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PARTIALLY BEADED CENTERLINE MARKINGS 

- .. -- .. ', - ~.-- -- - . ---.. -

I. INTRODUCTION 

Several years before the publication of the 1970 MUTeD, the 
~, ----"_ . .. " ... 

Colorado Division'-6! Highways initiated field tests to investigate 

the relative brightness and durability of yellow and white paint 

stripes in the beade,d and unbeaded condition and to determine the 

-' acceptabi Ii ty . of part ially-bea.ded centerlines. 

of the 1970 edition of the Manual, the Division sought and received 

FHWA approval for continued testing as proposed in MurCD Request No. _ .. ----.... _.-•. ". - . . - - - ; . - ---'_." - '."' . . - .. _-- ,.:._-- - ,. _ •.. _ .. . _- .-----_ .. - -----.. ' ~ .. --.- .. - .--. -- -.. --- -

M-l-7l and described in "Official Rulings on Requests," Volume 1, 

November 1971 issued by the U.S. Department of Transportation, 

Federal Highway Adm~nistration. 
- - .. - .. _-- . -- _ .. . _-- - ----._-.. -. . - - ." 

Approximately 100 miles of Colorado State Highways in different 

geographical areas were striped with half-beaded center lines by 

reflectorizing only the first 7.S feet of the normal IS-foot painted 

--- -segments. Evaluation of these experimental markings was accOmplished 

by highway engineers, maintenance men, and a research team using 

photometric bead detectors. The principal purpose of theexperi~en-

tat ion was to determine if this method of reflectorization would 

adequately satisfy the requirements for nighttime visibility and 

- would prove otherwise acceptable. , 
" . 

II • MATER TALS AND I::QUIPMENT 

The paint used in all sections was an alkyd type traffic paint 

from one manufacturer. The glass beads wel'e treated to float on the 

paint and were also supplied by a single manufacturer. Specifications 



.' 
for both the paint and beads are made a part of the Appendix to this 

report. 

Daylight and nighttime types of photometers were used to ascertain 

the -brightness -of -the-stripes. Sketches of these instruments are shown 

_ ... _in _the-Appendix. A -data-iled description of the photome-ters used may be 
~- .. -.. 

- found in the I1Reflective Traffic Bead Study - Final Report, May 197011 

prepared by the Research Section of the Colorado Division of Highways 

(copy enclosed with this report). -_._ .. _-----_._----------- ----- .-- -~ ------------ ------

Unlike the nighttime 'photometer which records overall intensity, 

the daytime photometer reads reflective intensity on small 3 rt x 12" 

------,se91Dents of -the'-painted '-stripes-; --Thi"s --tea ture--enables'-ap~rson to ' .--- -- ---- -.-- ------ - --

look over various ~tripes quite closely and actually determine the 

- difference in brilliance between the beaded and unbeaded sect:lons--of 

. ___ thfiLsame _stripe, although the average motorist does not--see·-this 

difference at high speed. 

The highway test sections were striped using the regular truck-

mounted DeVilbiis spray guns and drop-on bead dispensers. Striping 

crews provided for a bead application rate of 4 pounds of beads per 

gallon oi ,paint. Where stripes are fully beaded the overall rate 

usually figures out closer to 5 pounds per gallon. Broken centerlines 

consisted of the regular IS-root segments with 25-foot gaps. 

III. LOCATION AND T:~AFFIC VOLL'ME OF TEST SECTIONS 

Only one formal test area was est'ablished to evaluate the half-

beaded stripes. Two sections totaling about 0.5 miles in length were 

marked on two-lane State Highv!ay 83 apprbximately 25 miles south of 

Denver where th~r~ were 600 vehicles per day or 200,000 vehicles per 

lane for the two-yea:.:- test period. For the sake of comparative study 
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these two sections were placed in conjunction with and at the same 

time as twelve other test sections marked t? determine the relative 
.-' ---- .. - . - -----

·_ --------·br-ightness of yello,w and white paint stripes in the beaded and unbeaded 

---- ' ----' condition'Tse-e Summat'ion Shee-:f;--page 4). Additional test sections of 

half-beaded s~_gments were lQc;:~j:_~_Lthroughout Col,orado ,_ by _the. Maintenance ---._ .. --- --- ... -~ .-
-~ _ ... -

Sections to help in the evaluation. Altogether, these totaled about 

100 miles. 

