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INTRODUGTION

Beginning with a test Sectlon near Copperopolis, Callfornla(l) in
May 1972, a study of "Binder Modifier" products was undertaken.
This re¢port covers work performed on a second test section near
Edwards Junction on State Route 58,

"Binder Modifier" is a term used to characterize various products
manufactured to bind or modlfy an asphalt concrete surface to
contrel raveling, pltting, cracking, etc. The products have been
characterized into three maln groups depending upon the effect
they have upon the pavement surface. The groups are as follows:

1. Hardening Agents: These products contain a very hard base
asphalt, (2 to 10 penetration normally) cutback with a highly
volatile solvent. A California specification, designated RC-10H
for Rapid Curing Ligquild Asphalt, fits thils product. The effect
of this product 1s to seal the surface of the pavement with a
very hard surface film.

2 Softening Agents: This type -of product normally is composed

of resins and olls derived from the treatment of lubricating oils
and is covered under the California speclfication for "Rejuvenating
Agents", The effect of this product is to soften and, theoretically,
combine with the surface portion of the asphalt to "liven" the
asphalt, thereby contributing to crack healing when the pavement is
subjected to the pneumatic compaction provided by the traffic.

3. Altering Agents: These are products in which rubber latex is
dissolved in an oily emulsion system. These products suppcsedly
rubberize the asphalt in a pavement on which they are applied,
thereby altering the asphalt to improve its durabllity.

vww . fastio.com
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" In accordance with%the research proposal (D-3-41, 19301-762503~
633105)_to study the binder modifiep products in field installations,
this second construction seal test sectlon using these products was
placed during April 1974 on the westbound shoulder of Road
09~Ker-58-128.5/R135.5 under Contract 09-023324. This test site,
(Figure 1), is approximately 17 miles east of Mojave, California,
on State Route 58. . It is located within the Mojave desert and is
subjected to hot summers and mild, dry winters. The test sections
willl not be subject to traffic other than very infrequent parking
since they are located on a shoulder.

This report describes the installation, initial field testing,
laboratory testing of the original binder modifier products

and of cores removed two weeks after the installation, and presentsl
an analysis comparing the initlal test results of the two
construction seal test sections (Copperopolis and Edwards Junction).
Evaluation of the effects of the various products will continue
for several years.
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FINDINGS

1. There was an immediate reduction in the coefficient of
friction values (as measured wilth a towed trailer aceording
to test method ASTM E-274) after the application of all of
the bilnder modifier products used in the Edwards Junction
test section. The reduction was similar to the reduction
which occurred after the application of the same products
on the Copperopolls test section(l).

2. The reduced coefficlent of friction values remained below
the suggested minimum skig number for an extended period (from
four weeks to 14 plus weeks) for several of the binder modifier
treated areas, notably the areas treated by the hardening
agents and the 35S~1 emulsion fog seal. This sustained reduction
of the coefficient of friction corresponded to the pattern
exhibited in the Copperopolis test sectlon.

"3. -The effects of the binder modifier products apbear to be
limited to the top 1/4 inch of the pavement as determined from
the results of testing slices of the recovered cores. These

o effects are similar to the corresponding test results from the

:Qf:} Copperopolis test sectlon.
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IMPLEMENTATION

As a result of the findings stated in the report 6f a similar
test section at Copperopolis, California(;), a memorandum was
issued urging .caution when using the blnder modifier products
studied due to the possibility of wet weather skid hazards
after their application. Since this report covers a similar
installation of binder modifier products, the findings are
similar, and this is primarily a report of the installation
of the Edwards Junction test section. We will observe these
installations during the next two years and report further on
our findings.
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INSTALLATION OF TEST SECTION

The binder modifier products were applied as construction seals on
the westbound 10 foot outside shoulder of Road 09-Ker-58 between
stations 100+00 and 25+00 (between the "Clay Mine Road and the
"Edward" overcrossings) under contract 09-023324 on April 2 and
3, 1974. The 0.40+ foot thick AC pavement that was treated was g
California Type B, 3/4 inch maximum medium grading(2), with 6%
ARY4000 asphalt as the binder. The shoulder bavement, which was

