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Using Deep Learning to Count Aggregate Number of
Exposed Aggregate Concrete Pavement Surface

Chhay Lyhour* * Kim Young Kyu™ ¢ Lee Seung Woo™*

Tire pavement noise of Expose Aggregate Concrete Pavement (EACP) is dominated by the surface
texture, which indicated by the wavelength and texture depth. To reduce the tire-pavement noise, a
specific texture wavelength value is needed to be controlled. The texture wavelength of EACP is
expressed by the expose aggregate number (EAN). Generally, the EAN are manual estimated rather
than machine vision. Due to its complexity, the result will be different by each person from manual
counting, and it is time-consuming and need much human effort. Recently, due to powerful of the
computer vision, deep learning become more popular for object detection and counting. Therefore,
this study proposes an efficient method to count the EAN on the digital image of EACP surface base
on deep learning with computer vision technique. In this study, we implemented a deep neural
network model “faster region-based convolutional neural network (faster R-CNN)” for detecting and
counting the expose aggregate. To fine-tune the parameters in the training model, TensorFlow Object
detection API was used. The training dataset were done by manually annotated from the EACP
surface image. In order to evaluate the propose method, a field validation of 162 images in the area
25cm” per each was carried out. We achieve the overall accuracy 90% between the propose method
and manual counting. It indicated that the propose method used can be preliminary estimate the

EAN of EACP surface texture with a given condition.

Keyword: Expose aggregate concrete pavement, Aggregate counting, deep learning, computer vision, Tensorflow
Object detection API
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Table 1. Measurement results

n Sum Mean Variation
Red bus 100 258.8 2.59 1.30
Blue bus (A) 100 264.5 2.64 1.06
Blue bus (B) 100 2434 243 0.74

Table 2. Results of statistical analysis

Source Sum of squares Degree of freedom Mean squares F-value P-value
Factor 237 2 1.185 1.145 0.320
Residuals 307.48 297 1.035
Total 309.85 299

A HMstA TS M- BIAISEIFY (E-mail : jeb9349@kict.re.kr) - HHEX}
* SHEZIMT &0l olTE|otHoiIE e o

_28_



IR DY X2 SU XAYHI|XL 7|

OIFXId MH|A JHE 7|=AH

oh
of

A FAS 7| SRste] 9t oA X2 ool theh o] thetA] FopollA| thddt ' o= AR
= A0 Al glom, ofefet A
ZAloltl. =AY A 7] xH(Micro-Electric
g Tk AIAEAE uiRitt. A 58, Shed T Ut 39 2AFWVAPY
AN A f-EEAL o, v, §1, 48 5 Ad=olMe vie] Az ot
o2 APuidstal gk U 2AFAV|AL o] &E SHE flsiMe aE B EFFE0IA 2AFWVAE AL
F 7=l /g sk ofoF it
TR BEl FEE FO 2AFAVA FFolEAY AHIA TREe] YIS QD
=

= hisd
Sh= Aot o] & flal & dAtolME 2APATIR ARGAF TS AR FES QI3 HERANE
= ¥

gt
4
re
-4
2
>,
rr
e
re
&
i
i)
e
L
o2
QL
2,
1z
jn)
o,
i
fe
1
o
ol
Ol
4
BN
ok
o
1>
td
1w
tlo
4
Ay
ok
)
ot
o,
=
o,

EEREEL Frod BEE oY

0.005

US| : ZAHFIIR, BTOISKIY MHIA, ASF BISE, TXWHA DY

* H|gl@l - FEtthshn ASHEEE o3 (E-mail @ ejjin30@gmail.com)
5|9 - (FOIAEIKISAF GIAZR! - ZEHIAL (E-mail : seoimki@master.co.kr)
o 5|9 - Multhistn E2Zskn) sksoiings - ZSHEAL (E-mail : kimbellsky@gmail.com)

o
e Mol - MTstn EEFsnp s - ZSHEAL - MK KEHE-mail : jinpark@jnu.ac.kr)

_29_



ADEYCHA O] OFHAY SR T}
Lpssy - Az

T Tol|A] Baite] kst obaAdS AEY] YEiA ANEIURE x|} 28 tiks »HE
Hglo AAH A7} AE Ho] glof xg%v 9 Eafol] That EAfo] Wadh AAolt by £ AT
Ae 2PETRET JuREo] Hdohs S Al
2 19 mm ‘iﬂt?q‘?‘ 4#7}01~ del #48 F s

