Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2016.17.12.532

cooperation Society ISSN 1975-4701 / ¢ISSN 2288-4688
Vol. 17, No. 12 pp. 532-541, 2016

=2 3A w28} FWDA XY 7|88t BEAIX] 2 XA $X| B3
71 WAEeE A5
A

sE=gs

E o
™ 0z

oleichst

Jon

A Study of Improvement of Urban Pavement Maintenance Technique
based on Pavement Condition Evaluation and FWD Data
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Department of Construction Information Engineering, Induk University
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Abstract The objective of this paper is to support accurate pavement condition assessment and decision of proper
maintenance method and time by conducting visual inspection and calculating the remaining life of pavement from
falling weight deflectometer(FWD) data. Each was implemented in the same long-term performance pavement(LTPP)
sections. Visual inspection was executed to measure pavement condition indices such as crack, rutting and
international roughness index(IRI) and the Seoul Pavement Index(SPI) was calculated based on these results. The
dynamic modulus was back-calculated from the FWD data. The remaining pavement lives were determined from
equivalent single axle loading(ESAL) and FWD data. Correlation of maintenance priority by each result value was
examined. Consequently, the correlation between remaining life to Crack and Rutting was higher than the other factors
or indicesbecause IRI is not related to FWD value and SPI value consists with IRI value and other indices. The
R-square value of correlation of FWD with Crack and Rutting was 0.65, which indicated an insufficient correlation.
Consequently, when decision of maintenance of method, time, etc. is determined, FWD data have to be considered
with Crack and Rutting because of those relations.
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Table 2. SPI Equation and Maintenance Criteria[3]

Content Equation Criteria
Crack 10-(1.667*Cr0.38) 10%
Rutting 10-(0.267*RD) 15Smm
Urban 10-(0.8*IRI) Smvkm
Expressway
IRI Arterial Road 10-(0.727*IRI) 5.5m/km
Minor Artery .
Road 10-(0.667*IRI) 6m/km

Table 3. Road Type and Maintenance Scale Coefficient[3]

Road Type Coefficient(K1)

~ Road Urban Arterial Minor Artery
*T,‘E% O]-%‘\E}‘[ 1] Coefficient Expressway Road road
K1 0.32 0.11 0
Table 1. LTPP Sections Maintenance Scale Coefficient(K2)
Maintenance
. Under 0.5km 0.5~1.0km Over lkm
Section Road Type Length Rcccnt Material Scale Coefficient
(m) | Maintenance K2 0 0.990 0,980
Seobu Urban
Expressway 1 Expressway 1,100 2010 SPI = (SPI— K)x kK,
Olympic Urban
highway 1 Expressway 1,280 2008
Ii XFAF H A

Gangbyeon Urban 2,020 | 2007 | Porous 2.2 ZZH =4

Expressway 1 Expressway X .

Seobu Urban 2.2.1 Falling Weight Deflectometer (FWD)
2,450 2006 Recycl - -

Expressway2 Expressway ’ eeyele FWD Algde fjxAel v|gyrg s(NDT, Non-
Olympic Urban ; ing) o2 TR F2A AAH U AA
highway? Expressway | 2700 | 2011 | Reeycle Destructive Testing) .2 72| 22 | x|
Gangbyeon Urban 3950 2009 Porous A Frhsht B2 g 4 54 skes de

E 2 E ’ o= . 5 s
prrelsway xlzessway 8t & zAA o] MY TS =AsH NDT W Fd A%
angbyeon rban . ~ L B

Expressway3 Expressway 3,250 2009 Modified A A ]%%(Deﬂeetlon Basin MethOd)O]D]'

Siheungdaero Arterial Road 530 2008 HMA [4] ZF /\]ig c}"i‘j O ASTM 4694- 96(Standard Test
Gwanangno Arterial Road 210 2010 Porous . . . 3
Banpodacro “Arterial Road | 830 2009 TMA Method for Deflections with a Falling Weight Type
Susaengno | Arterial Road | 1,300 | 2007 | Modified Impulse Load Device)E +F3THS5]. £ dAFolA=

Yangcheon-gil Arterial Road 480 2005 Recycle haversine o] 0]’? J]_sg L]—E} 11] nz ZHB]-?S‘]-% ZH@]-
Hoam-gill Arterial Road 1,400 2011 HMA . Sle Xlﬁ _—

