — 0.007* FT +0.22* ,/temp
+0.103*log,, (1+ PL)]
it % 1 R?=0.17 » SEE=0.52 > n=1913
IR IRl = exp[-0.0423+ 0.1266* /age — 6.1349* ,/ precip —0.0047* FT
—0.0038* wet.day + 0.0044 * daysbelowdc + 0.1046 * log,, (1 + PL)
+6.3083%— 1
temp.range
#3t% % 1 R?=0.24 » SEE=0.51 » n=1247
SUCR P IRl =exp[-1.6967 +0.1815* ,/age + 0.0039* daysbelowOc — 0.2524*\/% ”
—0.0047*log,, (kesalpyr)+0.051*log,, (1+ PL)]
&% 1 R?=0.21 - SEE=0.48 > n=666
% € Bk

. 2
IRl = exp[-3.352+0.167 *,/age +3.441*(%) +0.012* daysbelowOc ,,

+0.105*temp — 0.069* SN ]
2+ 2% R%=0.55 » SEE=0.32 » n=307

IRl =exp[-0.771+0.033*age — 0.003* daysbelowOc +11. 862*—]
temp

3t % 1 R*20.4 > SEE=0.44 5 n=191

BE g “l:F": ’ﬁ; _ * * : * 1
IRl =exp[4.33985+ 0.15286* ,/age +0.00046* precip+40.63128 r=
WU B
~1.97074*log,, (wet.day)—0.41869* /temp +0.28182* log,, (1+ PL)]
&% 1 R?=0.36 » SEE=0.53 » n=538
/;; /5—5 # i:\!': /ﬁ; ?
i IRI = exp[0.51+0.10*/age — 0.53*\/FT —13.05*(Wfé'g§yj

+0.49 * ,/daysbelow0c —0.35*log,, (SN )]

2t a 1 R%20.17 » SEE=0.48 5 n=877

¢ ocage 4G dsE (F)FT pzﬁtﬁﬁv‘&,kﬁt(cycle)\temp LtETER (C)PL

Be AL PR~ precip 5 & £ (mm) -~ wetday LB« #ic ~ daysbelowOc G B 43 0
Cm%ﬁz temp.range 5 P £ ~Kesalpyr 3 # T35%id £(F) ~ SN 5 Bipdko v Fie sk
IRI &2 é@ﬁiﬁm # 8 ~ E T 358 )‘g«fr,,y 4 R L‘:,F,‘;lp , ""””7%2@(@ X P |R|;P</\:z,7;1\; ) KB

T PEARL B IRI R - 2 8357 Sl IR ERF A B ARE 0§ R

B o p R TR X
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