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2.1 	 '115flfl111U fl1 ) qj el1J'lJ n -:IN -;l't1l-:J 
q 

fl11:l-H~V'l11U'\Jtl-:J1m -:J~~l-:J~hVl1-:Jbl'llJl';lflUtl-:J l~l~'W 2 uuul9i'1Vf1'Ufia (l) fl11lJl~VlnV 
9i 	 ') 9i 11] , ., ~ ., 11] 9i 

1IPlvlm-:Ji:1'';l1-:J (Structural Failure) !lPlulm-:J~';ll-:J'YIl-:J !lJ~llJlJmU'U1'11'Wn'\Jtl-:Jfll';l'IJ';l1'IJJ llPl 

!W~ (2) fl 11lJ I~V 'I11V llPl V~ fI'W'W 1:J ~lmJfI1M'u1fllJ IltlN1 ~l'lllJ~tJtJnuuu 1i"119i' (Functional
'" 

Failure) 'Vl11M'lnwfn1lJf~nl:Ji:1'UlV'IJlf)f)1';l~U~ (Kyungwon IW~flru~, 2007) 

Huang (1993)"l19i'tJ TI Ulv'I1l:fn m J 'l 'W m JVl 'IJ 1 J ru 1 n UCJfeJ:lJ 1i11-:J ~hVl1-:J llPlv1~ilV1lJ'\J tJ-:J 
" . 

Serviceability '11~ tJfl 11lJ ~1 m H1 '\J tJ.:j ~1'Vl1-:J '1 'W '\J ru~ U'W II ~llJ n fI 1M'u '1 n n ~ tJ fll ';l 'IJ ';l1 'IJ J 

m';l'l.h~I:lJ'W~1~.fll'V'lfllJ1M''lJ'1mJ (ServiceabilitY)~llJlH1m~'Vl1119i' 2 U'W1'Vl1-:JfltJ (1) Present 

& tI1~Q.I 	 , .JJ' 10.;Q.I 

Serviceability Index (PSI) Clf.:j b\91JumJ'l'H'lJ'W11\91V AASHO Road Test 1'11 PSI 'W'U'WtJ~nUm1lJ 

Q & .<::i CLI.:::1 	 .c:::::.' l' 9.1 
'U 1'U ';l ~'\J tJ -:J N1'Vl1-:JClf.:j lJ r-W lJ l'IJ 1m~ \91 'lJfl 11 Wi:1'V'I11 V'\J a -:J fI'W 'W 'li'W 1Pl1'l1-:J'l 1'li'W J tJ-:Jn tJ (Rutting) 

9i , I ~I 9i T W 11], I 9i 9i , I
nnU\9im11 (Cracking) Il[j~';itJVlJ::: (Patching) IlJ'W\9i'W b1PlV'Vl1 blJUn1fll';ill\9im11 Iln:::';ltJUlJ::: 

'IJ~ flm 1W~'W i 1lltJ ';i l~ V1n'W m';i lll'ln ~1 1'IJ:::!~ 'Wfll ';ill i:1'\91-:Jfl 1UW11'\J tJ-:J ';l tJVll\9i n ril'W ';itJ utJ ~ ., 

Jd 19JOJr.:i 	 df.J IQ./

'IJ:::u~\91-:J1'W~tI'\JtJ-:J'V1'W'Vl (2) mJ " 'li\91'lJ1Jm1lJ'U1'\J';l~ (Roughness Index) Clf-:J'\J'WtJ~nUmllJ'\JJm~ 

" '\J tJ.:j~1'Vl Hlvl llJ'W 

2.1.1 Present Serviceability Index (PSI) 

PSI 	 fltJ ~ ll'1n J 1lJ'Vl1-:Jfl Ul \9ifY1 i:1'l'lf~ 119i''IJ 1nn n 1\91~ 1'Vl H fll V~ 1'V'l~ H '1 ~ -:J tJ ti'l 'W ';l tJ'\J tJ.:j 
- .. " 

9 9.1' '" V.c:1 - 9J TQ.I 

Pavement Serviceability Rating (PSR) b'Wm';l~JH1'11 PSI 'W'W'IJ~\PltJ-:JlJnni:1'';lH PSR 'UtJ.:jUI'1n::; 

i111tlJ~'WlJltltJ'W 11PlV~1 1tJm11~'Wl'ltJ'U hml';li:1'~1-:J PSI 'IJ~lJ~'W\9itJ'WIPl-:J~tl1tJci 

• 	 mJtl1'l1'W\91ilV1lJ (Establi shment of Definition) 'Utl-:Ji11!tJJ~'IJ~t11lJl'1~'1'WmJ 

Vl 'IJ nru lU[j~~tJ.:jlJfl11lJl~1'l'IJi111tJJ~'IJ~t11lJll~J'Wl~'W tJtil-:J~ 
" 	 .. 
Q.I 9J 0 Q.I ~ 9Jd 0 9.1 d 1 9i

• 	 'lJ1nlj'W'IJ~\9itJ.:j'Vllfll';lfl\91lntJnfltU:::'\JtJ.:jN'Vl'IJ:::m'Vl1'11'W1'Vl 'I1fl:::U'W'W (Rater).. 
w ~1- I 9i '" , c! d 11] 9i1~W'Vl1 lJUn1 Rater 'IJ~flmntJnlJl'IJ1n'l1mV'I1'W1tJ.:j1'Wl'V'l';l1~fl11lJm'W'Vl !\91'IJ:::.. 
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:IJltU'Uf)'lfll:)f1 ::;!r'l1f1 (Bump) 

1:)liJ 

fll'J111rll PSI 'Ii 

fl\] 

dU Yl! 'Ii 1J 1 ~ \1' :IJ l'1t1nl';j'~\1':unl'JUI'1i:ltltl''W 

fIl';j PSI 

PSI f!'l:lJl'J 

R2 + ... + AnRn) + (B 1 + B2D2 + '" +BnDn) (2.1) 

,D
n 

fIl HJ!'J!!l91fH!"t'J An Uri::; 11J'Wrllff1JU'J 

Uri::; 

4 

y =! 

'W , ru v lI'l !11 Rater :IJ fll:) \1' 'W 'Yl 'W 1 

Q 

U'W'WN1Yl 

. 
1 :)v,;j:)vfJfIl:) 

. 
'Ii'W 1t1'Utl,;jfll'J u'W f) 

'Ulfl 

cl d 0 

n \1' l:lJl Hl 'Yl 'iJ::; fll 'Ii 'W 1'1 \1':IJ fll 'J PS I 

"1 



2.1.2 1'111~'Ul'U1~ (Roughness) 

fl1 11J 'U ~ 'U 'J ~ 'U eJ ~ H1 'Vl1'l1:1 11J 1HI 1'"~ 1 ~1 ~ lJ 'Vll 'l \91 J 'l U{;l ~ 'Vl1'l if eJ lJ ~ ~ ll1:1 \91 'l 0H111lJ 

II U J'lh l'W 'U eJ ~ 1:1 fll"v'l~'hmnj 'i) lfl1:1 fll"v'l~fl1J'1l ~ ltlu ~'l iJ t:-J{;l m ~'VllJl'l eJ ~ 1H'u llJ m llJU El eJ\91nlJ 

c:l .ciq ~ ~ "" ~I 
fl11lJ 1:1~\911 fl1:1lJ llJ lW ~ fl11lHJ 1'U eJ ~ lIllJ "v'll11U~'Vl b'lH 1:1U 'Vl N fl111J'U J 'U J ~ 'U eJ ~ t:-J1'Vl1 ~ l1J U. , 

i1llU J ~1 flill~ lJ t:-J{;l flJ~'VllJ ~ em 11lJl;enTu 'Utl'l t:-J1 'l1l ff'U'VlN ~ eJfl rufl1"v'l '11 eJ'lflU U fl11lJ '11 'j'U J ~ 
U CI.J q q 

'U eJ 'l ~1'Vl1 'lV'll~ lJ 1vfu 1 \91lJ\91 J ~ nlJfl1 J l ~eJlJ 1:1 fIl"v'l 'U eJ 'l1 fl J 'l1:1r 1'l 'Vll ~ (Budras, 2001) Karamihas 

ll{;l~f1 ru~ (1999) 1~1:1~ U 11111:1 fll"v'l fllJ lU~lJUllU {;l.:j 'U eJ'l q~ fll {;llJ t:-J{;l flJ ~'VllJl'l eJ fl11lJ '11 ~'U J ~ 

'U eJ'l~1'Vl1'l1\91mu \:~l~mh.:jt.:j luq~11u 11 

1 U fl1 J 1\91 fl11lJ '11 J '11 J ~ 1 ~ lJ \91 J 'l ~ llJl J fI vl11 ~ 2 iTI ~1 CJ n l! ~ '11:1 llJl J fill iJ ~ l tJ U 'IfU~ , 

'" "".ci 9 ~9 '" , '1 ~ ~I "" '" '1 9 ~ "I <>'9
lflJ eJ 'lJJeJ'Vl b'lf bU fllJ1~ ~11J1JfllllJ.:j b~l1JU Class I U{;l~ Class II l'VlflUflfllJ1~ b~lJ b'lf eJ,1Jmru bU 

~I '" , '1 9 ~ , c:l "" '" 9 "" 9 ~ 
Class I 'i)~l1JUfllJ1~lllJlJ'llCJ'l bl9ltlfllJ b'lfU'Vl.:jm{;lfl'l1J eJJ~ l'llJ bUflU119l l'lf'!.l flU b'l5 Dipstick 

'" '1 9~ '" "" fll J 1 \91 fl11lJ 'U ~ 'U J ~ bI'l CJ fll J b 'l5l m eJ ~ lJ eJ C lass II m 1J1 J fI vl111'i'11 {;ll CJ iTI ~1CJn1.! ~ eJ Rolling 

Q/ 'j) ~ 
Straightedge Profilomete r, Surface Dynamic Profilometer 1UfllJ1I'lfl11JJ'U~'UJ~ 1IPW'Vl1'leJeJlJUU 

mJJlJfl1\P111'i'11'l(J1J5fijtJl1:1~r1'eJUflb1lJ'UeJ'llfl~ tJ'l:lJ eJ (Response- Type Road Roughness Meter 

I , • 11 

111eJ RTRRM) ~.:jlfl1eJ'lYil'l11\91m1JJ'U~'1JJ~ 1I'llJ'Vl1.:jifeJlJ1J\lf)~l'leJ~lufJUflJru Class III (Huang, 

1993) 

15mmJ h f) 1 ,rf111lJ i:Y1flillO.:j 1:1f11"v'l 'U eJ.:jflU U 11lJ t:-J{;lflJ~'VllJ 1\91 V \91 J 'l ~ eJ ~ 11'l1U 1V'U eJ'l t:-J'i'l1 
U '" 

flUU (Road User Cost) uJ ~fleJ lJnlJ~fll"v'l'UeJ'lflUu5'lltJui1;1I'l1:1fll"v'llJ1fllJ'UtJ'lflUU (Road 

serviceability) ~1I'i'n1'11ul'l~u 1I'lV1:1f1lJJU'I11tJ 'l1111V.:j1U~1'l'l vf11Clfl l~tJvl11,r~lfllJ1l'lm1lJ 
" 

'U 1 'UJ ~ 'U eJ 'l ~1 'Vl1 'llJf111lJltJ U 1:1 1fl {;l ~ llPl'l51J iJ 'l ~m llJ'U I'll J ~ 1:11 fl{;l (International Roughness 

Index, IRl) ~'lflfl n n'lu I'l~U 11'lVfl1J1,rfllJ 1:1'11'lJ ~·uu 'U eJ'l15U 1mJ 1Cl fl ~ -:] JJfllJ ~19l vl1fllJ 'Vll'l{;l tJ 'l'" , 

~U~UJ~l'Vlfl'lJJ1~Cllu1J 1982 IRI ~lJ~lltJU 0 'i)~lJfl11ml1Jl~VlJl'VilnlJm~'i)fl IR1 ~lJ~l 

l'Vl1nlJ 12 ltJUN1'Vl1'l~lJm1JJi1JI'l'VlJI'l1'VlJlJlJ1fllW~ IRl ~lJ~ll'VhnlJ 5 U1:1\91'l11ltJU~fll"v'l~1, , 

'Vl1'l~m'jlJflUliJJfl1J U1lJU1~ (lJ'I1'1:1 fleJ1U'l5, 2550) 

'" "" 1 9 ~ II] ~'" '" 9 ~ ~ I
fllJ1\91fl11lJ'UJ'lJJ~'IJtJ.:jt:-J1'Vl1'l I'lV b'l5 IRl b\91JlJfl1JVeJlJJlJ b'l1l1JUlJW1J\11U'IJeJ'lJ~lJlJ, ~ 

FHWA Highway Perfonnance Monitoring System (HPMS) ~l IRl ltJUfll'jUJ:;:;lJ1ClH{;l1:1fll"v'l 

'lJ f 'lJ • 
~ .c::. 9J o..:S oC:::I d Q.I do 

fl11lJ'U J '11 J~'IJ eJ.:j "v'lU t:-J1 fI UU 'iJ 1fl'U eJlJ{;l fl11lJ 1:1 .:j\911 '11 eJ 'l"v'lU t:-J1f1U W 'Vl ViJ fllJ J:;:; V:;:;'Vl N 'Vl fll 11 U I'l , '" '" 

1\91lJ~1 IRl lJ11U1mtJUllJ\91Jl'leJrnmJJI'lJ llCl~ IRlltJUfllJJ1lJ'llUb1fl'1:Jru~Ju~1\9l1lJm1lJVn\911lJ 
5 



- , 'j.I • . 'j.I 

Il hl 1~0 Il '(l:;; f11 hl 1ru '1 ~ 'ill flfl11 lH'I' '1l91l'U eJ ,:rVJhl thYll'l 1~ Clll1fll 'Hllhl 1ru 'illfl fIl'j rll 'j 1'il.whl ~h 
'" 

.., 191 
(Topogra phic survey) 11 'j eJfIl 'j 'If Mechanical Profilometer (Huang, 1993) 

2.2 f)nU1'HnU11~m~'UM!l1'.IJm~'Hi:l1~ 

11 'il 'il1Jhl m lJ'Vll ·m ,n'l 1~'j~ 'lJ'lJ HDM-4 ~yfl'lJhIl~hl l~tJ lihllfll'j li:l fllJll1JWflieJ'IlleJ'l51tJ 
q 

.,= 11 = 11] 91 ., 991==< c: 91 ""., ., AI, =0 d' 
\9I~C'i'hl 'il hlflU'lJ'j111'j'lJl'j'l'Vll'l IlCl~ ~~'WWJhIl ,111lifll'jlfl'lJ'UeJlJCl'Vl'VlhlC'i'lJD'Uhl l'lfhl fIl'jl!ml~l1. '" 