A
ot
1o &
I
ol
2
N
N mig
Jo
o
ot
F[F
N
ol
o
30,
rlr
>,
i
fr
el
¢
ol
fd

9
A B4 So0l hisid Bt ol M} Som E Al S8 Folt A BNAS 4
Ko, ATEFURES ML A SE gaZo] AXE 2
FolAle ANHERURE} A7 AR ANY AOR agstot SO Avk e gsk
ov) E}E 7ol Sl Aow wesi,

-
o
o

o
9,
il
pa)
o
fru
oX
)
"
N
2
Ad
o
i

o M ¢

=

g 3
olo] The 7)5g FAoR Ak 2] HbAE Aoltk

o
0z
oo

0 : Statistical significance(EA41& G2|A), Before-and-After Analysis(AFH-AlE 2A8) Before-and-After Study
with Comparison Group(H|m1E48HH) Visibility(A|Q1d), Deceleration(Zt%), Significance level(AMZ|LZ

* MEA|IEOS wEZSk} BRI (E-mail : ghgurdk@naver.com)
= M9 - MSA|-OIst e WEES}t W4 (E-mail : dokkang@uos.ac.kr)

_30_



h

SESSION 6
T 2oIX




ﬂleiél* . OIAI-H'** . 7|A‘|§*** . _Ero:‘nl_**** . HH%II*'*'* . _*_AE-'OI'******

FT o IFR A "ol JFLE, LTS 5 A2 FPoRE Wk et EReS WAl St
St Qe EAA YoM eHHlS EFOR R A%
HieAlE B3 2R Qe A= ddolH, B2 Hee AT vk, aEAl 8 59 24
ol et ZAIE dlZstalAl & Aol Ezo] AHia AEE A8t Alds)
713, SdRe SRS vjieFE2AE TEske] B o3
= WS TE ANESkaLA) St B 2 A wieS e HEolo] B o2 BRIt & Egste] A

3 =

ol
ofo
i
ook
o%
>
oY
=
offt
>~
2
ol

~
>,

O
N
Sl
N
12
o
o

o
ol

AR
At AN SR EE AR i RAIE SASE AR 22 HEo]olE 283 FAIA
8 Al Eelol9] #lEE Has & 4 glon Aol 23S o] B Al mlInd e £ E WAk
= FIUE FHs ofztell A Al bl FEstaA Stk

B AgolME dEolo] 2 F83 AAMT 4TS FE FAYE v FRAE dASketo] B
T Ve FIANE 4 = Adule FAQ vieET FAE AT AN @39 vieSTE AR A
Al Al A g0 2 HiARE TEo] Zhestal Hle-8Eo] S71E SadHs e Hiea2A R Qlsto]
TF A EEHSE QI ISE o 4 e AR ARHET FF uieSe] AAE A B deHS

e A8k BdE HASIaLA gtk

o
o)‘

o ofN

HEfolof
274

EEE]S
[ERES

a3 1. HieET g

8O : HEN[N E, BAN, Wl HisAlE

ATe FEAFRE AL 2 FEENE7]e18U A (No. 20CTAP-CI52117-02, =2 4ol B vl e
Ake QI3 vl F2A AD)E Lot o]Roj] AoR E AFE VheA § FEAER A=Y

hu

= T

* F3l - (PSEAX|L0Y 7|setA APAE (E-mail : sic@dsen.co.kr)
5|2l - (F)SMAX|L|0JZ! CHEO|AL (E-mail : Isg520@dsen.co.kr)
Yo - () SHARILIOR” AYT|EIAE (E-mail : adonikim@dsen.co.kr)
e H|31R - flnsirlisty EZoRIE R4 (E-mail : gmy1025@ssc.ac.kr)
ek H|51Q) - () SAMAK|LI0JR] 7larA DFEH(E-mail : 17004@dsen.co.kr)
s H|5(Q) - (D) SMOIIX|LI0JR JaiA AR (E-mail : 19036@dsen.co.kr)

_32_



&

Sk AR A o]

5

=
3} Atk

[e)

=

t}
2~
R

FaAtElolelet F1tH|olEE 2

L=

Ju

A

I

AR

-

o, A-Evk

¢
YA, A HARN

* *%
=

.l

=
o)

[e)

oltt. mabA & o

71
}‘
SIH HHR&o| 40712 A

1A

A

L=

[e]
]_

O]
pul

LS

. O

=
S

al

e

|

¥

) AZo]A Moran’s | EAEF0] 0.372 A}

A A7) g

3jo] A5t

[€)

o X iy

Shet.

