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s Background M\

SDSI MOUNTAIN-PLAINS

* Thank You

» Project Sponsors
0 Mountain Plains Consortium
o0 South Dakota Department of Transportation
o South Dakota State University
» Student Researchers
o Thomas Druyvestein > SDDOT, Road Design
o Kofi Oppong - lowa State University, PhD
» Project Investigator
o Dr. Nadim Wehbe, PhD, PE
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SDSI MOUNTAIN-PLAINS

* Allen Jones
» BS & MS — University of Idaho (1986, 1988)
» PhD — University of Washington (2003)

» Senior Engineer — Hart Crowser, Inc. (1988 —
2003)

> Professor of Civil Engineering — South Dakota
State University (2003- Present)

> https://www.sdstate.edu/directory/allen-jones
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SDsU

Pavement Markings
e Safety

» Convey Information to the Driver
o Channel or Guide Traffic Flow

o Traffic Separation
* Adequately Visible
» Day
> Night
» Adverse Weather

# South Dakota
'F - State University

SDsU

Background

Glass Spheres (Beads) Wet Reflective Elements
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g, Background M

Microscopic View of a Single WRE

8
:Eii South Dakota
ﬁhmlrl niversity Backg rou nd zgm.\-

Retroreflected Light
Returned Back to The Driver

Glass Bead Light From
Vehicle
88.76° Headlights
. 30 meters :
| R A o Sl RS Reference
_____Pavement Marking Material Axis

Pavement Surface

Retroreflectivity 30-meter Geometry




e, Background M

SIS HouNTARPLARYS

* Retroreflectivity Degradation

Snowplowing

* Retroreflectivity Threshold
> FHWA
o White Paint: 85 to 150 mcd/m?2/lux Depends
= on posted
o Yellow Paint: 55 to 100 mcd/m?/lux speed limits
» SDDOT:

o White Paint: 100 mcd/m?2/lux _
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* Initial cost and durability are functions of
» Marking material and application rate

» Surface preparation method
» Winter maintenance

* Need to optimize pavement marking for cost
and performance




f&:if;ﬂ'-f.'if.'.'.':';g\_ Objectives )WA
1. Evaluate constructability, durability, and

visibility of waterborne paint alternatives

on asphalt paint surfaces

2. Compare the constructability, durability, and
visibility of waterborne paint alternatives
to inlayed epoxy paint applications on
concrete pavements

3. Assess the cost-effectiveness of pavement
marking alternatives for use on concrete
and asphalt pavements

12

South |_].|l.|||.|

ﬂﬂ Field Data — Parameters ig;

SDSL

* Paint Type
» Waterborne — Type Il (State Specs)
» Waterborne — Type Il (High Build)

o Type lll > greater thicknesses and higher adhesion
» Epoxy — Slow Dry (Type II)
* Paint Thickness:
> 15 mils
» 17 mils
» 20 mils
» 25 mils
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& Sate Unversy Field Data — Parameters
* Paint Color;
> White

» Yellow
* Reflective Element (4 types + 1 WRE):
» AASHTO M247 Type |
» lowa DOT Specifications (lowa Blend)
» SDDOT Megablend
» P40 Gradation
» WRE (proprietary product)

M

MOUNTAIN-PLAINS
CONSORTIUM |
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& St Uniersy Field Data — Parameters
* Line Type:
» Edge Line
» Skip Line

* Pavement Type

» Asphalt Concrete (AC)

» Portland Cement Concrete (PCC)
* Pavement Preparation:

» Surface Applied

> Inlayed (recessed)

M

MOUNTAIN-PLAINS
CONSORTIUM |
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m Soie Unmeray Field Data — Parameters ,A

NS MOUNTAIN-PLAINS

o

* Winter Maintenance Region:
» Dry Freeze
» Wet Freeze

* Parametric Combinations: 69 test sections
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o j‘qfilt‘il!]i-l““-hlin
& - Wet Freeze / Dry Freeze ,{m‘.

