39-3 RUBBERIZED HOT MIX ASPHALT-GAP GRADED
39-3.01 GENERAL
39-3.01A Summary
Section 39-3 includes specifications for producing and placing rubberized hot mix asphalt—-gap graded.
You may produce RHMA-G using a warm mix asphalt technology.

39-3.01B Definitions
Reserved

39-3.01C Submittals
In addition to the requirements in section 39-1.01C, with your proposed JMF include MSDS for:

1. Base[d‘ asphalt binder /{ Comment [KF1]: Comment 1

2. CRM and asphalt modifier
3. Blended asphalt rubber binder components

At least 5 business days before use, submit the permit issued by the local air district for asphalt rubber
binder blending equipment. If an air quality permit is not required by the local air district for producing

asphalt rubber binder, submit verification from the local air district that an air quality permit is not required.L/[ Comment [KF2]: Comment 7

At least 10 days before RHMA-G production, submit the name of a quality control testing laboratory for

asphalt rubber binder [t_ha_k@;ﬂema&es—wthe—AASHl@-Pmﬁe;enevéamHe—Pre&r&ml lOuality Control /{Comment [KF3]: Comment 10

laboratories and testers for asphalt rubber binder must be in compliance with the Caltrans Independent

Assurance Program /{ Comment [KF4]: Comment 5, 8

Submit a proposal for asphalt rubber binder design and profile. In the design, include the asphalt binder,
asphalt modifier, and CRM and their proportions.

If you change asphalt rubber binder supplier or any component material used in asphalt rubber binder or
its percentage, submit a new JMF.

For the asphalt rubber binder used, submit:

1. Log of production daily.

2. Certificate of compliance with test results for CRM and asphalt modifier with each truckload delivered
to the HMA plant. The certificate of compliance for asphalt modifier must represent no more than
5,000 Ib.

Submit certified weight slips for the CRM and asphalt modifier furnished.

Asphalt rubber binder quality control test results on viscosity at a maximum of 2 business days after

sampling.
5. Asphalt rubber binder guality control test results on cone penetration, resilience, and softening point

(& w

at a maximum of 3 business days after sampling. \ /{cOmment [KF5]: OE Style Guide

Submit a certificate of compliance for the asphalt rubber binder. With the certificate of compliance, submit

test results for CRM and asphalt modifier with each truckload delivered to the HMA plant.
iance ifier-must-notrepresent-more-than-5,000-1b /{Comment [KF6]: Comment 2

39-3.01D Quality Control and Assurance
39-3.01D(1) General

Asphalt rubber binder blending plant must be authorized under the Department's Material Plant Quality
Program.

If you request, the Engineer verifies RHMA-G quality requirements within 7 days of receiving all
verification samples and after the JIMF document submittal has been accepted.

Take asphalt rubber binder samples from the feed line connecting the asphalt rubber binder tank to the

HMA plant. Use an AASHTO-certified laboratory for testing.



39-3.01D(2) Quality Control
39-3.01D(2)(i) Asphalt Modifier
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Test asphalt modifier under the test methods and frequencies shown in the following table:

Asphalt Modifier for Asphalt Rubber Binder

Quality characteristic Test method Frequency
Viscosity, m/s (x 10°) at ASTM D445 1 per shipment
100 °C
Flash point (°C, min) ASTM D92 1 per shipment

Molecular Analysis

Asphaltenes, percent ASTM D2007 1 per shipment
by mass (max)

Aromatics, percent by ASTM D2007 1 per shipment
mass (min)

39-3.01D(32)(ii) Crumb Rubber Modifier

Sample and test scrap tire CRM and high natural CRM separately. Test CRM under the test methods and

frequencies shown in the following table:

Crumb Rubber Modifier for Asphalt Rubber Binder

Quality characteristic

Test method

Frequency

Scrap tire CRM gradation

California Test[385]

1 per 10,000 Ib

/{ Comment [KF7]: Comment 3

High natural CRM gradation

California Test 385

1 per 3,400 Ib

Wire in CRM

California Test 385

1 per 10,000 Ib

Fabric in CRM

California Test 385

1 per 10,000 Ib

CRM particle length

1 per 10,000 Ib

CRM specific gravity

California Test 208

1 per 10,000 Ib

Natural rubber content in high natural CRM

ASTM D297

1 per 3,400 Ib

Sample and test scrap tire CRM and high natural CRM separately.