----"I1T.--PHOl'OMETER -DATA ···· ... ----.:-.-------- - . _. ---" '- --- --- ,- - - .. _._--- -----

At the end of each year of service the evaluation team took 

readings with daytime and nighttime photometers and rated the two 
_. - -.-- . .. _ --._,- " .. _ .. .. - _.- .- . _ .... - . - .. ---.. ~--- .. - ------:---- -_.-. ---_._ --_ . . . ---_.----.- ... -.--... -----

half-beaded sections (Nos. 13 and 14 of Summation Sheet, page 4). 

According to the evaluation shown on the Summation' Sheet the daytime 
- - • • • " • • __ • - • • , ,~, ' . __ ._. - • _ __ .~ ______ • P O __ • . • . _~_ 

and nighttime visibility of the half-beaded stripes, both yellow and 
-_ . . - -_ .. ,- -_._ --_ ._--_ . .. . _ . . . - ,. __ .. . .. .. . """ . .. -_ ... - -_.---- - -. - ---_._ .. .. _-_ .. .. _ . . 

-'--'whi tc,rated highe<r f'Or each year of service ·than the daytime and 

---_..nighttime visibility of the full-beaded stripes. Figure 1 on page 5 

shows a trace of the readout of the nighttime photometer for parts of 

- Sect·ions 3, 4, 9, 10, 13 and 14 as an example of. the relative brilliance 

of the different stripes. The nighttime photometer showed an average 

reading of 4 footlamberts for the half-beaded yellow stripes and 6 

footlambertsfor the half-beaded white stripes. It will be noted from 

Figure 2 on page 9 that these readings compare with the brilliance 

·- -values of stripes that have not been exposed to c;Ieterioration from , 

traffic wear or weathering. 

The indication from the photometer tests that partially beaded 

stripes or segments are ~uperior to fully beaded ones invites further 

analysis and expla.nation. It will be seen from the evaluation chart 

that at the beginning of the test period (1968) both partially beaded 
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F~~M1{TO\qr-·~ SOUTH 

(South of Denver) 

SectiOQ 

1 

'2 

3 

4 

5 

6 

7 
...... 
T 

8 

9 

10 

11 

,~ 
.L 

o 
~ 13 o 
::y' 

~ 14_ 

Mileage from 
,Jct.SH86 

0.05 - 0.18 

O~18 - 0 ~28 

0.28 - 0.43 

0.43 - 0 .51 

0.51 - 0 .62 

0.62 - 0.74 

0.7t .-0.85 

0.85 - 0.95 

0.95 - 1.08 

1.08 - 1.19 

1.19 - 1.28 

1.28 - 1.76 

1.76 - 1.87 

1.87 - 1.,99 

1.99 - 4.07 

4.07 - 4.26 

4026 - 4.57 

:Centerline 
Color Beads 

white no 

whi te yes 

white yes 

white no 

white no 

white yes 

NON-TEST AHEA 

yellow yes 
I 

yellow no 

yellow no 

yellow yes 

NON-TES'!: AhEA 

yellow no 

yellow yes 

NON-TEST AHEA 

yellow CD 
white /t) ( ~ 

\."., .. 
1-.... 
\..C 
--.l 
!'0 ** Phot~cell Evaluation 

, , EXPERIMENTAL CENI'E! -NE S.TRIPE PROJECT 
FhANKTONN - SOlrrH Dlte 8i24/tO .me 9:3'0 AM 

No-passing 
stT'ipes 

double yellow 

double yellow 

none 

none 

single yellow 

single ye llow 

single yellow 

single yellow 

none 

none 

double yellow 

double yellow 

none 

none 

*Rating 

EVALUATrc~ SHEET I 
Weather Clear 

. Daytime 
• Vj sihii.jty 

(0-30) 
30 :20 ,15 % 

! ! 
25 ,18 ,15 01 

25115 i2: 
30 ko !13% 

30 to.~3~ 
25 0 IiI % 

I I' 
t 

0110% 
---;-

EvkLUATION 
j 

DUT'abi lity 
(0-30) 

28 20 15% 
i 

28 '20 15% 
t ~: 

28 !20 :14.% 
. : I 

28 !15 114% 

I : 
28 :20, i15% 

28 ,20 :15 % 

I 
28120: '15 

I , 
28125' 15% 

28 :20' !16% 

i 'I 
28 20 :15% 

, . 
i! 
II 
, I 

Night ** 
Visihility 

(0-40) 
10 I 4 3 % , 

1015 

1016 

35123 

512 

30114 

Summation 
Rating* 
(C-100) 

68 :4433% 

88 b2 145% 

~~ ~6 [40% 
68 0 128% 

-;-

68 146 129% 146 
i 
• 

:8 8 63 4 3S 
i 

! ! 
! ! 
I : 

