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ABSTRACT

PURPOSES : Skid resistance and noise of roads highly depend on the characteristics of pavement texture. Therefore, estimation of texture
characteristics may give useful information for the skid resistance and noise of road. Generally, Sand Patch Test is performed in order to
estimate MTD(Mean Texture Depth). However, it is time-consuming and needs traffic control. This study aimed to investigate the
effectiveness of measurement texture depth using the Portable Laser Profiler that give the MPD(Mean Profile Depth).

METHODS : MTD and MPD were collected on the number of expressway sections including Central Inland Test Road sections in Korea.
Statistical analysis are performed to establish the relationship between MTD data based on Sand Patch Test and MPD data obtained by the

Portable Laser Profiler.

RESULTS : Linear relationship MPD and MTD is observed for both of asphalt pavement and concrete pavement such as R-square of 0.51 to 0.58.

CONCLUSIONS : Even though, the test method and definition of MPD and MTD are different. EMTD(Estimated Mean Texture Depth)
can be obtained by using the correlationship between MPD with MTD.

Keywords

MPD(Mean Profile Depth), MTD(Mean Texture Depth), portable laser profiler, sand patch test

Correspoding Author : Lee, Seung Woo, Associate Professor
Department of Engineering center, Gangneung Wonju National University,
Gangneung, 220-702, Korea

Tel : +82.33.640.2419 Fax : +82.33.646.1391

email : swl@gwnu.ac.kr

International Journal of Highway Engineering
http://www ksre.or.kr/

ISSN 1738-7159 (Print)

ISSN 2287-3678 (Online)

1. M2 eolo] wul/4go] F7kstel AN L A
U DEERE FFULTE SOl uet mFEh 4O J)e] BE )54 £42 Zefska k. /)&
AT ABY, WA, RGE FRA ey ol b B2 2EAS BH] 15 EYuhist Bay
o wro) nhEg ols) B2 vnyAae] gastn o the IR ANSIEL gloth B8 obde] 43S &
S22t =23 - M43 Hez 45



© MnEA G} =5 AR gk e 4
o AHAR Brhe AAACRE =2 FA T Al
| G =R kAL Stk =99 A8 =29 754
7kl eHAAE 7HAL Qe B2 FAEEAA
Hoksh7] el Bi-HRF 7l0]e] JHE o] g5}
29 7]54< B7lshe datso] M Qi
dutH o g wHEZ 9 EAL Microtexture,
Macrotexture, Megatexture, Roughness® H¢]of
o} e GFEAH EREHA =z
S0l whet Fig. 13} Zo] npahe | glojo]-HAg,
Splash ¢} Spray, Bfolo] wik FEAF, 244 &
L2909 7|50 9% =t 53] Macrotexture=
% U HYA 7] e A wedo] glom, Elol

o
Iy =

WMo do o

¢

=

o

olot AHAQ JEAGOR stel w9 Agw
e welo] g Ao Ueld gk mae gaz
NG LEANE H2o4Y 5 YES BY EUE FE
S ubelm} W4 %S Zhdok stel, oleig EA
myl hele ERRACH, vt TAEE, T

i) 2 eHF ARl 8.l o8 A% =™ (Panagouli and

(Hass et al., 1994).

Texture

Categoy Wawdangh

PIARC

Pavement Sudace Charackesstc
Infuance

Fig. 1 Pavement Surface Characteristic Classifications
and Their Impact on Pavement Performance
Measures(ACPA, 2006a)

At ow =z Z Y Htlo] A& WHoR
MTD(Mean Texture Depth)®} MPD(Mean Profile
Depth)7} 91t MTD9| 7% Fig, 2(a)¢t ol =¥z
2] 0] Pt A Q1 2] ol Apo] FH o= Aosi, o
W02 Sand Patch Test(ASTM E-965)5 gt}
Sand Patch Test®] 7|2¥el= A7tE el o)
60 AE 90% ol st 808 Alofl 100% 5}

t 29 25em’E AHgte] EFEWHe| s}

o A2E e F BAH WHOE ol

wn
oo}
)
o.
J
o
—t+
o
=
—J
o}
n
2
1o
oM,
o
N T
o2
ofy
ro,
H1
fu
=2
ol 2
= o =
au) JU