Z 7)o

BT o
b /%?ﬁu:n%u ® ®o

A

S~
J
ZEXA

e 7t A7) A
3

A
0,368106
o
00
gﬁ &,
T
0.7

Moran's I: 0,

2
=]
A=}
A
2
ZH

5
o
]_
b
o

1_4h T T T T T mm“
o L'e 272 Lo a'0- €2~ 8€-
Z,#O 1ad pabbe|

(¢}

YA} A
:

P&,
HARAG o AR

s,

[e)
T

2%, 73

A Moran’s |

At

per

FAAClOlE], x|

X7
- 33 -

N

. LS

.l

x
A

q

O:
=

x
(hi]

.l

=
=

.

=
=
=

X5k

A

RimY, &
b A2~ (E-mail : dokkang@yos.ac.kr)

3

s
AFAFR! (E-mail : ousuk@naver.com)

g
o

=Ch

=35
2|

i

O

==
S

124 MEAl

o
=

|

s

g

o2

*k o

=2

*



UUIE KM QXIT0EH() £ WOt B3

7E|I°_1EH* . 0|EH—§—** . Hl‘o:'%l'*** . gxﬂio_l**** . (I):!xH_H_*****

Mo
)
~
=2,
= I
o
o
rr
L
o
Y
rd

Sisto] BrhAR EAolT, T, =

=1

=
She suolne P4k FEF NS ZES s AL LAl I
T E “SH%

o
2ugH Al 429 E2uEH A Ao EREAIY BRE dushale o dHbsolA

We IR A 810l ofig) TR 1F0] a7k RAEA] et EES INFE FHEA] §4
2 WA 4 Yk LREAY FEege T

)

e

Pejuirelo] ATbOR A 8eo 2 LA

3 2.

+ OZE, SA(FR)AONE AESHA AQ1dS FHBte of It}
« Beizto] sod, njneiy] 5o o] §lal, AFome] FAo| Hojof Stk
S 93t 2o} AL A9t I 99 Aot AEL Qlojof sttt

« UMY, UIRAd, £34, AR, AlVE, BAEEA S8 gstoiof sith

Webd  ATolE SR ohin A8 AFS ERSI 2 FAS HESHE B2 HEA)
243 BENAEAL} HEAE Bsle] mRo|gAA] Al EE AAY] UigS AL A5 e A
B SATETRAQDY EYHE AT 9% 71E D ASE st Ak 1T FF AHEN

e]

AT AT LGS 9

HAMEO] : RMIEM, THEA| TEAL fX|22|0 7

ol

T2l - ol5lHstm ADEA|E|ZSH} BIAFRFE (E-mail : kyt@kict.re.kr)
r

* Mol - ShRZAMY STl olTaIoHoiEE FHelod
* Molel - sE7IMT S0 QoI EE HMRIo112l (E-mail : thlee@kict.re.k
Mol SEAAY | QlmefotHALEE MUARR! (E-mail : hyan@kict.re.kr)
o Mol - SR |EATR QIEERIIMARLEE ARLEARR! (E-mail : jchong@kict.re.kr)
ek Mol - St s QIERIOHATRE S MOI12l-OISICHEl W ADFEA|E|S SNt SIALIPY- mAIK|X}

(E-mail : jklim@kict.re.kr)

_34_



ME QINKIS 2SR E2RSOIAINE XS ot
E8 45 Wt ag

Zor - wmg” - 0™ - HAg

ot

A7 A)FRETE 874, M)A, AAH Rofol mAE GRe BAsk tiesl] 98 dsol B
ool A1 gtk B WEHA B o] QlolA 1 #7o] ulg- Fotat $ol wBH L glo] o] of
o vt ek 4L AT 4g A4S AEFHE ERUEHIANE ASHFL TS uf JE
Aol tig £&o] Wesi,

whehd, B AT B2 AW B0l ALol ofat oRemaTe) Feshe ALQRS olgst 4
B2 PEsl] o2 ERAEAANNEC] A8k g £8 B4S A5E7t s

o
QIFXS M= k7 24 Al 214 ©)

1K
Sh=04 =] Zatal Z404( A [SHEiE StAXRA
oo =T RED BLUE —H'_lo( ||:|OI:I) oL
Az Earo| AEf - OlMBIS | oRkigls KS M 5000:2014 (23+)TC, (50+4)%R.H.
87| LHo|M2] AEH - OlMBIS | oRkigls KS M 5000:2014 -
HIgEE % 21.4 21.6 KS M 1SO 3251:2011 (105+2) C
otz % 14 13 KS M ISO 14680-1:2000 -
e % 0.91 0.91 KS M 1SO 2811-1:2012 (23+0.5) C
K& AT Azt min 5 5 KS M 5000:2014 (23+1)C, (50+4)%R.H.
51 AR Azt min 10 10 KS M 5000:2014 (23+1)C, (5024)%R.H.C
dst X ARE h 1 1 KS M 5000:2014 (23+)TC, (50+4)%R.H.
e mPa-s 192 193 KS M ISO 2555:2002 (25+0.5)C

I 19 ke 24 SRR VIR B4 B4 Sl AldETeIH, S B3R 25 4 Co st
+ &A1¢] REDSF BLUE Qt&e] thet AJ&7F ARGEIQIH:. AR vligtell AR A= ol aEAE HIQIY e
SHEAE HiQlEol] AR Bl 7|8 =RV A S5 T vig e 25t A Hidke =&
st} Algof A& AlZol.

