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ABSTRACT

Roughness is the most important factor to maintain the road performance, and affects greatly on the design life in Jointed Plain Concrete pavements.
Also, the factors the evaluate pavement's commonality is the three method such as functionality, safety and structural performance. In evaluating
function of road, representative factors is the roughness, which has been used to determine maintenance time as key standard. As research for roughness
is absence in pavement design. Applied roughness-model had a low-reliability in Korea. Therefore, it is needed to develop reliable model in road
roughness. In this research, uniform specific is applied to distribute them after selecting the concrete pavements. Concrete pavement is divided by
sections of 238. Total length of this sections has 281km and account for 16% of total road length in korean concrete pavements for selected sections.
Considering the korean roughness-model, the evaluation of roughness is performed for the freezing index, average annual rainfall, condition for the base,
the amount of traffic as well as spalling(%), cracking(%), age(year) at the selected section at the selected section. Also, additional sections is selected to
evaluate various age which affects on the roughness. As a result of the analysis, it showed that spalling(%), cracking(%), age(year), and the condition of
the base affected road roughness. When the correlation with the road roughness was analyzed, the reliable model for road roughness was proposed, and
the ratio that can explain road roughness was R2-68.8% and P value-0 which is statistically meaningful.

KEYWORDS

roughness, spalling, cracking, age, base, the amount of traffic, average annual rainfall, freezing index, serviceability, correlation, IRI-model

XA

HENE =2 3848 =HEs| |I8F 88 AN, 2EE232E TR =Ho| 2 g&e 0IRICH XX Z88e BTt
sle @42= A7 71y B8Ot oY B AN ds B2 QICH TS Bt 7k THE tiEARl BRI E RIS
2et S2F 7|1ECR 012510 UL MAX! 75 Solf & Ao H&Est/| 28t 7= 0lE¢tt A&0|TH w2t M2y
U= HEH 2dlo| JH0] QST 2 AFuAME JU 232(EXRe] LM & M 280.93kmE LAV |FEC2 L0 2387
o Mo2 MHESIAICE 5L B U BEHE RE0AM D5t e FERIRIRl AZR, 7, HFEO Of 2t SAX|5, HE
w4l 7ISAH, MEY S0l thEt AEVH ORI eH, MF| TIUEIE fIst0] =7HAQI ids MEsto] BERYo| P&ks 0
A= QUXIS0f thst 2490 O|RO{FCt 28T AZ- (%), wE(%), MB(EH), 7|50| BEMY| Hehs 0X[= A= LIE
C}. 0|2 Soff EEMYDI| ALHIAIE 245 21t M2|Y Q= BEY ZH0| E==0ien, HEIYE 48" = Q= Hlge
68.8%= LIEH}L SAXCZ Koot 402 HEMEIDE & (T0Me AYUE SMEE2I2|EXYC| AIRAIZS dAlBl 27| 3
B8d8 EkIen, 0|2 Salt] A% 2=, MAS X A% 0| nAXNE S &Ees =elsint
sA1Z0f
HErY, A28, 7 MY, 71§, wEE ArLTE SEX T S84, M4, BEHY =Y

Journal of the Korean Society of Road Engineers / et 28ts| =22 N|12H H22 SH 445 2010. 6



1. M2
1.1, oA 2
C2AA 9 AlF Slo] Hed

o

ol 2
=

rlo
1
i
Hel
o3
o
o
N
N
QL
rr

o,
>
O,
£
i
a
y
=)
=
riu
o2
o0k
¥ n;l—;
-
)
pass
il
!
o
(e

<

Brkehe aaRe A7 716 B7h, 88 2ot

e B7P k. 71574 7t 7k 2P
FAREE G 28 7

2 &9l 2 AN A8 A A

A SedM e e dIgAAE

& A7k ol Felgion, o8 2AEA

oox 2L o
o rlo

¥, M

o 2

re
-
-
rr

o O H & O yd ofd ofN

o]

kS

o m B oox e

>,

]