" 

7 8 ·61 ~ 
I I ,g 52 2 5 

7% i 
-I 

7% ' i 
! I 

i8 \42 3 5 
I 

3% I 
i 

• 

'8 7 52 3 3% 
i 

Seillrul 

1 

2 

3 

4 

5 

6 

7 

18 

9 

10 

I i I 
28 120: )8% 

I . 'i 
5 3 ;! 43 IJ 5 7% l ·· 1.1 

28 120\ 117 % 30121 8 76 159 1~1% , [[I 
I
; I I i 
i ; : ! ! II 

20 122 :19% 28 !19: 115 % 3d 22 17% , 7J 63 !~1" i 

25 118117 % 28119: 114 % 32 40 32 . 8S 77 !~:3% I 

II 

; I 

12 

· 13 

14 ~. 

968-;69~70 968J69~70 1968 69J70 96~ 69
it'10 'I! 

= Day Visibility + Dur~pility + N~ghtl Visibilitjy Einot
i
. l' ; 

, , I ~ LI ,.. tot 4t 7i 9'\'\ I do /w~ J1 . 
Raters: Gerhardt, Safford, 

I ! 

Baker 



Figure 1 INTENSITY OF PAVEMENT STRIPES - From Photometer. Chart 

'Iii I 11111. -,.y lIn If1Tn!lllln T llllf If,!1 1!!1 ItEm- ,.-:-Ilil.1! 1 : ,.". ,. , , . .. . Iii! 

... 

, .. ---Sect-io-n·-14 .. - ----.. - .... - .. -
Half beaded white centerline stripes 

(I.E are?Yli.!~!~.§.? _t~Clf.:fj.~c_¥{~a.:r ___ .. -
than Sections 3 and 10 below) 

---.-------.. _-_._----------_. -

.- .. __ ._----_ . __ .... . ----~ . 

Section 13 . 
Half beaded yellow centerline stripes 

(In area with less traffic wear 
than Sections 3 and 10 below) 

---- .-- ---- '""7"---- -" - .---- --- ~ ....:..-- .. ~ 

Section 9 
Yellow centerline stripes without 

beads 

Section' 4 
White centerline stripes without 

. beads 

Section 3 
Fully beaded white centerline stripes 
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stripes and fully-beaded stripes had almQst identical ratings. After 

each year of service, however, the performance of the fully-beaded 
• .. _ __ •• -l-" _F _ _ , •• _·~ _ _ v.· __ ·• __ ___ ". _ _ 

stripes dropped considerably below that of the partially beaded segments; 

------yet~-d~rability rating~ after each year of service (based on amount of 

.... ,pMft't" and beads · ~~.~s::ernible) were ' practically the ' S'ame-; One explanation- " 

might be found from the fact that the half-beaded sections (Nos. 13 and 

14) were situated on a hilltop or bluff away from access roads-'some four 

were, no doubt, less frequent than at the other locations in the area. 

Still another consideration to be taken into account is the action of 

----the-wind on '.Hthe bl tiff'Tilblowirig -sand arid 'dii't -c)f:rthe -partially.:beade'ci-----·· 

sections and keepi~g them cleaner than the full-beaded sections. A 

._._._-' -thn·-a 'undetermined fa'cto-r-''is'1:'ii'e-pc;'s'~ibi'ii ty th~t-~~fi~-ctedii 'ght -f;~m 

___ theunbeaded ·pqr·tion of ·the--half .. beaded str:ipe contributed -:to-"a ' h'igher" 

intensity of light than that produced by the fully-beaded stripes after 

a year or two of service. Assuming that any or all of these variables 

existed , it wOuld still appear that .the half-beaded stripe at the very 

least 'would compare favorably with the full-beaded one. 

Despite the fact ·that nighttime photometer records show the half-

beaded stripes to be as intense or striking as fully-beaded ones, it is 

significant to the motorist that the half-beaded stripe when viewed at 

night produces a sharp, ' intense _flash of short d~ration in contrast to 

the relatively sustained, long-lasting glow of a fully-beaded stripe. 
f 

.. .... -- .. . "-Driver reaction to this brief, pronounced flash of light when traveling 

on long stretches of highway could not be determined from the limited 

test sec"Cions. 
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.. 
V. VISUAL APPEARANCE 

As indicated previously, Maintenance Sections striped additional 

sections of centerlines with half-beaded segments primarily for visual 

observations. These were placed during the fall of 1971. Only a few 

___ ,. of these pa:-rti:a'l~;)!:::beaded s tripes -were tested-wi th photometric:- equipment ,- ,

'" ' but Maintenance Superintendents and Foreman were asked the following 

'-~questions : ." .......... ---. ~ .~--

...... ______ ..... __ J_! __ r..~ . _the .nighttime . r~fJ~~t_a11-ce .of.. the partially~beaded _. __ .. ____ -.. --

stripe as good as the fully-beaded stripe? 

