AN ‘\

‘m'ul !u"pk e )))

Fhoc sl 659y 5

69l 5SS

g PRI s
# ‘.;"/'j‘",?rl ;’ﬁ'_‘ ‘;“ f

(T :hr"'.x

m‘h\?ﬁ-uu|m ..I‘JL




Fumanam

Wi
TJ:&:"““' "r-uum



N "“‘r‘/\‘\‘Lﬂ""M

£

SV, T X W
I (1P e s ’ ’l\’»' ST
A ¢ o L R AR

-

3




! r o Cauygd| |

G=hb al=pe )3 ()15 ¢
=2h2 5B ) (61055 -

61235 )3 03 plosl Wldisxy |

e 48
w>hb 2=l

-




:QiJj.m )L\.v.o

L 4 4

1] (goLassl au>gi °

golio Cug> )> A oL e

415 ay 0.1

RIS T

29802 Ll 3 59y &)U g (532 540l 3 S glae

Ol 91 sbol y (woid 7 3b 4ol T

gl y Oyl Sdglas
o el el

nezamfamni ir
AR

=38 530 yaelips g e o) sotenn () (533085 )0 g (530 el Siglaa=T-1-

(391 g daliys glojl
WEEE - M o o sl s ] oS
wWEa JL-Ad s iin g slaf
Y L= AY s dy i = lagblls untian o gl s —
VIV JlomVAY arpiim o et £ 4
VA JLm V8 gptim i, o] i o

ol 5853k 3 8 s 7 deligsl o =¥=
225 sl lEfeslind gl caly

b eyle; S b pigsd 4

aifs $y Jox 4 shim ol

3

9 Conj nma Lai (gl )] oo

Bl s BB el g pag o e laglEl ol
sk g daape pelail g 4l olifalep Jf ladiie s fai spge LUl sl 48 dlis s lasly 2 2 L
55 ) s JE 3 8 g o g s Jia B df s 4 BB i S 5
33 psba a5 elatal elo i) 5 aal opile
ol (Siskaa 1l sl cllles
Lo gl inpa g oly o

>y el ol




RIS T

oA Lo
° @ 39002 3 59 781 05 5 3l 3 gl
rYS rYs

Ol 91 sbol y (woid 7 3b 4ol T

1] (goLassl au>gi °

f\éo,h&q,ﬁé
&l g )5 LGOS oL
a3 b aunlio )5 5ausS esleiwl aisjo OIS o b

19w

s =l
U5 K

) g andb-o

el gl e b - ©

) e 3L K-
(71485 g colo i b anslis  aisSoslinal atyja GYES)) ool Clallas -¥
3 Sl-h

(430 5 5 ol ) 5 B 3 g can -t

\ J fcade cbi-\-
~ N bazs plos P ol S b culs g Sala-)
41 5 o —I Bpllodbpds pd) & dof & cul e cop S S LS p ity (el 28 0l 2
g A aaly Ugpas gy &2 Sl ol ol o oy ol [MV4) 5 2 glesie a3 el g b ke

s Lo o 3 oy Glag 2 RS 5 0 Bl o €5 i b o ) b W s

Ligh o pary WEeo e GV eee
20 6 358 ol olhn 5 (0105 A i) 3 U3 e goliidy Slaths S e J st 8
e oo Mo+ 5 VY- ke 3 5 e S 425 45 b s Sy 7 o e s
b e i ) 5 ) ey o 5 oy e ) 55




:Qig)’.m )Lgﬂ.o

Shie LoLb e

[1])“» LSL‘D Laso LS)I-’*?S:’ 69> °

415 ay 0.1

Gl oodl (559002

29802 Ll 3 59y &)U g (532 540l 3 S glae

1 oty waid 7 ok 4ol T

F18 05lou 4 g

3l oyl Clglae
o el el

nezamfanni ir

sl gl pY lised cusl g 2l el Sl Lo

hb ‘f_'JBEZa 1{ .l:,.?)n dlbd:ﬁ -Y-4-¥
28 5 5 do IS ol g e e 4

5 g el g i | oy LB s b 5 Cppins

b b el g e fag o g gy S 5 a3l L ol G Lol (s b 00 -
oy il 4 adl bl
tasf g et g 3y GBS 5 00 e S ol g el e ol ool silins -
i vy 4 gkis b e 4o Y (gl o 33 o clalicd
o B2 o) e
sy o bnn oS | B o8 Condy s a2 (ol sl | 1B

sl g o bis clasl 5 398y Sl oY R g i b s Sigop 53,8 S5 WS 0

355 5 o e miia g ol s 38 o il e oo (oL 545 6

e ool bl s llulats ulaps g ol o laily 8 Jpol bis pos o
A sy
3 0 g e S gt ] s glages g uge (fladle ad pfSal g e (Sl e 2