- Placed on 9-ineh thick Class 2 Aggregate Base, was approximately
one month 0ld when treated. The products were applied at
concentrations of 0.10 and 0.15 gallons per square yard in
sections of various 1engths depending upon the amount of product
avallable. One hundred foot untreated control Sections were left
between each application. See Figure 1 for details of the
Anstallations. Two additional control sections of 250 to 300
feet in length were also lef't untreated for further study. a1l
of the products were applied on April 35 1974 using one distributor
truck, except for a Section of Gilsabing which was applied April 2
using a distributor truck owned by Gilsabind. The original date
of applieation had béen scheduled for April 2nd but application of
the products had been postponed until the next day due to rain on

" the night of April 1st and a forecast of strong winds the next
day. The weather April 2nd was clear with gusty southwesterly
crosswinds estimated at 25 to 35 mph and an air temperature of

'_approximately 50°F. Even though these conditions were less than
ldeal, the initial Glisabind section was applied with no problems,
During the application, there was some blowing dust across the
newly treated surface. The Gilsabind penetfated immediately, as
expected, as all of the binder modifier products were rretested
on small random areas of the ravement wilth measured quantities.
‘The weather conditions on April 3rd were much calmer with just

o a light breegze although it was fairly cool early in the morning.
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Air temperatures taken during the morning were 65°F at 9:30 a.m.
and 66°F at 12:15 p.m. Although these were acceptable air
temperatures for application of the products, difficulty was
encountered with the first product applied on April 3, Satin
Black. BSatin Black is a hard base, rapid curing liquid asphalt.
Unfortunately, it was too viscous to atomlze properly for spraying.
Oniy about a 300 foot length of the shoulder was ﬁreated before
determining that it would not be useful to continue as the section
was very streaked. The remainder of this material was discarded
and this section deleted from the formal evaluations. It was
decided that it would be advantageous to wait untll later in the
day to apply the remainder of the hardening agents so that the

sun could warm up the barrels since no heating facllitles were
provided by the distributor truck. Since the emulsified products

" were not as temperature sensiltive, it was decided to apply them

next. No diffiliculties were encountered in the application of the
"Reclamite, "Petroset AT" and "SS-1 Emulsion Fog Seal"., All of
these products penetrated quickly - withln approximately 5 minutes
generally. The remaining products, i.e., Astec Pavement Sealer
and Gilsabind, were applied at about noon with no problems regard-
ing their abllity to be sprayed. Minor streaklng resulted with
both products due to a malfunctioning nozzle =~ otherwise the
coverage was uniform. All of the products applied April 3rd were
pumped from thelr shipping barrels into the distributor tfuck

tank and diluted, if required, in the distributor with the local
water which had been tested previously for compatability: Thdrough
flushing and rinsing of the dlstrlbutor was performed between
each prcduct change.
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FIELD TESTING

The scope of the field testing for a project of this type consists
Primarily of evaluating both the immediate and long-range effects
of the various treatments. The most important immediate concern is
their effépt on skid resistance.

Skid testing was ihitially performed two weeks after treatment and
then two additional times during the first year. The results of
these skid tests are presented in Table A, They are also graphiecally
portrayed on Figure 2., The results indicate that after two weeks,

a& possible hazardous wet weather skid condition still existed due

to all of the treatments except the Reclamite and Petroset products,
After 14 weeks the conditions had improved to the point that only

two of ﬁhe~test surfaces still exhilbited possible unsafe wet weather
skid conditions.

To test the sealing'action of the binder modifier products, water

- permeability tests were performed on the different sections. These

tests were performed two weeks after the application of the treat-
ments at the same time the core Samples were removed. The results
of the water permeability teéts as well as "whole" core tests on
the 4" diameter cores are presented in Table B,
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LABORATORY TESTING

Laboratory testing was performed on samples of the original binder
modifier products and on four-inch diameter cores removed from the
various sections about two weeks after the appllcation of the
products.,

Testing of the original products was berformed in accordance with

the specifications for the various products, The hardening

agents were tested for compllance to the California specifications
for RC-10H materials (Figure 3). The softening agents were tested
according To the California "Asphalt RejJuvenating Agent" specification
(Figure 4). Since 1t is water soluble, the Petroset AT, which

is. classified as an altering agent, was also tested according

to the ReJuvenating Agent specification because there is no
California specificatlon for altering agent materials. Table

C contains the results of the tests. The "Reclamite! product

was inadvertently'sampled after it had been diluted so the results
represent a diluted product. Extrapolation of the results (indicated
% residue of 66.75 shows that the percent residue would have met the
Rejuvenating agent specification., It is also believed that the
viscosity result would have met the specification although viscosity
adjustment is not“hecessarily proportional.