39-3.01D(42(iii)) Asphalt Rubber Binder

Cone-penetration-@-25-°C ASTM-D217 1 perlot
Resilience @ 25 °C ASTM D5329 1 perlot
Viseosity-@-190-°C ASTM-D7741 1perhour

The Authorized Testing Laboratory personnel must perform guality control sampling and testing at the

specified frequency and location for the following guality characteristics:
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Quality Control Table for Asphalt Rubber Binder
Quality characteristic Test method Minimum i Maximum
testing M/[ Comment [KF8]: OE style guide
Frequency
Viscosity agt 375°F, ASTM D 7741 15 minutes
Pa.S (x10™) before use per A—w 2 business days
|0_t LALEASAS2EmAS NI
Cone penetration ASTM D 217
5°C, dm 1 per lot of )
= Tour Asphaltrubber 3-business days
asphait rubber bindertank
Resilience, 25°C, % ASTM D 5329 as halt ruEber
rebound — binder -
Softening point, °C ASTM D 36

2 Retain samples from all lots. Test one per every lot for Cone Penetration, Resilience, and Softening

Point for the first 3 lots and, if all passing, testing frequency shall be once for every 3 lots. |

When quality control test results indicate that asphalt rubber binder are not meeting specifications take

corrective action and notify the Engineer.

39-3.01D(5) Department Acceptance
In the Engineer’s presence, take samples of asphalt rubber binder in a 1-gallon can and two guart-cans.

Take samples once per day or every 5 lots whichever is greater. Submit samples to Engineer. The

Department samples and tests for asphalt rubber binder for compliance with the requirements shown in

the table titled “Asphalt Rubber Binder Acceptance Criteria”.

Asphalt Rubber B

nder Acceptance Criteria

Quality characteristic Test method Requirement

Min Max

Cone penetration @ 25 °C, 1/10 ASTM D 217 25 70

mm

Resilience @ 25 °C, percent ASTM D 5329 18 ]

rebound

Field softening point, °C ASTM D 36 52 74

Viscosity @375 °F, Pa * s (x107) ASTM D 7741 1500 4000

For RHMA, the table in item 4 in the list in the 5th paragraph of section 39-1.01D(9)(a) is replaced with:

/[ Comment [KF9]: Comment 6, 9
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Hot Mix Asphalt In-Place Acceptance

Quality characteristic Test method Requirement
Asphalt binder content (percent) AASHTO T 308 IMF -0.4, +0.5
Method A
HMA moisture content (percent, max) AASHTO T 329 1
Air voids content @ Ngesian (PETCEND) ° AASHTO T 269 Specification + 1.5
Voids in mineral aggregate on laboratory- SP-2 Asphalt
produced HMA® (percent, min.) Mixture
Gradation: Volumetrics®
1/2-inch and 3/4-inch 18.0-23.0
Voids in mineral aggregate on plant-produced SP-2 Asphalt
HMA (percent, min.)* Mixture
Gradation: Volumetrics®
1/2-inch and 3/4-inch 18.0-23.0
Dust proportion® SP-2 Asphalt
Mixture Report only
Volumetrics
Density of core (percent of max theoretical California Test 92-97
density)® 375
Hamburg wheel track AASHTO T 324
(number of passes at 0.5-inch average rut (Modified)
depth, min)
Binder grade:
PG 58 15,000
PG 64 20,000
PG 70 25,000
Hamburg wheel track AASHTO T 324
(number of passes at inflection point, min) (Modified)
Binder grade:
PG 58 10,000
PG 64 12,500
PG 70 15,000
Moisture susceptibility (min dry strength, psi) AASHTO T 283 100
Moisture susceptibility (min wet strength, psi) AASHTO T 283 70

“Prepare 3 briquettes. Report the average of 3 tests.
The Engineer determines the bulk specific gravity of each lab-compacted briquette under
AASHTO T 275, Method A, and theoretical maximum specific gravity under AASHTO T 209,

Method A.

‘Determine bulk specific gravity under AASHTO T 275, Method A.
The Engineer determines the laboratory-prepared HMA value for mix design verification only.
“The Engineer determines percent of theoretical maximum density under California Test 375

except the Engineer uses:

1. AASHTO T 275, Method A, to determine in-place density of each density core instead of

using the nuclear gauge

2. AASHTO T 209, Method A to determine theoretical maximum density instead of
calculating test maximum density.
The Engineer determines theoretical maximum density under AASHTO T 209, Method A, at the
frequency specified in California Test 375, Part 5. D.