oy 4= glar, AES 357 s a7
shw, dloE|gtHE fJsf AlZto] Wol ARE=
oltt, vkl Portable Laser ProfilerE ©|
449 749 Imm 7HH o2 ZSHH kWX
o] Hlo|HE Fig. 2(b)et Zo] ZEu}Y 7}
o] 100mmzo A HAZ 2 Zh(peak level 1st)Tt
5 WA =& Zhpeak level 2nd) 2 Hts}o]
100mmef A 8] Z2uted ot = 71 =2 4k Hat
gk gt zfolofAl MPDE ARgsi, AHatsfo] 238
ol Btz ZlolE S4sto] wssA7E 8
A ool A4 A efo] §17] wiiZell MPD7F MTDe] ]
. 28 MPD9} MTD+= ¥

Exe o Ao} 4t
Z2)zlo] ZH A7} ot

A vepdtt, AgAeg= MTD7F MPDe]l |8l 3
deHRAZo] B4 wetst=t oy wEs
Al7F 2 = 913k AlZte] gol 485
A wjol MPD 425 o83t MTDE %4
Aol Aasir}, £ A+ oA= EMTD(Estimated

oo

e

= %
oo nE o
O 2 oo

FN

)
w10
AN o

o
ox il

&
ofs
i)

fo
b
i)
2,
o
o,

N ol
T

Irt

MTD=AIll Texture depth/ ‘

‘ Mean Texture depth ‘ ‘ Measurement number

t | The Sands of No.50~80 Sieves | ‘

| Circular Diameter \

(@) MTD

| Mean Profile Depth (MPD)

Profile Depth
Peak level (1st)

,,,,,,,,,,,,,,,,,,,,,,,
Peak level (2nd)

Average level

1
| Second half of baseline
e

First half of baseline
’- Baseline j

(b) MPD(Gerardo W. Flintsch, 2003)

Fig. 2 Definition of MTD and MPD
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Fig. 3 Collection of MTD Using the Sand Patch
Tester(Hoerner and Smith, 2002)
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Fig. 6 Measurement Principle of MPD Test Using
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Table 2. Test Section for Collection of MPD and MTD

Road Routes Station Pavement Type
Transverse Tining,
Central Inland Test | _ Random Tining
Road Burlap Drag,
Asphalt(DGA)
Second Joungbu 339.0[338.6 Transverse Tining
Expressway
Central Inland 118.0|117.6 Transverse Tining

Expressway

Jungang Expressway|130.4| 130 Transverse Tining

Central Inland

Branch Line 16120

Asphalt(SMA)

Gangneung WonJu

University Campus Asphalt(SMA), Non Tined
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(a) Distress on Longitudinal Tining

(b) Distress on Transverse Tining

Fig. 8 Visual Survey based on Distress

4.2.2, Sand Patch Test
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Fig. 9 Sand Patch Test for MTD Calculation
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Table 3. Specification of Portable Laser Profiler

Greenwood Engineering

Model 2207-155/260-A
Max power 7.0mwW
Measurement Range 7.0mwW

Portable Laser Profiler
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Table 4. Measuring Result of MPD and MTD on
Asphalt Section

Asphalt Pavement

Campus in Gangneung WonJu |Central Inland|Central Inland
University Test Road | Branch Line

MPD | MTD | MPD | MTD | MPD | MTD | MPD | MTD | MPD | MTD
(mm) [ (mm) |(mm) | (mm)|(mm) | (mm)|(mm) | (mm)|(mm) | (mm)