The test results ihdicate that the different products generally
complied with thekapplicable Californla specifications except for
some tests on the "Hardenlng Agents".

Measuring the effects of the various treatments is being accomplished
by testing four-inch diameter cores which have been removed from the

‘test sections. Two four-inch diameter cores were cut at each of four

randomly selected sites wilthin each test area. One of the two cores
was tested whole (top 2" surface course) and the top of the other
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FIGURE 3

RAPID CURING LIQUID ASPHALT

Tentative Specification

RC-10H
. Type
Specilfication Degignation Test Method RC-10H
Kinematic Visoosit& at 14Q°p AASHTO T201 10—20
Water 4 Maximum AASHTO Tr5 0,2
Distillation AASHTO T78
Distillation (percent of
total distillate to 680°F)
To 374°F Minimum 50
To 437°F Minimum 85
To 500°F Minimum 20
To 600°F Minimum 95
Residue from distillation to 30
680°F. Volume percent of
sample by difference, minimum,
Tests on Residue from
Distillation
Penetration at 77°F , AASHTO T47 2=10
Softening Point R&B °F Minimum AASHTO T53 190
HCL Precipitation % Minimum Calirf. 357 20
Solubility in CCly % Minimum AASHTO T4} 99.5

15
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FIGURE 4
ASPHALT REJUVENATING AGENT SPECIFICATION

The asphalt rejuvenating agent shall be composed of a petroleum
resin oll base uniformly emulsified with water and shall conform
to the following requirements:

, Test
Tegt Method Reguirements
Viscosity, 77°F. AASHTO T59 15-40 SFS
Residue | ” No, Calif, 351 60% minimum
Tests on Residue
Viscosity, 140°F ASTM D 445 100~-200 ¢St
Asphaltenes | No. Calif. 352 0.75% maximum
" Miscibility Test#® AASHTO T59 No ceagulation
Sieve Test#*¥ ' - AASHTO T59 0:10% maximum

Particle Charge Test No. Calif. 3434 Positive

*Test procedure: AASHTO T59 to be modified by using 0.02
normal calcium chloride solution in place of distilled water.

¥¥Test procedure: AASHTO T59 to be modified by using distilled
water in place of 2 percent sodium oleate sclution.

16
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‘ EDWARDS JUNCTION TEST SECTION'
ORIGINAL PROPERTIES OF BINDER MODIFIER AGENTS-

PRODUCTS
' * |¥*
g i mg. b L
AR vg,ﬁg,‘\ Calif.
AASHTO maggﬁﬁgjgﬁﬁ Spec.
Test A8 T8 819 18T [Require-
Test .. Method ... ¥ {2 [BF@lE |& [3 |ments
Hardening Agentas(H)
Kinematic Vis.®1L40F,CS T201 22|16 [26 10-20
Distillatien te 680QF T78 _
% Volume of total@374F, 9% " 72,7 |90.3 |43.2 +50
distillate to @L37F, % " 823 |91.2 | 2 +85
680F. ) @500F, % " 93,4 952 | 99.6 +90
@600F, % " 974 1976|954 +95
Residue frem Distillatien n
by difference. 26.0|38.0| 330 +30
Tests on Distillation Residue
Penetration at 778 S TLO ? 4 |u | 2-10
Selubility in CCILL % T4l 99.949998 | Pers +99,5
Seftening Peint °F T53 28 197|114 +190
HC1 Precipitate % Calif.357 (359 |23.3/19.8 +20
Seftening Agents(S)
SK Viscesity at 77F sec. T59 |28 1540
Residus. % Calif.351 W24 lg0.8l +60
Sieve Test ‘ % T59 ol o ~0,10
Particle Charge Elec.ChglT59 + |+ pesitive(
Test on Recovered Reasidue
Kinematic Vis.at 14L0F — CS T201 (30 |13.35fukes | LOO-200
% Asphaltenes A Calif.352 g7l — -0,75
Emulsified Asphalt{SS-1)
Residue by Distillatien % T59 s73+57
SF Viscosity at 77F sec., T59 20(20-100
Cement Mixing T59 47=-2.0
Sieve Test T59 0!1}1-0,10
Penetration of Residue frem
Distillatien(at 77F) ° T4L9 /47 1100-200