The Department does not use asphalt rubber binder design profile for production acceptance.

39-3.02 MATERIALS
39-3.02A General
Reserved
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39-3.02B Asphalt Rubber Binder
39-3.02B(1) General

Asphalt rubber binder must be a combination of:
1. Asphalt binder

2. Asphalt modifier
3. GRMCrumb rubber modifier

The combined asphalt binder and asphalt modifier must be 80.0 + 2.0 percent by weight of the asphalt
rubber binder.

39-3.02B(2) Asphalt Modifier

Asphalt modifier must be a resinous, high flash point, and aromatic hydrocarbon, and must comply with
the requirements shown in the following table:

Asphalt Madifier for Asphalt Rubber Binder

Quality characteristic Test method Requirement
Viscosity, m?/s (x 10°) at ASTM D445 X+32
100 °C
Flash point (°C, min) ASTM D92 207
Molecular Analysis

Asphaltenes, percent ASTM D2007 0.1
by mass (max)

Aromatics, percent by ASTM D2007 55
mass (min)

*The symbol "X" is the proposed asphalt modifier viscosity. "X" must be between 19
and 36. A change in "X" requires a new asphalt rubber binder design.

Asphalt rubber modifier must be from 2.0 to 6.0 percent by weight of the asphalt binder in the asphalt
rubber binder.

39-3.02B(3) Crumb Rubber Modifier

CRM-Crumb rubber modifier must be a ground or granulated combination of scrap tire crumb rubber CRM
and high natural crumb rubber€RM. Crumb rubber modifier ERM-must be 75.0 + 2.0 percent scrap tire
crumb rubber€éRM-and 25.0 + 2.0 percent high natural crumb rubber€RM-by total weight of crumb rubber
modifierERM. Scrap tire crumb rubber€RM must be from any combination of automobile tires, truck tires,
or tire buffings.

The CRM must comply with the requirements shown in the following table:

Crumb Rubber Modifier for Asphalt Rubber Binder

Quality characteristic Test method Requirement
Scrap tire crumb rubberGRM-gradation California Test[385] 100 /{ Comment [KF10]: Comment 4
(% passing No. 8 sieve)
High natural crumb rubber€RM gradation California Test 385 100
(% passing No. 10 sieve)
Wire in CRM (% max.) California Test 385 0.01
Fabric in CRM (% max.) California Test 385 0.05
CRM particle length (inch max.)* -- 3/16
CRM specific gravity California Test 208 1.1-1.2
Natural rubber content in high natural ASTM D297 40.0-48.0
crumb rubberGRM (%)

*Test at mix design and for certificate of compliance.

| ©RM-Crumb rubber modifier must be ground or granulated at ambient temperature. If steel and fiber are
cryogenically separated, separation must occur before grinding and granulating. Cryogenically produced
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| crumb rubber modifierCRM particles must be ground or granulated and not pass through the grinder or
granulator.

Crumb rubber modifierERM must be dry, free-flowing particles that do not stick together. ERM-Crumb
rubber modifier must not cause foaming when combined with the asphalt binder and asphalt modifier.
You may add calcium carbonate or talc up to 3 percent by weight of crumb rubber modifierERM.

39-3.02B(4) Design and Profile

Design the asphalt rubber binder from testing you perform for each quality characteristic and for the
reaction temperatures expected during production. The profile must include the same component sources
for the asphalt rubber binder used. The 24-hour (1,440-minute) interaction period determines the design
profile. At a minimum, mix asphalt rubber binder components, take samples, and perform and record the
tests shown in the following table:

Asphalt Rubber Binder Reaction Design Profile

Quality Test Minutes of reaction * Limits
characteristic Method 45 60 90 [ 120 | 240 | 360 | 1440

Cone penetration @ | ASTM X" X X 25-70
25°C, 0.10 mm D217
Resilience @ 25 °C ASTM X X X 18
(min percent D5329
rebound)
Field softening point ASTM X X X 52-74
(°C) D36
Viscosity ASTM X X X X X X X 1,500-
(centipoises) D7741 4,000

#Six hours (360 minutes) after CRM addition, reduce the oven temperature to 275 °F for 16 hours.
After the 16-hour (960 minutes) cool down after CRM addition, reheat the binder to the reaction
temperature expected during production for sampling and testing at 24 hours (1,440 minutes).
by denotes required testing

39-3.02B(5) Asphalt Rubber Binder Production
39-3.02B(5)(a) General
Deliver scrap tire €RM-crumb rubber and high natural €RMcrumb rubber in separate bags.