%)
18

17

“
<
o

)

o2 L X
=
5
(e
re
-
E
>
rir
H
fo
o
>,
>
oo

;K

lo,
%9,

b o
=
i)
i
N
fu
&S
Lo

i)
ME

Bl o
)
ol
ol
=
oL o oo o N o

>
ot —

(O O b (T oM (M oL N do 2 o I ob fo
02

w8 2
lo,
N

202 o tlo ox R

o o
)
A
re
o
T
o
-
ofit
N
o r
BN

o o4
o2
ol

¢ o
o, f
% ofn
£ g
y

E7} o]FojHom A
3 I

b
-0,
o
[

!
[
1027
ol
ol
L
o,
¢
o,
=
o2
O

M
1
-
-
U
2
po)
o

2. HEY X|= 2go| Z2E
2.1. =M HEM XI5=(International Roughness
Index) &2

1982 AIAI=3Y(IBRD)Y] $H o= Bepde] £ B
ol A wl=tg Ege g, Taja Ao Held 5 &
Mare] AEAT7|RE] 352 Folate] A =2 et
218 (International Road Roughness Experiment)o]2}
A

7]

k)

ML or o o ome

A

ZIAES £t ol & Bl AAHcRE 58E F
Beg AFE NEeglon, bdd TR s 5%

A S AAE B = Y AFE A < A
A, A B A D FAARKL sto] 25emitA
2 glo] 521 4z HolglelA HFAALS FAteto] B
oz 1 99 m/km, in/miE YERRH, o] AEA; A
o #4EE TS At FAG AR gk v

gt &, IRI= At Edded 42d == njEd] o)

I
ox
i,
2y
&
e
i
pa
rir
1
AN
o,
auf
ox
I
o2
BN
S
£
O
[
QO
=
o
=
o
Q
=

LAl
simulation®.2 2tge] A} wle 2o wH 83 E
Bkt sttt

. HE X5 289l 1E{IX B 3 MF
= Ageb7] feid e el 9=

7} o9 £ 12 w99 ey

dof RkgEof Sle W dEAAE et =9 7|E

=
T
2
(o]
v

SHRP P-020(Simpson et al.(1994)), LTPP Data
Analysis(Titus-Glover et al.(1999)), FHWA RPPR(yu et

al.(1998)), AASHTO IRI Model(NCHRP, 2002)Z %3
Hegol Jeeizs A8 A43s B & 5z

Mgz, 71524, 71520 & 2l
kS mA A ek vk, 7|E Sy g Hed B
do| e 22y 7, AYgto] mE ] glo] Agdl @A
7FAeE < Ut
O E 17 E 2& 79 He A4 28E Vel Aol
A& 2 3 3

|8 FEHAA. il
S B 239, d9e e 9E= viAe Ao
Ao Sezd o Adsion, shexd B Ede
2e A, 7S Adstint. B3, = 7137 Ab
AR R FA7IEE 73 Q] Wl i 58
TE AAson o & dexdor dgwded, Al
W1 6~999] AFA AT T g drzdel taA &
Aeteint. 7IexogE 7159 FUE nfsiiit. FEA
A 9Fe T AR e, shexd 1R, 7132
N1eza vl 7P 25 23 5 s dRIAE AFS

2.3. WEHM K|~ ZEHO| JHME st ME[M EM A
2.3.1. MEM BN [jAF 21| MA
B Ao e 7EAHAEY 7, AR)EF F7Hd

1. =9 e X2y (=234t 2001)

| = =o| HEM |42
IRI = IRI, +0.013 X CRACKED + 0.007 X %SPALL
2002 +0.00l X TFAULT +0.03x SITE
AASHTO) 1124 7UES AES BRSSO} X|GHS
oIx} (ME, SHA%, TAE)
= __AGE _
IRID =105.9+159.1 X(KSTA TIC) +2.16 X JTSPAC
SHRP E —7.127 x THICK +13.49 X EDGESU
P20 | ngy N2, C{AERAIRE], il S,
olx} T1akRIE|2| KIR|AJEY

IRI =82.56 + KESAL"™ x (0.01 x WETDAYS +0.72

LTPP X ZONE) + AGE"* x(0.00506 X FI +1.57x10°°
Data X Epce —3.5%x SUBGRADE - 3.07 x DOWELDIA)