LTTP Climate Zones

Dry Mo Freeze
[ vt Freeze
Dry freeze — areas that [ wet No Freeze
undergo a number of freeze- [ ory Freeze
thaw cycles annually in which
there is little precipitation
during the winter

Wet freeze — areas that
undergo a number of freeze-
thaw cycles annually in which
there is precipitation during the
winter
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A Test Deck vs. Test Section M

SDsU HouNTAN PLAINS

* Test Decks

» Extensive testing of different products /
combinations

» Better experimental control

* Test Sections (used in study)
» Use existing projects (lower cost)
» Good geographic representation
» Focus on evaluating external impact factors
» Develop state or regional calibration factors
» Evaluate inlayed technology
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SDsU

1 - US 212 Redfield 4-US 18 Martin 7 —1-29 Brookings
2 - US 12 Aberdeen 5 —1-90 Presho
3 - US 14 Midland 6 — US 14 De Smet
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e, Field Data — Test Sites é_!é
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A0S Field Data — Test Sites M
* Test Sites: 7 total
» Waterborne Paint, Dry Freeze Regions
o US 212, Redfield (AC/Surface)
o US 212, Aberdeen (PCC/Surface)
» Waterborne Paint, Wet Freeze Regions
o US 14, Midland (AC/Surface)
o US 18, Martin (PCC/Surface)
o [-90, Presho (AC/Inlay, 1 PCCl/Inlay yellow)
» Epoxy Paint, Dry Freeze
o US 14, DeSmet (PCC/Inlay)
o 1-29, Brookings (PCC/Inlay and Surface)
20
A5 Field Data — Measurement M

SDSL

* Long-term Observations
» Measurement monthly 1st year
» Measurement every four months 2nd Year

* Retroreflectivity
» Portable retroreflective measurement device

» 3 readings at 4 locations averaged
» Wet/Dry reading on WRE
* Visual Rating
» 1-10 Scale (Percent Marking Remaining)
» 4 locations averaged
» Photograph at each location

21
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,}I"I' South Dakota .
A Field Data — Measurement
* Color
» Chroma Meter
* Dried Paint Thickness

» Metal Plates
Reflective Element density

» 1 inch Macro High-Resolution Photograph
Other observations

» General pavement condition

» Temperature

» Restriping/Chips seals

M

MOUNTAIN-PLAINS
CONSORTIUM

22

4 }"It South Dakota

éﬁlnlrl'ni\t'hin Field Data — Measurements

SDsU

o

17 R
* Metal Plates: eis E;{F ]
Paint Thickness gty

* Retroreflectivity:

Quantitative measure
of night time visibility

M.

23
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#. South Dakota
j‘i State University

SDsU

* Visual Rating:

Daytime qualitative assessment

Months | Months | Months o

Field Data — Measurements ) (\

= Wear Arsa

24

#. South Dakota
j‘i State University

SDsU

Template for Taking High Resolution

Field Data — Measurements ) (\

o ———

!

Digital Photographs

25
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At Field Data — Measurements /\A
High Resolution
Photography
Pavement Marking /
L Retroreflectivity (=10 to 12 ft)
Visual Rating (=15 ft)
<
26
{l"%%  Data Analysis — Retro Deca M
P y y \

* Retroreflectivity vs. Age

>

Exponential decay model: r = A eB1

600

o My .

x
=
E
E 400 2
' . . - E
2300 = 17060041 + Retroreflectivity | © %
S
© . . R*=0.88 ® Visual Rating | 4 Z
@ 200 - =~
% T’ . I 177 T
s 100 T~ TTTT 2
qq-; 1
x 9 ‘ ‘ ‘ ‘ 0

0.0 5.0 10.0 15.0 20.0 25.0

Age (Months)
27
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SDsU

gffif??i'-"?!35555-"11'“\ Data Analysis — Retro vs. VR M

Mﬂ\"ﬂ“’-ﬂ-‘_’:
* Retroreflectivity vs. Visual Rating

A e R A
£~ 500 o P40 £ _ 500 o P40
£ 5,00 [r=osav- 100.0Hr=—944v+ 186,5’, £ 2 400 lr=22.1v-541 #r: 13.9v- 15.2
=& R>=0.48 R>=0.03 2E R?=0.51 R2=0.57
£330 \ £ 5 300
£ E200 5 £ E 200
= 100 o=~ y % 100 FM"