A8 g b (g g sl




olr! ool (5 gi0

° 2 * 298 azdgs g dnlip lojlu
([ @
L 2 2 L 2 2

) ol 9! ol y 4ol T
Hhio ol . . , L.
i S99 Sboly s (1 5b 4l

[1])“» LSL‘D Laso LS)I-’*?S:’ 69> °

2] Leloisl = Gilul Gyl Jads g jlaie Cujpde

Ase—1) 0 o alulo

Gy g il ) ol drungd o S gl

Mendskerp . . o s s e | Landscape
wkitektfof e ’ Architecture

Nendskerp
pleeniy/
J Nendskerp | ' ." Lo Landscape
polasi/ . policy
~\
ek Sy b ol Ul degeme il dag Lo
[lendskerp = . T o andscape
Lzl glaasls baug O ol |
mendgmany/ | T $ES S S A ™| management
JIV] ot Sialen Kai Ly ol Joma gl
lendskerp Landscape
A e g e sl gl g protection/
[I] s s 5 Gl Sl Uy e Bl & Landsca;_zc
. J conservation
e g fa ot | J ants LB pls o
( )

800 CU).».UZ 44154.!).&.&!1 fendskerp | o= S o ng:::epe

/lendskerp j S5 Rl +s | Landscape
kaerakta/ " a character




RIS T

° 2 *
) @ 29005 i 3 59 3 51 3 534 yholh 4 gle
L 2 4 L 2 4

Ol 9 slrely woid 7 b 4ol T

16)12655 Lo Ao L =hb slo aus eudiue bLs)l

F18 05lou 4 g

[1] ol, ailio clgz °

gl y Oyl Sdglas

!

) cpeit b b ] 1M

Iy ! s Yy e sl 5ol ol ifan b gy ) 5L 8 il I o 3 e o
Bl & ils b Sup e glaxe g babls e p osily gy g (e 3y 3] elS)p dlo

bl g 8l oy 3 il & a2 ol e g gl gl

D) 85 g e s o Bl 1520 S Bl e g i g 025 6 Sy e ol I8
Ll
i e 2 O el S it 5 6 woj 2 B e i -
oy e S e a5 5 b il o g 3 s e 80 o el il
25 o ot g oy b el (Koo 0
3 5y ok dagyd el a3 i ok bl gl b o 4S5 ¢ o Sl oo ] g -
s o ] e g e & ol layge el
800 CU).».U .2 415 d.l).u.u N St 3yt s gy f a8 sy e ] o il 35 b e g
dos g bl sl s UL s g i oy s & gy slagos
(32130 30 40 8 ol U 5 1b 5] Jgono 3 80 o bl 3 soglhn 3
e b ol o) LTl 53 (s 3929 0903 g pupd il g 410 3 sl
2 il

aile g8 -T-A-F




Gl oodl (559002

° 2 *
) @ 29005 i 3 59 3 51 3 534 yholh 4 gle
L 2 4 L 2 4

Ol 9 slrely woid 7 b 4ol T

16)12655 Lo Ao L =hb slo aus eudiue bLs)l

[1] ol) ileo sLigy
[1] o) s> Jga> °

F18 05lou 4 g

gl y Oyl Sdglas

l2)
(e o M) Gl 58] sy lg1-T-F UK
U Jpo 5 o 5 oo ol olon s il Gl 9 3 30y 4 oy AL Jys
i YUy o s s S 8 o8l s gl €310 (e i o Sy S 0 S
19 Kl a5 oo & oy 2 sy ol of gy B 9 55 o e o YEF) )

( )
S odes S el oY 80 oloj 9 ]| G g oS (g pate &) S SN 20 b ol
sl adlne s Saie b Jpte U8 oo o B oy b s 3y 615 o 5] 30

"o

15 e L By o o 5 (17) G5 6

25 il Jo g3y 2 )3 el s b ) L il a3 e o5 Cagy B 2Vl dly

\. J/ ST o O L L : . g
Pl st & S35 Cpgp g 38 B Yy 8 Bl 8 s S5l B Sl (g 20 K g

( ) 358 s 65 Bl e i G o ol g

800 5.2 (415 ay i T




:d.ig)’.m )Lgs.o

16)12655 Lo Ao L =hb slo aus eudiue bLs)l

[1] ol) Sleo (lige °
[1] ol) sl Jo3=> *
[1] 63505 6Ly 005> *

800 5.2 (415 ay i T

RIS T

29802 Ll 3 59y &)U g (532 540l 3 S glae

Ol 91 sbol y (woid 7 3b 4ol T

F18 05lou 4 g

gl y Oyl Sdglas
o el el

nezamfanni ir

54513 5 bl e 4 A3, O K
Sl gy s Olasule-Y-Y-Y-A

e ey el bops Ko o Cl Oglie S0 bl & bl S I S35 laopip ol g S
35 & Doy ol o il 0 s syl Ygans 6 S J5 g 9 oz ol
1% 5 23 5 156 sl s ol oy sl o 395 0 48 G085 & o o g oo ol 5 S
225 BNl ol e oV e oV i o 2 455 i o B> a8k ol ol B
Wl a8 (i 10 s ) 0 Y10 1 4sf 53,8 3.8 51 o ol n

g Lad & 0B bl 3 Sl ib Job 2 ABF g Ly 2o MY Jils cul i bgb oiSlis claayis
b galf g B plgey b oSz o o0 Bl il