" 
m llJl fttJ111 CI~1 ClfIl'W ~lCl 'j ~'lJ'lJ HDM-4 1'1 '1~f'lJ fIl 'jyfl'lJhIllJlll'Vlhl 'j ~'lJ'lJ'lJj 111 H 1 hl'LlTP'Vll'l 

" . 
TPMS (Thailand Pavement Management System) 'j~'lJ'lJ TPMS 1'111Jhl'j~'lJ'lJYiilfl11lJ 

d. d. 1 91 n I = "( 1 91 c: 91 J = dl ~I "" 
flm~lflCleJhlC'i''1lhleJ'I'Ulfi 'lffll'jlJ'j~llJhlC'i'fIl'W'Vll'l ,~tJ 'If'fl1IlJll1hl'UeJ'IrJ'l 'j~llJhl 'l5'1llJhl'j~'lJ'lJ'Vl

'" '" 
"'191 ~ ''''' ""11] 91 = oil] 91 1d'

mlJ'Vll'll1Cl1'1I'jlJ 'lf1Jl\9l'lIl\9lU 'W.f1'. 2530 NCl'Vl ,~'Ulflfll'j1Iml~'H'U~rlflhll ,tJ1'1ftJ'j~fleJ'lJ hlfll'j
'" 

oW 'ill'j ill11l1'1111llNhl '11hl '1'lJ tJ 'j ~ lJl ru 'l1 U 'I 'Vll'ltJ 'j ~ 11 lU 'U eJ'I rlltJf1'lJ~ 11 U iJ U '1'Vl 1'1 U'(l:;;U 'U 1'1 fIl 'j'Vll \l. . 
i1tJ'j~I'Vlf1' 

1 hl U 2550 rll'l!ml1 ~ \l'Vll\l m lJ'Vl 1'111 Cl1\l U'(l~fl ill~~ill flfJ 1"11~111fll}0mnl!Cl~yfl'lJhl 1 

'j ~ 'lJ'lJ 'lJ~ 111 'j iJ 1 ~ \l 'Vll'l 1 ,fiJtJ 'j:;; ~'Vl ~ fll'WlJl fI t\l~ hl 11'1 tJ 111 fIl 'j yfWJ hill! 'lJ 'lJ 'ill '(l eJ \l19l 1'1 '1 "l~llfl 
o ~ 0 

(1) Il 'lJ'lJ 'ill Cl eJ\l fIl 'j WeJ lJ C'i' fIl 'W'U eJ\l C'i'lfJ'Vll'l (Deterioration Model) , (2) 1l'lJ iJ'ill '(l eJ \l NCl m ~ 'Vl iJ 'ill fI 

fIl'j95mJiJU'I (Roadwork Effect Model), (3) !!iJiJ~l'(leJ\lvmm~'VliJ~mrt~'Vll'l, (4) UiJiJ111CleJ\l. .. 
~ Q.I d jI Q 0' -9.1 if ~ 
I'IlhlC'i'\lfllJUCl:;;f(\lln~'(leJlJ, !!Cl~(5) fIl'j11ml~11'Vll\l~lWf1''jfJ~rnC'i'm (Economic Analysis) l'WeJ 

11m l~-Hfl11lJfllJf11'Vll'l ~l 'W fll 'j 9feJlJ iJ n \l IlCl ~ fIl'j 1l1'lfl11lJ rllf1U! 1 hl fIl 'j 95eJlJiJ 1 'j 'I (rlltJfI'lJ~ 11 U 
q q u q 

iJl'j\l'Vll\l,2552). 

2.2.1 f)nOl'H'\.AVl!1~'\.A''U1'\.Af)n9i~'.IJun.:)m.:)lvl[JH IRI. 

m lJ 'Vl 1'1 11 Cl1 \l"l ~'l ~1'1'If1'1 fl11lJ'U ~ 'U 'j:;; C'i' lfl Cl (IRI) 1 hl fI WW'ill 'j 1l1l'j ~1'1iJfll 'j hiiJ~ fIl 'j 'lJeJ \l 

mCl'VlNUCl~ 1 ~11J Wfl ill ct1'1 hl fI UI?l~~~J 1 'il 1 hl fIl'j 95eJlJ'l11'j \l f11 IRI '\J eJ\lrlhl hl C'i'~ l\l 1 l'IlJJhl 'il~eJ ~~ . .. 
1.2-2.5 IlJ\9I'j / flhllJ\9I'j hleJfI'illfldll~Cl::::tJ'j::::l'Vlflf)iJlJlm~ lhl1hlfll'jtJeJlJfiJ IRI ~~Nnhl 19fhl 

tJ'j~I'Vlf1'C'i'l1flleJllJ~fIl1~flll1hll'l'j~l'1iJ IRI ~CleJlJfiJ"l~IYllniJ 2.7 llJ\9I'j / flli:lllJ\9I'j ,h'Wf11 IRI ~ 

ClmJfiJ'1~1hltJ'j~I'Vlf1'~hl'l 1'll'W iJ'jl~'(l 9i~ eJ'jfllCl U'(l:;; ~eJ'Wl'lfC'i' IYlltliJ 3.5 , 4.0, 4.0, 4.6 IlCl~.. .. 
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6.0 mlHl1l'1\J 'jj 'W 1'i'l n 1(j f11~fhYf'W \PImllicvlf1l'J GJfeJ:l..ni 1J\l~\J 1\PI (Jill 11 'W \PI 'l tYo 'Wt..! m\PI1l1.:J~~ 1 1Rl 

eJr.J~U'J~1J1U! 3.0-4.0 1.1J(9l'J !n1m1J~'J 
'" 

1'Wf11'JU1 g .:J'Vl N 111'J ~1Pi'Uf11'J 111'U~m 'J'i'l.:J~~ l1J1. 11 1111J1CJ mJ lCJ.:J 1'W f'U N\PI 'b'eJ'U'Ii'll.~t..!1'i'eJ.:J 

vl1f1ncieJ1Jun.:JlrieJ~1 IRl ~.:Jf111~1~r1l'Yf~J\PI11 f1nvllhffll IRI (j\PI(j-Jvl11~'I1mCJ1TIf1~rJ~eJ 
q "'" 

f1 n w~ 1J ~ 1'Vl1.:J 1.!Cl~f11'J'U 'J lli~ ~ 1'Vl H ri1t..! m 'J Q l1J ~1'Vll.:J 'D~ vll111~ 1 IRl (j \PI ~1'~.:J 1J1.:J I.~mrCltJ 
'" 

m'JcieJ1Ju1'J .:JUf1~hJ m1Jl'JO(;1\P1~ 1 1RI 11'i' I. ~ eJ.:J 'D lf1 'hj1I'i'JJ.:J 1.1-1t..! 1 'W f11'J ufU u 'J.:J ~ i11'\"l ~1'Vl1.:J u~ 
q q q 

I. ~ 'W f11 'J f f11J1 Ml1 'W 'Vll.:J vf11u I. 'lit..! .:J 1'W ~~ I. crt..! 'D 'J 1'\l 'J f11 'J \9l\PI '11 tY1 f11 'J vll 'i'l111J ~~ eJ 1\PI I. ~ 'W I'i''W 

(rlnrf1'U~111'JUn.:J'Vll.:J , 2552)
q 

mr~ mldU'b' (2550) 1I'i'ut..!~t1111tff1f1n1'Wf11'JcieJ1J~1'Vll.:J 1\P1tJ ·c)H a .:J~1 IRI lPi.:Ju~\PI.:J1'W 
., . " 

'JUV; 2.1I.W~(9lnl.:JV; 2.1 1\P1CJ~lW'U 1, 2, 3I.l(;1~ 41t..!'JUV; 2.11.1.'Vl'WTIf1ncieJ1JIPi.:J~tl1ui'l 
'" '" 

fl J UJ '~)1\>l 


'lJ 0 ~ t:hm:.l 


{jJ( III o -711~/' 
tl1I'1lill~(\I) 1 (:l?l ~0 

II J"O(lIJ It l .-o~j 
I 

~ 

I e 

'.. " UJ" ,"J .""'" I j U/FS.-\s 

__~II<:':'.=~\. I~j nI J 
IIU ~ ~.fI .... ,\ - ... 

II '" p:l\ dll,-r.l l ,Jd ln ci o t! "11 ~jI 
~ 

,n ll~ l 

tJ Iq l11 "l ll' IIIJ 

1 = GJfeJ1J(9l(;1eJ\PInm (Heavy Patching) 

2 = Ql'U~1InmeJlIcieJ1Ju'J~1J1ru 30% 'UeJ.:J~1'VlH 

3 = Maintenance Overlay tntl IRI ~ 4.0 rl1l1fU'Vll.:J'I1(;11.:Jvf11u IW~ 3.0 rlll1~'U 

'Vll.:J 11 (;11.:J Vi Ifill 
.d~.d ciJ ..::. 

4 = Structural Overlay l.1Jtl IRI ~ 5.0 l1'Jtll.1Jtl Pavement Deflection mi111~1f1q~ 

':I'lHi 2.1 11 tff1 m'J ci eJ 1J ~hvm 
'U 
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.c::i Q.I 1'::::' 

moan1 2.1 11r1f)fll'j'll'tllJN1'V1l.:J 
, 

m~'UTWfll'j'll'tllJ 'j~~'U'lhg~ 
<=1 ,
Tfif)l'j'll'tllJ . 

if 
If) UFYI f.) UU)ll'l 

Heavy Patching 

(qftllJ\9lrltl~nm) 

Interven tion 

Maintenance 

(qftllJ bitl ml'Vl:i f)) 

Structural 

Maintenance 

'I ~C9!tllJ m.:Jbi:il.:J) 

>L vhm t1tl~Utlbn~rll'1!11 rI 1 
l'fl1Pl1t1m~'V1'fl 3 lun ~l Ih;

'" 
"" If)'W 3 lJlJ. 

<V '!J if""1 \PI 11 :i~bi.:Jfl fltl tlmmJU\PIf) . . 
"" l.:J:i11\9l'jl'ilfll:i 

60/90 f)lJ .I'b'lJ. 

1 ~ ~ ~&
( 'WIlJtl.:J / lHlf)!lJtl.:J):ibif) > M 

'" 
chimJltl'l1l!!Y:I) 

qftllJlm.J IRI lJ.Jm:iln'W 2.0 

~ L qftllJ'!J~ 

~M. 

, 
~tltl'll'tllJ 

~30% 

"" 'Utl.:JN1'VI1.:J 

IRI ~ 4.0 

'VIl.:J'11 rI 1 .:J 'Wlfl'1l 

IRl ~ 5.0 

'" 11:itl 

Pavement 

Deflection 

dl <V "" 

11.:J:i~~Ulf)t)\PI 

dl, 
'll'tllJrlf) 

"" m1JN1 

maintenance overlay 

structural overlay 

2.3 !'I1fllultl~lfHll'\.!fll':i1~r11 IRl1'\.!if'il'il'JJ'\.!. 
American Society for Testing and Materials (ASTM) llPl~ll!'Wf)!'flitl.:JiJtl tltlmlJ'W 4 f)~lJ 

.~I~I'Wfll'jml'ill~~l IRl \PIllJ1Jl\9l~~l'WASTM E 950-94 ~.:J11.· 
~ ~ Q.I Q.I ~I ~.:!i Q/ I d Vj W Q.I

• !mtl.:J}Jtl\PI'jl'ill~'j~~'U Class 1: !1J'WImtl.:JlJtlml'ill~m IRl 'VI .'flrlrl'Utl.:Jfll~\9l~l'ill~ 

)J 'fllllJ !!J.J 'W ill! 'W:i ~~Ubi.:J billJ 1 'j 111 ~.:J 1'W 111Pl1 'fl t1'llJrl(tl.:J Dl-:J ~ -:J tl'll f) 'j ru ~'W !'fli tl.:JJJtl~'" . 
-W(mi~.:Jl'Wl'W1J'il~u'W'!J:i~f)tl'UlPlltl Laser Profiler Non-contact Lightweight 

IIJ ~ ,
Profiling Devices and Portable Laser Profiler Manually Operated Devices ''flUf) TRL 

~ 0 1 if";"" 

Beam, Face DipsticklROMDAS Z-250 UrI~ ARRB Walking Profiler ~NCl\PI~1Jmru'VI 

)J'fl lllJl!J.J'Will bi .:J! 'W 'j~1'11J Class I l~rI~\PI tl'll m ru~!~.:J 1'W llPl~)J'j lm~ltltlf)1Jll~.:Jl'W'" . 
~ .J "" .; 01 1 if' <V ~.J ~ 0 01 "" 

ll'llJ 1Jl f) 'U 'WI ~ tl tI !lJ 'W 1J 'j ~ t1'b''W \PI tlf)l'j l'lY'l.! 'Wl.:J 1'W 'U tl lJ rll'l 'iHl 1'W 'fll 'W bi n 1 'ill! rI ~ 1J 'j ~!lJ 'W'" ~ 
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no L~\'HHH.. rt~ql,fl,£HL~ 176-0~6 3 WlSV 11.L~~~Lrtrt:L~I:'.iJL1111.ftmtLr..[,b~~~!-I:'Q~[,bmfl,~~ 

r-t~11:'~ 1 SSBlJ fl,l0~~M.LEI.~Lrt~ nIl L~(),r..~L~nU11.bL1111.ftlmLr..[,b ~11.HLMM.Ln11.bl:'~~~lAU'1~~fb 
. ~ 

1:',0-1:'.iJ L.(1 11.ftlll0n~1~ lJ rt Lr.. [,b(3 \1 nIl L~l0,£-(), U ~n lJ ~w fbQ~b I:'r.. lJ HI:' LlArt W 11.,[I.~ (), J:b 
~ . 

l}1:'l0fl,fl,11[1 EnL lJ H nIl L~l0,£-UlJ 11. b Q gl:'Q~[,bl~b~11:'r.. lJ HI:'L lArt W 
~ . 

lJ,tllJLrt r-tLI:'~blJQ ~lrm!}rtLr.. [,b 

fl,£~1ft11:'~ AI SSBlJ fl,l0~~ l0!-()'U~QgI:'Q~[,bl nQ,tt(3lJi1Q~I:'Qf1"L1111.ftlmLr..[,b l0n~l~lJ 

rtLr..[,blJL()'I:'QM.1110~PdS JdAO dpr(J ~lJl1 lIo1Pddsul jBnS1A 'swdJsAS 'BuqB?! dPO:) Ad)! 
'i" 

n r.. ~Il,QlJ ~ ~ [1 I:' ~11 M.L I:' kbb L rtL!1 11.Q ~ 11.~ l0!}!b~~ lJ [1Q Il,,y fl,Q\1mn Ul.1L ~~lm£[1 ~ LlJ 

(3ft1lJl':llJr..rt~I.[1nlJ11.b l0'yL~Qkk(3~l0!-QgI:'Q~llm~l :AI SSBD 1l,l0~~l0!-(),r..I.l0QgI:'Q~[,bl • 

1:'.iJ M.L I:'~ blJQ~1rt:I1!}rtLr.. [,b1l,£~1 

m SSBlJ 1l,l0~I.11.bQgI:'Q~[,blklbL!A 11.~ ~SBlJ 11.bQgI:'Q~[,bllb'yll,n\1mQUb1Q~1 r;n~ 

LfW£l:'h[b~lJl1 11.LlA11.lA lJlhllL~ nL~M.LI:'~b Q);t 11.~1;:;;mfl.lJE(3 ~11.HL~11.Lnr1.bl:'~l0~ 
-~ 

~llJnr..~M.LI:'~b'p~lJ~~~fbl!Lrt11.r..~ III SSBD 11.brQl0,,\1\1~W[1Q d'ilpd~lj'a!BJ~S 'Burll0?! 
." ~. . 