39-3.02B(5)(b) Mixing

Proportion and mix asphalt binder, asphalt modifier, and crumb rubber modifier&RM simultaneously or
premix the asphalt binder and asphalt modifier before adding crumb rubber modifier€RM. If you premix
asphalt binder and asphalt modifier, mix them for at least 20 minutes. When you add crumb rubber
modifier€RM, the asphalt binder and asphalt modifier must be from 375 to 440 degrees F.

After interacting for at least 45 minutes, the quality characteristics of asphalt rubber binder must comply
with the requirements shown in the following table:

Quality characteristic Test method Requirement
Minimum | Maximum

Cone penetration @ 25 °C, 0.10 ASTM D217 25 70
mm
Resilience @ 25 °C, percent ASTM D5329 18 -
rebound
Field softening point, °C ASTM D36 52 74
Viscosity @ 190 °C, centipoises ASTM D7741 1,500 4,000

Do not use asphalt rubber binder during the first 45 minutes of the reaction period. During this period, the

asphalt rubber binder mixture must be between 375 degrees F and the lower of 425 or 25 degrees F Comment [KF11]: What's the difference
below the asphalt binder's flash point indicated in the MSDS. “between” and “from-to”?
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If any asphalt rubber binder is not used within 4 hours after the reaction period, discontinue heating. If the
asphalt rubber binder drops below 375 degrees F, reheat before use. If you add more scrap tire crumb
rubber€RM to the reheated asphalt rubber binder, the binder must undergo a 45-minute reaction period.
The added scrap tire crumb rubber€RM must not exceed 10 percent of the total asphalt rubber binder
weight. Reheated and reacted asphalt rubber binder must comply with the viscosity specifications for
asphalt rubber binder in section 39-3.01D(4). Do not reheat asphalt rubber binder more than twice.

39-3.02C Aggregates

39-3.02C(1) General
Do not use RAP as a substitute aggregate for RHMA-G.

For RHMA-G, the percent of crushed particles for 1-fractured face of coarse aggregate does not apply.

39-3.02C(2) Aggregate Gradations

The aggregate gradations in section 39-1.02D(2) does not apply to RHMA-G. For RHMA-G, the
aggregate gradations must be within the target value limits for the specified sieve size shown in the
following tables:

Aggregate Gradation
(Percentage Passing)
Rubberized Hot Mix Asphalt - Gap Graded (RHMA-G)

3/4-inch RHMA-G

Sieve Sizes Target Value Limits Allowable Tolerance
1" 100 -
3/4" 95-98 TV+5
1/2" 83-87 TV+6
3/8" 65-70 TV+5
No. 4 28-42 TV+6
No. 8 14-22 TV+5
No. 200 0-6 TV+2

1/2-inch RHMA-G

Sieve Sizes Target Value Limits Allowable Tolerance
3/4" 100 -
1/2" 90-98 TV+6
3/8" 83-87 TV+5
No. 4 28-42 TV+6
No. 8 14-22 TV+5
No. 200 0-6 TV+2

Note: TV means target value.

Use the 3/4-inch aggregate gradation for pavement thickness 0.20 foot and greater and the 1/2-inch for
pavement thickness from 0.10 to less than 0.20 foot.
39-3.02D Mix Design

The mix design requirements in the table tittled "HMA Mix Design Requirements" in section 39-1.02B(1)
do not apply for RHMA-G.