Hoam-gil2 | Arterial Road | 1,200 | 2011 | Modified AR e Aske] A7L ZH7) 40kN, 30ms, 121
Omongno Arterial Road | 1,760 2008 Porous 300mm=E AA3FAT) Tk B Aqto A ALEF FWD
Jinheungno Mm‘;;:(‘i“cry 2200 | 2011 HMA o= AEAl FEAI A BF-8 KUABARY] Al

i ol 107] =4 2070 F3bel 2} 33] ZAF] IAH

Sindacbang-gil Mm‘;{r ‘Znery 620 2010 Porous o - = © il

v ij < 23t
Gangseoro 1mor ATy |59 2011 HMA
Road
Gonghang- | Minor Artery | | 1o | 50 HMA 222 FWDE 8% =& 334 24 Al
daero Road 1o %
Minor Artery b W B2 2GR A 2 8l(Pavement

Dobongno 870 2008 Recycle . o = o]

Road Management Information System, PMIS)S &AA| E9]

Ducbangno | MM 50 | 009 | Reowle  A8:5F31 SIER FWD B ol §8 B4 94
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Fig. 1. Flow Chart of Remaining Life Estimation
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N, :0.0796(6,":)73'291(@(:)70'854 3) Table 5. Input Variables
107 Variable Description Value
N; =1.077x 10" (—— )44843 @ -
€sg T Truck Ratio (%) 10
1F Truck Factor 0.23
Gac‘g]— EGCTL_; 717}y o} ATEZ SHLo] AW EH EN G Growing of Traffic 4
‘_ = = 1= Y Design life (Year 20
BAAFE e, e = 23T 3T GEUEE en lie (Yean
. L Line Distribution Factor 0.7
& ofmlgil.
$7hRESFESAL S EFHES] I JFAT
% O{E'?_ ]_.(:5]_7] ‘r‘]OH 1—_.9‘1—'8}- ( Ooolb)OE é?} EiEXJQ] ;\(l-Z‘,_:ZI:Ug% %ZHU]'X] %%7]{1"% Et—g—é—_
%3158 WATE AASHTO ¥4 AA(1993)d - 1w & T8= Ads skt Agdargdo] 3 gaedl ¢
FaEatE o FaFne) S ekl spn A REEE VRIS dEsew Adssit.
S8 EAF(ESALD S AAs o], SbrAls 7l
GIx ’;}%?&E‘r[ll]. A AT E S-S A S 9 2.3 2o ZAnt
a ¥ Aol A48 57hAEEFESAL)] A o 2.3.1 BHYEIZAIZD
e 2(5)F He3a3ltt. EYAGE AASHTO A AW Table 6.2 & 197] =X 23 (BFATE TE A
oA AAEIL Qe AEl EAAY Other Principal E 25714)2 LTPP#Ie] FWA E|ZAMA o]t} Crack
AA5FE st Rutting, IR §ko] 32 22} 4.4, 6.4, 2.95 LERHY]
1 gHES o183kl SPIE AbESHlaL, Wi SPIE 7.1
ESAL= (ADT)(T)(TF)(G)(Y)(L) <365 (5) 2 YEith
AT FHADT)S Table 4.0 F+7HEZ e Table 6. Pavement Condition
%]\»_17— O] :ILZ}% ‘il_“?‘ a%ﬂ%%k ﬂ'xé Oﬂ /\}%‘EE! TR Pavement Condition
vhe AEER T 2(5)9] W4+ Table 5.0 e} Section Crack Rut IRI SPI
gl @ | (m) | @)
M Seobu Expresswayl 1.1 32 2.0 8.1
Olympic highway1 0.1 1.1 1.6 8.6
Table 4. Average Daily Traffic Volume Gangbyeon Expresswayl 5.7 9.1 3.1 6.6
Seobu Expressway2 1.5 43 22 7.6
Section T_1me of ADT Olympic highway?2 33 59 2.7 72
Maintenance
Gangbyeon Expressway?2 0.8 2.6 1.8 8.3
Seobu Expressway 2010 117,926 Gangbyeon Expressway3 0.8 2.6 2.0 8.1
Olympic highway 2011 254497 Siheungdaero 2.8 52 35 6.9
Gwanangno 2010 32,696 Gwanangno 2.6 6.5 29 72
Sihcungdacro 2010 138,937 Banpodaero 1.4 3.8 28 7.6
Gwanangno2 2011 105,549 Susaengno 49 7.4 23 7.1
Gonghangno 2011 63,317 Yangcheon-gil 4.1 57 2.7 7.0
Yangcheon-gil 2011 26,080 Hoam-gill 3.0 4.6 34 7.2
Hoam-gill 2010 56,929 Hoam-gil2 3.6 5.6 24 73
Hoam-gil2 2011 45,851 Omongno 43 3.3 2.9 7.3
Gonghang-daero 2010 63317 Jinheungno 11.9 14.7 33 5.7
Sindaebang-gil 35 4.5 3.7 6.9
Gangseoro 2.7 4.4 23 79
Gonghang-daero 12.0 9.9 4.0 5.8
Dobongno 16.5 17.9 2.5 5.5
Daebangno 5.6 6.5 3.0 6.9
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Uh& Table 7.9H2¢] L255E SPI 7 A3 Al 9 A5 S8 20| o5y E<le] Brlatila, 3%
DEERIL M O SPIE Hol3 FUAER, S dR: 8 24F Audes due 3wst v
2ALARE, REDAER Fo2 YHEhY, E2F0% A
Fom 419 H1 glow, NaigAne A9t
gurA o 2 Q1AL Q)= v} o] A& FAEF W Table 8. Core Data
=31=20] A5 =0 dldo] v Q) 2} L O
Solee] 4 Fo= o] Hiwe] doju} TP e Disance | ol [q T —
A F2ds 5532 4 gk Section (from start | Thickness (cm) (cm)y (cm)