;::lJll JO~BJ'Bd~uI dWl1-8 nil 'Jd~dwo4'BnOi:I 'svawo?! 'J0~SBWPBO?!I1r..~Il,QlJ~I.[1 

[11 r..l'"11101 11.,y!J' b rt 11 !} \1 QiJ I:' Q ~[,b, I:' ~(), 11. LI:' ~b L rt L!1 I. LlJ 11. Q~ I:' .iJ L11 11. ft 11 rt Lr.. [,b (3 \1 
I " I 

lJLI1 [(II L~mr..M.L.\'lI.LlJ(3~l0ror..I1U~QgI:'Q~[,bmr~' :m SSBD 1l,l0~I.l0!-()'U~QgI:'Q~[,b' • 

II SSllIJ 

QgI:'Q~~lL~lJI1Q,ttL1111.ftlmLr..ll(3~QgI:'Q~[,bm~l :II SSBIJ Il,rol0~I.l0!-I1U~QgI:'Q~[,b' • 

I:'lJL~~WfbQ 

I:'Qf1"L[,bLUlLl0rtr-t1t r-tmw l01 11.f1,U Lrtl:' Lr..fl.,I:'LW ;:: lJmn11.rtmQ ~lJOrt:Lr.. [,brtH1 I:'L lAMLlJ.\2. 
. it r6 \0> if r6 0 I r6 pit b 

http:11.LlA11.lA
http:1:',0-1:'.iJ


:J;;:':V;;:': 100 UJI'l 1:lJlltl1V11'1Jtl;J 1'iJ rrn11'l 

2.2 

(l) ';j 

(4) 

h] ~ d. 
II'l'illmme.:J 

. 
ill 

(7) e flUi.HU lfl11:lJ 

fl1:'l lfl f1 L1 

(8) :;;(J;;:':'I'11;J Measurement Instrument: DMI): 

(Data Acquisition lflfll'j 

10 



IT 
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•• 

I 

2.3.1.2 Dipstick · 

Dipstick 11J'Wt'fl~D.:J1JD~H)l~r11 IRI ~i:1f111lJuli'Wehcr.:J 1~t11~li~f)fn:lm1'iJl'fl~lmUJ 
", 	 I 'lI 

, Q..I 9J.<:::1 I I Q.; ~ ~ Q dd, Y I'll 

U\9lfWll.:J'UD.:J "U 1'V1.:J ffD.:J'Ul.:J'V1 DCJlil.:J f)'W 0.30 IlJ \911 Ifn D.:J1JD'li'W 'fl 'W lJ f111:lJ tlf)\9ID.:J ff.:J U\9I'U D'lJ f)vn tl.:J 
" 	 " " 

~ 	 ..oS =. L""%~ ~ 9J 0 9J Q/ dl 0 c:l.c:1A'.c:ld 	 Q.I' 0 Q/ 

9J tl.:J Ifn tl'l:lJ tl'li'W 'fl 'W fI tllJ '\J~! 1.l'm'l f) \9Itl.:J '1'11 nl 1 \9111 'il1'fl'fl1t1nlf.1.:J 'fI 'W 'il.:J Ili 1J 1::; fflli 1 'lJ.:J 1'W 'V1lJ~ 'W 'V1 

". I. I 	 , 

tJ'tl tI li~ tl~ 'W 'Vl U f1'lJ'l'Vl I 'fI~ tl.:J1J tllh ~ Lfl 'V1 ~'W1li ffllJl1 tl 'Vll.:J 1 'W 11'i'1 'fl tI ff~ 'fl1fl IfI~ D.:J:)j tl Dipstick 

9 9J ~I ~ ~ 	 9J ~.:!:I I Q ~ l'1 9J ~ C:iQ.I 	 Q 

ffllJl1tl t'lHlJWfntl.:J:lJD\9I11'ilfftl'lJfI11lJflf)\9Itl.:J9Jtl.:Jlfntl.:JlJtl1'fl1'll IRI 'li'W'flD'W!'fl IfnD.:JlJD'li'W'fl 
" 

dU.:Jlifl11:lJfH'Yl'W u~.:Jm.:J D1~nl11~.:Jl'Wtll1'W1Wn'\~'lh~.:J~fli:J1~1t1 ~'llmru Dipstick Uff'fl.:Jl'W 

1J.J~ 2.3 
" 

. 	 . 
~Jd. CI.I' 9J ~ 

JU'Yl 2.3 nl1\9111'il11'11'll IRI 'fl1mmo.:J Dipstick 

<01 

2.3.1.3 !f1'HH Bump Integrator 

d:t 9 'J} (lJ ~ ~ ~ 	 cv a'~ 
1m D.:J Bump Integrator ! 'li1'fl nl 1 ),fill D'W 'V1'U 'W Hf.1 ~ rl.:J H'lJ 'lJ ff~ fflJ"U D.:J l~ m 11 rl.:J 1 fI U~J \91 1'flCJ 

n.n U'lJ t'VlCJ'lJf1'lJ A111.:J 1f! CJ~I'1'~.:J ~'fl~.:J A1\9111 'ill'fl fl111'fl ~ D'W ~'U D.:JI~ rll 11~.:J l'fl U~ D111li i:1 fl11 

lfl ~D1~ ~ 9J D.:JA111.:J1 fI CJ'W I'l' DJ.J m ru~rllf1ru'lh ~ f) D'lJ1'i'1U 
. • u 

Q.I 9 .d 0 $I ~ di ~~ 
1. 	 Integrator Unit 'fl.:JHff'fl.:J !'W~lJ'Yl 2.4 'Yl1li'W1'V1Uff'fl.:Jnl1IfirlD'W'V1'U'WHrl~rl.:J'UD.:JI'I'~rll 

11~.:J 1'fl Elm.:J 1'fltlfl11 ~'fl ~1Jmtlflt1~'flH lJ 'Wf1ml 111.:J l1i'\9I1.:Jn'lJA1H11t1.:JI~D.:J~lEl'U D.:J 

Q.lO ~Q~ ~ ~ 9,JC:V1 ~d? &d 
'li'fll~ m11 M 'V11f) 11 I'ill~ 1!~ D\9I'fl\9l.:Jrl1'fl 1'flmf) CJ11'U lmm 1 -:J1li El flfi J.:J 1.:Jfl rllJ9iWliDlJ . 	 " 

~'fll 'Y~ Ell11 ~.:J llll~1 f) 1111'1 ~D'W ~ '1.1 D.:J I~ rll11 ~.:J 'il~ 'Vll1 t1rlfl1 fJ flli lJlJ fl~'lJ 1 'll f)~'lJ lJ 1 
OJ • 

I'lrl Dl'lnm~IWrll11 ~.:JI'fI~tl'W~~'WUrl~ rl.:J «tytyl ill fl1111'1 ~ D'W ~h! rf.:J ffD.:J V1f'1''1'1 H1J D.:J 

<v"'l1J~ d, = '" '" Integrator Unit 'il~~f)'lJ'W'Ylfl n !WfnD.:JfiDlJ~1I\9lD1t1'WCJflm.:J 

12 
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l0,kJL~ Q »'!J lH Q U01SSdJ2dJ JBdUq f,L Urt,LH' Qf\, n,f111 f1 til,bI1L ru.\A f,L Urtk!~bf,LU J1l W~f, 1, ~ L~ Q L l1U 

rtL WM,I1~f11~ I1II L~~Qf\, ~ l1 f11ml1 ~f1nL UL ~Q~l-WHI1Lru.\Af,L UL.\A M,,!bUL ~ L, ft U 1, l1 ~k!11:.-~mLkk! Q~ I L , ~ 

1:, L U!J Q!J1 M,~rt f.1 tvt LLX k! U L ~ M,~rt f.1 M,,!b ~ LtA I:.-tJ ~ Qn, n, r:J ~1 n, L1:, rt L I:.-W, r:J LM, L.\A 1:, L U Q ~t1 nlI ~1, 1:, LUll, b • I , (!; I 

I1Il LW,r:JL ItLtAf,LU , 0 

(~ooz: '1'1 ~m1 '6uBl[) UEU1:,f111l~M,Q1l0M,UL,\J1:,I:.-W,~~ (lOV) 

~M,ULlvtrur:J~Qn,mLrt ~~l1m LtAl:.-t; t' Qf\,~ LGM,~U'~ t'L tAl:.-t; ~Q Ib~ L Q M,~l L l1l1lb,kJ ~ 1:, Wr:J l0 tM,~W~l1 (1 J: 

M,Q1~l1L£bL.\A~WU,!buL!1~mmQfUl0,kJf,L Ut'lA M,,!b~ LtAl:.-t;M, n,M,LI1l01:.-r:J ~ Q Ib mL rt~UL~~tll0~ lJ 1:,L rtLk! 
(!; ~ (!; fl 

~ ~t' LtAl:.-t; M, n, t'f; ~~M, U Ltvt ru r:J U L l1n,lA,~ W~Ht'Qlbrtl:.-f, l1H Q ~L£bL.\A~ WU11,uql, Ito l1 Ito l0l0m k! 11 M,~ 
, I • • (fi _ (Ii 

~iJU mo M,!bmQ~l0lm ~~m1 !Jw,mL~t'LlA,tLUM,I:.-n,~W~LuWI1 f,l1L f,~f,LU mLrt~UL(1L£bL.\A~W~f,11 
, ~ 

S'IOV'tOCI "1"V 0) .JM . 
019)Qr:) 

b 
~ t t 

[~ Jo<JU £ " ~~ '-'Ii] )-~ 
~ . 01 Bvnunow I~"OJ 

JOJ ~)./d uO~P~IOJd 

.. ul <aIOH ~ JOJ ~H~I$e3 
-

c:I-­ ., 
18 p%ld < ... . 1 oJ J3f1O'J 

lOI8JO;lUI dwng ~ , '. -.; 



,&

tl'l~lflflJl1Jlli tl~fll11J UGl:;;fl111J fl111J fll1;j 'JI71H"1 Y\ 

IRl 

= Ruotoisterunaki i!Gl:;::'flru~ vnYn~ 

, 
'J1'lJ ;j fl tlfll11JfI Gl Wi 

.. fl 

.. fl 

.. fl111J ';i,j l1..!'Ufl~ UflU.:J'hW'W1Jl'U'lJfl.:JV1'WWlfllJ ~ fllJ llP1v 

.. >;iljl'llll9i')9i')1'W'll 

.. 

.. 

.. 

.. 
Park Uft~flru:;; Condition 

d '1 !V 
PCI) !'I'~fl!1J 

= 
fll ';i 'I'1l 'W1 Vfl' m 'Y~ vn Y1 Parametric Model 

r~(j Power Model 2.2 

PCI KllRIK2 

Is Is Hftli'l~ 

IRl fl'1Jfll';i 2.2 fillJl'JtI 

Y\ 2.3 

log PCl log kl + kz IRI (2.3) 

Park m;:;;flU~;;; (2007) IRl 0.727 

PCI 100 YY\2 2.4 

14 



- - - - -- - -----

. .' IRI 
log PCI = 2 + k2 (Jog-) (2.4 ) 

:. 0.727 

P[ i 1' •. I V(-'rlIl~ r11 Qu~k v JR.I 

100I i ~c··:lic lil 0 .727 

l{:,~ \ " ~:ry ( ini.ld 1. oS S 

70I -;;: _ ~~~--(juuJ __ 1.65 

S5 2.87 
· 1 : II', il:~ , : 111 ,I 

.. 
IH I " .947 

1 \ ~ r)J ' 

25, \-::n-Poo~ 17. :' 

' f; " '" 

10I r ;)i i.;:d ·; , ~20 

-_. ' -~.~- ------"- ~-----. 

o N/A" 
• Not I\pp l,rob lc 

'nHi 2.5 'fll pel H(l~ lRI (Park U(l~'f1W ~, 2007)
'" 

Ruotoistenmaki U(l::;'f1ru::; (2006) 1~ff1Jf)l1 Linear Regression 1'Wfl11'\1ht...mJ'fll"JeJ~ IRl h.!JLJ'UeJ'I 

. 
Logarithm lWlhj'w~1 (In Y) 1\pHJ1~ff1Jf)l1JLJ~'1-w 

~ 

In Y = ~o + ~lln Xl + ~21n X2 + ... + ~n In Xn + £ (2.5) 

11Plu ~O l'VilnU'fll'f1~~"JeJ'I Regress ion, ~j ~eJ'fll~1J'l.h~ir'\ll~'UeJ~ Independent Variable (j = 1 ~'1 
r-:I. I .d 

n), itl;'t::; £ 'f1eJ'f1lfll11J'f1l;'tlIPlI'f1l;'teJ'W (Error Term) 

15 






91 


fit ~~1 LlJUHL rtUU1:1 t-JGt-Lt UlA, M.Mrtt-JG t-L lA,tH t-Q n,MLLHH1.rt:1;;: r,fl M.L ~ !b1,L rtL 11. ~[1lA,rt,LJ,;;:L rt),1, 1rt:Lt~ If) If) IA 0 I lit Fr t1 p ~ po f? 'C::7 1:;::7 I v ('f) 0 p-
I ," • I 

rtt-[1 d'iM.LlA,M.lA,rt:Lt~rt;;:lJn flQM.M.Lt-~f1(jrl!;'LUM.l Wt1!b1, 'yLULQMLU,LJ,UiA,f1U~1 M.Lt-!bllHLrt:L,LJ, t-~ PlY P (f) ~bol'" 6 (f) I'Ottlrt rGb 

M.L~L.\AUUM.l,t~t-Q~~rt:Lt~~ jOlBJ'ild~uI dlllng UL[1t-Q,p1~n I ssclJ M.l,rQ~~ ULrtt-~L.(JM.ftmQ~u{j 

rtLW~~ )j::)]~SdTQ Qkft-Q ~~mt~~~[1L!;'~UUlH1L~UrlQ,tbL.(JM.ft11rt:LL~~ ~~ ~LIJU M.Lrf1~;;:U.(JM.:m 

~Q~U{jrtLL~~~~~[1L!;'~UU\JI'j~l,~ (v6-0~6 3 W1SV) W1SV M.LK!;'~LrtrtL~ III SS"EI:) M.l,PQ~l1 

;;:I1M.flI1LM.L~M.1 !b1lA, JO~Cj'Bd~UJ dumg fI~lI1Q,LJ,~lA,t-l1rlmQn, (ren 'xdpuI SS;)UlIZlno(I ICUOqCWd~UI) p'ro~ 6r&6"P' I'"
" . 