RHMA-G Mix Design Requirements
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For RHMA-G, the mix design must comply with the requirements shown in the following table:

Quality characteristic Test method Requirement
Air voids content (%) AASHTO T 269% Ngesign = 4.0
Gyration compaction (no. of AASHTO T 312 Naesign = 50-150°
gyrations
Voids in mineral aggregate SP-2 18.0-23.0
(percent, min) Asphalt Mixture
Volumetrics®
Dust proportion SP-2 Report only
Asphalt Mixture
Volumetrics
Hamburg wheel track AASHTO T 324
(number of passes at 0.5-inch (Modified)"
average rut depth, min)
Binder grade:
PG 58 15,000
PG 64 20,000
PG 70 25,000
Hamburg wheel track AASHTO T 324
(number of passes at the inflection (Modified)"
point, min)
Binder grade:
PG 58 10,000
PG 64 10,000
PG 70 12,500
Moisture susceptibility, dry AASHTO T 2837 100
strength (psi, min)
Moisture susceptibility, wet AASHTO T 283" ¢ 70
strength (psi, min)

Calculate the air voids content of each specimen using AASHTO T 275, Method A, to
determine bulk specific gravity and AASHTO T 209, Method A, to determine theoretical
maximum specific gravity. Under AASHTO T 209 use a digital manometer and pycnometer
when performing AASHTO T 209.

Superpave gyratory compactor ram pressure may be increased to a maximum of 825kPa, and
specimens may be held at a constant height for a maximum of 90 minutes.
“Measure bulk specific gravity using AASHTO T 275, Method A.
“Test plant produced RHMA.
°Freeze thaw required.

Determine the amount of asphalt rubber binder to be mixed with the aggregate for RHMA-G as follows:

1. Base the calculations on the average of 3 briquettes produced at each asphalt rubber binder content.

2. Plot asphalt rubber binder content versus average air voids content for each set of 3 specimens and
connect adjacent points with a best-fit curve.

3. Calculate voids in mineral aggregate for each specimen, average each set, and plot the average
versus asphalt rubber binder content.

4. Calculate the dust proportion and plot versus asphalt rubber binder content.

5. From the curve plotted, select the theoretical asphalt rubber binder content at:
5.1. 4 percent air voids for PG 64-16 or less.
5.2. 5 percent air voids for PG 70-10 or greater.

6. At the selected asphalt rubber binder content, calculate dust proportion.

7. Record the asphalt rubber binder content in the Contractor Hot Mix Asphalt Design Data Form as the
OBC.

The OBC must not fall below 7.5 percent by total weight of the mix.
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Laboratory mixing and compaction must comply with AASHTO R 35, except the mixing temperature of the
aggregate must be between 300 and 325 degrees F. The mixing temperature of the asphalt rubber binder
must be between 375 and 425 degrees F. The compaction temperature of the combined mixture must be

between 290 and 320 degrees F.

39-3.02E Rubberized Hot Mix Asphalt Production

Asphalt rubber binder must be from 375 to 425 degrees F when mixed with aggregate.

If the dry and wet moisture susceptibility test result for treated plant-produced RHMA-G is less than the

RHMA-G mix design requirement for dry and wet moisture susceptibility strength, the minimum dry and
wet strength requirement is waived, but you must use one of the following treatments:

1. Aggregate lime treatment using the slurry method
2. Aggregate lime treatment using the dry lime method
3. Liquid antistrip treatment of HMA

39-3.03 CONSTRUCTION

For RHMA-G, tarps are not required if the time from discharge to truck until transfer to the paver's hopper
or the pavement surface is less than 30 minutes.

Use a material transfer vehicle when placing RHMA-G.
Complete finish rolling activities before the pavement surface temperature is below 200 degrees F.
Do not use a pneumatic tired roller to compact RHMA-G.

For RHMA-G placed under method compaction:

1. Only spread and compact if the atmesphenﬂambienﬂ temperature is at least 55 degrees F and the /{Comment [KF12]: Consistency

surface temperature is at least 60 degrees F.

2. Complete the 1st coverage of breakdown compaction before the surface temperature drops below
285 degrees F.

3. Complete breakdown and intermediate compaction before the surface temperature drops below 250
degrees F.

4. Complete finish compaction before the surface temperature drops below 200 degrees F.

5. If the atmospheric temperature is below 70 degrees F, cover loads in trucks with tarps. The tarps
must completely cover the exposed load until you transfer the mixture to the paver's hopper or to the
pavement surface.

Spread sand at a rate between 1 and 2 Ib/sq yd on new RHMA-G pavement when finish rolling is
complete. Sand must be free of clay or organic matter. Sand must comply with section 90-1.02C(3). Keep
traffic off the pavement until spreading sand is complete.

39-3.04 PAYMENT

Not Used
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