point) (cm)
- 400m 23 6 9 8
Table 7. Pavement Condition by Road Type Seobu Expressway 200 s
m .
Road Type SPI Crack Rut IR o 900m 23 7.1 7.8 8.1
Urb. Olympic highway 1800m 25.5 4 10.3 11.2
roan 7.8 1.9 41 22 : : :
Expressway 70m 219 5 64 | 105
Arterial Road 7.2 33 53 2.9 Gwanangno om | 213 7 5 3
Minor Artery road 6.4 8.9 10.0 3.1 ' 200m 28 7 5 16
Bus Lane 6.6 3.0 6.1 40 Siheungdaero 200m " ; S 6
400m 15.6 6.3 42 5.1
Gwanangno2
wE, WARIMERS A5, 2UFH #do] F 5 Wom | 133 | 48 | 48 | 37
- o 400m 21 6 8.2 73
&I v, FYHAHEAEE FEd I WY Gonghangno
o] = ylaelol 6w L}—E]—‘/LT;]— ol HETIA CEQ/] - 800m 20.3 4 8.9 7.4
= O - ol

T % e ° | 700m | 218 | ss | 79 | 84
FER FARS FIE SRR 2R vanecheor el I om | 159 | 47 | 51| 61
Hop Aoiqo = 71 vk aEae] Aol A4 §7) u 200m | 219 5 75 | 94

- - - . Hoam-gill
ol w=3lo]l o3k Fhy} AW E 0] FHE 2 o] A 400m 19 5 6 8
olo @ Aty WAH AR A9 By} A&t B 0om | 23 | 63 | 69 | 98
0am-gi

A AAeke ARAT Az F9 50 249E o 2om | 143 | 63 [ 58 |22
. - 1 - 400m 17.1 6.2 43 6.6

T'Hjoﬂ lloi B é oﬂE 05‘62]:?% U] ]T: Ao = ‘\&%?_]E} Gonghang-daero
800m 264 5 10 114
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Table 9. FWD Deflection Result

Table 10. Estimation of Remaining Life

DO Center Deflection (4m) | D7 150cm Deflection («m)

Coefficient Coefficie

Section Average Standard | of Average Standard | nt of

Deviation| Variation Deviation| Variation

(%) (%)