. , : , i , 40 cases
¢ ® Visual Rating N ® Visual Rating R2 =0.02~0.84
Type 11, 15mils, WEL on AC Type 11, 17mils, WEL on AC

25 cases: R2<0.50

600 600 .
T { @7 T 1|5cases:R*>0.70
£ 500 o P40 2 _ 500 o P40
£% % _
$ £ 400 r:22.0v-4x.7Hr:540v+ 138,5T g £ 400 o
=& R2=0.42 2= =
550 R2=0.02 : £
S
£ E200 & £ 2200
$E A — &
~ ” &
100 A 100 :
0 0
4 6 8 10 4 6 8 10
Visual Rating Visual Rating
Type 111, 17mils, WEL on AC Type 111, 20mils, WEL on AC
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SDsU

:Eﬁ[ wibion — Effect of Waterborne Paint Type

(Type Il vs. Type IIl) 44

» 17 mils, PCC in dry freeze region

600 T Typell| . 600 T ====-- TypeIII
Eg 500 —— Typell | & g500 Typell
ES Data g ,?400%: Data -
% E 400 g Collection T E e Collection
5= 300( 8 T300 s
o < NN = e a5
£ E200 T £200 T
[ ~ AT N AT
100 7‘\\‘@@- 100 \9\;‘:_
T
0 A S N Y S W T T W T S S ' 0...-..'.....--..:..--...'1-..-:.
0 6 12 18 24 0 6 12 18 24
Age (months) Age (months)
M247, Redfield P40, Redfield

v With P40, initial retro is higher in Type Il
v Decay rate is almost similar
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Effect of Paint Thickness
(15 mils vs. 17 mils)

#¢3. South Dakota
‘ﬂf State University

SDsU

» WEL, Type Il, AC in dry freeze region

600

- — 15mils . — 15mils
£ go00 T4 17 mils g §500 o= 17 mil
€ = T s
L o 00 Data & o 400 — Data
T 5, X Collection |~ % £ 300 e Collection [~
Qo T E g WRa.l
100 =5 100
0 t t t ] 0 — — — —
0 6 12 18 24 0 6 12 18 24
Age (months) Age (months)
M247, Redfield P40, Redfield
v Initial retro is almost similar
v Decay rate is almost similar
30
ot Effect of Paint Thickness
SDsU (15 mIIS VS. 17 mIIS) HouNTARPLARYS
» YSL, Type I, AC in dry freeze region
. 600 ——15mils | | 690 | —— 15mils
E 2500 ------ 17 muls ggsoo ------ 17 mils
B S £ =
Z e 400 Data & o400 Data
S E < | = SE b T— e [=>
% < 300 Collection 5 5300 17 Collection
;.”3 E200 E 5200&\
100 +———== 100 | ——.
0 L 1 TR " P P 0_.....1-..':..",.11.:-..-:-, L
0 6 12 18 24 0 6 12 18 24
Age (months) Age (months)
M247, Redfield P40, Redfield

v Low initial retroreflectivity
v Decay rate is almost similar

31




#¢3. South Dakota
‘ﬂf State University

SDsU

Effect of Paint Thickness
(17 mils vs. 20 mils)

» WEL, Type lll, AC in dry freeze region

600 —— 17 mils
E 2500 """ 20 mils
£ S
& o 400 Data
% 5300 3 Collection
o
T =200 - )
[
100 Q)
0 i
0 6 12 18 24
Age (months)
M247, Redfield

Retroreflectivity
(mecd/m?/lux)

W
=)
=)

-
—_—

Data

Collection

-
-
T
-
.

qqqq
-
———
-

12

18 24

Age (months)

P40, Redfield

v’ Initial retro is almost similar
v Decay rate in 17 mils is slightly higher
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#¢3. South Dakota
‘ﬂf State University

SDsU

Effect of Paint Thickness
(15 mils vs. 20 mils)