0.71]0.76 | 1.13 | 1.07 | 0.81 | 0.66| 0.72 | 0.84 | 0.59 | 0.80

0.91]0.78 113 |0.93]0.68 | 0.510.62 |0.84|0.72 | 0.84

0.85(0.82|1.07 {1.03 |0.73|0.60|0.68 | 0.74 | 0.75 | 0.78

0.96(0.74|0.81]0.69|0.74|0.64 | 0.73 | 0.78 | 0.95 | 1.04

1.07 {0.82/0.82|0.74 | 0.79 1 0.45|0.68 | 0.72 | 0.68 | 0.84

1.08 | 0.78 | 1.00 | 0.96 | 0.94 10.80 | 0.53 | 0.65 | 0.68 | 0.91

0.860.74|0.88(0.89|1.01 | 0.91]0.77 | 0.72 | 0.66 | 0.88

0.89(0.71|0.770.84 | 1.26 | 0.91 | 0.74 | 0.82

0.840.69|0.92/0.80|0.66 | 0.47|0.75 | 0.7

0.80/0.69]0.98|0.79 | 0.61 |0.62|0.88 |0.88

0.720.67|0.77 1 0.81|0.59 | 0.53|0.60 | 0.73

0.92|0.7111.04 | 0.71|0.58 | 0.54 | 0.66 | 0.83

0.8710.66|0.88|0.74| 0.77 | 0.66|0.96 | 0.84

0.860.67(1.08 | 0.71 |0.84|0.69|0.92 | 0.75

0.89|0.67|0.76 | 0.73 | 0.85 | 0.76 | 0.62 | 0.69

0.98|0.71 |10.84|0.76 | 0.92| 0.72

0.7510.59|1.32|0.93|0.95|0.62

1.19 | 1.07 | 0.57| 0.41 | 0.75 | 0.58

1.29 10.97 |0.69|0.44 | 0.67 | 0.66

0.75|0.66 | 0.75 | 0.62 | 0.68 | 0.66

0.85|0.51|0.69|0.45|0.76 | 0.59

0.840.500.62|0.53
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Table 5. Measuring Result of MPD and MTD on Concrete Section

Concrete Pavement

Gangneung WonJu

Second

University Joungbu Central Inland Test Road CEe:;rraelslsr\wl:laar;d E;s:eizr\:vgay
Campus Expressway
MPD MTD | MPD | MTD | MPD | MTD | MPD | MTD | MPD | MTD | MPD | MTD | MPD | MTD
(mm) (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
1.34 0.96 0.71 0.84 0.7 0.89 0.62 0.88 0.56 0.60 0.68 0.88 0.74 0.56
1.99 1.68 0.69 0.62 0.60 0.70 0.47 1.01 0.63 0.72 0.76 0.84 0.59 0.51
1.99 1.46 0.52 0.64 0.58 0.91 0.65 1.07 0.73 0.72 0.77 0.92 1.00 0.49
1.79 1.57 0.78 0.63 0.72 0.61 0.76 1.04 0.73 0.78 1.02 1.07 0.62 0.45
1.87 1.28 0.79 0.42 0.72 1.01 0.50 0.91 0.86 0.69 0.91 0.78 0.81 0.44
1.70 1.24 0.44 0.40 0.78 0.94 0.56 1.01 0.73 0.67 0.92 0.93 0.70 0.58
217 1.21 0.54 0.49 0.69 0.87 0.50 0.78 0.82 0.76 0.96 1.07 0.93 0.64
1.58 0.93 1.26 0.58 0.67 1.02 0.39 0.80 0.82 0.67 0.79 1.07 0.73 0.59
1.69 1.33 0.91 0.72 0.76 1.05 0.51 0.78 0.75 0.7 0.84 1.21 0.66 0.52
1.67 1.46 0.52 0.86 0.67 0.92 0.35 0.91 0.79 0.55 0.76 1.14 0.61 0.66
0.84 0.96 0.58 0.53 0.71 11 0.35 0.82 0.87 0.64 0.89 117 0.74 0.55
0.62 0.49 0.55 0.92 0.34 0.86 0.92 0.62 117 117 0.99 0.56
0.44 0.60 0.64 1.13 0.37 0.91 0.55 0.78 0.75 0.84 0.95 0.51
0.62 0.53 0.62 0.99 0.37 0.98 1.04 1.07 0.52 0.91 0.70 0.50
0.46 0.54 1.04 0.77 0.60 0.62 1.10 1.14 0.83 0.89 0.85 0.44
0.64 0.58 1.01 1.08 0.54 0.72 1.10 1.17 0.73 0.80 0.74 0.98
0.74 0.66 1.07 0.96 0.45 0.64 114 1.28 0.53 0.32
0.71 0.66 1.04 1.07 0.67 0.76 1.42 1.33
0.7 0.67 1.10 1.14 0.78 0.71 1.30 1.05
0.7 0.62 1.10 117 0.67 0.60 0.78 112
0.82 0.62 1.04 0.77 0.74 0.58 1.29 1.22
0.43 0.48 1.01 1.08 0.41 0.58 1.16 0.91
0.4 0.67 1.07 0.96 0.96 1.22
0.70 0.63 1.04 1.07 0.88 1.08
0.31 0.54 1.10 1.14 0.91 0.90
0.52 0.40 1.10 1.17 1.04 0.77
0.59 0.39 1.04 0.77 1.01 1.08
0.46 0.41 1.01 1.08 1.07 0.96
0.68 0.34 1.07 0.96 1.04 1.07
0.53 0.36 1.04 1.07 1.10 114
0.49 0.37 1.10 1.14 1.10 117
0.37 0.34 1.10 1.17 0.91 1.10
0.37 0.32 1.04 0.77 0.62 0.91
0.57 0.40 1.01 1.08 0.72 0.98
0.83 0.45 1.07 0.96 0.76 0.72
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Fig. 12 Data Correlation Method of MPD and MTD