Answer: Yes - 2 No - 4 

stripe better than the fully-beaded stripe? 

-- -An'swer:- - -Y~~-: -2--'-" N~--: "i-'-"'sa;;" ~ '2--' ..... __ .......... _._-- _ .... _ ._ .. -

--.. --Opinions .... were divided on the quality · ofda,ytinte appearance, :but .. 

the majority of those reporting ob?erved th~t the nighttime reflectanGe _ 

and appearance of the partially-beaded stripes are not as good as the 

t"ully-beaded _~>nes • .. The · general c~ns.ensus amo:n9 .. th~ ~taintenance personnel 

is that the night~ime appearance of partially-beaded stripes suggests 

that something is wrong with the paint lines and mentally compels the 

observer to concern himself with the condi tionof the' line instead of 

its function • 

.. ·.. ··- VI. DURABILITY CONSIDERATIONS 

The evaluation chart on page 4 shows no appreciable differenGe in 

the durability of partially-beaded stripes compared to fully-beaded ones. 

No observations were made of the durability of half-beaded stripes on 

highways where there are more than 2000 vehicles per day per lane. 

Hov/ever, in a comparison OI four differen·t types of beads on a section 
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,-
of Interstat~ 25 south of Denver, the performance of a few miles of 

partially-beaded centerline stripes was eva~uated by means of the . . 
. . ~ .. ----- - - . . " 

photometer. The reflectance of the partially-beaded stripe was next 

"-' ---- .~ .. 

____ -. __ A". gra.p!t __ 9_Uhg __ i.!r~ ... e..!u;i..1:Y of stx.ipe reflection basedon.-the-£i-ndings 
-~ ... --

from this investigation and previous studies conducted by the Colorado 

Division of Highways is shown in Fig~r~ 2 on page 9. The critical. area 

lies to the right of the 105 vehicle passage per lane area where the 
• ___ . • _ _ .• '. ._. __ _ , ___ •• ,_ • " __ • __ ,r_'. _ " _ _ " _ .•.• ___ __ .. . .. - . - -_._- -- .---- • 

stripes become badly worn and show up poorly as lane markers. Generally, 

sometime before 1,000,000 vehicle passages per lane, stripes need to be 

. ______ . .re.painte d. When ,traffic· is so heavy that the "interval' or ' lO~-vehicle- - " - - -----

passages per lane occurs frequently, and the repainting must be carried 

._- ------.- ·-out-under such conditions;i t i'scU'stomary--for m~fny-highway agencies -to .. ----·---- · 

use plastic buttons or thick thermoplastic_s_tripes .. for _pavement-marking-- .------ ._-.-.- - " " . .. - -- .- - -_.- --- .. - -- - ~ .-. . - -_.- .--. . . 

materials. 

VII. COST ANALYSIS 

As an item of interest bearing -on theoutcome' 6f this experimentation, 

a cost analysis was made of the savings possible by reflectorizing one-

half of the length of the broken centerline stripes on all State highways 

in Colorado except in the Denver metropolitan area. The potential annual 

reduction is 280,000 pounds of glass beads. At the current market price 

-of -$0.125 per pound, and based on the frequency ~t which centerlines are 

repainted, this would amount to a savings of $35,000 per year in materials. 

Even if the half-beaded stripes were confined to low volume, low speed 

roads the savings would be s ignificant. Labor costs would not be affected 

to any appreciable extent, a lthough the half-striping does add another 

complication to a duty that demands utmost concentration for proper results. 
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Figure 2 PAINT STR.IPE DETERIORATION; -Average for Colorado lv!aterials 
.-. ~ 

. .. _ ... _. __ . . _- --- --------- .. - '.'-..• ' -' ._.-. ..---_._--

._~:-'--_-_._.-- . --_ ._ .. _-_ .. __ . __ ._ .. - .. _ . . _. __ . ,._- ._ . 

------- - -- __ __ J __ ------ - ------t- - -- ---- - --------. --., ------- -- ' --
III 10 ! wliL.te. Beaded. ,aint- -\.-"f------t-'---
~ I~-=-':-""'--"'T--~ I - lL-- ~~~.J'~;:;~;~t~·e~~~a~:-~--- - 1 __ - ___ ~- --

! 
! 