» WEL, Type lll, PCC in dry freeze region

Retroreflectivity
(mecd/m?/Iux)
[ B VS

Data
Collection

——15mils

6 12

18 24

Age (months)

M247, Aberdeen

(med/m?/lux)

Retroreflectivity
[ B

MOUNTAIN-PLAINS
CONSORTIUM necon=

T Data — 15muls
| Collection |} ====--- 20mils
0 6 12 18 24
Age (months)

Iowa Blend, Aberdeen

v Initial retro of 20 mils is slightly higher
v Decay rate is almost similar
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m South Dakot Effect of Paint Thickness

[ State University

» WEL, Type lll, PCC in wet freeze region

. 5071, }])atta‘ ——15mils| _ 600 Daa —— 15 mils
& 12500 | Collection | | cceae. 20 mils g 2500 1 Collection | | ... 20 mils
£ = a2 |
== D = 7
e 4 g3 400ﬁ ______
27 30 ES 300H-;;h_
g g - PO A e
T £200 1 £ £200 e
[ [
100 | 100 1 i -
0 + e e O ot e ]
0 6 12 18 24 0 6 12 18 24
Age (months) Age (months)
M247, Aberdeen Iowa Blend, Aberdeen

v Initial retro of 20 mils is higher
v Decay rate of 20 mils is slightly higher
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L% paint Thickness Verification A

i SRR

* Wet paint thickness back calculated from dry
plate paint thickness

30

O Type 11 Waterborne Paint g
| OType III Waterborne Paint

12
N

— 12
n (=}

._.
o

Calculated Wet Paint
Thickness (mils)

N

5 10 15 20 25 30
Specified Wet Paint Thickness (mils)

35
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ﬂ South Dakota Effect of Reflective Element

1l State University

| 600 1 Data -
sessnes N247 i 4 EEEEEET] M247
| —-- £ 500 | Collection ‘ —..-P40

Data
*te.| Collection |~}

L
Q0
[=3g=]
..G

Retroreflectivity
(mcdm?/Tux)
Retroreflectivity
(mecdm?/lux)

20 Tr— it
100 + * e — !
0 | PR S U S S R R I S U B O AT SRR PR 0 B T
0 6 12 18 0 6 12 18 24
Age (months) Age (months)

WEL, Type III, 20 mils, AC in Dry Freeze WEL, Type 111, 20 mils, AC in Wet Freeze

o 600 Data ceneees M247 ’ 600 - Data sennens M247
£ 2500 1| Collection |- i [ £ 2500 | Collection — - -P40
€2 £2
T4 5 :
SE % £ 40 >|
=3 = = 30 T P -
EE EE i oot -]
s =2 £ £ 200 ==k
& & [
1 100 + p
0 MNP NPT T [/ I R L l
0 6 12 18 24 0 6 12 18 24
Age (imonths) Age (imonths)
WEL, Type II, 17 mils Inlayed, WEL, Type II, 17 mils Inlayed,
AC in Dry Freeze AC in Wet Freeze

36

1l State University

o Effect of Reflective Element ,

6004 pata [ e M247 L 6001 Data  [eeeees M247

Egsoo 4 Collection === IowaBlend E 2500 Collection || - - - IowaBlend

g £ g,?oo < =

£

Es E E300Qe

£E s £ 8200 > ITem

I N M % 100 e
___________ il it wit e )

18 24 0 (3 12 18 24
Age (months) Age (months)
WEL, Type 111, 20 mils, PCC in Dry Freeze = WSL, Type III, 20 mils, PCC in Dry Freeze
600 Data' ....... M247

£ =500 Collection - - - IowaBlend

- E |

é"g 400(5—_)‘.___“.‘

§ g 300 B i

K £200 eSS

100
0 B I e S
0 6 12 18 24

Age (imonths)
WEL, Type III, 20 mils, PCC in Wet Freeze
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] S o Effect of Reflective Element
= in Inlayed Epoxy