& Ao Al oRARE F7F FAEE 146 MPD

5.2.1. OIAEE FZioAM2| MPD2} MTD2| et
A 24
OFATEL7Vo| A Portable Laser Profilerg ©o]&
3t MPD 443} Sand Patch Test® o] MTD
o|E & o] &3t AHtA £A44AT= Fig. 133 Zo|
MPD9} MTD7} A@ A o2 F7l6k= A o2 Uettoe
o, ARQAS7) 0,51, fFogEC] 002 EAE ]I,

EMTD(AP) =0.56xMPD+0.27, R*=0.51, P—value=0
3)

MTD(mm)

EMTD(AP) = 0.56 XMPD +0.27
02 Where,R? = 0.51,P-value=0

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14
MPD(mm)

Fig. 13 Correlation of MPD and MTD Data on
Asphalt Pavement

5.2.2. 232|E FZHl|lMe| MPD2t MTDL| 2fztt
A 2N

23 E F7Fo| A Portable Laser ProfilerE ©]&
3t MPD AH4 3} Sand Patch TestE ©]8-3 MTD do]
HE o] &3 A4udA #4241 Fig. 14 2ol
MPD&} MTD7} A@ 4o F7ishe 2o 245
ot 22t 1.0mm~2, 4mm% 1] Bat=H2 2 Zlo] o
OlE7} 0.3mm~1mm ¢8| Ba=HlzZZlo] o]y
of vls A3 F53t Ao wekE|o] HojH | §
A4S el 1L.0mm~2.4mmH ] HF=Hx2]Z0] ¢
oelo]] 7t & Folsto] A A4S 3t 2
Fig. 14(b)&} o] Yepston AAA 471 0.58, 92
Eo] 0082 #A =i ety ARAST 7SS
ofst7] Aof vlsf S71e A= Hof Imm~2.4mm
f1e] =7} dlo|Egtert Bas Aow wHH £4
S| EFZA 7HEAE FofRt MPD2F MTDE| /8
A AL Eq. (D} 2t

o Hr o &

EMTD(Con) =0.52x MPD+0.41, R*>= 0.58, P—value=0

4)

EMTD(Con) =0.51 X MPD +0.41
Where, R? = 0.39, P-value=0

00 02 04 06 08 10 12 14 16 18 20 22 24 26
MPD(mm)

(a) Not Insert of Weighting on Concrete Pavement

EMTD(Con) = 0.52 X MPD +0.41
02 Where, R? = 0.58, P-value=0

T T T T T T T T T T T T ]
0.0 0.2 0.4 0.6 0.8 10 12 1.4 16 18 20 22 2.4 2.6
MPD(mm)

(b) Inset of Weighting on Concrete Pavement

Fig. 14 Correlation of MPD and MTD Data on
Concrete Pavement

S=z2sts =28 - M43 M6z 53



5.3. & g+1Zuet 52| EMTDAte| H|w

3. =

2 AT AnE 99 ArAe} vlug At
Table 63} Zo] 9|9 A-LA}o]| Al MPDL} MTDE]
FHBAZE =A debeh ollgt Ak ZHzre] A+t
oAl MPD& MTDE 4Hg3t7] 18l AME-3IE Auls