3Ll Jgaa b osiiS las gWopia 1 wls il y gl Yo il i )b S b glael, 3
Ty s Sl oo o ol o o (ol il 0 casbio g3k 01 g o313 8

b




:d.ig)’.m )Lgm

16)12655 Lo Ao L =hb slo aus eudiue bLs)l

[1] ol) Sleo (lige °
[1] ol) sl Jo3=> *
[1] 63505 6Ly 005> *

[3] aleo 9 LT woldtie byl )5 (55 as) LS

362 5.3 800 ay 5.2 415 ay i T

Ol oMl (5 39000
9S50 3%l 1 g S ke ol

9121z sb Jodl ygawd
S g ST (5510

T'F’f o,l.u“nakql..é

&l y O ylai Chglae
S el 0l

nezamfanni.ir

Sl 9 8, Oyl5s
Sl ptend 9 (Samne 10y Oligon 35 50

bhrc.ac.ir

3y byl S 4S) slga SLRTY-A-D
ot o Sl i e Gl s O Bt Wl 3 IS s el e Sl o ke o
A 8 e e e ool s g e sglite Ll o sl 54 ol e |

b 5 byl

Loy g a8 ool agdas izl 213 | 3 IS sgilo s ke 25 16100 86 §

o b ) b a2 ] i 3 JB s g g 0 ki o

Al LB oS o 1 bgbe cl p3Y e 0 bkl iz (gled )3 Ysane

PSCPE S YS-PIpCT E B AR O 0 O IR RO -SRI £ (R PR Y
Salo g . il 0,33 s a0 oass ol S a5 paZe 3 15 19 g 0 iz oad gl glaalals
520 25 2 4 35 @l 0 2 ey SN g sl g el gl g5 jn B L S g
i ol o b i o bl i G e i Gl e 50 3
b Faiphe 2 i 2l
Sl 0 Py iy o il 05 3 st i e Dy o o i bt
G332 s e 2 gl 0515 Al o 0 ot i 0815 5 Wl kS L gl jleclicd 5,5 3

g plodl 50 dlf K b Sl A 2> sl e

oall 21 8 Sl & -4

& bype Jote clo ol 65 5 (S5 dhuome Sl 5] gul 0y Sl (605 0 b g g, Sl




~\

® 3945 53y 9 S ke sle 3l
L 4 4 L 4 4

) S g 121z b Joad ygiwd
1)l gl aigjo b 2hb Gl aue padiue bLG)L * o < liuT

[1] ol) Slio (ligy ° AP o slad 4 i
[1]el) sl Jgaz
[1] 635> oLy 005> *

[8] aleo 9 ST woldtio byl )> paoyi (RS o s
[4][2] cllewT gg5 (510055 aiuj S Ty

Fg ¥ agus Jol5s il (ggy g 22j 3 b gle g

e Jsame Ml 3 00t w5 gloc e

SR 5 cd) s gt gladl b B blg e e (005 0 B b S bl o A

S g W (6 s St Mg lS o i S 0

ESEERSIEIN PO

398 0 ] e 3 65 e o ol i Sl o e i

adg i il

e Joce AT byle sl 430 | b Jalice i byle sl 450 Ypune

e o gl -

384 ay,i.4 362 a3,i5.3 (B00 a2 415 oy, 1 | | g
ST b sl s app sl Ao iy ol s e ST bl gl
b iy, 5 ol walae S0 BBl
Gk poyt s Job palf -

vl o il Jgote il b gy & i g ool 3l 5 oy £ ol ool & 225 L




~\

° L 2 ¢ 2945 a3y g ali p plojle
. QU).Q ) Lo
0 2 2 2

S3eS 3121 2150 Joad! g
:Ls)l.).es.) LSLCD Ay > L U?b.b Lchb au> ‘o.a.o_.x.um .bLgJ)| = Loty o s ilwgy

[1] ol) ailuo (sligy

[1] o] sl Jga> *

[1] 635> oLy 005> *

3] olgo 9 OT wylatio bl )> euoyi LS st s i

298 55 5 oo (Sl dng 3 Cblus 525 ey g ali oo

[4] ) [2]; [5] CAJ Lé.kUT E 9.) LS) I _).ei) d_le}m o Skl ‘.,f;:c:&,:m Fr nezamfanaiir

YT’\ B)u Mb

S g B sl s e ol s b Sl LEL | 2 o e sl 2 25l 55 -0
Sl sl s a2 Y
i e Sl ds il 2ol V8 e sy Wb s L8 ez ol

030 s yodla 2 slagilsy i oS Ygama ol o 452 atn Jy el 2o oy g5 o SSL

g ol o phassaal o a5 A Vb 00 5 5 e o sl sils g8 o Sl
é ) 5 0ol Mg Gl 3 Sy oS B 5 39 e ) an 310315 6, R

SF a3l e Jib b (55 silogy & ) S el s il

45 gy e (55 sl cn g Ui T pebty

bl

e N Sy Sk -

731 5.5 384 a 5.4 (362 ay,50.3 800 ay,:5.2 415 ay . 1 S

b pas Jsb b oS5 gilog) & b LB




~\

° ¢ V'S Oln! oMl 550002
PY @ 1985 4oy g dalip plojlu
L 2 4 L 2 4

(1,57) o1 9 sol 5 4ol T

e e | 161290 sl agjo L =hb lo aus pudiue bl °

S99 Sboly s (1 5b 4l

[1] oly ablio LSL&.@J .