Analysis __ _
v s S/ESstE, did, 71E8 A, ME, S2KF,
C

o1} PCCEHIAIS: walEA, Clale] X

g

IRI =99.59 +2.6098 X TFAULT +2.2802 x TCRACK"

FHWA +1.8407 X %SPALL

RPPR I'_E:1 R B o
FHESELR, 7 AEE

=
: , 2
QIR

e

10 Journal of the Korean Society of Road Engineers / et 25ts| =22 N|12H M22 SH 445 2010. 6



¥ 2. GeEtdo|| g&2 == 2X}
;7(_7‘(_1 aj _ _ =
" ne [ =2 == a7l =izl
7E\
7t 5 - 7t 0
St | - PCC _
2| 7| A 2 loame AEF == 7| | Py | B2 | = | 7 | Cf
gz =M f{i =2 AT oot leipé %iECHCE, E = |t | oar| o | of | & N | g | SEE
=255 oyl 0s | B ERR | 1 | B E ey | | B | B ERE B 2| A (in/mi)

e I e A ] P Rl N T I I TR =Y P R TR P

oa A A P = B 0f

SHRP P-020 41 9
(Simpson et OINORNONNG Ol O O O 100 2810.64 (in/mi)
al. (1994))

LTPP Data Analysis o0
(Titus-Glover O O O] O 0 O O O [165/0.5 (in/mi)
etal. (1999)]

FHWA RPPRIyu 64.1
otal. (1908)) | © | © 1440081 )
AASHTO IR 200

Model(2002) O O O 1831071 /miy

KPPR
el o O 18800.297

RIANFAA S, dFwArE, 71524, 15HE 1

3 dolgulo]l A FEXA S ST A AZSH e

stE 9ot theket QAte] E42 wstEko] flo]Euo] 2

x3d § IRE At e AFsio. £, @bl

A, FEA A 3234, dF5A 59 71E 171 A=

F7tE= 77091 884 HolHE o] &3t thekdt 84AE 1

EEi=
U 1452 A E AT theFet &3] e

7)< AR Sule] gtE thduke] AX| H4AQl SYH T

AA g S0 g Qe gdxit B2 28 o &4 7

of Jeh A o 7 A%y 7Y, dHGsH2AYH) T

o] 3¢ &40 g A vt FHsA 2 AR Hekd )

o] A#TA BAE Y8 AFEE AEE 2005, 2006, 2007

WEEZ 7] TAGE 2AF 2 BN BN (FR=EFE

op)g] HlolEE olgstdon U 73t d3e vs & 3%

I8 1o YeRiT

E 3. 24 Cht 72t 3l a7 1. B st 77k s
L g | BHE | msum | Mas BEIBT
(km) (km) 1) (m/km)

= ~

7 15726 | 280.93 038 1.08 2.3.2. WEHM ASIOIXIC| MZI|E
SaiiMd | 169.3 61.23 47 1.07 A e $HHe R Fedo e S A A
Z=M | 3285 40.26 36 1.65 o e A2y, 74, 2 dHES| g3t /e E 4
UM | 386.1 93.08 74 1.59 2 Yehgon o9 wEd, Y FAA T, A% AT
=gd | 2763 30.24 25 1.86 71520 g HE} o] Fo] At uEE 2 HERE A
Jsd | 2344 38.96 %6 1.69 ogt £ EF R dieiA #4294 300m o] 3 ke 8t
o B LYY B 218 el Adew gadon], 7 Ay SU1 4 % Fi 4
Journal of the Korean Society of Road Engineers / et 28ts| =22 N|12H H22 SH 445 2010. 6 11



T 1l

g

- _
T4 Az

2

o
3

F-daysZ UMt w3859

(%) 2 UeRrH AT

oj

=, 2008)

o
El
<
S

Kl

I
1H

ol

20
<l

4

<
H

o] 4$-E Indicator

Hj A

hin

Az B

]
F g

K

B2)

2l

A

=
&4 mel

(e}

=]

Rz

)

SN/ 2T
X100
X100

Y

sttt

=

@
S
o,

A =l A A=

=49

[e]

=

2HE A

o

il

kel
8

ATl A
£3& B HaE Yehhglen, 24

o2 ~Z(spalling)o]® 238

d

?i'