» WEL, Epoxy, PCC in dry freeze region

MOUNTAIN-PLAINS
CONSORTIUM neaone

600
- — Y b
£ ~500 T
g 3 400 ——NMegablend
—&-
= <300 ——M247+Megablend
£ £200 Data
[ - o ,
A 100 - Collection lowaBlend
O L T B
0 6 12 18 24
Age (months)
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¥

) S oo Effect of Pavement Type
. (AC vs. PCC — M247, Surface)

MOUNTAIN-PLAINS
CONSORTIUM necon=

600 Data 600 Data |}—— —____.
i ol T ez AC = '|— : AC
E’Esoo | Collection — 88 :4_32500 '| Collection —T00
£ EZas———
-~y SE
23 2 =300 1
£ g SE ol |
g < £ £200 T - TSI
"1 [ |

100 |
0 6 12 18 24 0 6 12 18 24
Age (months) Age (months)

WEL, Type II1, 15 mils, Wet Freeze WEL, Type III, 20 mils, Wet Freeze

600 — Data'
E‘ESOOG Collection
T 5 400 3250
SE, O==<
= 3300 s
o g
K E200

100

0 B
0 6 12 18 24
Age (months)

WEL, Type III, 20 mils, Dry Freeze
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#¢3. South Dakota
‘ﬂi State University

600 Data w D
. ry Freeze
P 500 Collection ——— Wet Freeze

[T
o
(=]
J,/

Retroreflectivity
(mecd/m?/lux)

.
oo

Retroreflectivity
(mecdam?/lux)
£
[= N = ]
o O

0 6 12 18 24
Age (months)

WEL, Type III, 20 mils, M247, PCC

600 Data

Collection || Dry Freeze

Wet Freeze
[}

2 W
o
o
I
3
1]
!!

Retroreflectivity
(mcdm?/ Tux)
8 8
o o
'J
v

0 6 12 18 24
Age (inonths)

WEL, Type III, 20 mils, P40, AC

Effect of Winter Maintenance
. (Wet vs. Dry Freeze — Surface)

600 Data -
|| Collection

- 400 e

5300 (-

200 +——m~sr] :

100 T

s b

0 6 12 18 24
Age (months)

WEL, Type III, 20 mils, Iowa Blend, PCC

Dry Freeze
Wet Freeze

L
(=]
(=}

-l o

¢’i

_/

MOUNTAIN-PLANNS
CONSORTIUM neaone
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South Dakota
ﬁ] State University

\—’w

Effect of Surface Preparation

(Surface vs. Inlay — Epoxy)
_ 800 T e Inlay 600 Data |- Inlay
-E'Esgg | —— Surface g’asgo- Collection | Surface
% 5 400 £ 5400 >
S E, . SE M -----------
'5?300 I' = '53300 ' ﬂ
£E200 5 £ Eaoo (2
/s | ata = !
100 -1 Collection 100 T
1
o i | B s I N
0 6 12 18 24 0 6 12 18 24
Age (months) Age (months)

WEL, 20 mils, M247, PCC, Dry Freeze

600 Data |— -—co--
Collection

Inlay
Surface

Retroreflectivity
(mecdm?/lux)

'
T
'
0 B e |
0 6 12 18 24
Age (months)

YEL, 20 mils, M247, PCC, Dry Freeze

WSL, 20 mils, M247, PCC, Dry Freeze

MOUNTAIN-PLANNS
CONSORTIUM necon=
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#3. South Dakola
jﬁ State University

Wet Retroreflectivity

. M247 + WRE — Type Il Paint

- - - M247+WRE (WET)
—— M247+ WRE (DRY)

: 400 L Da
| - S :
£ 300 | Collection [ >
|
200 4
1

Retroreflectivity
(medm?/lux)

0 6 1I2 18 24
Age (months)
WEL, 25 mils, Inlay, AC, Wet Freeze

600 - - = M247+WRE (WET)
500 —— M247+ WRE (DRY)

4o
o
<

Data

D collection [

o
<
0O

Retroreflectivity
(mcdm?/ Tux)

- W
o
S
fan
>4

o
L= T =]
!
|
!