Seobu | o300 | 432 | 188 | 453 | 166 | 366
Expressway

-
Obympic | 5003 | sea | 270 | 283 | 81 28.7
highway

Gwanangno | 472.7 | 145.7 30.8 78.7 46.6 593

Siheungdaero | 410.8 | 86.5 21.1 53.7 15.6 29.1

Gwanangno2 | 256.0 | 47.7 18.6 28.4 5.0 17.7

Gonghangno | 431.4 | 140.9 32.7 58.7 21.4 36.4

Yangcheon-
gil
Hoam-gill | 527.9 | 170.7 323 50.9 14.7 28.9
Hoam-gil2 | 441.0 | 86.1 19.5 42.7 19.6 459

371.6 | 838 23.9 63.3 29.2 46.1

Gonghang-

4273 | 199.0 46.4 55.8 14.5 26.0
daero

Average | 377.1 | 106.50 | 27.20 | 50.58 | 19.13 35.47

2.3.3 M=E4Ho| AMF Ant

t}3-2] Table 10.2> ADT A5.5 o|-&3}o] 24| o1
T WEHE APgslaL srMd S ES Alslaen 1
ga P7hd M2 A 2R osle] vi<=g] )7}

Aol HEWEFS WG 1T F S AR
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Allowable | Allowable Total Remain
Section ESALs Traffic Traffic Life 11?1g
Load Load (Year) Life
(Crack) (Rutting) (Year)
Seobu
832,284 | 3,675,337 | 500,283,525 | 9.4 4.4
Expressway
Olympic
. 1,796,157 1,997,900 | 186,120,201 5.1 1.1
highway
Gwanangno 115,377 | 419,709 12,474,593 8.6 3.6
Siheungdaero | 490,286 | 219,152 13,670,695 55 0.5
Gwanangno2 | 372,465 | 955,157 80,335,573 6.6 2.6
Gonghangno | 223434 | 291,133 | 11,317216 | 53 | 13
Yanggci}lle"n' 92,030 | 388,686 | 21261915 | 82 | 42
Hoam-gill 200,892 | 327,435 29,547,343 6.6 1.6
Hoam-gil2 161,800 | 244,008 13,512,974 55 1.5
Gonghang- | )3 434 | 216420 | 8391925 | 60 | 10
daero

2.3.4 By ME
t}L- Table 11.¥} Table 12.9}

o
==

| 238

o] LTPP1-719] 10

N Al T WA Bz Bad e =s 24
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Table 11. Maintenance Priority Grade(Main Factor)

FWD Data SPI
Section Remaining Mfi)izt:;,l?;w SPI Mii:::;?;ce
Life(Year) Grado Value Grade

EXS::SE;&Y 44 10 8.1 10
Silgy}zlr:; LI 3 72 5
Gwanangno 3.6 8 7.2 4
Siheungdaero 0.5 1 7.0 3
Gwanangno2 2.6 7 7.2 6
Gonghangno 1.3 4 7.3 7
Yangcheon-gil 42 9 7.3 8
Hoam-gill 1.6 6 6.9 2
Hoam-gil2 1.5 5 7.9 9
Gonghang-daero 1.0 2 6.8 1
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Table 12. Maintenance Priority Grade(Individual Factor)

IRI Rut Crack
Section IRI |Priority| Rut |Priority| Crack |Priority
(mm/m)| Grade | (mm) | Grade | (%) | Grade
Scobu 20 | 10 | 32 | 10 | 11 | 10
Expressway
Olympic 27 | 7 | s9 | 3 | 33 6
highway
Gwanangno 29 4 6.5 2 2.6 9
Siheungdaero 2.7 6 5.7 4 4.1 3
Gwanangno2 34 3 4.6 6 3.0 7
Gonghangno 24 8 5.6 5 3.6 4
Yangcheon-gil 29 5 33 9 43
Hoam-gill 3.7 1 4.5 7 35 5
Hoam-gil2 23 9 4.4 8 2.7 8

Gonghang-daero | 3.4 2 6.9 1 42 2
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Fig. 2. Analysis of Priority Grade with Index (a) Analysis
of Priority Grade with Crack (b) Analysis of
Priority Grade with Rutting (c) Analysis of Priority
Grade with IRI (d) Analysis of Priority Grade with
SPI
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(b)
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»
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Table 13. Multi Regression Analysis Result for Rutting
and Crack

Regression Statistics

Multiple R 0.864441
R Square 0.747259
Adjusted R Square 0.646162
Standard Error 1.457061
Observations 8
(Intercept = 0.414474)
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