S5 78 ERo Tt B4 AlY 23 =] AJEf B 87] WellMel dels ERE ARSIl 2 oldE
LFERIA] exQtth. 71 BISRHE, ¢hs 2 =29 FiEs gosilon, =5 Ulo] 1gE

o that BHS ANskTE A% A7 ZAL Bl T2 AT 3 Al T2 A% tAUZ0] Aol
=

[¢]

Sh
Sh
1
o
offt
ol
ol
2

ol

KR

h3 =
TAOR W BAol Sl A ARES] WskzolE B8 AT A5

s

=
e v JARAN F= AFS JES AYD 45 al2stolor & Ao,

% B ATE FIENER IEERAL(ER)AY] ATH] AY@AME 20POQW-BI52744-02) O & 3w &Lt

AdAst |12l 2RI (E-mail : jmhan@kcl.re.kr)
AMESAAEATR] MAATLL! (E-mail : pkoilu@kcl.re.kr)
?34 I=s o
7C:>‘

_Omll

ol ol
rok 1
Hi
[

*
x

ol ot o

rY Y o o

o SEEAMMSBIAA Y FAAA (E-mail : [[w1182@kcl.re.kr)
weex SEEAMAMSISIAA GO £=A401712] (E-mail : hadong@kcl.re.kr)

_35_



-
L
o
o
ox
ol
—4
N
!
ol
4

7)) 4491 ZAKS B8] SePBIEE A% A BASISI) ZAE £ 53] 4
Palo] 24} AZ|EE7] 9 SA7)E S wislre 24ai9om, o] 2 2A(37) Al e 5 W A4}

B 70 AL F AL AP B 72000 T AAR 9700 WE AT B4 B,

60 2o(): Mt 70 Bo(): b5
45 55 HAAR W Non-AAR
50 4338 43.88 (41} 60 s{aus}s
40.59 (43) (43} 46.81

T (3} £ 50 #3.17 43.12 4250 1)
£ £ (12)  (19) (12) 3907
= 27.21 &0 a0 (18}
Bl 30 (82) ol
w w
120 H g
] ]

10 10

0 0

2018.11 2019.02 2019.07 2020.02 2020.07 2019.07 2020.02 2020.07

@ =AM APIE E=F HelE (b) AAR RF 3 Z=AF AP |E EEE HelF

21 1. ZAF A|7] & AAR HFZ20]| CHEH PR) EEE 15}

a7 19] ()9F o] A A7 & WSS Al 2710 o] eetEuA WYsk= FATE 24
B oz WPt 7P A U, o|Folle A7 Ades S a2 ASH0R Sl
53] SAM71784)Ne 28 R RE 508 SxF HalRo] A S7eIsith W, £37](2d4)oles &
& At wh} 5] ofet EE3 HaE F4719] S5 Hak fAE Aoz o dE o, S47] o]
H] REgo] AU A9 gls Ao e
I 19] (b)ollAd= 20199 7€ tiH] 20209 799 &3 WetRo| oF 10mm 5719 2102 YEIT, o]

T2 Wt st F37] £EFET A7) F0] o Akl FEEW, A5 B FF=
= AR TELELE AAR HHEQl o2 fEETh

1

sugol : mARIE T, SUEE, Yue|-BA| WS, TR

— o -

i

* X35lQ - EE|0|EA|AE! O|A}(E-mail : shbae5781@daum.net)

> ol - SHREZIA E2WECIR Hloi1R] (E-mail : htsrsw@gmail.com)
M3 - SR ESAN TEWEATY £MA1R (E-mail : ranian74@ex.co.kr)
e 5|91 - EEHH|O|EA|AE! CHEO|A}(E-mail : aircraft@daum.net)

_36_



h

SESSION 7
L=




Igjk"_-'q* ﬂg%ﬁ* . —."’:‘J'E Hkk -*-l%?_**** . EENAI*****

CREIXFY FLE TARR g8l HEHE /ol tigh AT A Sl A Fto] APdEojn s1A]
ol ohdst EAIFGALY, a7 AT 4 Qlo] HEE T #EAEEEY S Asdtet] fst
ThFet A7t o] FoA|aL Q). 71E Hithee] A5 B 1719 AA ERYaeEs AAste] +4
Q1A = MEjSFS TAsgtt. 3FAF, CNN(Convolution Neral Network)S 7|HFO. &2 sl= WA EF