I1UL,LJ,;;:!;,n,rl1.rt:Lt~~!b~~~I1U~Qkft-Q~~1M.~l Jo~i:u'ild~ul drung t-Q~~l~l,~L rl~ ~~~m~ 

!;'[1L!;'11 UUt-Q l1.uiA,!;, !;,I1U l1),1,Lrt 

" 
;;:1111!;, 11 L!;'I1!;' LU mLrt 81 tl.l~fI~ 11 J:Lf1roLJ I1Q,LJ,~lA,t-11 rmQI1. nIl L~~QI1.t-I1[ bimr.l~r1ULJ t-~L R,LJ~lHLrtL,LJ, 

~1,Q~l (~LI1),1,~LlA,rtW r.lroLJ~Ql1rrtLL~rlLM.L~LJl1L~rl~lI1LU~~ j ~~Z t-L~),1,t-LlA,M.f1!;'I1L!;'[1ULJ 

M.L~rJLWLl1lJrtQn,) 9'09 t-LJ ~'Z ;;:l1rlQULL),1,;;:!;,RQLJiA,!;'!;'I1LJ!;'M.L,LJ,~,LJ,rt;;:l11l M.UM.~ v~j'jt ~LJ (I) f? (G L I L rop ro 1"0 l? 

90~ ~ L~),1,;;: !;'PQ M.~ Q~rl ~til]:, 11 L111!;' LLJ mL rt81 ~~ELJQ~l~ro~\;!-I1Q,LJ, ~lA, t-lJ r 11~t-,l't ;;:m!;, l\!;, L LJLJL 11 t-~),1, 
, I It " 

f1Q,LJ,~lA,~l1rmQfloM.Lt-~l,HLJ~Qflo h!;. Z ;;:rl;;:UL~M.1, jOFu'Bd~ul dlllng ~Q~~mL~~L~!-I1U~~ 

1(11 L~t-Qrl.t-l1r11M.rl~r1!;'L UUll1 t-llA,L!:!t-Qflof1r.l ~rtlWMLLJ,LJ,t-IJ r11M.rl ~rlnUrtll~~~Q~I (ABpdAO) 