=

I

o} <ol o

oln
T 739 BadA 23 E 27to] Woldu}
3t}

H

150mm), F(7hmm<2AZ% <150mm),

<7Pmm)Z &

R84

70°

o

UA|O

e
o
olJ
44
=

o
g
il
]
&
i
i
IR
Ny

i
H

LIELO

|
IRI,+AIRI)

| BERS 571

gty 57

SO
(IRI

BN =

o
=7 et

g

]
¢

o
0
&

TAFAIETIRIQ] 7|7HO 2 AVK

7 [EEHm/km)

ES

A
e

nE

7
FS (m/km)

=
HSEA

HE]

=]
A
B

=)
oo
NI

(°F-days)
(mm)

Ko
1o
K
T

I

IRI,

A
K

il
)

o°

jany

ﬁo

IRI

Spalling

e AAlE

o

T

3t

843

Y A}

L

.

].

9

TE 4%
309 7ke] 7] AF = A

FI

Q899

A7y 4
7]

=
-

ol

Nr
L

oA

PRECIPI

3AE7E ghow

CAL

BASE

oM A 104 &

AA &

J

A

3. HEtY HeoIXiel WEY IO MEHIA|

3

59 Fl

3L
It

7]

\.—_W_wo

o}J
N

dtel Mg epe

Yol £EYe 3o

3

Nfo

I,

,.AO

o

-
-

Al

A

A

3o

|22 UehfH ST

=

<)

A
¢}

% eaA gl o

35

A
L

o] ‘],

=

s

BEYE NGz v

N

B

u}
-1

ER

g A
ANRAA S S

2010. 6

=3

SH 44

=3

=28 M12# H2

a8 4~38 1022 JeERIQE)

Fow yenigen,

(¢]

k)

Journal of the Korean Society of Road Engineers / et== 25}

=

g

A

g

%
12



A M

°1

#4715

=
=] 33
Tl W
0 W
o W
20
w0
w2
g
K
N o3
~ =3
o o
M 7o
o i
o mJ
*o
238838838823 8RS8 &)
n & f M m & N W e O O —
(wj/w)pRy) 1@
~NE
jze) .
A
! ) 7
£ !
7 7
T Y b
il 5 <l
g v e
- i, 180
o > g
Wy ) . 7 |
N ~
o =
= ol
T fo°
ﬂmw_ ..md ]
A c *
j— 7o
T X . s
T ! 5
o © A
I o S 4
e o} alg % |
+| © »
! gl B |\
! b § T LA ww
Ch i} 2|
~t e = A
s W o EsEEEEgEE EE
oy (uny/w)iy

0.10 0.15 020 0.25
(%)

0.05

0.00

A
==

o
N
I

I

x
%

o

100000 200000 300000 400000 500000 600000 700000 800000

000

000

0

000 000 000 000 000 000

000

=515(ton)

) e |
w K
N I
or ™ o5 K
= o 5
il )
L
ojm
X0 14
ol N L
sy
<0 oo e
g ——y
oY |
_ru < poese
UNO m s
e} o @ T %
o 8 ki k|
= MW * xxxx
] X
Ot Ez__ g | sou e -
0 el
o ot ree
— i .
>
I »
"
© O 9 © 9 O © O 9 O
@ nowmwadowmwomnaounm
n < mm A AN - - O
™ (unyyuniy
o
| X
ma o
i
2| wn
R 8
M_ao
(=
L (=3
o
o
* n
o
o
*
% of
IS
o gt
rhl
wn
)
o
<
<
=] K w_
-] o
=R
ME:
Xlo %5 n
| | * * =
L % ¥ e\ > ©
©| I xﬂxxxx
n »*
Hx
> 2 A 8
© O 9 O © O O o o O o S
Q :n @ 1 @ In ©Q ;1 Q 1 O

Aoz BAE oW Indicator Variable® F3}]