KN

=

RS | i=] ??]_—
N FE e AFESrE BE/d50l A -7igE oA AL °‘01 Eﬂ?@ -&%EOJ*—M] sk darglge A
= =

T =

=

Heldel 52 918 clolel 5] 919 ZHANBALLY 19 Tmajbox ZPIKET HE
%JoWVK@@@@mwﬁiE@%‘%w1omvommJAﬂe-;%aﬁq:ﬂﬂ
+ UHA] Binary EQJC 2 2hlg] slo] 35 463574 (Crack 25217, None 2)114%), HIAE 9127 (Crack 600
%, None 3127)¢] om|A1& AJFsltt. EAET= & 13} Zth

oo
LOL
2
)
N
o
o E
o "
i

Basic CNN VGGI16 Resnet 152 InceptionResNetV2 MobileNetV2
fl-score Crack 0.54 0.79 0.70 0.73 0.81
None 0.40 0.00 0.68 0.64 0.67
Accuracy 0.48 0.66 0.69 0.69 0.76

o] Holshs Adshot] B8o] B 4 912 Aolm =

250l 98317 A TEARE 83 4 S Aolth

I EIEEENEEENEEED
NEENEEEEEENEEEEE
NMEEEEEEEEEREEEEE
NTEEEEEEEEEEEEEEE

a2 1. = HolE ofjAl

* SHMS|Ql - sHITSh EA|ZSh MAFIPY (E-mail : tokiohotel9404@gmail.com)
A M2 obE
DAY 2 —’F——‘?—EF (E-mail : ksharp@korea.kr)

o M5|Ql - SHITHSHT SOCKMARE|MIE] BIAIS ARl ZSHEIAL (E-mail : elflie@naver.com)
oo K519 - SISt EAl—g—é_,FI'_f 4= Z&HAL (E-mail : msdo@hanbat.ac.kr)

_38_



NA2C2 OfALIE HEXIO| JLXM 2A o= oY Jjut
S

U AEmes AFS7IeE 2SR QE] fAES H&o] A& SISkl Jlom, ofATE 2RO A
SRl 10ds =3 Aol 5171] 37F oz dTEY, olof ue} SR AE AHER IHWAIL
&J(HPMS; Highway Pavement Management System)< 831l 1o, 2 F7]|2 H=-& RAlstal Qi)
J2jud HPMSO F8 ZARMEQI FHEHEMI(IRL International Roughness Index), =¥ (RD; Rutting
Depth) 2 3EA HHAA(SD; Surface Dlstress) 27 7Y 959 JHE Algei, 4o xHa%
oz AYEE Beahyt 23 959 AR 280 2o 9 384 Ao R A :
2hA g AAESITHE 2 wolls 20 THAHE ofug} FojRF] % FFRAE S8 249
=294 54< vest= Aol Besh, a&=2d AA o) tiste] Fojad Bl dFzARe AT Hl8A
SHolM E7Fssith

ke B dAfoMe AHA FojAF §lo] ofATE T AR Ui B4
TE I AF S AAske] FolE AH s, AH S Fojo] TA=S Bels) =

of thall KS F 23825 wig} 7 A-A=(ITS; Indirect Tensile Strength)E A3kt 1 5, 7%
Al T3] HPMS =S 4 B DBE 5313l olFA] 7+53 DBo] HPMS At&9] IRI, RD
AFeF WEY W50l SITHESE(ESAL) S JEWSR sl olATE ZH YR A4 T ojE 1Y
ZAZAY(ANN; Artificial Neural Network)S &-83to] 7lslgic). 7 ANN 2&o] QejH4E9)
# 255 BA3 A3 ESAL, SD, IRL, RD <08 ZQ23 7102 Uehgt). ot 7dst ANN RgS
st W= I&EER ofATE Ao Tt 2 R AT St

o]

2
Bkl
05)1
__>|i‘
to
ol
bl
o)
_o‘lg

ol

VC/J
v
i 0)" mlo ﬁ‘

oo L O of MoHe

o

4
il

o

~
n
\
Long
nh
\

MSE = 0.14 o o
MAPE = 12% °
R2=0.79 s

MSE = 0.14
MAPE = 14% <
R2=0.82 SF©

(5]
[S]

-
n
o

o
(o]
o
o
N
8
°

o}
B
o
Y

&
%
o

+]

ot
n
.