~llA,L!:! rt~HlU~rlt~~m!;,l\t-hrU~~Lr.l~LlJt-llA,;;:lJllrt~It-llA,M.~t-rrf1£ rUU~fK~;::m !;,l\t-h[t 
. " 

~~~lrJ~llJ~llA ~n~L l..,t-l~!;'lU~rlL~;;:m!;,l\t-hrUlUl.\A~~l\;!-I1Q,LJ,~lAt-lJrll lZ M.~~rolArtU Hrl 
I • • It: rti 

~lN llAL!:! ~ L 11),1, t-llA 11. ~I ~ ~I1Q,LJ, ~lA ~ IJ [lllU Q hll t-~rl110 ;;:m~ ~ llA ~11.),1, l ~M.L ~!;, ~lrt l~U M.ktll~ ~~ 

(r(Il 'xdpul sSdUlj'BnO(I ICUOT~BWd~UI) lJUl,LJ,;;:!;, n,r r.rtlL ~~!b~rlL~~llAL!:! ~ Qflo I1rl ~1rt:lW~!-UUrJ ~l 

;;:lJjj M.I1.~U1rlL),1,rl,LJ,1rt:lWrtUt-lrl~llJHlAU'nLIJ),1,HlA ~ Z-j ~rJMml~!bl,~I}IQrtllAM.M~ll1M.l,~]:'11
!f ~ p ~~ 1:;:7 po ~ (Ei "=" ~ F !r <.::::>' 

M.Lt-~l,UUM,LU,LJ,UL[1~l1 h!;. L mLrt;;:!;,rM.Lt-~l,nU~LQ~~l,f1f1nUQQuLtt-U;!),1,t-llArtW M.l1~LlJ),1,~llA 
" 

£: LUA,1l l==>
. 



Q Q ,Im'an1 3.1 :1 ltJr1 ~:Ttl tJ~'lJ tJ,J au J:1-:J 'Yl ~HH)1J 

'Yll-:J '11 (1 l-:J 
~lI')'iJ 

'11 m tJ lrI 'lJ 

3 

2 7 

3 323 

4 331 

5 359 (1) 

6 359 (2) 

7 359 (3) 

8 3030 

9 3034 

10 

U'Ul-:Jf'll:1'Yll-:J 

:1~tJtJ-:J 

'liJ:11J~-vi 2 

mill 'iJ1.J 1J1 u , 

'li(11J1-vi 2, 

1hl~I.J1J1 

1l:11~1.J1J1, 

1l:11~1.J1J1, 
= 0' Q 

{Y'W.1J 'Yl. {Y -:J '111J:1 

Q 

m~1J:1 

1l:11~1.J1J1 

fllJ . 

c: " mJ\9i'W 

" mJ.ihJ"rr~, 

256+060 I 263+000 

18+600 I 20+500 

55+000 I 60+000 

121+500 I 125+000 

31 +425 I 35+000 

37+000 I 39+000 

43+486 45+851 

2+000 10+000 

3+000 . 14+444 

10+000 13+000 

:1~tJ~'Yll-:J I ADT 

(fllJ.) I (fl'wll.J) 

6.940 14,036 

1.900 31,154 

5.000 506 

3.500 7,054 

3.575 4,057 

2.000 4,057 

2.365 4,051' 

8.000 2,348 

11.444 4,615 

3.0003079 (l) 
~--~-------~I~ , 

9,107 

11 3079 (2) 'l.hl~'W1J1, 15+000 17+000 2.000 9,107 

12 3079 (3) 1l:11'~ h! 1J1 4+375 8+175 3.800 5~'197 

13 3086 m t1! tl 'W 'l.J1 76+400 81+000 4 .600 1,272 

d 

14 3179 l'W'li:11J:1, 0+109 8+091 7.982 3,257 

d 

15 3245 m ill tll.J1J :1u , 0+000 8+000 8.000 3,327 

16 3302 {y:1 ~ 1J1 3+162 9+000 5.838 NA 

17 3422 {Y'Wnru1J1-vi 2 , , 5+000 16+000 11.000 3,405 

18 3454 {y1.J.1J'YI.~l-:JYltJ-:J 33+000 36+000 3.000 2,583 

19 3455 milltll.J1J1 0+005 4+000 3.995 633 u , 

20 3483 {yI.J,1J'Yl.ell-:J'YltJ-:J 0+850 4+000 3.150 1,099 

21 3501 tJ~1Wl I 18+000 23+594 5.594 1,266 

~ , 
J:1Wffll.J 

Hlm:1'VJfl 

(%) 

7.0 

18.8 

5.1 

8.3 

10.0 

10.0 

10.0 

4.5 

60.6 

7.6 

7.6 

9.9 

7.5 

4.7 

8.8 

NA 

9.2 

8.0 

5.1 

2.5 

17.4 

l1i 'Q " 
'I1mtJb'l1l'1 NA = !lJlJ'UtJlJ(1 , " 

17 



<v' ~ 
, 

'lJ
3.2 f)l'n~i'I1 IRl ~1mfl'H)":) Bump Integrator 

at .d 
3.2.1 f1l'HHI'U!'YIU'U (Calibration) Ifl'H)":) Bump Integrator 

11~f1f1l'J'V11-:.J1'U'UtJ-:.Jlfl~tJ-:.J{itJ Bump Integratorl'i'tJ-:.JhHLJf1l'JiJ~LJun~11~~f1l'J 

1m CJLJlVi~LJnLJ Ifl~tJ-:.J{itJ~ijfl"J1:JJ~~la~~ (j-:.Jf111 ~-:.J 1~mJf1~mm~1-:J11~1-:.J l~lfl~tJ-:.J Dipstick ~-:.J 

I~Wfl~ tJ-:J {itJ-eJ1-:J ~ -:.J rll11 ~LJ lfl~ tJ -:J Bump Integrator 1~ ~~ 1m1:JJ~ UiJ'UtJ -:.J tl1'Vll-:.J~1'I 'j 1 'l ~tJ1J~1~ 

IflitJ-:J Bump Integrator 'l~tJQ1'UJtI'UtJ-:.J~1 B.I. 11'1-hm~'U B.1.~fJn1m:JJI'l'J ~-:.Jf11'JUtl~-:.J~fJ:l..Jf.l~'1"r 
1~'U~1 IRl '1'U11'1-hVl:JJI'l'J~tJn1~!:JJI'l'J 'l~'Vhl~1~~f11'J~tJLJIVi~LJ (Calibrate) Ifl~tJ-:.J{ifJ Bump 

91 CLlCLlr/ ~ d' 191 Q.I~ ~~ 
Integrator 'l1f1f11 'J ~'J 1-:Jfl11:JJ ~:JJ'V'l'U 'I'i'Vll-:Jfl Ull'lfll ~1'l'J'J~1111-:J'UfJl,!(1 B .l. I'l 'J1'l1~~ 1Vlm tJ-:J:JJ tJ 

Bump Integrator nLJ~tJl,!~ IRlI'l'J1'l1~~1t1!fl~fJ-:J{itJ Dips tick l'UUtI~-:.J'Vl~MILJ 
.d 0 ~ "" if 19J ~ '1!V d "I "" 9!V

l'UtJ-:.J'l1f1'Vlnffl'Uf11Ifl'J1~11U~~l'ln'l~fJLJ m:JJ'Vll-:.J11~1-:J ~'l~ 11:JJlllJ'fj-:.J'Vl~GH)1JI'V'lfJ ,'Ii 

. " " 
'1'Uf11'HH)LJIVi~LJ Ifl1fJ-:J{ifJ Bump Integrator l1vl-:JiY'U 15 lltl~-:.J'Vl~~tJLJ flru~m,)~~-:.Jl~'UfJm1:JJ

'" 
tJ~lm 1~ "f1~ fJ '1 ~Il tI ~ -:.JVl~ ~tJLJ 1'1-:Jf1~ 11'1 'U f11'J ~fJLJ IViVLJlfl~ tJ-:J{i fJ Bump Integrator ri fJ'U ~ 'l~111 

<JI<1 d cv Q Q.I I 1 cl ~ 0 d ;'..s1til'll, 'U f11 'Hf1'lJ 'UtJJJ'fj 1 'U -:.J 1'U 1'l ~I'l fJ tI CJi -:J'U 'U I'l tJ 'U 'Vl1ll tI~ -:.J 'Vl~ ~fJLJ II ~~ f11 'J ~tJLJ I'Vl ~LJ 1m D-:.J:JJtJ 
'" 

Bump Integrato'r l~fJ~rl-:Jml:JJ~:JJvr'U,j'J~1111-:.J~1 B.l. nml1 IRl ij'J1~~~la~~I'1-:.J~tJlt1~ 
I . l~ tJf1 ~1 ~'Vl1-:.J I~ tJ 'I'll! ~'Ull tI ~ -:.J 'Vl ~ ~_tJLJ 1 ~ ~I~ tJf1 ~1 ~'Vll-:.J ~ -:.Jij ~f1'I:J U!~ ~fll'V'l fl11:JJ I~ ~LJ 

'UtJ-:J ~h'Vl HUI'l f1~ 1-:J n'U 1 ~ ~ ~ 1~'Vl1-:J~!~ tJfWl'J1 'l1~fl1'J ij m:JJl Ul f11'J 'l 'J1 'l 'J llJvnJ 1mJ 'U:JJlf1 l~ fJ 

~1Vl1-:J~'Vl~ ~tJLJ'l~ llJijf11'J! ~tJm1'fl1'V'l!11:JJlmrf1 U~~l'jlitJfl11:JJ~~~ 1f1U'fj~tI'fj tJ~ Jl~l 'U 1J5 LJ~ -:Jl'U 

!V 
f11'J 1~ ~ ~tJLJ~ 1~ 

2. lli.J-:J~1~'Vl1-:J~I~tJf111tJtJf1l~'U 15 1It1~-:J'Vl~~m.J hWU~~~lltl~-:J'Vl~~tJLJilfl11:JJ~11 

300 1:JJ1'l'J u~~ijml:JJi1 mJ'UtJ-:J~l'Vll-:J~III'lf1~l-:Jn'U 'l1f1:JJlf11 tl111U tJ ~ 'llf1J'U vll~tu ~f1'I:Jllitru~~-:J. U 

11 :JJltl!~ "m~ 'fj~l'lfJ'U 1I~~ lI'ff~ -:JVlfl'VlH1'UU'U 11 tJ -:J r:1tJ9f1 tI-'U 11 '1 "rolf~1 'l'U 

, 'JJ 'JJ I <J} I <JI ~ 
3. vllf11'J1'l'J1'l1~~1 IRl 'UfJ-:J 'JfJ-:J ~fJCJil~U'fj~ 'J fJ-:J 'fj fJ'\J 11'UtJ-:J1I1'l 'fj~1'l tJ'U ~ 1Vlfl 'J tJ-:J 

I.cd. I 1 I 9J iJ I <J} ~Q.I 1!V ~ I 

Dipstick 1~~mltW~'UtJ-:Jm IRl 'J~111H'JfJ-:J'fjfJCJil~U'fj~'JfJ-:J~tJ'U11'Vl1~ ~ 'l~lu'Um IRl 'UtJ-:.J 

"" ~ 
H1'Vl1 -:.JI91tJ'U'U 'U'l 

4. vllf11'J1'l'J1'l1~~1 IRl ~1mfl~fJ-:J Bump Integrator 1'W!I~~~l'ltJ'UVinl11'U~111~~ 
~ 1!V ~ "" 

m'lJfl:JJm1:JJ1'J1'UtJ-:.J'Jfl'Vl~'fftJLJ'Vl~~tJ'lJ 12 m1:JJ1'J1 fltJ 
q 

~ ""1 ,~ 1 "" 9!V ~I ~ 9 d• fl11:JJ1'J1 35 f1 ~1:JJ1'l'J\9lfJ'II1 :JJ-:J l'V'lfJ ,'IIllJ'Ufl11:JJl'J1 ,'Uf11'j\91'J1'l~tJLJfl11:JJl'J~LJ 

'UfJ-:J~1'Vl1-:Jl 'U1'UI'lI{ifJ-:J 111fJvf'U~~ -:Jolf'W ~ llJm'l~-:J\9l'J1'l~tJLJ~1~m1:JJ111~-:J 1~ 
'" '" 

~ "" 1 ~ 1 "" 9!V ~I ~ 9 dI• fl11:JJ1'J1 60 f1 ~1:JJ1'l'Jl'lfJ'II1 :JJ-:J l'V'lfJ ,'IIllJ'Ufl11:JJ1'J1 ,'Uf11'JI9l'J1'l'fffJLJfl11:JJI'JtlLJ 

'U fJ-:J ~1'V1l-:J '1 W'U 19l'U fJf1l{i fJ-:J 111 fJvf'U~ 'J 1LJ ~ ~1:JJ n fl ~-:J I9l 'J 1 'l 'fffJ'lJvl1~m1:JJ 111 
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1:'1'.:J 1 ~ H~ ~J CJ:U ~ ~l f1 ~ 'U tl.:J lfli tl.:J jJ tl n 1'Y!lJ ~ h1~.:J ~ 'Wfl'"JllJ 1~ J hhf'1'W 60 
" 
f'11 ~llJ\9\1~tli1 1lJ.:J tnf)mllJl~J1:'1'.:Jf)';h~nl'l1'W~11 f11m1lJl1 CJ'U'\Jtl.:J~hYm~ 

'" 
\f} 91 d d 

\9\1 1'\l 1:'1'tl'U !~ '\l~lJfl 11lJflm~lfl ~tl'W1:'1'.:J 
'V 

f1l 1\9\1 1 '\l1~ '\l~'Vh 1~CJ! 'J5'1 f1'Vl~1:'1'tl U~.:J ~lt..11 tJ! t..IU t..I J~ r11'11 t..I~ tl th.:J 1!tl CJ 3 1 ~ CJ 1 ~lm ~CJ 

'Utl.:Jf1 1'1'1 11lJl1 CJU'Utl.:J N1'Vll.:J~ \YI 1 J '\l1~ 1~! t..I 1:'1''WllJ ~ tl ~JI1 'Vl t..I 'U tl.:J f11 '1'1 11lJl1 CJ'U'U tl.:J NJ'Vll.:J~'Vl1 
<v "l !v 91 d. '1 • 

f)11\9\1J'\l1~ !~~Jmfl1tl.:J Bump Integrator (B.l.) !'WU\9\~:::\9\tl'W 

5. 'I11~1 IRI ~.:J\9\n'\l1~ 1~\9\llJnf)lJ!t..I.ij'tl~ 3 U~:::f11 B.l. ~'Vllf)11mJ'\l1~ 1~\9\llJ1TIf)lJ 

! t..I q'j'tl ~ 4 'U tl.:J \9\ tl'W ~ 'Vl1 f)1 1 \9\1 1 '\l1~1~ CJ 1f1t..I lJ 1'111fl J1lJ ~lJvr'WlSflt..I \9\ llJ'I1 J:ff)f1l 1 'Vl1.:J n(; ~ ~1 (J1TI 
. 

91dJ 0 <v", "' ''' 
~ 

''l.I'191l "" ", <v'" <v.1 '"<V

Regression Analysis H~1'\l.:Jt..I1ltl1flJ1lJnlJ'W'W1it..lIU 'If 'Wf)1nlfl11~'l1f1JllJnlJ'W~j1i'Utl.:J\9\1Uu1'Vl 

91 dJ "'. <V "l~ . 1";
\9\tl.:Jf)11f'ff)EJlfltlfll B.l. U~~ IRI ~.:JU1:'1'~.:J!1 1'W1u'Vl 3.1 

'" 
C1 ~ ~ I cl I ~ &.:191 

6. !'Wf1l11:'1'fJ1JI'VlCJ1Jlf11tl.:J Bump Integrator l'WnUtJ~.:Jfll B.L lDt..Ifll qu 'W'W lJ'Utlm1 

1~1.:J~tl ~tJ5'U11.:Jl'W ~ll1Jt..I mh.:J~.:J~~tl.:J'Vl1f)11ntl1JlYi(J'U\9\lmf'W\9\tlt..l mh.:J lf1~ .:Jfl1~ n~tl '111'N~f)11 
c:1 r..j 3J a.I~ dJ 5Jd. 

b1'tl1J 1'Vl CJ U lJ I'll llJ fI f) \9\ tl,;j '11 1 tll f) ~ 1'1 J1lJ 1'1 m~ 11'1 ~ tl'W t..I ElfJ 'Vl b1'~ 
" q 
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-
~ 
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y =0.051x + 1420 
R2 = 0.919 

• 
1.00 
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8.1. (B.l.lkm) 

ltl~ 3.1 m1lJ~mr'W'yj1~'l1';)1,;j~1 B.l. ~1~'\llmflitl,;j Bump Integrator ~mllJl~1 35 f'1hllJ\9\1~tl 

';11lJ,;j flllf111RI 'Utl.:JN1'Vl1,;j~1~'\llmflitl,;j Dipstick (IRID) 
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B.1. (B.l.lkm) 

JtI~ 3.2 mllJ6YlJ'\~\J'!r'l~i1 'h:J~ 1 B.L ~l\Pl~lfHflieJ,:,j Bump Integrato r ~mllJl~l 60 ilhllJml9leJ 

i'lllJ,:,j n1J~l IRI 'lItl,:,j~hvm~l\>,l~lfHflitl,:,j Dipstick (IRIo) 

Q/' ~V
3.2.2 fll'jVl'j 'HI1~f11 IRI ~1t1tfl'jel~ Bump Integrator 

.J''Wl9ltl'Wfl1'lI?l'l11l1\Pl~1 IRI 1Pi'1CHflieJ-:J Bump Integrator 1\Pl1l6Y,:,jl'll tlllh,li,:,jd 
-, " 

v """" 1 ~ ~ v1. 19l'll~r:YeJ1JmllJ'Vi'ltllJ'Utl,:,jlmeJ,:,jlJtl \Plllfl1'lI9l'll~r:Ytl1JmllJ\Pl'W'\1eJ,:,jt']lJtJ1,:,j'Vl,:,j 4 t']tl 
v • • ~ 'i/ 'i/ 

llt'] ~19l 'l1~(;'1'tl1J'lhI111'fl1J'l 'l'Vl fl 1-011J'W 1t119l1lJVlU'WVi fll n'W'tJ'W19l tl'W fll 'lll ~1JWl vl,:,j UeJll1fll 'l loff,:,jl'W, , 

'lItl ,:,j'th,:,j~l,:,j l1!m'llil'W 5,000 illmlJm lvttl 111'eJU! WHll'V'll 'l11!'V'l ~ tllJ 1 off,:,jl'Wllt']~"l1! ~,:,j Nt']m~'Vl'U
'" 

~tl~l~m 1~1\Pl l~eJ,:,j~lflfll'll9l 'l1~1\>,1~lml1Jl~1I'U'Utl,:,jtl'Wml1CHfli tl-:J Bump Integrator 1JA1mh 

~~h'flUJ;{eJ 1711mb !~1I1n'U(;'1'fll'Vi 'l t111'W~~1l1:1Jl'1off,:,jl'W l1Pi'Uf1 M ll'V'l'Utl,:,j 'l t111'W~ eJll1fll'J '1 off,:,jl'W'lItl~
u q 

'l t111'W~ fl1llJ i'W ~1J 1I1,:,j r:Y fll'Vi'U tl ,:,jlll,:,j (;'1'fllWUtl-:J't51,:,j ~ 1,:,j II t'] ~J1'l111'fl'U 'l 'l 'II] fl'1 'W 'Uru~ vi'1 fll 'l 
q 

'Vll'l r:Ytl'U ~l'Wlll9llJ Nt'] m~'Vl'Ul9ltlfl1'llfl~eJ'W ~~ 'W t'],:,j'\JeJ,:,j!'V'l m'l1~,:,j nW'W~I11'!\l\PlmllJfl m\Pllfl ~eJ'W 1,\>,1 

J',:,ji'W ~,:,jnli1'W\Pl 111'v1'eJ,:,j vi' lfll'lm 1~ r:YeJ'UtI ~'U!!n!fli eJ,:,j1JeJ'Vlm~lI ~'Vll,:,j "l~!il'W 5,000 ill mlJl9l 'l 
q 

cf dl cSO d .:SQ.I 

'Wtlmlfl'W ~llmrur:Y1'W'Vlr:Ylf1t1J'lIeJ,:,j!meJ,:,j Bump Integrator fltl Integrator Unit, Romdas 

. 1v v
Hardware Interface, Distance and Speed Sensor llt']~ Computer Notebook fl1'l19l'l11lr:Ytl'U 'l1'V'l'ltllJ 

'1off-:J l'Wl?lllJ.u'tlnlYl'W\Pl l~wm 'V'l1~ (;'1'll1~UJUJlru u~~eJllm ru!~eJ1Jl9ltl~ tl1~!il\Pl'l1UJi11'l1~\Pl'l1~ fJ11mlJ 
u u q u q 

v 0 Y"J "I v 'I , "I vd 

l?leJ,:,jmlllr:YeJ'U!W~'Vllfll'Jllfl 1'\1 b'l1tlQ 'WMll'Vil'lfltl'Wfll'l b'tf,:,jl'W 

2 . ~nl1lullt'],:,j'Vl\Plr:YeJ'U (Test Section) !!t']~nl'l1'W\PlmllJ!~l~\l~Ioff!'Wfll'l'Vl\Pl(;'1'eJ'U 1\Pl1l!'W 

fll'li~lJd"llPi'vi'lfll'l'Vl\PlbYeJ'U l\Plllfll'l!n'U~l B.L 'VJfl"1 500 llJm'Utl,:,jllllt']~'II]\Pl(;'1'ElU ut']~nl'l1'W\Pl 
mllJ!~l'Utl,:,j'ltl'Vl\PlbYtl'U~!off~ 60 illmlJl9l'll9ltli'lllJ,:,j 
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..,j'lH13.3 f)l 'H'l1'J1'DUDM'VlIWffeJ'lJ 

3. Ulrllfl11lJt1cJ1J'lJeJ-:J~h'Vll-:J~'I'11f)l'JA'J1'D1~ Il'11'11CHflieJ-:J Bump Integrator (B.l.) hm~ 
,., , . 

~~\i1eJhI 'lJeJ-:J~hI'Vi'Vl~1:'1'eJ'lJ 'hJf1'lhl1UJ'I1lrll IRl 1~tll~fl11lJbllJvrhllh~tdWfil B.l. tW~ IRI rill'1 
,., . 
~ . - .

'Dlf)'UhI \9l eJhI f)l'J 1:'1'eJ1H 'Vltl'lJ tfl 'J eJ ~ Bump Integrator 

'j/ a.a.v ~ 
3.3 f)U't1Vl~f)'Ui'l1U.jm'W't11'W'lJtHVl'W!VllJVl1f.Ui'ljf)-:J Dynamic Cone Penetrometer 