55

o

o
8
1 | W
wn
hm o~
:
..__._.o_/._ —
CE | e =
e g &
FomE | S =N
e I3 iR
28 <0
. l.}”. Ol_
: SO oy e i A - N - 4
L N oF E_
- S |* O 50
% =0 o
..%o.fx & )
xlx{ __./w._ L_.mo
SEo {F
odd —_
" 1]
=0
3.
m g o
in o p—
718 i ﬁ_
+18
8|5
WR
I m
o o o o o o o o o o o Q
S ;m Qg w S ®wm S w g w9
T
W oor a &
[ JyNO =
o pE
M B & m.m
N o il
4 Lo 2o P TR | 3¢ 2
™ T
-
W = e s
o) o
TN ke .
o m a
e o} le 4\ e @
= No B
¥ o
Ma ~ =
BT
1_|O i
<° =T -
|
oo | |E, bl
Zo ‘_ﬁE +m ) o
—_— x = -
N S T
< b Sl -
(=]
= o =
A : .
_ﬂw‘_ e (unjywpy)

(g Al

13

S &d 445 2010. 6

H12H A2

-
=23

Journal of the Korean Society of Road Engineers / et = Z25}3



=
T

=0

o 23

g

A]

15

-1.04

x

y =-0.0006x + 2.3599

=0.065

R

© REAHSERS
— MY (REYSZRD)

A

5.00
4.50
4.00
3.50

2.00

150

1.00
0.50

= Gl A

0.00

Eo]

3!
H,

| A~Eolt}, o]& oy 79

a9 132 7kt

=
o|J

- ol

X

= %

otk 18 14

o

ofu

A

&

UERH, HE A

=
=

A

24

A

= Ao Yegd.

1]

9

ox

A
<
of
G5

2
IH

Ell

0
ol

ol
({0
oju
T
il

J

4.1. ANOVA

[RI9} ~Z8

}

0
8

2do oj

ﬂyl
T

ol

xr

e
EIE

3|

Z_l

=z S

(e}

9t} =28 P-valueZt 0.00

==

ﬁo

R

w
ol
oy
o

of

Astge,

8

el $A7 442

Q.
°

o

EXE YE ol v & B4

5 Byt @l 23

ag 11

gt

A 8

o
L

WA A7 AT

=2
-

< ©

A
h

]