[1] o] sl Jga> *

[1] o2s> oliy 605> ° Avs—11 o o abaslo

[3] e 9 LT woldtio bl )5 puo)i (RS
[4112][5] cdlewT g5 (5,005 aijo *

2] oo (laisl) g ulidigy Whiagxs

Gy g il g yaol drungd o S8 Siglae

IFV-F/of ol phize a5l g b g Juai

ol lore s g abie O i blii o K cloygi fleolicd -

At L bl 25 5 nie slogi ab il ps -

355 ol flen )l g Cotal ol (28 crga s gtad Jpol oley bl o6 g b -
1y s sy 5t b b o8-

955 Suley b ously s 8 SRS S a5l

. J/

o a2 sl el s 3 S5 (St gl eslind -

( \
731 QTJ)ML}.S ‘384 QTJ)ML).4 ‘362 Q,J).MQ.B ‘800 QTJ)MQ.Z ‘41 5 QTJ)ML;.1 sl ©
2l adl glasoly g Bl 5005 pae 5 S5 9 Sodl crge ali o -

ol 5 b el e g s O Wl 0 508 By -

5k o by o 3 s i )8 g e -




. )l.)).g b).e.? ).) G)l.é.eij L"—\*A.Ql

0y glely Sslas g I Sllas 5 gilug) Camdy 136 o)

(()bﬁ Obal gl HUSTY aalls) S

P * * *
U.JI 9 OI —usuog .b_0_> & . i ‘ € a8 ] sl Jla
..) ) 2 L s W St LS e e VY e
b dsly s edige sy 5Ll L A
o dsly Sl pae e 0 S o ¥ e Lo e
3 by Dl e 13 5 e o dl g e

o 40 Y. ;
).Q.C 0)93 L)::J:!I}SI amelii@gmail.com :J o st 5 Sy S ot

WAV TIYE 2 5 pdy = VPRV VNA L

YWV-YOV isis

b 4 * 0‘0 5 .
Q.AJ" ).CD L).M.CD

bl bt gion b ot ol 58 phal)ly s i) p1 U333 A% )3 pigo Jols 5 s Pluns) 18 RS

O il )3 Sty ol Jgx0 1903 s Jiluog cac o 3 s Jobo )l gy Sl 5 5)lsadls paslib ailis)
wlalac Sl s 59 s G455 gl 263 18 Ol puizead s gl SPSS sl o i jloslizl b s o) ps
Db 4 wbislai s Gorsnp) Jioo L &l ppad 48 3l Gl @l SN Y5 o) 3 )90 I3aze SINE
9 1 Y0 St & IRT a3l L O s J 3 50t 510 s« ol ol psd o sl 03,8 Ly il (5 s
Lol LS o) Fr Al Y 93 cauilys 41 330 51 4588 &0 lsslei 53) o SAME o pill 9 0350 piso sl

[6] (ool iwl;8l g wlasLas (gau0)> 60 juoslS

Ty

il fasypion Aty 5 pc s il ol piolply b s gy ol sl s 3 plo ol 5 5 lisn) 518 Al aiz il 13
Wl ol 13 s g Lol g xe 19,03 4l ilaoy iz pun 3 dalas S ilg) Sleplss 3 5lpadli il ailin)
e Slxal J g iged Al s ol oG350 lpin pisead s b S SPSS Jhssha i oMl b 5 o
b o wlislai gl s aainplp e LG @il pas 5 ol lis gl SN A5 A 3 p90 bz )0
830 2o oliso 4 IRI (ol La T s Mg s )bss) (518 s gulti o ol ool 0355 Ligg Jals (g plaia
Sl AALE L3 P dlids JF 15 o ailys &5 30 51 638 & lisins 599 po s HND ldae il g 039, pio lisliar
s izl bl A8lgS g 3 ) islin F i b ol oliad 518 o]y T pibls ol it lai

(7371 a5 384 ayyi 4 362 api.3 (800 a2 415 ay .




1610 0,00 5O 5y s

NP o121 T Josdt g
0l) gy Cusog S g (W)U

Eaz Gyl e S g ST (5 5IuesS
sl 18l o FHY 0 lod dlasli

S Red 501,
S5 5 e coly SRS 38 50
\ bhrc.ac.ir

el g8

ks g & g b » FWD L 5 Automatic Road Analyzer o a5, L s <iiy ol

ey by gy ca ol aype claally clly o ldlzg oy egle 5 s 4 o
3 ik sl b Sobil sl o IRT wy) g foanli oy i |y oy oy
( ) Sl ey 4 8 3] ool sl e s 3 Sl o sl Loy Sl 2 02
ol g ) ol b oas gl max
\_ J
( )
(& Y\ J