dt c:! I ~ I dQ.J 

thl eJ~ 'D If)f)l'J t D ~ tlhI UD ~ ~'lJ eJ -:Jfll IRl 'IJ eJ ~'Vll-:Jm~ til ~ 'IJ hi eJCJf)'lJ 1:'1'fl TWfl 11lJU'U ~U'J ~'lJ eJ-:J 
,., ,., . '" 

1 m ~ 1:'1'f1 ~'lf\.! 'Vll-:J ell tlf)l 'J I 'If-:J lhl hi eJ f) 'ill f)~ f)l 'J tD~ tlhIt! D M'U eJ -:Jrl 1 IRl cJ-:J eJ 1 'il JJfIJ llJ blm~hI i n'lJ 
q 

flJllJU ~-:J!l 'J -:J'U eJ-:J~hIt~lJ~f)1'111:J J-:Jd'D If)f)l 'Jbl-:Jtf)\9lN~ I t..!fllfl1:'1'hlllJ~ 'lJl11:'1'fll~'Vll-:Jf)ll:Jfll~ t'lit..! 

1:'1'fll~flihh~!'Vlfl'~ll hlhIl'1lPl~lhl~JJ5mJUJ~t:tJhIt!11~-:JJl ~'J l'lJ~lJJ lvl 1lJ~-:J flt'IJl 'l1j eJl1h1tt~-:J 
'" q '" . ,., ,., 

~1t..! JJNI;) m ~ 'Vl 'lJv1 eJfl 11 lJ !~cJ'l11 tI-v1D 'J If){]'lJhI ~h'Vll~ 'Yl-:Jilhl 1'1-:J Jhll hi ~ lhll'1ll:Jt1~ -:J 11'1'1'11 f)l'J tn'lJ 

9J c:: ~ c:::.. ~I 9J I W 
'lJeJl,J I;)fl 11lJU 'U.::JU 'J ~'U eJ ~ IPlWlPllJ'lJ eJ-:JU lJ ~ ~'VlIPl1:'1'eJ1J~ 1t1m 'J 'Vl~ 1:'1'eJ 1J'l11fllfl 11lJ\9l1hl 'Vllhl f)) 1t1 (Cone 

,.,. , 
= Q 9 ~ ~ 1 ~ ~ "" «I

Resistance) 'lJeJ-:J~hltlPllJ !Wll'hI m-:J1:'1''Jl-:Jl11-:J1Pl1t1tmeJ-:J Dynamic Cone Penetrometer (DCP) t~eJ 

~f1'l:J l~~ t:-W'IJeJ-:Jfl 11lJ U ~-:Jm -:J'IJ eJ-:J~hI!~lJ~JJ~eJf)l) tD~tlhlUD M'UeJ-:Jrl'l IRl ;-:J'il~ 1:'1'lm'JllUl 1 DI~ 

D ~1JD 'J.::J n f)l 'J eJ eJ f)U1J 1J'Vll-:Jm ~ til ~ I tlJJ eJ1CJf)1'J I ~-:J lW'l1 m~ 1:'1'lJn'lJ 1:'1' fIl~ f1l'J I ~~ 1'W 'D~-:J 
q q 

v . . ~ 

f)l'J 'Vl1Pl1:'1'eJ'lJ 'l11rl 1 fl 11lJI'i' lhl'Vllhlf1) 1t1'lJ eJ~~hI!~ lJ ll'i''lf'hl1 m -:J ~' f l-:J'Vll-:J I hi f)l) ~f)'l:J 11'1l Ufl1' ~ 
" , "Y ,-I ~ $I C:! d. ~ & d QI ~ c::i 

hi 1'1 !'lHmeJ-:J Dynamic Cone Penetrometer (DCP) U'l1eJ Panda C))'-:JlJ'l11m1U'lJhlllPl~hI'Vl 
. ,., . 

fllfll'1l'1'lJ 11-:J 4.0 \9l1) l-:J tC))'hI ~!lJ m I'W D-:J 'ill f)t1 1m 11:J'lJhIllPl~d'j eJ I 'J5'Vl1Pl 'trtl'lJ'l11rllfi 1llJ I'll hi 'Vllhl 

m 1U1hl1:'1'hlllJ -ffl'H l''lJ~W~lJ~JJfI 1llJU~-:J ~-:Ju~ ~m f) I hi ~hI ~fll fl!'l1 {j"tl'lJ eJ ~D) ~ t'Vlfl'I 'Vl UU~1 tf1 1'1 
,., 

~ 'J} Q.I 

f)l) 'DlJl'11'lJ"tl-:Jt11m 1 U ~-:J 1 D I w{j eJ ~hI D) ~mtl! 1-2 C))'lJ. ~ eJ f)l 'JI9) eJ f) m~ 1:'1'eJlPlfl~tl~f1'lJ 

.utlf)l'l1h1~'lJ"tl-:Jf)l'Jl'J5!fli"tl-:JiJtl DCP Ihlf)l)'VlIPl1:'1'eJ'lJflru1:'1'lJ1J~'lJtl-:J~hI t11m1U'lJhIllPl 4.0 \9l1)1~
q 

Q c'l ~'91 QQ.J Q 

!C))'hI AtlJ m 'D-:J!11 m~ l:'l'lJf) 'lJ -:J1 hi 'Vl1Pl1:'1'tl1J! 'V'l "tl'l1lfllfIJllJ\9llhl 'Vllhl m 11:J'lJ tl-:J ~ hlUf)) hi \9lm 1:'1'fll~ 
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16 

1') mTl! 'H1U,))1111 C1':lJfll'H'1 

IRl 4,3 

lRI = ~o + ~lDCP + +£ 

5857 

26 1.561.54 1.57 

4 585331 L81 

i359 (1) 4065 2.41 

6 2,59 


7 ! 359 (3) ! 406 2,55 I 2,66 2,80 


359 406 

2.95 

13 2.37 2A8 

14 2,01 2.08 2.15 

15 1.90 1.95 2,04 

3.48 

1.89 2.37 I 

3,02 2,86 

19 3455 32 1.43 

1.68 I 1.71 

1.60 1.63 1.66 1.69 

24 



m)H~ 4.2 ~lm~1J1Jf);jml1Jlb~;jlb~;j'UeJ;j~'t.H~1J (DCP) l'\..m~Cl :::; mjCl;j'Vl'flbHllJ 

~llQ~1J'UeJ;J DCP (em) ~eJl1Jnn1~;Jl'\..j'UeJ;Jll'\..j'\..j (l~ eJ'\..j )
o .., . 

ClWllJ bYl1J'Vll;J 
2 4 6 8 10 12 

1 3 2.63 2.67 2.66 2.71 2.69 2.74 

2 7 4.5 4.35 4.41 4.62 4.32 4.36 

3 323 7,4 7.7 7.64 7.95 7.89 7.84 

4 331 3.58 3.63 3.6 3.66 3.63 3.6 

5 359 (1) 2.9 2.93 2.91 2.95 2.93 2.96 

6 359 (2) 2.07 2.1 2.09 2.12 2.11 2.09 

7 359 (3) 2.54 2.58 2.57 2.62 2.61 2.6 
f--. 

8 3030 3.03 3.07 3.06 3.1 3.08 3.07 

9 3034 3.81 3.86 3.83 3.87 3.85 3.88 

10 3079 (1) 3.01 3.06 3.03 3.08 3.1 3.16 

II 3079 (2) 6.26 6.35 6.32 6.41 6.37 6.33 

12 3079 (3) 5.31 5,42 5.39 5.5 5.47 5.44 

13 3086 4.6 4.3 3.8 3.9 4.2 4.3 

14 3179 3.19 3.16 3.15 3.19 3.18 3.19 

15 3245 2.25 3.2 2.81 2.16 2.24 2.21 

16 3302 3.1 3.16 3.14 3.21 3.19 3.17 

17 3422 3,48 3.55 3.52 3.57 3.56 3.58 

18 3454 7.15 7.29 7.24 7.39 7.34 7.28 

19 3455 9 .08 9.35 9.28 9.56 9.48 9.4 

20 3483 5.22 5.38 5.34 5.5 5.46 5.42 

21 3501 5.4 5.49 5.45 5.54 5.51 5.46 

25 




~ll'n:j~ 4.3 1:YllllJ ~ i'1'~1 ~ 'U f:) .:J ~lJ fllJ ItTI~f1lfl J lll1:hr1~'Vll.:J~Q~'U f:).:J I'l';l!!'l.h ~ l.:J'l 

o v 

m~'U ~ltJ'Vll.:J 

~lJllJ~i'1'~~~lJnlJ~~~f:)V 
R2 

I cv 0 Q/ "" "" m'W(Jmflrum.:J~Q\9I
u 

(Significance) 

~o ~l ~2 Sig· po Sig' P1 Sig· pz 

1 3 2.450 -0.041 0.072 0.994 0.291 0.958 0.003 

2 7 1.605 -0.018 0.011 0.997 0.000 0.211 0.000 

3 323 1.460 0.008 0.010 0.989 0.002 0.719 0.003 

4 331 2.303 -0.155 0.029 0.997 0.012 0.273 0.000 

5 359 (I) 2.361 -0.033 0.062 0.994 0.362 0.968 0.001 

6 359 (2) 3.563 -0.554 0.079 0.997 0.067 0.430 0.000 

7 359 (3) 4.223 -0.726 0.078 0.997 0.035 0.207 0.000 

8 3030 3.945 -0.660 0.050 0.998 0.011 
- .. 

0.062 0.000 

9 3034 2.239 -0. 137 0.027 0.996 0.071 0.569 0.000 

10 3079 (1) 1.324 0.151 0.038 0.996 0.173 0.587 0.002 . 

II 3079 (2) 2.157 -0.098 0.016 0.997 0.003 0.096 0.000 

12 3079 (3) 2.108 -0.098 0.020 0.994 0.010 0.239 0.000 
I 
i 

13 3086 1.728 0.045 . 0.046 0.999 0.000 0.031 
I 

0.000 

14 3179 0.638 0.353 0.032 0.999 0.279 0.104 0 .000 

15 3245 1.722 -0.006 0.026 0.976 0.000 0.812 0.002 

16 3302 2.573 -0.266 0 .037 0.998 0.009 0.142 0.000 

17 3422 2.275 -0.161 0.029 0.996 0.038 0.446 0.001 . 

18 3454 1.792 '-0.037 0.014 0.993 0.006 0374 0.000 

19 3455 1.477 -0.007 0.007 0.998 0.002 0.685 0.002 

20 3483 1.859 -0.044 0.022 0.993 0.004 0.398 0.000 

21 3501 2.023 -0.085 0.017 0.998 0.002 0.117 0.000 
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(O~~e '5b!:LG~ )J,ttlb) e 11,~lft~ nIl L~ 

[!rw:Ui,1,!;Lk)JQ~Q~Uo,~)J1C~l1C~Ib~H.LU[!~!;LlA.rJL)J~ufbr;ll~l!;~ ~8°0 =+= 8n: Q~U (1I0!lBli\dO 

pJBpUB1S) 11 Lli' r ~LIb 11, n,l!;rJ ~1 L ~!;Q n, ~ n,1 n, Qn, 11 1,r Qrc [,! 0,~)J lC~llC~ rt f,)Jl r L U Q ~U!;Lk )JQ~ 

nU[!ULI1!;2U nIl !;Qn,~~n,krtQrJ~L~ 8l"C n,l!L!Al [(II !;Qn,rJ~tllL~ t;'v ~!;Ln~I11,~~)J~I1Q»,ULo, 

~!;LlA.rJL)J!;Qn,Jl1rotv\,rt~IbLWL11HLo,ttft~!;~I1,tt!;~ (Jd~nno) ~Ufb~~mW[!~L~I1~1 vI '8 'L '9 ~!;LlA. 
(f. (1, • , 

rJL)JI11,~I1Qfr!;Qn, (°8) ~!;~L~!;Qn,rJLo,~wnU!;~I1~l%l1,!;~)Jl1lov ~f1t~~l1 vOv ~[;-Ln~ 

L11HLo,M,LIb !;LlA.rJL)J ~ [;-lA.t:-LlA. 
"" ror& 

rJL)J !;Qn,IJI1G,~Lruc ~;t~ [;-~[;-f,0, 11 ~1IbLC [,!n,l![;-Q~ ['!~Q)J;t~ 11~[;-L»,[;-LlA.rJL)J ~ 11 1,J 11,,tArt~IbLWFl,tt [;-~ 
r& 

o,~)J1[;-Lk)JQ~ Q~U A-BjJdi\O nU\:!Qgm~rtf,1 [(ILL~Q~U 0 ~I1Q~ml, [(II L~!;~[;-~)J11 °8 ~[;-~L~ . '.' , 

ULo,[;-Q?1 0 n,l!L!A1L~\:!rc[,!;tUI1,tAIb~lblc~nUrt)J~IJ~lm1, °8 ~[;-~L~c~mf,0,I1Q1IbLC['!I1t,r:-~ 

°H n,~IbQrJnurJ~l 0 n,l!L!A1L~[!~rJL)J ~ [;-rolA.[;-LLWL)J (°8) ~[;-~L~[;-Qn,~lA.~~rfblb~L~ ~ooo ~I1ULy 
-(Ii '" ' ,P 

~11~~ [;-LlA.rJL)J ~ I1C 11L~ ~Ib U[;-,lA!;L lA.rJL)J[! £Ov ~[;-L n~111, [;-~)J l1~~)J[;-LlA.n,Q)J ~lA.f,LU ~t-:lULo, 
r& • 

o *-'-[J :1H ~Im 0 = '-[J:oH 

('-8) ::rov f,fbl1Cro~[;-Qn,~!;['!L~&lA.~~f,f1Ib~n,Q)J~lA.nu (£ 
• ? 

o *-1[J :1H ~1J11 0 = l[J:oH 

(18) dJO f,fbl1L~[;-Qn,~[;-~L~~lA.~~f,fblb~n,Q)J~lA.f,LU (e 
• ? 

o *-0[J:1H ~1J110 = o[J:oH 

°8 lA.!;~L~n,Q)J~lA.nu (I
F ' 

11[;-~~LJ)J[;-LlA.11L li:~IbIb)J n,Q)J~lA. nuI!.C 1=" ro '=>'''=>' ~ ~ 
r& 

~1, rJ ~l fu~L~mc ~[;-~n,Q)J o,c f, ~U[J~Vf111C~~IJ~mQr.&lA.~~f, fbrt~ !;Qr.fu~L~rJ,ttL~ %86 L~UULrt ? 

~~ nn L~[;-Q r. 111-.J f, fb 1116L Cl:trJ L n,& Q LJ nlbL)J r fb l1C~[;-Q)J [;-,lAL ~~~11,~ [;-GCPf1~)JQ», 86°0 L~uu LIb 
r& r& 

1:Ci L~~l,t:-LlA.rJL)J Ie [;-rolA.[;-Qr.J11,rotv\,Ib~IbLWrLUIbJJL~!;~)J11~~LW1~f,~U~t-:lULo, £Ov ~t:-Ln~I1V~)J11 
. r& ' 

~lA.~ ~f, fblb~ [;-Qlbfuro~L~ rJ,tt L~~IJ11 rfbl1C~[;-Gr.rJQLJ ~LJf, LUIb)J [;-Qr.~lA.~ ~f, fb Ib~L~ (1:Ci) f, LU 1b)J [;-Qr. 
? ? 

[;-Q~U[JIbLWL~ 10v ~[;-Ln~ULo,~I1Q»,~1,rJ~lrJL)J Ie [;-,lA[;-LlA.rJL)JI11, £ov UUrt)JULo,Jl1rotv\,rt~rtLU,) 
• r& 

n, n, l1f1t~1, [(II !; Q r.[;-IJ 111111 rJ ~f11 U U Q ~1Jt-:l [! ~rJl1 (1 rl.!; G r.n,lA, ~W IJ t--:l ~~L f, ~ISn U U L 0, 

nIl @l1rtu.r.m(!.I1t'@n.n.u.~Wt!I':lU~lf, [,!,1e.f,lUt\,i jl,IlU1.L~l1hrt~ I TP 
I 1V ~ t"tI ~-? \:::;J M l'f" 'V 
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, , 

1ll11H114.4 \91l'n-mft'~_:I~l'Vll,:rrr~&111'tl~f)l';im~'illtl'UB_:I~lmVi WO) 
r----------------,------,-------~------~--~~- .-----. 

Standard 

N Minimum I Maximum Mean Deviation 
I--­ " 
~1~lJlhd1'Vl1jf]_:lVi Wo) 21 0.64 4.22 2.18 0.85 

0 

84 .00 -I 0 

6 
0 

300 

I-­
~ .OO 

1,00 

1~ 
o 

C:Ollst;)nt 

, , 

Juil 4.1 f1l';im~'illtl'Utl_:l~lfl_:lVi Wo) 

4.2.3 fHHn::;'YI'U'Ue>.:jmUJ!A<U.:j!!1.:j'Ue>.:j~h"!I~}JiliJy)e> IRJ 

'ill f) f)l';i '1'1 ~ ft'D1J ft'lJ lJ&1~ 1'W '1'11_:1 ft'~~lW\91l';i 1~~ 4.3 !L ft'~ _:I 1'I1'11hJ';h~1 ~iJlb ~ ~h1~ 'UB_:I 
. 'W 

DCP ~1t.!i'l1W (20 ft'ltl'Vll_:l) iJ~l';i~~1JUtlrllr1rumf)f)'Jl~lUtI~hf1ruYifh'l1l.J~ 0.05 i_:lu'W ii_:l 
, u u u · 

tlml~1Jft'lJlJ~~l'W H0 ii _:lft'~Ui'f1'11~lfl11lJ!!~ _:1m _:I'Utl_:l~W~lJ (DCP) 'Utl-.j mtl'Vll-.j~'Vhf1l';irll';i 1'0 

"bjiJmllJ~lJYr'Win1J~ 1 IRI D~l_:l "bnl'lllJl 'W'Vll_:l'Vlt)'I:l~ fl11lJ!!~-.j!!';i _:I'UB-.j 1m _:I ft'~ l-.jiJH'tI~ tlfldllJ 

';i 11J ~ tl1J 'U tl-.j ft'l tI'Vll.:J !!1Pl 1'W f)l';i ~f)'I:llU 
~ 

f)l ';i In mJtllJ'tI iJJ iJ f)l ';i II tln]';) ~ If) 'Vl'U tl-.j ft'ltl'Vl N 9i 
, 

-.j IIIPl 'tI::; 
'" , w 

JJ ';i ~ lfl '1'1 'U D_:I b'1' 1 tI '11-.j iJ ';i iJ il1J 1J II 'tI ~ lJ 1 \91 ';i ~ 1'W f) 1 ';i fi Dft' ~ 1_:1 Vi II \91 f) IPl 1 _:I n'W i _:I U'W 1'W f) 1 ';i ~ f) fj 1'" ., 

fl11lJ~mr'W i 'Utl_:lf] 11lJII~ _:1m -.j 'IJ tl-.j 1m _:I ft'~ l-.jil'tl::; IRI fl'J';) iJ f)l';i IItl_:liwmh::; Ifl'Vl ft'l tI'Vl N!!'tI::; 

'If.w~ 'IJ D_:I 1m _:I ft' ~ 1.:J D~1.:J'!5~ I'O'W Bmr.:J lW11Pl 'tI ::;~'W ~iJlft'~
q 

r1tl ft'~1.:J ~ iJ fld 1m'! 'til f)'l1 'til (J 1'WI~tl.:J 
'U tl .:J fJ ill ft'lJ '11&1 'I'll .:J 1fl 1 f) ';i ';i lJ Bf) iJ ';i ::; f) 1 ';i 'l1 ~ .:J f) 1 ';i I iJ ~ tI 'W II iJ 'tI.:J 'U tl _:I t) ~ f) 1 'tI 11 'OiltI 'f1' 1 'W 
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ULA,ssl1lH.mLrtfj1I1,YJ1t",tvirtE!11 nil s[111E.-~L~~1[1tL2Q~U °H M.LK~rtrt.L2 

g,.L21g[1lHLrtL.L2!111;~fu",~L..\2Ql1l1~~U~UULrtI;LU~ULl1 d:JUBJ~TUZl1S L~ ;::;1111 (LVZ: > Ln"O) 

SG'8 J'l d > d L~ 9'P \;l-nU~11bs[111E.-~I;G.L2I;,0-I;Qfb11E.-s[1s[11mLE.-~jl~LW1!;SLUI1I1ULI1 
, ~ 

o ct. lrJ :lH 
0= lrJ:OH 

~l;~jl~LW1!;sLUUL 11~1~J11",tvirtErtLW 
~ . , 

rtLWI1Q.L2 ~lA.SLUM.L ~~rtrt.L21;~LlSL rtL.L2~1\;l-I1I1UL I1QG Ll ~LlsLUi't.L2~bQ ~U11l't.rtErtLWUL 11 
~ , 

mLrt~s[1Q ~1%~'l I; Q~1~1 J'c1I I;QfbM.j;ls [11mLUWLn,~QlHLrtL.L2ULA, s WLlsl;Qfb mL rt fj1L~~1[1~.L2 

I1LGG~U 9PlO'0 n,'yL~lL~'crl;~ ([(1) I1b11g~~UUI;Qfb~lA.g;::;s[1rtEL~ULI1~1~UlI;ELlUrtL.L2Q~lULrt , , 
b ~ 

QQll nil I;Qfbl;l1[11mQ~[11UU~~lXtbI1M,~lA.~(JUlA.ssI1LlsI;GfbmLrt81I;LlA.QL.L2 Oz: I;Qfbl1rtGkl'ULI1 L~ 

M.!;!lXt b I; ~.L211ULA,s s rw smLrtfj1I1'y [111;11[11mQ~[11~ nil L~J11",tvirtE rt LE.-~I; ~.L211tALWUL11 

111,[111;11[11mrl~[11~ nil L~I;L~U~sJ11",M,rtErtLE.-~I;~.L211 Z:'p ~[1~ ~"P ~I;LSLl!lM.b~1rb~.L2lHLrtL.L2 

M.l1~111,ULA,ssrWsmLrtf,[1n,'yn,Q\;l-l I1Q.L2~lA.SLUL~\;l-M.Q}gl pc: 1;E.-~M.1, nIl I;Gfbl;l1[1111trl~ [11 ~ , , 