7g|

—

UEhlH,

i

[l

Il

1.0

0.5

=54

-1.04

S

ielale

95

804

504

ol
il
=r

204

0.01

900 1000 1100

300 400 500 EO0 700 800
253 =M

200

=155

&H 445 2010. 6

=28 M12# ®2=

Journal of the Korean Society of Road Engineers / et = 253

14



15

2010. 6

=3

= 44

=3

H12H A2

N
=

=0
[

2 e,

® o N AR o] N
o ~ AE o] B R
n| 88888 o oy g o TR gy " 0| y
. Scoocoo dloFEAT_z?ﬂLAl]ﬂm{ o ~ ~ VI = m %o [ e
5 AN — B T T % < 9 oy = o )
il S O = T O o A °F N ot ™ T Bo M
7 S S HE T g . TR I
I © ol & e S W s = o=
w0 |F M%%MO = ‘ulufe._ﬁhq/rx_tﬁ_u‘_tqﬂ%ﬂl. Ea_uw ﬂﬂ,_&o_ao,ﬁa
il 552288 wEmTe SFE W PR I Fil s wm o e gz © N W
20 3 o m R o DM X AF | < - W5z g X
o o] o EoA T TS oy | @ B w2 A
G ~r - 1| —_ VA Y
Xl8le82389|y mmmWWﬁk%io@ﬁﬂo_a b allale e TR T oW
o SO ®mA O Mu. N T O.A_/O__ O# o ol O N O O O < O o E#Edl,mmoﬁ
o w| oo oo ™ o<oA,._1rw|Oﬁi P PRHEBEEILRICEIBT oF K| o R
g P Slg| mAm WY Lo o B | @ 5080 BRoAI=-B 8T D o WL
20 i TR N T A - SEEEE2993385528 T o e <
i | TrmdBeiCiES Bg S3888555558833¢ BE g
[ P ot e & N e 90 —_— el L < — W o T
Tlgl338xc | W oo W%6C@.ga Mo M2 YooY Y¥ocoooon© F ooy oA
oa |8 ¥I2-*2x ~ T — 2 ~ oo o~ 0% | 58l SdseaadTd = ™
o —ocad—o |©v HIAHTHLJIO E e VN > SN = < B oIS o i lﬂ;ohél
. Sl ooy T XN S IR TS =g BN
i < &OATwml,EqW)ﬂaﬂ,_N\oao IAW ~M®O O WM ﬁoﬂ%%.ﬁ
M5 So ! ﬂa%ﬂ@%MMER@% S covogzosdsgnona o T Y o
= N o n - . ; 2 © @
Sl msmie oy A T Sgan i & BENO00on0 fo b T
S TR <N TR kool e B MY B EEFEEE R EFREEE N b B ar W
< E@%@rar%wxfr & X W SLIBLIBBIILLEEBE Wl oo T
XomﬂomMiﬂoﬂ/liJlﬁm M_n _ © © ﬂaﬂoMHooEﬂ
Tl — A AN N NN NN OO O .ELHﬁWLHOAT
Te) B ~
DHLTRRBER LT RE Y YT E vEE
—_ . =
wﬂ7ﬂagwwmw%@%%ﬂﬂ%ﬂ%%ﬂﬂ%%% - ool W
0 K o° el ’ — _
y%gﬁ%z%ﬂao@mo%%o_itwi%i%?w D ESwm »
. — .m0 — Ie} f — S r
HHW@iMmoi%arolomo%ﬂ&%@%@ﬂﬂﬁ@% = By S T i3 :
—_ ~ — — x| 0 T
%M@%i@%&%%%ﬁﬁ%éE.ww@&ﬁﬁuﬁ = T Ry P ) 5
ﬂ%ﬂr%Wﬁﬂﬁ%ﬁoﬂrzT%aﬂiﬂ'x g o g © CRRE s A\ o 5l 9
—~ — ~y KA o o — ol T N C..# o Ot O#E ‘Uro O_E o o )| = . ,HL oy b N
S P e T PV%%%M%H@H#B 0 Noom o o oy @
o e o drwwm it woor ko = ™ C mt = =~ N o] mx M T o 4| -
N oA o] = ° T gOS op B T o © < 2 ~ & g M 9 e [\ 2
ﬁo B —= X° X &I ) = ﬂ_1m =n %o e G O#E o] o] ‘Uﬂ ™ = ™y d.ﬂ ‘I,V| 2N ! b
= o P I xamac_amﬁq%ﬁyﬁw%ﬂ%&ﬂd T A W%ﬁﬂm? \ | WE
X , m_ A ~ ‘m,._l_z m ~ o T B e
%%mw%%ﬂﬁm%%g@m%o%%wwww =5 =hw R \ !
) ! O 0 \H_Ji —_ e _ o = ~ (e} = L~ H e X x/ =
i::otéoﬂiéodn]#{%ﬂﬂﬂ Z%ﬁa .MWI@%%];&« < + émﬂmu ﬁomt oo JE
L = ~ O ) ‘lrﬂW\Ll_/L .UI7 IS J_,mo‘ﬂn.ﬂdl 0 Q& N 7A:.L y B
+7Eﬂbfum%aomnm_d7mqw%ﬂﬂ@ﬂ% %%% 5SS mErwyoH o
m___ﬂ.mﬂu%wﬂﬂuﬂ%wmﬁﬂ%ah_mmmm_z_jﬁ%mwﬂmuﬁ B RD T g D T o3
E%M%ﬂ%%%iﬂ.ad.ﬂﬂwoz %@EW&%%% s g S ES LY <
20 H%a_og%,%a.%ﬂrlﬁE%R & S S¥meds
.Eﬁo_g_ﬂ%@nodou.%QMﬂ sl SEDe T BY +E O Saom s S
N f o~ ~ —
@%ﬂm@aéamw@w;meﬂﬂHWﬂ;ﬁm S8 mTTE M
2.§oﬂﬁ%%%?mxﬂﬂg%%&i.&L.%%MA_%E S JERRB D °
4iﬁﬂ.wz_ﬁﬂ?%ﬁo_aﬁnm% EggsTaal 3 AT )
N T H T R o A Ly IA_‘A.zowemM&oj‘dl.]nn &g = 0 W AR g A
) ‘:1_ K N Z Hf . ~ R o ~ & o o
1~ni U‘*m\_ll_VIH_T_NMEEE#O IHﬁOﬂEleL I R N N
HT_ :i Be g AEEE:m_mm1 -