Predicted value of ITS(MPa)
)
o
o
o
o0
&
&
o
Predicted value of ITS(MPa)
8
S
AY

0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 25
Obsereved value of ITS(MPa) Obsereved value of ITS(MPa)

(@) =2 HolH (b) AIY HlolEd

a2
0>
op
L2
=}
>
2]
m
&
o
0
3
r
124}
re
02
0%
m
=
=
I
o
=
(V2]

* SRl - OISIHG W AOIEA|E|BE Dt MALFY (E-mail : sjlee9408@inha.edu) - ZFEXt
 SHAIS|Q - OISICHSHM ADFEA|E|ZSHa MAFIY (E-mail : ha00303@naver.com)

e SHMS|RL - QISCHSI M ADEA|E|ZStnt BIALIPY (E-mail : my9lkim@nate.com)
e SRl - ()EHy | E28 XIE - olsitietn E=Zstnt HEARREY (E-mail : high80@naver.com)
ook Mol - StREZ AL T2 WEATRl U1l - ZEHEAL (E-mail : zetamkh@ex.co.kr)

2l J
* M@l - olstthstn ESZsH w4 ZSHEAL(E-mail : jhj@inha.ackr) - WAIKXt

_39_



FA LS ERO] ARSEe FATE 29 A 71 B uidH]= A0l His] RS EolE Eetal AR
E ZIPE 349 27)ukto] dojut A1EA A7) Hal Qth AHE Z32E A0 Z7|ukdo] HhAgEle
R0l ThFEt o197t AT, W APAEE A1F A FBA} AR o)A o} W X7k

of tiste] FESIAL Qlek Bo], A E 242 AGAte] Sy Alg ] sl wet Fdo] A4 g2t
A, RO ZA] oF2 ZATES 24 B4S dHshA] ¢l ARl IES 7tk EAIKol

wEta 2 Ao e a&ER AR FE7ENA AASte ZAYE 9 HigH & Agste] s
Axol w2 ZIES] EE|7 Wl EAS SISt 100% AHERZ AW vigH|e} Zto] ofi4] 25%
2| 2He v E o] gsto] ARS et ASAE, £ AIY, ZAE B9 nii AJF F o] e
thorsl A%S Esle] Zag|ES] B2F Wt EAS Holsiglon, A% ATl 2 gEAws I 13 2
t}. Z2to] ofile] f-Fel ARl WFo] Tt B3 A9 AEd W5-S 71et AEo) Hlsto] i e
USAEE HAoh 289 Al 23t Zdto] o4 FAES EddTol 4 Bo] S4Elen, Isol
Fe2 Frhgo] FHof BTyl B oz IRIFict FIE B 1

_Ilm

ol
3R

(L

il

PR A S WEo] B
=
= = =] =z =] le)
HES4E 88 152 & A3l Hsty] WRAEI} =& A ERIEIE 23 A7E Fato] F7HEQ
A Bato] Aol W S8 5442 Zolg FRIF oFoltt.
oo [mconH Scont Deont 550 Mo cont SFcont DFcont
= %00 < a0.0
%35'0 £ 35.0
5 &
g 30.0 $ 30.0
2
v 250 & 25.0
G 20.0 2 200
£ e
s 15.0 E.IS.O
S 10,0 Boo
5.0 co
0.0
0.0
3 7 28 3 , 2
Time (Day) Time (Day)

* ShAIS|Ql - oI5IChigtm ADFEA|E|ZS L MALPY (E-mail : haeun6463@naver.com) - ZHEX}
* Fol@ - SRS QIR R HALE IR - FSHEEAL (E-mail : wsyum@kict.re.kr)
o TH5|Q - OISILstm ADMEA|E|Zaknt BEARIPE (E-mail : my9lkim@gmail.com)
o X512l - OISt M ARS|QlZatast ) SO A (E-mail : wbc6603@nate.com)
o 5|2 - olSIhEtn AlElolmargstnl s LA (E-mail : shkim822@naver.com)
e M3 - Qlotthat Ats|QlZetg st M4 (E-mail : jhj@inha.ac.kr)

_40_



Development of Mechanistic-empirical Design Logic to Predict
the Refletive Cracking Life of Composite Pavements