¥Reclamite sample was diluted:
Viscosity and Resldue test wo

2 parts Reclamite to 1 part water.
uld be within Spec, limits if

%%(A) altering agent - No Calif. specification - The Petroset was
tested according to softening agent tests.

nvw L fastio.com

17


http://www.fastio.com/

coré was slleed into four 1/4 inch thick portions prior to recovery
and testing of the asﬁhalt (see Appendix A for recovery method).
The results of tests of the,Whole cores are included in Table B
while the results from testing the glices are found in Tables D and
E. Tabile D‘preseﬁts only average results from each test section
while Table E shows the individual results for each core slice.
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TEST DATA ANALYSIS

The test data from the Edwards Junction test section becomes more
significant when compared to the data from the Copperopolis test
section., An initial examination of the Edwards Junction test results
from both the field and laboratory testing shows that although there
are expected differences in the results from areas of different
application rates of the same product, they still are guite similar
and both follow the same trend. Figure 2 for the Skid Teét Results
and Figure 5 for the core slice results graphically illustrate these
results. Test results from whole cores and from in-place testing

of the two week old treated surfaces show a high degree of
uniformity when comparing the air permeabllity and specific gravity
results. The low water permeability results also indicate this
general unlformity even though there are variations indicating

that some of the products possibly seal the surface pores more

- effectively than others.

'Tb compare the initial effects of the binder modifier products in
- the two test sectlons, comblned test results are shown in Figures

6 and 7. For the sake of the comparison, the only results shown
are those obtained for fthe same application rates. Tables F and
G contain fhe numerical test results graphed on Figures 6 and Y.
An examination of these graphs reveals that the products have
produced similar effects upon the pavements of the two test
sections regarding skid resistance and pavemént hardening or
softening with depth. The core slice results from the Edwards
Junction test sectlon indicate more variabllity of the pavement
regarding uniformity and compaction, Indications of this are
the varilations in viscosity results from the control area in the
east and west portlions of the project. The Gilsabind sections
also show thls wvariation.

23
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Figure 5
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Figure 7
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SKID TEST RESULTS FROM

TABLE F

THE COPPEROPOLIS AND EDWARDS JUNCTION
TEST SECTIONS .
(used to prepare Figure 6)

(40 mph) — Skid Numbers (ASTM E-275-65T)

| _Copperopolis¥® Edwards Junction
Product 5 after | after | arter . after | after | after
(at 0.10 gal/yd<) 4 days |69 days [146 days | 12 days 96 days |366 days
Gilsabind 30 45 53 20 | 43 | ur
Astec P.S. 24 34 43 34 38 63
‘Satin Black 23 38 46 28 30 40
Petroset A.T. 48 53 60 | 58 62 65
Reclamite 43 50 . 57 46 53 58
Reclamite XM 40 47 57 - - -
SS-1 Fog Seal 31 45 52 28 31 48
Control 62 56 61 65 64 70
(no treatment) .

*Average of Eastbound and Westbound test results(l).

www . fastio.com
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TABLE G

CORE SLICE TEST RESULTS FROM
THE COPPEROPOLIS AND EDWARDS JUNCTION
'~ TEST SECTIONS
(Initial Coring - Results used to prepare report}

‘ Micro-Viscosity at 0.05 sec—l S.R. (megapoiée)

Test Treatment 0 to L/4%§3/8 to 578" 3/0 to 1|1 1/8 to 1 3/8"

Section (Quanity) " depth depth depth depth
' Copperopolis |Gilsabind - o} 27.0 5.4 h.9 4.6

o : (0.10 gal/yd~)

Edwards Junct n 8.5 4.5 5.6 4.5

(East Section] '

Copperopolis' Astec P.S. 5 22.5 5.8 5.3 4.9

S ‘ - 1(0.10 mal/yd-) :