0 6 12 18 24
Age (months)

YEL, 25 mils, Inlay, AC, Wet Freeze

MOUNTAIN-PLAINS
CONSORTIUM

P2
L=
o

]
Q9
o O

300

< : Data

— M247+ WRE (DR

- =+ M247+WRE (WET)

¥)

Collection

2ocC).

Retroreflectivity
(mcdm?/Tux)

100 Q-

0 .
0 6

‘‘‘‘‘
el Al Y

12 18 24

Age (months)

WSL, 25 mils, Inlay, AC, Wet Freeze

#3. South Dakola
j‘i State University

Wet Retroreflecivity

. M247 + WRE — Epoxy Paint

600 Data | ==+ PAO+WRE
z Collection (WET)
& 500
2% S| | —— P40+WRE
-~ -
5"5400 J__‘ (DRY)
= =300 ™
= —
100 @_
0 FPIPEFERPIINR sii-o I S
0 6 12 18 24

Age (months)
WEL, 20 mils, Inlay, PCC, Dry Freeze

600 4 Data || —:-- P4O+WRE
= ‘ Collection (WET)
2§00 — — P40+WRE
g.-.z:wo fe—> (DRY)
Z 5300 ———of=—
e (%) !- --!—--_,_-_
Eézoo T o
100 | B iy
't I RN SN i
0 6 12 18 24

Age (months)
YSL, 20 mils, Inlay, PCC, Dry Freeze
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ﬁ%:::::?a‘::ﬁ:.’:;z., Digital Photograph Comparison /A

S”Sl' MW

Note loss of reflective elements

44

ﬁ%:::::.'?:ﬁb:.’.:zu Cost Analysis Spreadsheet M

S”Sl' MW

* Spreadsheet was developed for cost
comparison of different alternatives

* Unit cost is calculated as $/mile/year
* Marking life expectancy is based on:
» Exponential decay models

> Minimum retroreflectivity of 100 mcd/m?/lux

45
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W Cost Analysis Spreadsheet M
* Spreadsheet returns a caution message
when a model is based on limited data (short
time range usually less than 12 months)

* Selecting pavement marking materials is
based on making combination life
expectancy (similar to life cycle cost)

46

AW Cost Analysis Spreadsheet M

SDSL HouNTARPLARYS

SOUTH DAKOTA Library: Dry Freeze - AC - Type || -WEL- 15 mils - Surface - w/M247 WEL=White Edge Line
m T e 2T Dry Freeze - AC - Type |1l “WEL- 20 mils - Surface - w/M247 WSL=White Skip Line
18 Dry Freeze - AC - Type |11 -WEL- 20 mils - Surface - w/P40 YEL=Yellow Edge Line
Defined Retroreflectivity () Minimum Standard:] 100 Ilmcd,"m:ﬂm]' Minimum ﬂ:?I 0.5 | YSi=Yellow Skip Line
Winter Maintenance Region: Dry Freeze (East River) \
Pavement Type: Asphalt Error has been fixed
Paint Color: White
Option 4. _Options Option ¢
Paint Type: Paint Type: Paint Type:
Waterborne Paint Type |1 {State Spec.) Waterborne Paint Type 11l {High Build) Waterborne Paint Type 111 (High Build)
Line Type: Line Type: Line Type:
Edge Edge Edge
Wet Paint Thickness: (Wet Paint Thickness: Wet Paint Thickness:
15 mils 20 mils 20 mils
Reflective Elements Reflective Elements: Reflective Elements:
AASHTO M 247, Type | Gr AASHTO M 247, Type | Gradation P40 Gradation
Pavement Preparation Pavement Preparation: Pavement Preparation:
None (Typical Air) None (Typical Air) None (Typical Air]
Pavement Marking Combination A Pavement Marking Combination B: Pavement Marking Combination C:
Degradation Equation:| R=360e-0.098"months) Degradation Equation:| R=430e({-0.06% hs) Degradation Equation:| R=330e-0.056"months)
Equation R™: 062 Equation R™: 092 Equation R’ 0.73
Equation Data Set Age (Months) 20.4 Equation Data Set Age (Months): 04 Equation Data Set Age (Months) 204
Initial R, (med/m®/lux):[A]= 360 Initial R (med/m®/lux): 430 Initial R, (med/m®/lux) 330
Decay Factor[ﬂ]= -0.098 Decay Factor: -0.06 Decay Factor: -0.056
Life Expectancy (Months) 13 Life Expectancy (Months): 24 Life Expectancy (Months). 21
Cost (S/Mile/Year): 298 Cost (S/Mile/Year]): 214 Cost (5/Milefyear] 244
47
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South Dakota
State University