Bruce Alfred Aplicano® * #10|£** < Debby Marcelia Andryanti™* * 2L}

The reflective cracking life of hot-mix asphalt (HMA) overlay in composite pavements is one of
the primary characteristics that determines whether a designed HMA overlay thickness is feasible or
not. In this study, a mechanistic-empirical design logic was developed and translated into a
straightforward, Excel® VBA program: Asphlat Overlay Thickness Design (AOTD). The design logic
focuses on the reflective cracking requirements and predicts the reflective cracking rate (RCR, %) of
a designed HMA overlay thickness on top of an existing Portland cement concrete (PCC) pavement.
The AOTD is able to accept data from laboratory experiments as well as standard default values of
asphalt binder grades, and has been generally calibrated with available LTPP database. This study
employs the 2007G*, &-based 1-40D Witczak model in predicting the dynamic and relaxation
modulus of dense and stone mastic asphalt (SMA) mixture types with PG76-22 binder grade. Using
the available traffic and climate database, the program vyields ideal results in terms of the reflective
cracking life of HMA overlay.
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Development of HPMS (Highway Pavement Management
System) visualization tool based on open source program

Ki Hoon Moon®

The handling, modifying, and setting distinct sorting standards for various big data pool are crucial
not only for construction but also for management process in road engineering. Currently, Korea
Expressway Corporation (KEC) manages highway network condition monitoring by means of
Highway Pavement Management System (HPMS) big data Data Base (DB) managing work. It can be
said that variety types of data: such as pavement surface type (e.g. flexible or rigid pavement type),
pavement management history, traffic amount (e.g. Annual Average Dailt Traffic: AADT) and
expansion joint installation map, are contained in current HPMS DB system. For the past decades
managing these big data DB was not a crucial task for small scale however, three significant issues
on DB managing work on highway network system became to be needed:

(1) Due to increase of highway network length (approximately 4,500km) handling, modifying and

setting distinct data sorting standards for measured HPMS DB is highly needed.

(2) More intuitive data visulization tool development is needed (Mostly the data contained in
current HPMS is based on numerical expressions therefore, big data visualization tool with fast
and intuitive expression method development is highly needed).

(3) The developed visualization tool needs to be “open license based system”. Therefore, all the
members in KEC can easily access, evaluate and analyze the HPMS DB with their own.

In this research, an open license HPMS DB visualization tool powered by commercial software
“Tableau” was developed in KEC pavement research institute. This newly developed HPMS big data
DB tool can provide not only fast, easy but also intuitive pavement condition analysis environment
to its user for free access. With additional of future effort, this HPMS DB analyzing tool will also be
incorporated into mobile smart phone system (Android and/or IOS system) in the near future.
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Figure 1: Samples of HPMS big data DB visualization tool (powered by “Tableau”)

Key-words : Highway Pavement Management System (HPMS), Big data, Visualization, Open cource
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Although pavement preservation treatments do not enhance structural capability it has recently been
on high demand due to the limited funds accessible for road maintenance. Among the pavement
preservation treatments, micro-surfacing is one of the widely used around the world. Micro-surfacing is
a cold mixed system composed of polymer-modified asphalt emulsion, high-quality mineral aggregates,
mineral filler, additives and water placed for functional improvements rather than structural
improvements.

The aim of this study is to analyze the quality standards of Micro-surfacing treatments. Laboratorial
tests performed on micro-surfacing mixtures still lack credibility due to the lack of engineering
component part when evaluating the results. Although laboratorial tests do not have a direct correlation
with how the mixture will perform on field, tests such as wet cohesion, wet stripping, wet-track
abrasion and Loaded wheel test (sand adhesion) are recommended by ISSA for micro-surfacing mixture
analysis. The tests recommended by ISSA were performed in accordance with ISSA TB (139, 114, 100
and 109) respectively. Laboratorial results were first performed on material received weeks before the
placement of a micro-surfacing treatment and the second laboratorial tests were performed on
materials used on the field in the placement of a micro-surfacing treatment.

Various factors such as aggregate type, water content, asphalt content, environmental condition can
greatly influence the performance of micro-surfacing mixtures. Based on the study it can be noted that
there were differences between the test results obtained from the materials received weeks before the
placement of the treatment and the results obtained from the materials obtained on the field. From the
tests performed on emulsified asphalt it was confirmed that the viscosity did not satisfy the standards
suggested by ISSA for both samples. Therefore can be concluded that the loaded wheel test for the
field materials did not satisfy the recommendations due to the change in the quality of the materials

received weeks before the placement of the micro-surfacing treatment.

Keywords : Micro surfacing, Quality evaluation, Prevented Maintenance
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Development of simple rheological model on prediction
of dynamic modulus (E) data for bituminous material

Ki Hoon Moon*

Dynamic modulus(E, MPa) is one of the crucial factors for presenting low and high temperature
performance of bituminous material such as asphalt binder and corresponding mixture. It is well
known that sigmoidal function (and/or modified sigmoidal function) is widely used for estimating
mechanical performance of asphalt mixture: expecially for dynamic modulus. However, a new
mathematical model along with bituminous material component characteristic considerations is
needed for better estimating values of dynamic modulus along with reasonable upper and lower
bounds of data prediction range.