SLUL~~l1s11 L s I1I1I1Qkl'l1~n L U ~I; LlA.rl L.L2I;G fbjl ~L s ~1~1111 (J!111; ~ J'c1I L~Q~ULA, s s 11 Lls nHrt i[1 
" ~ " 

I;Qfb n, lA.;::; W 1111jl;::;L Wl!; SL U s 11 L s 11 mL rt i[1 11 11 Qkl' (J !1VO££ fb 11m L rt UI;L lA.QL.L2 11.1, rl,V ~Q11 [1 rtLt l,! 

rlE.-M.L~Ul1L..\2Q~lrtE.-sn,U\;l-O~~z: ~11bsI1Lsl1mLrti[1I1I1Qkl'ULI1 (.IUOV) ULA,ssI1LlUQfbUl1UL!1 
, ~ 

;::; Ltv\, tlm ~ls11 L s 11 1m rt i[1UL 111; s ~rl ~ll1lA.;::; W 111'1 (J I;L lA.E.-!:1I;Qfb nlI I;Q fb I; 11 [1111tQ ~[11SL U 

nIl @~~~uu'f.f.I1IJf.f.lHf.(!>roU'f.UU·@n,l1\A,;::;W~H STP 

nlI L~n,,YJ11,,,tvirtE 30V srb11E.-~L~~1[1~.L2 g,mg[1 
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~ , , 

I;Qfb 1tL1;~b s LUQL Q s [111 E.-,l!l I; Qfb ~lA.g;:g s [1rtEL ~L~11!;!lXt 1, I; ~Ql1~!;2~ I; LlA.I1Q.L2 ~lA. SL U U L 11 
. , 

~111Q~l,!1~LI1l,! d:)o;::;ml ruII;L~U;:gsJ11",tvirtErtLtl,!XtbL~I1LQ (900Z:) ;::;ml,! 

;:gml DjBl.lILldlSlOlon(I rl~i UI1UlA, 1,I;Ll!lrllH\,J:bI;Llrtts 11l!l11~1 rrlJumG M.!!"rtLE.-l!. 11!!"1 rtQI1~L11tviLU'.L2 ..v Ir I f\) l?' {6~ t:.I !r 1(6 

http:rtQI1~L11tviLU'.L2
http:lA.I1Q.L2
http:11.ULUlA.fu~L.L2rl1tL~LE.-UL10ful!.L.L2Q11rb~;::;SLL,!.rt
http:srb11E.-~L~~1[1~.L2
mailto:uu'f.f.I1IJf.f.lHf.(!>roU'f.UU�@n,l1\A,;::;W~H
http:lA.QL.L2
http:I;LSLl!lM.b~1rb~.L2lHLrtL.L2
http:I;Qfbl;l1[11mQ~[11UU~~lXtbI1M,~lA.~(JUlA.ssI1LlsI;GfbmLrt81I;LlA.QL.L2
http:LlsLUi't.L2
http:rtLWI1Q.L2
http:M.LK~rtrt.L2


VlnN~ 4.5 I'\l'Jl,:mnCJurViCJu IRl !!"~'lJhJltlJ'il'Jl'il'J'J(,Im'J'VJf1 

fIlllJUI'lf1l'll'l'Utl'lfil IRI 'J:;;'l11l'l 
o '" 

ml'lu 'fflCJ'Vll'l ADTtrd .d'" "" Il'\ fl 'W'Vl 2 IW~ Il'ltJ'W'Vl 24 


1 
 3 
 983
0,91 

2 
 7 ' 5857
1.22 

323 
 26 
3 
 0,52 
I 


4 
 331 
 585
0,74 
! 

I 


359 (1)5 
 406
0,56 
I 


6 
 359 (2) 406 I
0,95 
I 


359 (3)7 
 406 
I 


0,24 
I 

I 


8 
 3030 
 106
1.08 
I 

I
9 
 3034 
 2797
1.72 

3079 (1)10 
 692
2.36 

1 1 
 3079 (2) ·6921.72 

3079 (3)12 
 515
2,09 

13 
 95
3086 
 0,34 

14 
 3179 
 153
1.03 

293
15 
 3245 
 1.70 

16 
 3302 
 NA1.03 

17 
 3422 
 313
1.30 

18 
 3454 
 207
1.33 
I 


19 
 3455 
 32 -!
I 


1.43 

27
20 
 3483 
 1.68 

21 
 3501 
 220
1,42 
I 


liJ " " ~ 
'l1mCJn1\i1 NA = !lJlJ 'UtJ lJ". '" 
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2.5 
236 

2 
209 

1.5 
LE)tl71.:2 1.72 

y = SE-OSx ±.1 ,)72.. 
;: 
32 
c:r: 

'1 f&~. :'L 1.'-
ft" = 0.014 -

1.22 

1 
r­ 5:~9!? 0.91 

0.74 

0.5 0.siLS6 

0 .3~.24 

o ---, 

o 1000 2000 3000 4000 5000 6000 7000 

ADTtr 

~tl~ 4.2 'fll11J~1J'l4''WTIJ~1·dl~~1 IRI ~ ltl~(J'WltU('l~lUn'lJmlJlWJt)'lJJJ'Vlf1'" , 

m~l~~ 4.6 A1Jl~lU>lJl ~t1ml1Jltu':i1hTW 'lH) ~f11~lU~(J'W'tJa~~1 IRI !l('l ~ t1~lJlruJT;1mJ~f1 
Model .Sum of Squares df Mean Square F Sig. 

Regress ion 0.091 1 0.091 0.267 0.612 

Residual 6.126 18 0.340 

Total 
-­

6.216 19 

QJ 0 d ,
4.3 f)l1'W~I'Wll!'l1tJ~HH).;jf)l1'V'1mfl1W fll IRI 

. .::::.. d'fjJ ~ ~ Q.I fjJ ~ • ~1 
~lf1f11Jllml~'l1'UalJ(;'1'tJl~A'W 'W'l11'tJO 4.1, 4.2 ll('l~ 4.3 'tJa1J('l DCP, ADTtr ll('l~.'Ua1J(;'1 

~ ~ ~ 

m(J'Vll~ 1, 5, 6 , 7, 8, 10 It('l~ 14 "hJmJ'l11lJlllml::;t1'fll11J~1J'l4''WTI'Ua.:) IRI b1ja~\llf1iJmllJ 
~ 

f1(;'11I91l'fl ~ a 'Wll('l ~ lJJiJumhrlt1J 'tJal,J(;'1'Uo~m(J'Vll~ 2, 3,4,9,11, 12,13 , IS , 16, 17, 18, 19,20 

lbtl ~ 21 t) f1'l111J1llfl J 1 ~t1fll11J ~m'hj TI~~ II fl'191~ 11..1191 1 J 1 ~ ~ 4.7 1191(J1'lfJ U!l 'lJ U mllJ ~lJ'lI7'W .fi~~ 
~ ~ 

d '" 
fl'1Jf111'Vl 4.5 It('l~ 4.6 \i111Jm191U 

lRl = ~o + ~lAGE + E (4.5) 

\Rl = ~oe[31AGE + E (4.6) 
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, , 
d. 9l , ..::::1,0 "::;' a' Q/ Q.I a 

vl1'n:l't'l 4.7 'U DlJ (j '1'I'ltJ'Vl1-:J'Vl'W llJl lbf1 J 1~11 fI 11lJ 1:YlJ'l"fW 'Ii
'\J . 

o <V 
r11m~tJ'UeH IRI (m/km) ~eJ1~mJl~.:J1'W'UeJ-:Jt1'W'W (b~D'W) 

m~)'u 1:Y1V'Vl1'l 
2 4 6 8 10 12 22 24 

2 7 1.5~ 1.57 1.59 1.61 1.64 1.66 2.68 2.77 

3 323 1.54 1.56 1.57 1.60 1.62 1.64 1.93 2.06 

4 331 1.81 1.86 1.91 1.97 2.03 2.10 2.57 2.55 

9 3034 1.78 1.82 1.87 1.92 1.98 2.04 3.64 3.50 

1 1 3079 (2) 1.58 1.60 1.63 1.66 1.69 1.73 3.26 3.30 

12 3079 (3) 1.63 1.66 1.69 1.73 1.77 1.82 3.48 3.72 

I 

13 3086 2.03 2.10 2.18 2.27 2.37 2.48 1.89 2.37 
I 

15 3245 1.77 1.81 1.85 1.90 1.95 2.04 3.37 3.47 I 
I 

16 3302 1.8'3 1.88 1.95 2.02 2.10 2.18 2.93 2.84 I 

17 3422 1.78 1.82 1.87 1.93 1.99 2.05 3.13 3.08 

18 3454 1.56 1.58 1.60 1.63 1.66 1.69 2.87 2.89 

19 3455 1.43 1.44 1.45 1.47 1.48 1.50 2.56 2.86 

20 3483 1.68 1.71 1.75 1.80 1.84 1.89 3.18 3.36 

21 3501 1.60 1.63 1.66 1:69 1.73 1.77 2.59 3.02 

.d 
mrlV 1.68 1.72 1.75 1.80 1.85 1.90 2.86 2.99 

'il1floU'mJi:11'W\9I1J1-:J~ 4.7 N-amJ1bm1~11'Vl1'l1:Y;:)\i)'UeJ-:JoU'mJ-aUM1.:Jl'W\9I1J1-:J~ 4.8 JLl~ 4.3 
'\J • '\J '\J 

Url~JLl~ 4.4 \9I11J~li'lJ 'D1flv-Ji:1mJ1bm '1~i1U1:Y~-:J11qj'D1Ji:1~1~:r'lJmJr1~b~eJfllr1'r11 R2 lJlflfl11 
'\J '\J 

0.928 u-a ~ iJ r11tJVIY1r1tlJ'Vll-:J 1:Y;:)\i) 'U eJ-:J -fflJ 1,h ~ ~'Vl ~ 'U eJ -:JilULl J r11f1.:J~ u-a ~AGE -WDVfl 11 0.05 

i.:JJ'Wml1J-crm~'W1h~1111.:J AGE u-a~ IRI m1JlJm~V'Wb1J'WJLlU'lJ'lJ(j'1JmJb~'Wm.:J bW~ U'lJ'lJ 
'\J 

Exponential i.:Ju1:Yfl.:Jl'W1:Y'JJmJ~ 4.7 Ui:1~ 4.8 fll'JJ~li'lJ 

IRI = 1.37 + O.064AGE (4.7) 


IRI = 1.481eo.o28AGE (4.8) 
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III d'jJ 9J III Q..I d .o:::i 9J ~ 
'illfHH'I ];1 'VHi'Ul ~ 1'1\..1 fI 11lJ'(1'lJ'I'fW 1i'lJ eJ~ lRI !W:;:: AGE '(1'J:lJlJ l1 1'tJ tlt.J '11'l hJ'Yl~'(1'eJ ~~iJ!llJ lJ 

"" ~ 1 d. "'" ~I ~ fleJ H'\J1J!'(1't.J\9IJ~ !w::; !!lJlJ Exponential I'ltlf1lJl'(1'eJlJ'(1'.fll~'lJeJ~rll'Yll~eJl'illlJt.JlllJlJl'(1't.J\9IJ~ 

(Gulen lW:;::fItU:;:: 2001) 'I11eJtll'il!1IW!lJlJ Exponential (lJ'W'(1' mnU'15, 2550) 1l'ltl~lmllJ 

tll!~tl~tl'Utl~'(1'lJf1lJvf~'(1'tl~JiJUlJlJlvilnlJ~eJtI];1:;:: 93 [l];1:;:: 94 \9IllJ~l~lJ mh~vhn\9l1lJ.,jeJlJ];1
~ ~. 

mllJ ~lJ'0't.J'th:;::'I111~vf~ ~tl~191lll1h 

. 

(IRI tl];1::; AGE) ;tl ~iJfIlJ~I'l\9l1m~];1f1lJ !iJ~tlt.J uiJ];1 ~1'WJ :;::tI:;:: 

til 1 l~ eJ 'I'll fIl J iJ f lJ H n1'11'~fI 11lJ ~lJ'0''l.J, £ ~1n~l~tI~'f) 1 llJ l1l t.J 'il1 ~:lJl n~ ~I'l 

d QJQ) cS I 

m'aN'Yl 4.8 \9I1Jl~ll~\Pl~mllJ'(1'lJ'V'lt.JliJ:;::'I111~tll~ (AGE) !W::; lRI 

J iJ lllJ lJ 
~ 

'" '" d'
ml1J~lJ'V'lt.Jli 

~lJ iJ J::; ~'Vl~~lJ fIlJ l11'll1 eJ tI 
R2 

f11'WtI{;hr1 tlJ'Vll ~ ~()~ 

(Significance) 
-­

Linear 
Po 

1.368 

Pi 
0.064 0.93 

Sig·~o 

0.000 

Sig.~, 

0.000 

Exponential 1.481 0.028 0.94 0.000 

3.5 

3 y =O.064x + -1.37 

2.5 

2 
~ 

~ 
1.5 

1 

0.5 

0 

0 5 10 15 20 25 30 

AGE (Months) 

'JtJ~ 4.3 mllJ~lJvrt.J£tllJlJ!~t.J\9IJ~J::;'I111~~1IRl nlJtll(J~b'Vll~
~ q 
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3.5 


y =1.4.8eo 028AGE
3 

R2 = 0.94 

2.5 

2 

0: 

1.5	 1 


1 


0.5 


0 ---,------,.,---- --, - ­
0 5 10 15 20 25 


AGE 

~1l~ 4.4 flll:JJ1f:JJvl'W;ll'lJ'lJ Exponential )::;'V!'h~ril IRl r1'lJm~~hVl1~ 
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t'Q11~~!'tl.1. tl.lJJtl.1A, rtp rtLt ~ 

~L~Q~t'~ I1~L~rtLl0 176'0 ~lill £:6'0 I1lJL!A1 (c"(I 'UO!l8UlWJdPO JO ~UdIJ9poJ) 

(11, M.g ~~!, lIJ t' Q fl, ~lAg ~!, I1rtPL ~ ~rJ ~1 ]"B1Wduodx3 1111m L U rtJJ;;: lJ 11 (U01SSdJ'i3d"(I 
p 

111 Q!0 LR,U~;;: (1 ~t' L lAtl.Eot' L kJJ t' W 1;;:m R,U2-rtL l0 t'L lArJ LJJ t'Q n, lAU1;;:!, 11 
. ~ 

~~;;:lJ11tL ~ut'~lJrtQl"rtt!, I1t!, UU ~;;:(1!,t ~rt~1rt~w~~!,LU ~ULUM.llt'~ t'LlAtl.Eot'L kJJ t' W 1 . ~" 

t' Q n, lJ rt Qkb 11 t !, !, L U L 0-}p 1 rt 1 ;;1 rJ~~ !, L U M.l, t' ~ t' LlA tl.Eo t' L k JJ t' !, ~1~JJ!-t' Q f1, ~,[l rt JJ m ~ 
(ti _ • " 

t' L lA M.lJ t'L!0U l01lrt Lt ~ ~(1 L Q M.llL R. u~!, L U L0-I1"~rt IH",lA t'L lA rJ UW L(1 t' Q r;lrtL l0 ~!, 1 Hp Q 
(1,. ", -((, • 

fclr L~t'Q n, t' lJ111111 rl ~I1HLU Q !0l1lA;;: W lJl1.!J:t1t'E~uLU!, I1lj!,!, (1 L!' (1 m L rt~11 M.L}prJ~ (1 J:b 


nUL (1 UQ M. nIl L~Q!0l1lA;;: W lJl1 ~rt1 rtlt111 lt~ Qn, t' 1', m ~11 rtLt ~IbL}prl~ (1 J:b !011 ful'!L~ rlll ~ 

~ 

t' Lp Q rul L~Q!0l1lA;;:W lJl1 ~M.M.lj t'Qf1,IbLt' ~bUU ~LQM.L}Prl~ (1 ,CbL~ 11M. t'L f) ~LlJ M. M.lj t' Qf1, rul 


L~t' lJ 111111f) ~111U U Q !0lJl1 ~~ Gt' L !0f)~ (1 J:b t' Q fl,l1lA~W lJ ~ t' ~!;%~.~ t' LlAt'l~L W 1 ~U U lJl1 UL (1 . T 


;;1t'~}P1 I1f.JJ lj!'L rtLJJf)~~UUUL(1}P1~lJNt' ~ l0~LM.Q M.l, t'Lrl~LlJN lAt~t'Qfl, rur L~ 
rr. -I I 

. .rnWLf)M.G~j (jdPOY'J 1l0q::HPdJd) rlL~NPQt'QlJL~111111LM.rt:ll",M.!'LUL0-;;:lJ111"(II L~Q!0~~tL~Ut'~f)~(1J:b 

t' Qfbr1.lA;;: 1', UlJ~ LR.U~Q~1~l2JJ t'LlAt'l ~L 1', ~1~L rt}P1 ~lJrtQkbL!t lj 1', LrtLJJXt 1,Q~1 (dJO) jdPWO.l)dUdd 

dUOJ :J1W"BUAO I1QJJ ~lAf,LUU L (1 rtlt111ltt'Q[H!' m ~llrtLt~;;:lJll U lA, 1', 1', I1lj 1',!, (1L 1', (1mL rt~11 

M.M.ljt'Qn,IbLt'~l,UU~LQ ~11}P1 t'Lrl~LlJM.tl.ljt'Qfl, nll L~t'lJI11111f)~I11f,LUQ!0lJN~~ Gt'L!0rJ~(1J:b 

lJftQ n, rtU I1t U lArtU (A8jJdAO) t'L lAtl1rt 1',JJ1 UU!l.t rl t~~m!'il.t' h 11 t'!lo t'Lf) ~LlJ N lA;;:lJ 11 rt ~1t' LlA 
r& ~ <;;;:.I I:;::>' ~(6 Of' to 

M.Eo t' f.ibl1k I11',LU ~f)t}p;;:m 1', il.t' tLfLt' ~t'Lrl ~LlJ t'L lA ~11}P1 G t'L!0 1', L U ll~rJt}p~m1', il.t' t L fL!'L UL0-t't;tl ~ (fJ I I I 

.Y tAl;;: 1', I1t'Qf1, t' L lJ U~LUmtl t11 tl.1, t' L f) ~LlJ t' LlAt ~t'tlJ Ut' L lA M. 11 11 QJJ ~lAt' lJ 1111 TZ M.g t' ",lArtt!. (UOlP;clS 
~ ~ 

lSdl) I1QJJ~tAt'lJl111~M.UL!;Jf)~l J018j'i3dlul dwng t'Q~~Wt}P}P1~!-(1t1',~~ ruI L~t'Qfl,t'lJI11111rJ~111 

1', L U U L (1 t' LlA t ~ t' Q n, ~ 1', n, f. fl, rt L t ~ M. L U JJ t' lJ 1111 M. f) ~111 1', L U rt L l0 ~~ 1', L U L 0-}p 1;;1 rJ~~ 1', L U 
. " 

H lAt~t'Qn, M.~ ~!dl~nLUrJ~lrtLt ~M.LUJJI1lJrtJJ ;;:LrtU l;;:lJll~t't!A M.l'\ M.LU ~lAg~!'I1~ 

t' L~Qt' L tAt' hfLtl.f':l11 t' Lt 1', L U Q !0JUl.nl ;;: 1', 11M. Ql ~t'LlAtM.11~M.llQM.JJ1!.LUt'Q}P;;1t'k ~n~S:L R,U~.uUlJN }P1 
. " ~ 

LkUHt~ (I"(II 'XdPUj sS;cluLjlJnO"(I [8UOll"BUJdlUI) lJULJJ;;:1',fl,f,f1,rtLtt4~JI,~L~t'Qfl,I1I111l1ttl.l,t'LtAt~M.~ 
" 

t' Qn,nL Un~lrtLt ~ M.LIJJJL ~M.LS1;;: 1', I1lj U rtLJJ %ll, Q~lG}i ;;1n~ S: UU t'til n,U 2-U~t'k! ~ 1', 11 ~ l0!­
. " 

S LUUl ."
. 




9£ 

M,}I:-~a~a~ll!1rtLW~,ttt?lfW~nlJlJl~~1~ nn l~~WWM,nlJ 

[;'a Ql~n, n, mM,~~r:lL!l'a~1 I1!I l ~[;'a r1.[;, Q[1lmr:l ~r11 UlJ Q~~~t~l t ~ n lJ [;'Qr1.LlJ:bl{lfuan, 
• ,. i1 

n, lA,::g WQt'1 [;' ~rt~lrt~4.1l ftlJ~ n Ll~[;'a~::g~ tWl~1'1, ~,m~r:lll'~ M,J:bI:-,!p ~1b'llA,L~ [;'Q n,M,lU' .LW~ . ~ 

Qt'1 ~::g~ t~l t~ nUb' Qn,LlJ:bUl!tl'1,l~t[111L~L~11~R; blA,l:-llA,M,L rtLW~·t1 [;,l~a I1!I L~~WLr:l M, 
" 

t L Ll [;' Q\1 L~ n, 11 11;t::g L s ~1ttL Ll 11, L~L l fb t ~ L t ~ t L Ll [;' an, LlJ:b U l !b 1'1, L~Qf1: a!J' L!b~1 :t 1,tt L L !A 
~ 

[;' ~ lJJ:b U L !b I:-~1'1, L~l3 ~[;' LlA, r:l L~1'1, Ln, Q~~lA, [;' Q[111 Ll Q~1~l'l~1 rt 1 (} [;'k ~Lft Ll ~t L Ll 11, LlJ L~ [;' a1:1 .~. 
If,' • tf, tf, I 

,rH6rJ 1::g s[1l'1,~mgkrtLL ~~[;,Q ~~I,ttLQ~Q~4.1 rJll'tLftLl~ tL ~rt~ ~rJL~::g62 ~11ft 1'1,\3 l:-ar1. M,L I:-~L 

n Ll~La~[;'[1 (})!,'!pI'1,~I::g~ ~L1'1,~~~1,ttLrtQrJ ~L~L~lJ M,~1Q~Un,~L~1UOlj::JdUdQ L~~~~bLlS: 