16155 0 )O (5)105S

0l) ayg) Camidg il 9 il
ez b
GOyl sl Hlpl e
[3] k= (sl H1380 )5

il p e el 9 4 039 e

Ol Q18 g S oS ¢ i = 2 S5 Ly ol Lo 3 pame
Ol g8 e g 5 o5 (g = 8 500 Ll i slS ol

0l) dyg) Cumidg bj)l

B0 P VPRIV P YRR PR LH U3 51 S W AV

[7] “,,):f 508 lem )I }él ‘O )j ° E-mail saffar m@modares.ac it

23350 03§00 alae skl sl il o ogle cumle Y 353 50 slaol) ) i o Jsiic &
o oelis] s ) buza 10 )5 i 3 g jlng)igojlo sy 13 S 5P g sl il
LA iF s cuyslsl )3 G Sl g g il Al s 58 prai 3 3 BN 8 pli - 5
AT s (4HP) iy el gyl ol 135 sl i o s 5§ il
ol oddd
( ) il il 9 o o 5y e laiglp ool s 8T Joslilly i o 3
SELMOD-5 Ll 13 3 53y ANl i sl 5 b i & o 3
95 LA 5t sl 8 gsl o s & ol SIS b s i 0 & HDM-4
otz L 5" AHP) -y Al ol i) &0 5 i Al S S psni il 5

b a ol Expert Choice Jjd i

¢ 731 au,85.5 (384 @y ,55.4 (362 ay,:65.3 (800 ay 5.2 (415 aypins. 1
03l) Lo (g5lwg) Cu e Jae.7 (J g Jo> dolitung)y.6




1610 0500 53 (5)10gS0 o

2985 43390 g 4ol p Hlo sl

ol) ayg) Cuiog b g )il 0 | [RYUTESIIESRIGRNINY GRPSTRRIC N
: e oyl Lol y g,
o YIY o o s

[8] Glad=x sl 1380 @)

:OI) 4739) Q,é_v.;bg UJL)))' C S5l e § (oSamns 0]y Dl 35 50 g (8 el el

* o0 .. .
Ji g Joo p28ig

[7] U:%!HM LSL(D )Igél P )_) ° bhreacir nezamfanniir
[Bluilefl plsil

Zansige 55 e du Jp> 4l oy o252 SIS > by 45 il lills POSLYV POSLV' o
2V S L GPST sla ool g2y pie Sy o el al (AT IS2) 43S 0 Jol> 335 ,5b 41, o]

Alaia Jar

ol oliws ;3 POS LV Wil -AY Js

595 slajema Ja> 1y olSls ole e (3235 (e 45 aSgy oyde (6 sl a8 a2ien Sy POS LV aiils
st s ol 5y ol S a N el SIS Sige 5 03,8 g Sell 1) (IS Ml 5 e
N < GPS Lyt 5 55 cullad jpkize 4 POS LV wlabu ] oo o> &) ARAN olfins ain ailabs o saci iy

ol ilisie glaceand 5 3 Shee L5l FY Jaar 5 AY K5 5 ool 0ad ol w5 a5 65ed Bbolia o oS

ol ot ool Lt el

722 d.l).uu.)8 ‘O)b )Lé.»o 46)’Luu9) k.u).l.\.ao LJ.\.O7 ¢d9.0 9 |o:> aola "‘"'9)93;!-6

\ _J \_ Y, POS LV wleb il s ~AT JS5




16155 0 )O (5)10SS

:PMS LS)‘ng) Cy Ao ‘om.u.w o
)ng)ds.;.w.)pg.o “-“'*'9"09U7:‘7:"°" °
U"I w.v_»agu.umw S

0ly gjlwg) Cusog (b))l sl Lasli
IRI, Mol 0 (5)lgol ol °
PCl, LS)L*”9) L_u_v_:og Ua-'>l.w *
PSI, =9 LS)JAJu.o.).?”apr =
MCl, LS)I-"GS"/’ Cusuo ’9 Ul Lb
PCR, (sjlwg) wosidg 255

GPI, 5,Slec (sog90e aS>Lis

¢ 73T aguins.5 384 aypii.4 (362 agpins.3 (800 auyin.2 (415 ay i, T
7224.: ”8‘o>|))L0.»o ¢Lg)hu9)w).:.\.od.\.o7 td&Jgd&?ML&.&uﬁ)g)J6

&l izt ols 4z 3 s 1..,.@,

S, a5l ol o o2 0g5 )
@yaho0.c0m 3| JlolBosB e 3 silon s uli  gntils =¥
aliasghar.ansari1995@gmail.com . sl RS 33 o ki S gaontils =T
nariman. hatami93@gmail.com . e 33 B il 5 gyl ¥

B 3 A8l e i 5 gntl =D

Silugy by Slb ASLE IF duslio F Jgan

JJI,-.N Slganli

31y dalii Julog (slo 57 iy Jood bl 45 fgen g Sl grhas oS,

e i 3 i ks | 0o gl
Cantly o salle i Cadpione alaly 4 L

Y ulai gpeali 1 i 300 cilsal

A it g oy s g adkie Lyl

e sle gl asli 4 lies g
b Jos i il (gn a0 )8 S
ot gma a2l 5 Jgede s (5 62,008 Glsie 4 PCLIRT Gaslss 5 o5 0l
11,15 s s a3 J
S M K, K, sl L ol om onse gl5] Jol
# 03 3 e S8 6T el g 6 sl ol ot DMl s 0900 5 S5

oSl (G ey ol g3 e 3 S (slr o agzy ol g 3,08 (55048 g eadd (slo sy




(e (S it § b slaro

S0 ol ) 3 Woly (531065 9y Oluoh B Sladela
d.ol.i).g .)..ul.) 9 (6)2) GJOU).) U
dwli g cudss (J,iS dysl 2

9] Ol gl .3

W01y st glne 3 b iglen
B 156 e 8 3 s3tie Slajle

e 3l il 3 51485 ¢ 08 S Cdgians s yila 1 (1) gl

)

_.