Bdwards Junct n. - 51.0 1l.4 11.3 11,2
~“'Copperopelis |Petroset AT , | 9.5 5.9 5.7 4.9
R (0,10 gal/yd<)
© Edwards Junct e 1.5 7ol 7.8 7.3

‘Copperopolis [Reclamite 3.5 5.7 4.2 .7

. . - (0.10 gal/yd"®)
Edwards Junct " . ' 1.5 6.8 7.0 6.3
“Copperopolis  |SS-1. Fog Seal | 15.1 5.1 4.1 4.5
(0.10 gal/yd2)

Edwards Junct " ‘ 10.7 10,9 12.5 l2.3

qkﬁbpperopolis Control 17.4 5.2 4.9 4,2
(No treatment)

Edwards Junct |[(East) " 6.2 4.4 4.5 4.4

om (West) " 18.6 13.2 13.3 13.8

ClibPDE - wynw . faslio.com
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Another comparison which will be of interest_is'thé effect of the
binder modifier products upon paVeménts which are quite different
as to their initial tightness or compaction. These variations

are dramatized by difference in initial voids and usage of the
pavement since the Edwards Junction section is part of the shoulder
and the Copperopolls sectlon is part of the traveled ﬁay.

The following table shows the difference in the origlnal volds
of the two sections.

TABLE H

COMPARISON OF ORIGINAL VOID CONTENT

% Voilds 7
Product (0.10 gsy application) Copperopolis Edwards Junctlon

Gilsabind 5.8% 10.8%

Astec P.S. 6.2% 10.0%

Satin Black : 7.0% - -

Petroset AT ' . 7.8% 10.4%

Reclamite 7.8% 10.8%

8S-1 (Fog Seal) 5.8% 10.4%

Control 5.8% 10.2%
29
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TRANSPORTATION LABORATORY

State of California Test Method No. Calif. 365-A
. Department of Transportation October 7, 1974
Division of Highways (4 pages)

METHOD OF TEST FOR THE MICRO~RECOVERY OF ASPHALT FROM
BITUMINOUS CORE SLICES AND SMALL SAMPLES. OF LOOSE
ASPHALT-AGGREGATE MIXTURES

SCOPE:

A rapid procedure using benzene to recover the asphalt from
bituminous core slices and small samples of loose asphalt-
aggregate mixtures is described in this test method.

Procedure:
A. Apparatusl

1. Glass Plates, of window glass 4 inches x 5 inches,
free of scratches.

2. Flaské, Erlenmeyer design, 250 mls., capacity, of
red low actinic glass.

3. Tuﬁé, pear shaped, 100 ml. capacity oil tubes,

4. Centrifuge, electric oil testing; International Model
H, as designated in ASTM D-96 with 4 place head with
Trunion rings and aluminum cups.

5. Evaporation Box, of metal with inlet tube entering
on one end near bottom and outlet tube exiting near
top on opposite end. It should be approximately
10 inches x 5 inches and 6 inches deep with a 1lid
which is air tight when closed. It should contain
a rack for holding the 4 inch x 5 inch glass plates
in a vertical position baffling the flow of the
nitrogen, '

. 6. Flowmetei, capable of measuring a flow of 1500 ml.,
and 3000 ml. of nitrogen per minute.

7 Balance, at least 200 g. capacity accurate to 1 g.

lMost of the apparatus is shown in Figures I and II.
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3.

4.

1.

‘Test Method No. Calif. 365-aA
October 7, 1974

Nitrogeﬂ’bottle with pressure gauges,

B. Materials

9. Hammer or other battering instrument.

Razor blade, single edge type.

Solvent, Benzene.

Cork stobpers for 250 ml, Erlenmeyer flask and
100 ml. pear shaped tubes.

Hardwood- applicators for spreading solution on
evaporation plates.

C. Preparation of Sample

-Prepare "the bituminous core slices or looge

asphalt-aggregate mix sample in the following
manner before placing in 250 ml. (red low actinic

a.