,---<i----__ , . ___ _ 

'-a , -. - . -" 1 

E I . 
: 6 I , ,.'::",~~,~~2 . ..;.~~nt I. • . I 
: ' ...___-Well graded,non-Iloat--~ I 
~ . type bead. I I 
.~ . ! 
~ 4 ~~~J~el}.-~ow ~:~.~ __ ~:~~~ . 1 . .. __ . __ ~._,__ _ _ __ I _ 

~T I~ t 
i ~ 

o 

Vehicle Passages per lane 
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VIII. COfol:LUSIONS 

In summation, four basic facts were established from this 

experimentation: 

1. Limited testing by photometers on various sections 

of State highways indicate that half-beaded segments 

of centerlines ' are as bright, if not brighter, at 

night than the fully-beaded stripes. 

2. Visual observations of about 100 miles of striping 

indicate that partially-beaded stripes do not present 

a satisfying nighttime appearance to the eye of the 

trained observer (supervisory, maintenance personnel) 

and therefor~ leave something to be desired. 

3. Halr-beaded segments of centerlines, if acceptable, 

can produce an appreciable savings in material cost. 

4. Superiority of the half-beaded stripes was definitely 

noticed at dusk. During this 1/2 to 1 hour period 

the portion of the stripe without the beads showed 

up much better than the beaded portion of the stripe. 

Since center lines and lane lines are vital traffic safety devices, 

the overall appearance of the markings to the motoring public outweighs 

all other considerations of acceptability. Visual observations do not 

support or justify further testing of partially-beaded centerline 

segments at this time. It is believed that the experimentation has 

served a useful purpose by examining the feasibility of partially

reflectorized centerlines and by developing the data presented in this 

report. 

*********** 
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APPENDIX 1 ... 

PHOTOMETRIC BEAD DETEC~ DIAGRAM 

Double 

Hose ~ 
Clamps 

10 '?-.~ 
1. ••• -l-----yL,,.:.;-.----------- T 

Frame 

made of Angle Iron. 

Westinghouse 
Spotlight . 

- - 114405 -. ---

_. __ . . _-.. _ ... _-.-. _-- -- .. --_._---_._._._._- _ . . _. 

- AMPLIFIER CIRCUIT 

1 9V __ _ 

~ 
o 
o o 

lC Yo. 1 t1:<eter. (N 
0-10 volts 

" - ' 0 _ 

2N3566 
Transistor 

Varian 
Recorder 
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APPENDIX 2 
SKETCH .OF A HANDY. INEXPENSIVE DEVICE FOR DETERMINING .. ... _ .... _ .. 

THE RELATIVE BRILLIANCE OF BEAD PAINT STRIPES 

DAYTIME PHOTOMETER 6V Batteries 
(3 In parallel) 

.' 

_. :.. T" ~~~~~S=!!::iiWii:::::=:&::::::=::::~~::&3ii:&i====l~F~lo:sh~l~i g~ht~W:iT.th~c~o~rd~b~o~o;'rd~e;;;~te~n~~~io~~~fu~b~e~(n~o~c;0;;s~t)~:::;:51. ~N;o.~ll 
bottery 

~ 6V 
" " -W2" botter), ~ 

._ . 1.__ _" -e' :~ ....... 12" -------~..._.t... ~~~ry ~ -- ....... _- .... -- ~ ... - ---_ .. ........... 
47" 

Two batteries fastened on with 
TOP VIEW larQe rubber bonds. 

Photocell (CL602) In tube mav be 
/0-500 Microommeter moved for Intensity adjustment. (Pull 

Y Switches bock inside tube to reduce meter reading) 

.~ -' -+ F:r·~~T=;:;:~~:~~5~/~1~6if.·I.]D~. P~i~p~~r ~tu~b~e~g~IU~e~dRt~o~fIO~S~h~1I9~h~t~ca~S~~~i ~~~;;~;;~~,~, =::S:::;L£i!::!~~{;=~ 
I \ 1-::::~::=:==~)egP~h~o~to~c~e~"~lo;cated approx. 5 from lower end of 5/16 tubing. 

4 "2" I ,.----,,'1 - ~ .s:-
". No.3 .,.. ~-:-__ .~ 

_ ._._ ~" .'._ battery ........ ~_ ........ , 
• 6V ..... 

.................. --..;....-----------........ - 36"------...:..----------~Joof 

Light source, flashlight 
bulb and reflector. SIDE VIEW 

Throe 6 volt lontern botteries for 
good non-drifting light. 