722 d.l).u.u8 ‘Obb )Lé.»o ¢LSjLLu9) k.u)J.\.ao LJ.\.AO7 :d&.& 9 |o:> aola .’.’,m92.6

Ohed )l bzl g 19 plas.9




o ol (514650 9 yrast)

:U,g|)2| LsLd) ‘olf C

> > Gausl g o) Gayib .1
Whaasi £95 g Wik sl .2

st @royi g >l .3

¢ 731 au,85.5 (384 @y ,55.4 (362 ay,:65.3 (800 ay 5.2 (415 aypins. 1
722 ay,:555.8 c03lj jlawo (gjlwg) e Jro.7 (& g Jo> aoliinngiy.6
Ohed )l bzl g 19 plas.9

Ol E113 1 g g LS

(e (S it § b slaro

65 Sl 5 3 ol (51K 9 ol Dl (8 Slaela

W01 oty e 3 8 sl
016 b puntign 8 0 ke Olojl

llba G g

ols
S — 1. o = 1

Y- - [y PO NG fP SO 1o P &

e 5 ) G o O il A

i sl o o iy s Ly

e Pt




SIMPLE EVALUATION METHODS FOR
ROAD PAVEMENT MANAGEMENT
IN DEVELOPING COUNTRY

by
HENG SALPISOTH

March 2014

A dissertation submitted to
Graduate school of engineering, Kyoto University
In partial fulfillment of requirements for the degree of

Doctor of Engineering

Table 1-2 Maintenance repair standard by MCI*?
Maintenance repair standard
3 or less than 3 Needed repair asap

4 or less than 4 Needed repair

5 and more than 5 Desired control level

Table 1-3  PSI and its correspondence repair method®”

Repairing method

Surface treatment
Overlay
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and an a

tive maintenance measure, calculates the benefit-cost ratio of the measure when it
is applied at different time oes not consider the application of other types
of maintenance measures. It is suggested that a variety of preventive maintenance
measures should be selected for comparison in specific use.

1.3.2  Pavement Condition Evaluation

The evaluation of road surface condition is the qualitative and quantitative evalua-
tion and measurement of the functionality of the active road surface. It is the basis
and premise for determining road maintenance needs and formulating the correct
maintenance strategy. The research on pavement condition evaluation in the United
States started earlier. The pavement performance evaluation model of the world’s first
system is the PSI (Present Serviceability Index) pavement performance evaluation
model proposed by the United States. The PSI model is based on subjective scoring
and field investigation of road surface disease, and the relationship model between
the scoring system and the road surface disease is fitted by multiple regression [24].
As one of the important research results of the road test, the PSI evaluation model
is the first successful example of the highway management industry to cite expert
scores to establish subjective and objective connections and has a profound impact
on the development of road management technologies in other countries around the
world [25].

Inspired by the PSI model, the MCI (Maintenance Control Index) evaluation
model was developed in Japan in 1981 [26], and it differed significantly from the PSI
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Inspired by the PSI model, the MCI (Maintenance Control Index) evaluation
model was developed in Japan in 1981 [26], and it differed significantly from the PS1

1.3 The Present Situation of the Pavement Preventive Maintenance ... 7

index. In the MCI model, the pavement flatness index has a lower weight, while the
crack and rutting index have higher weights, which is entirely opposite to the US PS1
model. In addition, the MCI model requires that all members of the expert group be
road management personnel, and members are more concerned with indicators that
directly reflect changes in road conditions. Therefore, unlike the PSI model from the

perspective of road users, the MCI model is based on the evaluation model of the
road manager.
In 2007, Greek scholars investi;
it with the evolutionary

damage degree of cracks was divided into five grades. The dama
road surface evaluated.
As the research progresses, more detailed and microscopic road surface data and
itive performan valuation indicators and evaluation method: i
to emerge. At the same time, roz
drop hammer deflection tester, anti-slip performance test vehic
other fast non-destructive testing techniques and gray theo!
fuzzy algorithm, etc. have strong dat: i i
of high-precision mathematical methods facilitates the evaluation of road conditions
from a microscopic perspective.

1.3.3 Maintenance Section Division
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Mn/DOT's PMS Survey
The Mn/DOT Pavement Management System survey uses three indices:

PSR: The Present Serviceability Rating is a measure of the roughness of
the pavement, measured with a profilometer. The results of the profiler
test are, through use of a correlation equation, converted into the PSR.
The PSR ranges from 0 (very poor) to 5 (perfect).