Cost Analysis Spreadsheet

HOUNTAIN-PLAINS
Minimum R”2(0.5 Pounds
Retroreflectivity Standard (R,)[100 Gallons of glass
. .. of Paint spheres
Theoretic| Initial R e |PET mile
Product Combinations Cost per length Age of | al Life (A) per ’T' €l of
per Time Equation: Data Set| Expectan |(mcd/m?/lux| Decay (gah) marking
($/Mi/Yr) R, =A*e(B*months) R2 |(months) ¢y ) Factor (B) (Ib)
R=360e"(-
g Surface WEL 15 mils w/M247 298 0.098*months) 0.62 20.4 13 360 -0.098 16.5 132
& R=260e"(-
% Surface WEL 15 mils w/P40 212 0.052*months) 0.84 20.4 18 260 -0.052 16.5 132
& R=330e"(-
Surface WEL 17 mils w/M247 362 0.1*months) 0.71 20.4 12 330 -0.1 18.3 147
R=285¢e"(-
ISurface WEL 17 mils w/P40 244 0.059*months) 0.79 20.4 18 285 -0.059 18.3 147
— R=170e"(-
& |Surface YSL 15 mils w/M247 87 0.046*months) 0.88 20.4 12 170 -0.046 4.1 33
- = R=150e"(-
E g Surface YSL 15 mils w/P40 74 0.03*months) 0.57 20.4 14 150 -0.03 4.1 25
o o —
2 2 R=155¢"(-
9 [Surface YSL 17 mils w/M247 116 0.046*months) 0.89 20.4 10 155 -0.046 4.6 37
= R=160e"(-
Surface YSL 17 mils w/P40 Error/Low R"2 0.038*months) 0.36 20.4 12 160 -0.038 4.6 37
= R=440e"(-
E_ Surface WEL 17 mils w/M247 216 0.074*months) 0.72 20.4 20 440 -0.074 18.3 147
=) R=320e(-
@ 3 [Surface WEL 17 mils w/P40 298 0.08*months) 0.54 20.4 15 320 -0.08 18.3 147
R R=430¢"\(-
@ L [Surface WEL 20 mils w/M247 214 0.06*months) 0.92 20.4 24 430 -0.06 22.0 176
§ R=330e"\(-
Surface WEL 20 mils w/P40 244 0.056*months) 0.73 20.4 21 330 -0.056 22.0 176
48
1 1 Dakota
ate University \
MOUNTAIN-PLAINS

Wet Freeze - AC - Type Il -WEL- 17 mils - Inlay - w/P40

EL=White Edge Line

Wet Freeze - PCC - Type IIl -YSL- 15 mils - Surface - w/lowa

SL=White Skip Line

mcd/m?/lux)

Winter Maintenance Region:Wet Freeze (East River)

Pavement Type:Portland Cement

Paint Color:White

Dry Freeze - PCC - Epoxy -WEL - 20 mils - Inlay - w/M247-

Minimum R2

+Mega YEL=Yellow Edge Line
, YSL=Yellow Skip Line

Option A Option B Option C
Paint Type: Paint Type: Paint Type:
Waterborne Paint Type Il (State Spec.) Waterborne Paint Type |l (State Spec.) Waterborne Paint Type |l (State Spec.)
Line Type: Line Type: Line Type:
Edge Edge Edge
et Paint Thickness: ‘et Paint Thickness: et Paint Thickness:
15 mils 17 mils 17 mils
Reflective Elements: Reflective Elements: Reflective Elements:
AASHTO M 247, Type | Gradation P40 Gradation AASHTO M 247, Type | Gradation