" glass) Exlenmeyer flasks.,

If the sample is a bituminous core, saw or
break the core into slices as degired to
properly evaluate the core. (For a four

inch core, the minimum thickness of a sgawed

slice should be approximately 1/4 inch to
insure enough material. The saw will waste
approximately 1/8 inch between glices.) Use
a hammer to break the slices into small
pieces. Weigh approximately 60 grams2 of
each slice into a 250 ml., (red low actinic
glass) Erlenmeyer flask and stopper the

‘£lask. :

If tﬂe sample is a loose asphalt-~aggregate

mixture, weigh approximately 60 grams2 of
the sample into a 250 ml. (red low actinic
glass) Erlenmeyer flask and stopper the
flask. -

2

2

“wivvy fastio.com

If the asphalt-aggregate mixtures have an asphalt content of
approximately 5 to 6%, the 60 grams will provide a sufficient
amount of recovered asphalt., Adjust the amount of sample used
if the asphalt content varies substantially from the 5 to 6%.
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Test Method No. calij. 365-A
October" 7, 1974

: ¢
2 Pour 30 ml. of benzene into the 250 ml. Erlenmeyer
flask and let the contents soak for one hour.

Agitate the flask approximately 6 times during the
socaking period.

3. Decant the benzene-asphalt solution into a pear shaped
100 ml. tube and centrifuge for 20 minutes at about
400 g. The decanted solution will contain approxi-
mately 2.5 grams of asphalt. (There is some holdup
of asphalt in the flask.)

4, Purge the evaporation box with 3000 ml. nitrogen
per minute.

5. Pour a spot, about 2 inches in diameter, of the
~ benzene-asphalt solution on a clean 4 inch x 5 inch
glass evaporation plate. (See FPigure III.) Spread
the solution evenly on the plate with a hardwood
applicator (See Figure IV); let set for 15 seconds,
then place the plate immediately in the nitrogen
evaporation box.

6. ' Continue with the nitrogen flow at 3000 ml./minute
‘ for 10 minutes after the evaporation box iz loaded,
then reduce the flow to 1500 ml./minute for an

additional one hour and fifty minutes.

7. Remove the plates from the evaporation box as they
are used and with a razor blade scrape all of the
asphalt from all of the evaporation plates used for
a sample (See Figure V). Divide the asphalt for
testing (See Figure VI). (Three evaporation plates
per sample will usually provide a sufficient amount
of asphalt for micro~viscosity and micro-~ductility
testing.)

D. Testing and Reporting

. 1. Use the recovered asphalt to prepare test specimens
within 30 minutes after removal from the evaporation
rPlates.

3
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est Method No.rcéiif.‘365rA.
October 7, 1974 ' ,

2. Report the results of tests performed on the
recovered asphalt as values reprelentative of
the asgphalt in the parent asphalt-aggregate
mix. s :

E. . Precautions

l. . Care should be taken that the solution be exposed
to the air on the evaporation plates for exactly
15 seconds prior to placement in the evaporation
box so that all plates :‘will Rave the same film

- thickness and the effedt of the drying in air will
be the same. ' '

2. Allroperétions~should-be,performed in subdued light
... a8 much as possible. . o

Hazards . ..
Benzené“ﬁéé&;to;HiEEOIVé'the sample is a highly inflammable and
explosive solvent. Also, the fumes and repeated body contact

is dangerous since benzene is quite toxic; consequently, it
should be uged and kept under a well ventilated hood at all times.

REFERENCE
rﬁri-i California Méthoa

' asTM D-96 -

" 'Bnd of Téxt on Califs 365-A
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Test Method No. Calif. 365-A
October 7, 1974

FIGURE I
APPARATUS FOR MICRORECOVERY OF ASPHALT MIXES

FIGURE II

EVAPORATION BOX WITH EVAPORATION PLATES
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Test Method No. Calif. 365-A
October 7, 1974

FIGURE III

TWO-INCH DROP OF ASPHALT-SOLVENT SOLUTION
ON EVAPORATION PLATE

FIGURE IV

'SPREADING SOLUTION ON EVAPORATION PLATE

ClihPDF - www .fastio.com
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Test Method No. Calif., 365-A
October 7, 1974

;7 B pIeiRE v
SCRAPING RECOVERED ASPHALT FROM EVAPORATION PLATE -

o ' FIGURE VI
REMOVING RECCVERED ASPHALT FOR TESTING

C
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