SR: The Surface Rating is a survey of the surface distresses (cracking,
rutting, faulting, etc.) over a 500-foot sample of the pavement. It is
gathered using an automated van, which allows the survey to be conducted
in the office from video. The various distresses have different weightings,
which are deducted from a perfect score of 4.0. The range of possible
values is 0 (severely distressed) to 4 (no distresses),

PQI: The Pavement Quality Index s simply the square root of the
product of the PSR and the SR. The PQI ranges from a low of 0 to a high
of 4.5 (square root of 20). Once the PQI drops below 2.8, the pavement
is generally considered to need corrective maintenance or rehabilitation
such as a structural overlay, mill and overlay, or total replacement.
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2.3.1 Evaluation Index of Pavement Technical Conditions

The evaluation of asphalt pavement technical condition is expressed by Pavement
Quality Index (PQI) and Pavement Condition Index (PCI), Road Quality Index (RQI),
Rutting Depth Index (RDI), Skid Resistance Index (SRI) and Pavement Structural
Strength Index (PSSI). The range of PQI and corresponding sub-index is 1-100.

Asphalt pavement technology is divided into five grades: Excellent, Good,
Medium, Secondary and Inferiority. The grade of technical condition of asphalt
pavement is determined according to the standard specified in Table 2.2.

The performance index (PQI) of asphalt pavement is calculated by Formula (2.1).

PQI = Wp(‘IPCI + WRQIRQI + WRDIRDI + I|'SR1SR1 (21)

Formula:

wpci—The weight of PCI in PQL is calculated in Table 2.3.
wror—The weight of RQI in PQI is calculated in Table 2.3.
wrp—The weight of RDI in PQl is calculated in Table 2.3.
wsgi—The weight of SRI in PQl s calculated in Table 2.3.

Table 2.2 Standard for evaluating the technical condition of asphalt pavement
Excellent |Good | Medium | Secondary | Inferiority
>80, <90 | >70, <80 | >60,<70 | <60

Rating level
PQI and sub-indicators at all levels | >90
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(d) International Roughness Index (IRI)

Besides standard deviation described above, the longitudinal evenness is mostly and
globally evaluated by using International Roughness Index (IRI). IRI is an index
introduced by World Bank in 1986, used to evaluate longitudinal evenness of pavement

and riding comfort™. As shown in Fig. 1-10, IRT is given by using the motion of virtual

15

uniaxial vehicle model which is called quarter car (QC). In this model, ¢ is damping
factor of vehicle body suspension, kg and k; are elastic modulus of vehicle body
suspension and tire respectively, m; and m; are sprung mass and unsprung mass
respectively. When QC runs on road surface with 80km/h speed, IRI is computed by
normalizing the relative velocity accumulation of sprung mass and unsprung mass

divided evaluation distance L. Specifically, IRL is defined as following equation.

LIV, , .
s Al




Figure 2.1 Traffic speed VCS output including high quality multple angle imagery, location,

chainage and indicative layer thickness from simultaneously collected GPR onboard the MFV
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location, further increases safety and reduces overall survey time on site.
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Fig. 1. 3D GPR detection.
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ABSTRACT

radar (GPR) and falling weight deflectometer
) of the highway pavement in reconstruction and
‘expansion project for better maintenance decision-making. Therefore, a decision-making system
with the application of four evaluation indexes including deflzction value (DV), pavement surface:
condition within 20 m(PCI20), maintenance effect (ME) and intemnal crack rate (ICR) was con-
structed. Through the pavement empiricab-mechanical calculation and the Delphi method anah-
yais, the correspanding threshald for the DV, PCI20 and ICR were 27 (0.01 mm), 80, and 20 m/
100 m” respectively. Then, the decision-making system was applied for the 5.5 km section with
the detection and evaluation results, and the advised maintenance plans of different lanes were
determined. Lasty, the effet of the decision-making system was analyzed. Results show that the
decision-making system can scientifically decide the treatment plans and save the mainenance:
cost by about 30.1 %. The deflection near the grouting holes significantly decreases resulting from
the high-density cement shurry distribution. The milling and repaving have a high structural
reinforcement abilty of reducing deflection up to more than 66 %, which s posiively related to
the milling depth.

Lliad Case Suudies in Construcsion Materials 19 (2023) 02451

axisting subgrade, bridges, and culverts, as well as detecting and addressing any distresses in the existing pavement [3,4]. Out of these
thallenges, addressing pavement distresses is directly linked to achieving and maintaining the long-term functionality of the
pavement.

In traditional reconstruction and expansion practices, as well as existing pavement maintenance and treatment, decision-making
systems have typically taken into account the pavement surface condition within a 1000-meter radius, local internal distresses
identified through drilling core samples, bearing capacity based on design deflection value, and maintenance history obtained through
literature searches [5-7). There are certain limitations in the evaluation of pavement distresses, resulting in incomplete treatment
plans and early distress after treatment or too conservative plans resulting in waste of intact pavement [2]. Accurately assessing the
actual condition of existing pavement has become a crucial prerequisite for effective treatment of distresses.