In this research, a new model named ASCM (Advanced Sigmoidal-Chiristensen Anderson and
Marasteanu) model was developed then introduced for Dynamic modulus data prediction of given
asphalt mixture (for information of developed model, see Equation [1]).

Log|E(®@)*|= LogE, 2 Sigmoidal function
v

1 1

= Log|E()* |= LogE, +%'—1=LogEg +%. .
|:1 + eZ'LOg(U‘Fl‘( :Iv |:1 " ez,(Log(u, +Logar )+, :|V [1]

The ASCM model is consisted of mathematical structure from conventional sigmoidal function and
major parameter of CAM model. For experimental work, conventional Hot Mix Asphalt (HMA)
mixure specimen(with PG 76-22 binder) was prepared with extensive dynamic modulus testing work

based on the current specification. The sample comparison results are presented in Figure 1.
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Figure 1: Dynamic modulus (E*) prediction with different model (Sigmoidal vs ASCM model)

It was found that for a limited analysis effort, the newly developed ASCM model was succesfully
able to provide lower upper and bounds on dynamic modulus (E, MPa) prediction.

Keywords : Dynamic modulus (E*), Mathematical model, Sigmoidal model, Christensen Anderson Marasteanu model
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Evaluation of Asphalt Concrete Pavement Density
Using Non-Nuclear Gauge

Maulana Reynalda* * Dae-Wook Park™ * Jung-Woo Seo™

The changes of density in AC surface layer affect the pavement service life. each 1% increasing of
air-void content over 8% will reduce 10% of pavement service life. In this study, a non-nuclear
gauge, PQI380 was used to measured the AC surface layer Density and its air-void content in dry
and wet condition. Three core samples were extracted from the pavement, and tested in the
laboratory to obtain its density and air-void content. the density and air-void content of three core
samples then used as a calibration to the density and air-void content obtained from PQI380. the
calibration method used in this experiment was offset calibration method. The results showed that
the AC surface layer in wet condition has bigger density and air-void content than in dry condition.
The error percentage of calibrated PQI380 density was reduced to 0.3%. While the error of air-void

content was reduced to 5.6%.

- Compariyr of e sl P G Y. Cory Gk Wik, ared i i it o of o st POONS Do bty s Do it

o ey ey P

(a) =1 I iby (©)

2! 1. Density of AC surface layer in wet and dry condition (a), Density of uncalibrated PQI380, Core samples, and
calibrated PQI380 (b), air-void content of uncalibrated PQI380, Core samples, and calibrated PQI380 (c)
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Utilization of Phase Change Material in Asphalt
Pavement to Mitigate Black Ice Problem

Tam Minh Phan* * Tri Ho Minh Le*™ * Hal-su Kim*™* * Dae-Wook Park™**

Black ice is a thin sheet of ice on the surface road. Once it happens, the black ice remarkably
reduces friction at tire-surface, resulting in dangerous driving. This study aims to incorporate Phase
Change Material (PCM) in asphalt concrete to regulate temperature to avoid black ice phenomenon.
By using real weather data (e.g, temperature, wind speed, solar radiation), a numerical model of
PCM modified asphalt concrete (AC) was developed to design the optimal PCM. The accuracy of
numerical analysis was determined by comparing measured values and predicted values. The results
showed that the incorporating PCM in the asphalt mixture is indeed able to slow down the cooling
temperature, resulting in reduce black ice. The mixture containing 1% by weight of PCM achieved a

maximum of 2 C higher compared to an unmodified asphalt mixture.
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Evaluation of Crack Resistance of Aramid Fiber
Reinforced Asphalt Mixture

Tam Minh Phan* * Son Ngoc Nguyen™ * Chang-Bae Seo™ * Dae-Wook Park™**

The deterioration process of hot mix asphalt under service life can be remedied by integrating
coated fiber. In this study, a fiber surface treatment (coating technique) was developed by using
paraffin wax and warm-mix additive (WMA) to enhance the homogenous distribution of fiber
throughout asphalt mixture. Three types of fiber, including wax coated fiber, WMA coated fiber, and
uncoated fiber were used to reinforce asphalt mixture. The IDEAL-CT was employed to evaluate the
cracking resistance of reinforced mixture. Moreover, the Tukey-Kramer statistical was used to
analysis the difference between coated and uncoated fiber in terms of IDEAL-CT. The results showed
that the mixtures containing 0.05 % of coated fiber suggest potential improvement on performance
of asphalt mixture, such as enhances cracking tolerance index (CTIndex), prolongs fatigue life, and

exhibits good resistance to rutting,
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