Flashlight bulb 
PR-12(Cost SO.20) 

(Cost 81.35 each.) 
(Connect In parallel.) 

.. .. ... . ..,.2N3566 (S0.40 cost) 

+ 6V •. 

-------:~ 1111~t---, ...... :...-. 
L1pht source circuit. ~ 

~ . '. l
!'-......~-,E 

- 9V (Cost $0.50) Ai,'+--------........ _ r Tr.n.~ b.!t~Y CL602 (CI." .. $I.50 ••• tl 
+ Photoceli circuit 

1.35V 
,~'--__ ':-' -III~ . (Cost $0.50) 

S 15.00 0-500 Microomrneter-Calibrote to read 
in Footlomberts if desired. Adjust 
location of photocell Insid 8 5/i G" tuba 
tube to vary me~er readlny. Colo. ado 
cel! is 5" from lower end of tuba. 

TOTt.L COST: approximately $ 22. 00 

-12-
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- - 'APPENDIX 3 
STATE DEPARTMENT OF HIGHWAYS 

DIVISION OF HIGHWAYS - STATE OF COLORADO 
Staff Materials Division 

- 'rRAFFIC- PAINT SPECIFICATION 
Revised October 28, 1970 

.-' •• _. __ .+ •• ____ "_.~_ ,. --____ •• __ . ~. r --,--.--~- ----, .-

Scope: 
This specification covers an alkyd traffic paint for lane deline
ation and other markings on highway pavement. It is the intent of 
this specification to set forfh both composition and general re
quirements in_$ufficienr detail that, when spray applied at a rate 
of 15 mils \j~t film thickness and reflectorized with glass spheres, 
the traffic paint will perform satisfactorily. 

Composition Reguirements: 
All proportions specified are by weight. The composition of pigment 
and vehicle shall be from 99.0.to 101.0% of each amount specified. 

Pigment (White and Yellow) 49.0 to 51.0% 

White Yellow 
Pigment Composition: 

Titanium Calcium Pigment, ASTM D-476, Rutile 
...... -- Titanium" Dioxide;--ASTM D-476, Typ'e T 

Chrome Yellow, Medium, ASTM D-2ll, Type III 
Magnesium.Silicate, Low Consistency, ASTM D-605 

Oil Absorption of 40 max. by ASTM Method D-28l 
-.-. --Mfca:;Dry Ground,--S% -inax·.·-·ResTdueon 325 Sieve 

Pigment Suspending Agent (See below) 
....... - --··----vehicle-Compos it ion:' -- --- .. - .. --.---.----... 

65.0% 
5.0% 

20.0% 
10.0i. 

12.5% 

34.0% 

43.5% 
10.0% 

Alkyd Resin Solution (See Specs. below) 75.0i. 72.0% 
-,,-VM & PNaphtha, Fed. ,Spec. TT-N-95a, Type I; Driers, 

ASTM D-600, CIs. B; and Anti-skinning Agent 25.0i. 20.0i. 
Mineral Spirits, ASTM D-235 8.0i. 

'Pigment Suspending Agent - Either 3.9 lbs. of Bentone '34 with 95% 
ethano~, or 5.6 lbs. of M-P-A60 per 100 gallons shall be incor
porated into the paint. Strict compliance with the additive 
manufacturer's processing recommendations for maximum paint stor
age stability shal l be required. 

Alkyd Resin Solution: 
Type 
Type of Oil 
Type of Solvent 
Viscosity (G-H)' 
Color (Gardner-Hellige, 
Non-Volatile Solids 
o il Acids~'" 
. Phthalic'--Anhydride;'; 
Acid Value;'; 
Unsaponifiable Hatter;'; 

Disc 620 C-40) 

Iodine Value of Extracted Fatty Acids 
Rosin and/or Rosin Derivatives 

;':Non-Volatile Basis 

-13-

Pure Drying Medium Oil Alkyd 
Soya and/or Linseed 

'. 
, . 

VM & P Naphtha(TT-:-N-95a) 
Z - Z2 

8 max. 
49 - 51% 

48% min. 
33% min • 
4 - 10 

1% max. 
120 min. 

None 
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Properties of Finished Paint: 
The p.aint at time of filling shall be fr.ee of skins, pigment agglomer-

__ .. ___ . _____ _____ ... __ . ates_. ~p,<:l foreign .. mattey; and s.h?:ll_.m€!e.t _t}l~ ._JollQwing_require!lle.nts •.. __ . _______ ___ .. __ ._ 
1. Fineness of grind, Hegman 2 min. 
2. Consistency, Krebs-Stormer, K.U·. @ 77°F 70 - 80 
3. Drying Time - A wet film of the paint 15 mils thick shall dry to 

no-pick-up time of not more than 45 minutes-when tested according 
to ASTM Method D 711-67. 