Ground-penetrating radar (GPR) and falling weight deflectometer (FWD) are two techniques that offer the advantages of relatively
rapid and nondestructive detection, and have been increasingly utilized for assessing pavement bearing capacity and detecting internal
fistresses [9]. Calhoon et al. utilized the FWD and GPR to monitor the effects of seasonal moisture variation on the pavement structural
bearing capacity [10]. Liu et al. established the YOLO model to relate the pavement distresses with GPR images and realized the rapid
identification of pavement distresses [11). Zhao et al. used GPR and FWD to assess the structural condition and analysis the fatigue
stress of cement concrete pavement [12). Based on the deflection basin detected by FWD, Vyas et al. used artificial neural network to
avaluate the condition of asphalt pavement 13]. In a word, GPR and FWD have become the most commonly used and considered the
comparatively most efficient pavement distresses and structural capacity detection and evaluation techniques. Unfortunately, at
present, the main energy of researchers is to find distresses through advanced non-destructive testing technology, but there is not much
work on the construction of distress indicators, the judgment of distress degree and the evaluation criteria [14]. The determination of
index and criteria is an important basis for rationally evaluating and grading pavement conditions, and is also an important prereg-
uisite for grading decision-making on maintenance plan and rational allocation of maintenance funds. In our previously research, GPR
and FWD were used to jointly detect and evaluate the conditions of highway pavements, the evaluation index of bearing capacity and
internal crack rate were proposed. However, only the optimum criteria of bearing capacity were determined [15).

In recent years, as detection and evaluation technology has advanced, numerous scholars have conducted extensive research on the
development of precise maintenance plans for pavements. For instance, Li et al. explored an intelligent decision-making model for
preventive maintenance of asphalt pavement based on a PSO-GRU neural network [16]. Zhao et al. constructed a evaluation method
for pavement maintenance priority classification based on an unsupervised data-driven multidimensional performance model [17].
Han et al. proposed a decision-making method for asphalt pavement maintenance based on improved weighted random forest algo-
rithm, which was verified to have a decision-making accuracy of 90 % in Jiangsu Province [18]. Most of the previous researches is
mainly focused on network-level or project-level maintenance plan, which is usually helpful to determine the scale of maintenance

19 Moreover, they mainly consider the indexes of surface distress and underrepresented mechanical strength, but lack the
juantitative consideration of internal distress and maintenance history [22.23]. In reconstruction and expansion projects, addressing
pavement distresses is crucial for ensuring longer life and durability of the pavement. Therefore, it is of great significance to conduct
research on developing decision-making systems for treating existing pavement distresses.

1.2. Objective
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ABSTRACT

‘Pavement needs to be maintained from the moment its service life begins. The maintenance strategy is mainly
based on pavement qualit indenes, such as the road damage rate (DR). Accurate pavement disrss detection i
generally costly and complicated. An inappropriate pavement distess detection sirategy could yield a low ef.
fciency of budget us2ge and untreated road diseases. This stady describes an innovative vision-based pavement
crack detection strategy that provides a direct pavemens surface condition index (PCT) for 2 specfic pavement
location. Thisstategy was achieved with the appicaion o the convolutional neural network (CNY) algorichen
to mine 2 database that consains over five thousand pavemen distrss images to classify the pavement crack
type. To improve the accuracy of the network, 2 genetic agorithm (GA) was employed 0 optmize the model. To
‘simultaneously consider the eficiency and accuracy, n enhanced image processing method was used to measure
the DR of the pavement. The model input image size is 100 x 100 pixels and the test results showed that the
proposed method has setistactory performance in robustnes, accuracy, and processing speed. The accuracy of
classifying different crack types reached 98%, and the processing tme for 2 image i 0.047 5. This research, for
the fist time, propased an elipse fitting method to calculate the block of mesh cracks. The overall accuracy in
desecting the pavement damage rate reached 90%. This study demoostrates the pocential of an innovative deep
learning method in automated pavement qualiy inde calculations to provide direct guidaoce for loagerm
asphalt paverment optmal rebabilitaton and maintenance (R&M) deciions.
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(a)

ABSTRACT

Decision making inbighneay preventive maistenance (PM) s generallycosly and complicated. Aninappropriste
maintesance strategy coukd yied  low eficiency of badget uage and untrested rood distress This sty de-
scribes an innovative predictive maintenance strategy that provides direct maintenance guidance to specific
ighway milposts. Thi was achieved wich the applicationofthe artifcial neural network (ANN) algorithn to

history, and maitenasce records of  chasen highway were regarded as the inpet data of the ANN model. A data
qualty coatol method was proposed o ensure aspbal pevement perfonance improvement coatinuty orer
time besed on the idea of the maintenance yea s the sarting pointfo predicion. Th buckpropegatio neural
network (BENN) model and a ybrid neural network (HNN) were applied o pedict ive indexes f the highweay
asphalt pavement performance, and the genetic algorithm (GA) was employed to optimiz the yperparameters
of these models. The results indicate that the GA enhanced HNN model could increase the accuracy by 35% an
average compared with traditional ANN in predicing the highway asphalt distrss pecformance. Furthermore, a
notable agreemen is aained when comparing the predictd indeves to the wholeyear measurement dsta
iavaliation with average coefcien of etermination () reaches .74, This sty demonstates the potential of
an inorative ANN method in highvway distress prediction to eovide diret gidance for ngsemn bighway
asphakt pavement optimal rbabiltation and maistenance (R&M) decisions.
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