Pavement Preparation:
None (Typical Air)

Pavement Preparation:
Grooving (Inlay)

Pavement Preparation:
Surface Preparation

Pavement Marking Ct ination A:

Pavement Marking Combination B:

Pavement Marking Combination C:

Degradation

Check Library

Degradation Equation] Check Library

Degradation Equation| Check Library

Equation R%{

Check Library

Equation R2j Check Library

Equation R%{ Check Library

Equation Data Set Age (Months){

Check Library

Equation Data Set Age (Months) Check Library

Equation Data Set Age (Months){ Check Library

Initial R, (mcd/m?/lux):[A]=]

Check Library

Initial R, (mcd/m2/lux); Check Library

Initial R, (mcd/m?/lux) Check Library

Decay Factor:[B]<

Check Library

Decay Factor] Check Library

Decay Factor Check Library

Life Expectancy (Months)

Check Library

Life Expectancy (Months) Check Library

Life Expectancy (Months) Check Library

Cost ($/Mile/Year)

Check Library

Cost ($/Mile/Year)]

Check Library

Cost ($/Mile/year) Check Library
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Conclusions /WA

Visual Rating may be used for casual qualitative
inspection but is not adequate for assessing
night time visibility.

The back calculated paint thickness was not in
agreement with the specified paint thickness.

The decay rates of Type Il and Type Il paints
were practically similar.

The initial retroreflectivity of yellow paint was
consistently lower than that of white paint (less
than 200 mcd/m?/lux for most cases).
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Conclusions /WA

* The retrorefectivity of yellow paint normally
deteriorated in less than one year.

* Changing the specified paint thickness (15, 17,
20 mils) of waterborne paint resulted in marginal
change in initial retroreflectivity and decay rate.

* The retroreflectivity of M247 in waterborne paint
was consistently higher than that of P40, but did
not result in practically better life expectancy.
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* The retroreflectivity of M247 in waterborne paint
was equal to or marginally higher than that of
lowa Blend, but the decay rates of the two
elements were practically identical.

* Changing the reflective elements in epoxy paint
resulted in noticeable change in initial
retroreflectivity (Megablend > lowa Blend >
Megablend + M247 > M247). However, the life
expectancies were practically identical.

* The performance of surface-applied waterborne
paint with M247 on AC was almost identical to
that on PCC.
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ﬁ Conclusions /WA

* The retroreflectivity deterioration rate of
waterborne paint in dry freeze regions was in
general higher than that in wet freeze regions.

* The retroreflectivity deterioration rate of inlayed
epoxy paint was in general less than that of
surface-applied epoxy paint.

* The addition of WRE in both waterborne and
epoxy paints may initially result in marginal
benefit to wet retroreflectivity. However, the wet
retroreflectivity deteriorates at a high rate (one
year or less).
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ﬁ Conclusions /WA
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Recommendations and /\’
Implementation m.mw.:\f

* Development of a more robust quality control
procedure for evaluating the actual pavement
markings thickness and application rates of
reflective elements.

* Maintenance regions should implement full-term
evaluation studies on pavement marking
degradation in their respective regions. The
collected data can be used to update the decay
models in the cost comparison spreadsheet.

* The cost comparison spreadsheet combined
with other factors can be used to aid in
selecting the optimum pavement marking.
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Cost Spreadsheet /Aﬁ

Email: Allen.Jones@sdstate.edu
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TRANSPORTATION
_EARNING NETWORK

A por‘rnershp with MDT I\IDDOT SDDOT-WYDOT

and the Mountain-Plains Consortium Universities

Transportation Learning

Thank you for Network Contact
participating! Information

You will be automatically S A
directed to a short survey, shannon.|.olson@ndsu.edu
please take a moment to 2iies (P o e

susan.hendrickson@ndsu.edu

provide your feedback.
Thank you to ) “\ A NRDQB

° u r pa rt n ers W' DEPARTMENT OF TRANSPORTATION Department of Transportation
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