~~~rtM,\3[;' Qn,I'1,L I:-~L n Ll~ LQM,~I::gs[1~La~1 M,M,ll [;'a n,I'1,L I:-~ L nLl~Lal1~[;,L lA,[;,L k~[;' s ~l 

1'1,Jl,r:-arHm[;'n,llrtLL~I:-LL u::gs!ll'1,M,rt~rtLL ~Ht-~QMm~tLR;Ll)HLLl11,1'1,1:-~ I:-LlA,[;,Lt~ I:-Wl ~ p 'I' 1'0 ft) (6 'if rot::>' &7 ~ ro (() 

M,~ [;' Qn,[;, f, 11[;' ~IlrtL L ~M,L IJ Q M,(;I::g t [1a If1(1 [;' ~lJJ:b HL!b [;' Qn,LllA, 11::g f, LlrJa ~ [1 t L Ll::::m ft lJ2 
If; • , (1; 

1'1, Ll!A::g w nLl~LrJlU'M,I'1, II [;'an, 1l0ljJdUdQ L~~!-nlJlJL ~Qt'1rJklLQ ~ (QI\\:1) ldldW01JdUdQ 

ll{ill;:)J\\ illlllfU.:l art[;'QW1Jl,1 ~1 I:-tQU[;,llA,rtWrtl1~~J:l I:-LlA,I'1,Jl,[;,Lf,~[;,WPQn,l:-tmn,l1 J:? ~ (f, 6ft) In ro ~ (fi ~ 

rtLt ~ Q~[;, ~UrJll' ~JJlJ ~I:-~ [;' L~ QfullL~ ~1'1, M,llM,Llm~[;'[1~r:lll' ~J:l M,J:b L~m~m~M,~[;'an, , • I It. (I; t1i 

::g t n..btrtLL ~(})!,,!p [;,L ~u::g t Jit,t-4.rtE IbL t ~r1~trJ ~1rJll' S: LR;lJ~ f, LlJL!A~l, ~[;'k ~rJl1S:L ft lJ~ U lJ ·v 
. " " 

Qf1:Qn, M,Jl,1 U::gLWIULUM,LJl,LQM,1IbWlrtM,1 GI'1,(Wf1:an.IbLwu::gIJ.11I'1,r\,l:-rJQllQJl,ILM,rtLW 
{f.; 'I' ~. (6 If ~ ~ 7' ~ f''f"F?lf' I 

~,ttL I:-Qm~r1/l,11L M,~~f,LUM,~LQ~myLr:l\tl::g1tmlJ2M,L IJ.I1Q,Q-IbL f,I1L t f,LU~::gI1~M,~IL~[;,~ 

11, 11, I:-~ rJLWM,[;'Q QL~r1n,mQn.LrJ I'1,Ib11rtLL~Q wm:HU!G ~lJLI1I:-Lfb I'1,Q~ I'1,I:-QQL ~ r11111L M,~M,nlJ !'Oro rSP 0 0, t i='l?'(1)O(f, cP 0 ro 
(f; (f; 't1> 

1'1, L~L~QI1Qk"lJL 11 I:-Q1;}1::g\111 M,J:bL ~ILL ~lJ [;',!P::gmftlJ21'1, 1, [;,w ~LQ1'1, M,ll[;, h [bIbQ!bUlJ 11k UL~ 
. ." 

1'1,~[;,Q:;mL L,tt U [;'t ~l'1,t'1mL L n,k UL~~L[1LL!b::g~ ::gLib Ul[;,~ rJlA, V;\lA,I::g trU Qr\,[;,L\1lJ~L IJ ~M,~ 
" . " 

[;' fl t11M, ~1~rJll' St L lJ lJ L ~~L~QLl L~::g t n. ~ r1. rt L L ~ ~Jl,'!p ~t Ll LrJ M, f, LLl [;' an. [;' a62l ~ n, n, 11 T 
" . 

http:rt~lrt~4.1l
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