Journal of the Korean Society of Road Engineers / et = Z25}3

A RIS} 7H

=

=

2 1b.

a




=)
2 ;
o ,ﬂl % — H,Orq Y -
E & o o8 & o 5 9
! =] Ei % ﬂ 1 N = < >0
xe o O ! Jo o p > o
Ex_ <0 E 1 < D _o > o
s N Moo W 0 B S oo
B N | B 5k K Ny K0 N = SRR
ol T T R Ay KO d o
w o K& < 2 S o 9 S 51 3
—_— © %1_ = _Al_ _Al_ y = — - d oll
50w M mHHWnE 35 q 9 ¢ =Y
—_ 0 ¥ o N = all - < of
‘Wl! mywm = K0 Wo Mrm ES n = m W z1 <
T o K0 4l = b - 9 W
ar To S ok Eww@%# ey o 3 ©
A . H 0 it ,A..E N Xl al JJ_V# 3
o af- < w M EEE m 8§ g
i~ U W H ol 2o Il ko 3 g
L.M! o s qr 3 T i = POREL E=
2 TR g 4 o 0 (T 4
T o = N N oA < %o B g -
i T8 ._/,féﬂg w R 9 I
e B/ S 89 R B RS UL <]
I Q 8 < I Il at
11 T TS S < W m C N o =<
I Mummwmawfagwg
— = ® 1;aﬂw230éoMoAH
ol 01_ o __o._ o :H_ mnl ﬁ:_ [QV] Ro =] B lo
(il T 2
" B H il Wy E_ Eum_u o _,,T __ﬂf C 20
Kl - i T H T 0 KON
1o Kb Kb K\ Pl o & R
wlr ey 303 R
K me X X T 0 <0
alra o OET H ~
iragn =) ) B B <
mlw,_ﬂeul ﬂ]oﬂlrﬂ du_mm_ = ol W N
_ o LN
= B2 Boo ik g LETT o
~| — N )
%Vz.ﬁ %w@%%%m = oy ok W im:w_'@d
° B P ol W oy = = = TP . i B )
1) = ofn il 5 - R = = " S w
R she lw S w oo W S o X g R
X o= o o ™ oy N ® o ) Mog
= B ﬂﬁhgﬂl. 5 0 B 2o ' oo 8
= 4 ] o o zaqtoooﬂ = @ ﬂ]l.wr
= 18 = o B O o}J 1 © < < nnm = B ol
= o o = ~ X %ﬂ w No o T = Wy =% olo
O mﬂi Jlﬂxlﬂrﬂ__ﬁ oy X QV L~ uao#,mﬂﬁu
N _ sl g K- -~ — T T oy = ® = g &
Mo~ w2 zn Ko oy B T WA - ny ' S = on @ g
A= N o B o N Nr <° = BX N — B T o
ldwix }ﬂx7 AU B 22 r x mw_/_,o
N = o ™ B ) < To e N B o} ™ o M J il ) — =
o ~o s N <O o = el H.f Z.E &) R ﬂi — o
7o o T V,#ﬂgﬂ =) < = o
S ) wcurahdﬁmq _,ﬂ%ﬁﬂr.ch e o = B
mowrdrﬂ E%mmﬂ¢ﬂ 507%ﬂmg s mbmeﬂo.o
T e TR el ) N pci S ®muwm
SRS e b L H . pEETE T =5 B
gHRa s pTTEF g% =% F 8
g%nznwg ORI o m B < = Li.mﬂﬁ
J O ol ‘Wﬂ LM o TR o m BI ‘U| T = on ol —_ + W.ﬂ.“ o KO TK
— T~ X = Caa Y o oy > I o M
N %O R o S5 Ay HH o —_ Bo
. A < No > i M po T
o] . ' 1Y AR o T Fo
~ Jm o ﬂ Ea
M M.T w K]
A~ T =

2010. 6

=3

EH 44

=3

Journal of
al of the Kort
ean Soci
iety of Road Engineers / =
s/ SHRE 2SS =5
ste| =24 M123 A2

16