4. 

5. 

6. 

Skinning"- The paint shall not skin within 48 hrs. in a three 
quarters-filled tightly closed container. 
Reflectance - The white paint shall have a daylight 45°, 0° 
luminous ciirectional reflectance of not less than 80% compared 
to ~agnesium oxide_. 
Color - The color of the yellow paint shall visually match color 

·--clilp ·No.--33538 of Fed. Std~ 595. In-case of dispute, the color-- .-.----- ---.. ---. -
shall be within the green and red tolerance limits when compared 
with the standard color chips of the "Standard Yellow for High-
way Signs and Markings," U.S. Bureau of Public Roads, 1962. 

7. Storage Stability - The paint shall show no curdling, gelling, 
. _ .-.-.- -----------------hard -caking orexcessive-.skinn-ing ·when sto:£ed up -to 6 months -

from date of delivery. The paint shall be easily redispersed to 
a smooth homogeneous state. 

8. Special-Analysis - The Department reserves the right to utilize 
--- --- -- -------- -··---spe ct rographic·· or--nther·-instrumenta.l methods -to deterrn ine whether----- --.-.. -.

the specified ingredients were used or evidence of adulteration 
__ i~.--~h:= .c:le~i ~er..ec!_.~ra.ft:i~_.p.aiJ;lt_! ___ .. ____ ___ . _________ .. _._ .... _ .. _._ ......... ___ .... ____ ... . 

Manufacture - Packaging: 
···The type and capacity of manufacturing equipment as well as batching 

and filling procedures must be adequate for large gallonage production. 
Manufacture of paint shall not begin before written approval from the 
Department, and must proceed at a rate that will insure compliance· with 
the delivery schedule listed in -the bid proposal. An approved type 
strainer 'shall be in use at all times in the filling line. 

The paint shall be furnished in e ither approved 5-gallon pails or 55-
gallon drums as called for in the bidding schedule. Drums shall be 
standard open-head type with bolt or lever style closure band. The 
gasket for providing an airtight seal of drums shall be new Multi-Seal 
Brand gaskets or an approved equal. Reconditioned drums may be used 
provided they are clean, undamaged, and the head closure fits properly. 
The drums shall b~ painted with aluminum paint. 

~ ~~ 

Each 5-gallon container shall bear an approved label having a background 
color of white or yellow according to the color of the paint and must 
show the following: 

TRAFFIC MARKING PAINT - (Color) 
COLO. DIV. of H IGHWA YS SPECIFICATION 

Batch No. - - - - - Mfr. Date -
(Manufacturerts Name) 
(Quantity, gal.) 

DrtL'Tls shall have the same information stenciled on the head oVer a 

October 1972 
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background color corresponding to that of the contained traffic paint • 
. -...Basis .. of payment shall be gallons of paint accepted and delivered in 

good condition. Filling shall be by weight equivalent to five gallons 
per pail or not less than 50 gallons per drum at 77°F. 

Inspection and Tests: 
The Department reserves the right to have an inspector present during 

• manufacture'-of the.paint. The manufacturer shall furnish every reason
able facility for sampling and testing the raw materials and finished 
paint. 

The paint manufacturer shall .furnish the .Department with a copy of a 
certified analysis for each shipment of alkyd resin solution used. 
The analysis ·shall include percent solids, phthalic anhydride and oil 
acids along with viscosity and acid value. Paint made with alkyd 

.resin found to be defective, by analysis of a sample taken of the 
tanker or car of resin at destination, shall be replaced without cost 
to the Department. 

Test methods shall be according to ASTM or, if not covered therein J 

Federal Test Method Standard No. 141. 

--. ,------ -Preliminary Samples: 
The bidder, upon request by the Department following opening of bids, 

_._ .. ..shal.1 furnish one quart each of white and yellow traffic paint for
mulated according to this specifica·tion. In addition, samples of alkyd 
resin solution, thinners, pigments, additives and driers shall be for-

--· .. ·warded with information. showing trade name, product code number and 
manufacturer. It is construed that the samples of raw materials shall 
represent those to be used in actual production of the paint following 
award of contract. 