3 Aolskel 7] wioleta HHETTE 53], Ames
scannere eﬂo]x{tﬂ%/ﬁ_]/\ié o] g3t YAzt A7)
2 32393 AL AT 4 Y= 3D LaserE 0|83}

ol MPDE At&Esh= W4 22 Sand Patch Testel
A A o] AlH S WA O R veof MPDE A
g3t ‘?l%oi Portable Laser Profilert= A4JO=
oS MPDE 4387 wiol %]
°ﬂ MPD *P G A olof Aol = sl A

A a7k B 7ol lohal
51“1, EZH Imm o)/o] HatleHzA]Zlo] glolE 7t 11

Q;
x> 2
1;

"] P H A 7l0] golE o] H] H il ’51 2ol 3
BGAjo] 7] wjFo] MPDL} MTDE| AAdA7F @&
Ao erEny 20)9] dTLo|A= MPD 9 MTD:
oF 0. 9mm~3mm7HA] Thokat W eole] Wt 2270

7F 1274 FA= o] %A 0.89~0.98H 99 AT
TAZF Yepth, & AFolA= Sand Patch TestE
o83t MTD®} Portable Laser Profilerg& ©]-83t
MPDE &4 Hlo]EH+ oF 0.31~Imm F&°| 3540

2 ZAESom, B3 Imm o] BH=HxA Ho

= ddder 42 7t SN R =9 AF
Axtol| s A7 FA A Ao w weE

)

|

¢

6. 28

MTD dlo]j 4eA BAL 43 An MPD2
MTD7} 43808 F7hshe

E 7710) AHEE 3
QDglel Bz ol oleo] EAE Fof
sfo] Alpa ; =
F¥9ic)

g9
1%
o
4
o
QL
a
au)
oo
A
iy
rlo
iy
i)
_}l_,

1. OfATE 171 W 238 E 17| A MPD} MTD2)
AltA 2443 MPDE MTD7F A@Z oz F7}
o= Aol Ueyten, EMTD(AP)=0.56 X
MPD+0.27, R*=0.51, P-value=0%] 217} =&5
ATt 2]Q] ofATE 17| Ao A= Ht
LA Zo] glojg7zt ¢F 0.2mm~2mmi &2 ot
FsHA Z43te] MPDeF MTDE] AFEA 248 =
gt ot 2 AtolA= ¢F 0.6mm~1.4mm <
o] FF-Hz 2 Zo|7} ZAEo] MPDL} MTDE] A

A £4E 338197 wioll MPDeF MTDE] 4
HHAZE 9] Ao vlgf] F2 AR BEAEI

wheba] ofATE F7bo| A ThekRt W99 Witk R
Z]Zlo] glo|g|E F75te] MPD2}F MTDS] AltatA
wAlo] dasirar ek

2. 32 E 7oA MPDE MTDO] Akt BA7
It MPDS} MTD7} A& 2 o2 F7shs Aol b
el 28y 23YE F7bolA Imm~2.4mm,
Bt w A Zlo] Holg7t L Hhe] H9o] Bt

HzA Zlo] ol vl #ZA3] 2o MTD%}

SHBATE SA Hepytha At o] FA
slA o g AR o] &S Holsle] MPDE MTDY]

A 4 s 23 EMTD(Con)=0.52 %

MPD+0.41, R*=0.58, P-value=02] Ai}7} =&

Utk waba] I E L7kl A theFet W ele] Hat

rHzAZ]o] HlolE & F715te] MPDL MTD] 4

A BA0] E g sirhal woheEnt

2 Ao A& Portable Laser ProfilerE ©]-8-3}

o] AF&H MPD2} Sand Patch TestE £33 A&

Table 6. Comparison of EMTD Equation with Result of Other Research

Equipment for MPD Pavement Correlation R? Researcher
Ames AC EMTD =1.1743 X MPD - 0.0127 0.98 Nicholas R. Fisco (2009)
CT™M AC EMTD=1.2587 X MPD + 0.0762 0.89 Nicholas R. Fisco (2009)
CT™M PCC EMTD=0.947X MPD + 0.069 0.94 ASTM E 965
Portable Laser Profiler AC EMTD(AP) = 0.56 X MPD+ 0.27 0.51 Gangnenug Wonju University
PCC EMTD(Con) = 0.52 X MPD+ 0.41 0.58 (2012)
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