October 1972 
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STATE DEPARTr~rmT OF HICln,JAYS_ 

DIVISIm! OF HIGlI\.[J\YS - STA1'E CiF COLORADO 
Staff Moteri~ls Division 

October 21, 1968 

SPECIFICATIons FOR REFLECTIVE GLASS BEADS 
TYPE II SPECV\L GRADE 

This sped ficatton covers glass beRds intended for use in reflectori,zing 

----- ._ .... -. _._---.. 

traffi: --paint mark}:,p on pavement -by -the drop--orr-method. -.-- -- ------------

General _Requirements: . _ 
The glass beads shall be spherical in shape nnd transparen~ with ~mooth, 

_ - - . ' lustrous surfaces. The beads as del ivercd shall be free from extraneous 
material nnd clumps of heAd'S which cannot be broken up easily in the 

_ . . ,: ___ process of handl10lg and distribution _to thestripe. _____ ___ . . __ _ 

~tail Re9..'!lrements: 
-- -.- ,,- -1. - Imperfec tions - The- glass beads shall not include more than twenty- 

five (25) percent irregularly shaped particles when tested according 
to ASTM Hethod D-llSS. The beads shall be free of scratches, pits, 

- --------Dillkiness, dark particles--and e-xcess{-.;e a!i--bubbles.- - - . ----- .-------------.. --

- 2. Color - The glass beads shall be colorless to the extent that they 
__ . _, ______ ..d.o_ not irnpart_ 8 : noticcable . daytime hue _to "·hU~. p_ay~m~nL.ma.rkin&s. __ . _____ ___________ _ _ 

3. Index of Refraction - The glass of which the beads arc composed 
.-- - ---------:-s:hall ha:ve an ind.exof refr.act.io:1!.'fno.tlcs s- than -1.50 by- theim- -

mersian method using tungsten I1ght. 

~r 
i 

4. Gradation - The glass beads shall meet the follmV'ing gradation re
quirements when tested in accordance with Standard Hethod of Test 
for- Sieve Analysis of Glass Spheres, ASTM Designation D-1214. 

Sieve No. ---
30 
40 
SO 

, 80' 

Total Percent - P~ssing 

100. 
90-100 
60-75 
0-5 

5 . Floatation Test - A minimum of 95% by weight of the glass beads, 
determined on duplicDte samples, shall float on xylol ~hcn tested as 
follows: 

: . ~ 

A sample of approxiw.atcly one gram ( + 0.005 'g) of Dloads is evenly 
distributed ' into [I clean stnndaI'd lOO-rr.~1l glass Petri dish pre
,dously - tare weighed to ± 0.005 e. The dish is vibrat(:d slightly 
to attain as near as possible a rr:onolnyer of beads. Xylene. C.P. 
Grade. is introGuced at one side of the dish nt ' a rnt(~ of 10 to 
15 ml per minute from a burette until 30 yd has -been .,_dded. The 
floaU.ng heads ,He ' then c<lreful1y ar.:lwn off by suctior. through a 
cuit~bly COD5trict('d dcliv~ry -tHr.£? conne.ctcd to a receiving flask. 
Excess xylol is dril\m off so thnl: no r(,ln~,ining be:tds nre lost and 

. the dish dried in an oven at IlV'C. The d i sh 'is \-;idglll?d lind the 
percentage o f flo.lting be ... ds calculated . 
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Packaging And Markln~: 
---r:-GI.;;s-b'e'.':;-~liafl be ' f~rn1shcd in bags c-on~a'ining ' ~lfty--(50)' p'ouiids net. 

2. : The shipping bags shall be moistltreproof~ p'aper liried bui-lap bags con--
. formjng to s~cci£icatlon ICC-36-C under Interstate Commerce Cou:mission 
"Regulation Section 78.234. 'Each bag shall be marked with nDlne of con-

. tents, manufacturer of beads, net weight, lot number and "Colo. Type II." 

" Sa~~e_P~<:q~..!.!:e~e.!!t_o!..}~~aa~r£ 
A represent::ltive snmple of t ,!O (2) pounds of the beads the bidder proposes 
to ~tlp?ly shall be furnisheu Erior to the time of bi,d openi~g. , The sample 
shall be forwarded to Division of High .... 'ays, State of ColorCldo. Materials 
Division, 4340 East Louisiana Avenue, Denver, Colorado 80222' • 

. - .. -.. - ... - ~ '-. , '." " - --, . 
. -, 

.~ .-. - -_._' 

- -'" _ .. _- -.--_ ._._--- -- :; -:~ : .. - --- - ----.-- - --- .--........:. ..... ---- ---- '---" .. ~.- ----:---- ,_._ - ,-

--.-~--.-... ~ "-.~~-- - -•. -. - -:- ._------ .--- . ..:."" . . --.--- .. ----- .--~-; ... . 
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