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Tex-204-F, Design of Bituminous Mixtures Section 1 — Overview

Section 1
Overview

Effective Dates: December 2004—February 2008.

Use this procedure to determine the proper proportions of approved aggregates and asphalt
which, when combined, will produce a mixture that will satisfy the specification
requirements.

Use the following to perform a mixture design:

*

* & o o

Part I - Mix Design for Dense-Graded Hot-Mix Asphalt Mixtures Using the Texas
Gyratory Compactor (TGC) by weight

Part II — Mix Design for Dense-Graded Hot-Mix Asphalt Mixtures Using the TGC by
volume

Part III — Mix Design of Large Stone Mixtures Using the Superpave Gyratory
Compactor (SGC)

Part IV — Mix Design for Performance-Designed Mixtures using the SGC
Part V — Mix Design for Permeable Friction Course (PFC) using the SGC
Part VI — Mix Design for Stone Matrix Asphalt Mixture (SMA) using the SGC

Part VII — Mix Design for Stone Matrix Asphalt Rubber Mixture (SMAR) using the
SGC.

Find typical examples for mixture designs by weight in Parts I, III, IV, and V. Find a typical
example by volume in Part II.

Units of M easur ement

The values given in parentheses (if provided) are not standard and may not be exact
mathematical conversions. Use each system of units separately. Combining values from the
two systems may result in nonconformance with the standard.
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Tex-204-F, Design of Bituminous Mixtures

Section 2 — Automated Mix Design Report Format

Section 2

Automated Mix Design Report For mat

The Mix Design Report, programmed in Excel software, is an automated form. The format

contains the following files and worksheets. The title in parenthesis is the worksheet title in
the automated program. View examples of these worksheets in 'Part I, Mix Design for
Dense-Graded Hot-Mix Asphalt Mixtures Using the Texas Gyratory Compactor (TGC) by

Weight.’

Summary

*® & & 6 6 O o o o

Definitions:

Combined Gradation

Power 0.45 Curve

Asphalt Content versus Density, VMA, G, and G, (Charts)

Material Properties (Matl Properties)

Aggregate Classification Blending (Aggregate Classification)
Weigh-Up Sheet (Weigh Up)

Aggregate Bulk Gravity (Bulk Gravity)

e The following table defines department and Superpave nomenclatures.

Department and Super pave Nomenclatures and Definitions

Department Super pave Definitions
Nomenclature Nomenclature
G, Gumb Bulk specific gravity of the mixture
G, G, Specific gravity of the paraffin
G, Gimax-theo Calculated theoretical maximum specific gravity of the mixture at
the specified asphalt content
A Py Percent by weight of asphalt binder in the mixture
A, P Percent by weight of aggregate in the mixture
G, Gqe Effective specific gravity of the combined aggregates
G, Gy Specific gravity of the asphalt binder determined at 25°C (77°F)
G, Gum Theoretical maximum specific gravity
Gy Gum Theoretical maximum specific gravity corrected for water
absorption during test
% Density % Gumm Percentage of the ratio of the bulk specific gravity G, to the
theoretical maximum specific gravity G; of the mixture
% Air Voids Percent of air voids in the compacted mix
VMA VMA Voids in mineral aggregates
VFA VFA Voids filled with asphalt
% Total CL, Total percentage retained of Class A aggregate on the No. 4 sieve
% CL4 Percent retained of Class A aggregate on the No. 4 sieve
% CLg Percent retained of Class B aggregate on the No. 4 sieve
VCAca Voids in coarse aggregate (coarse aggregate fraction only)
Gca Bulk specific gravity of the coarse aggregate blend (retained on No.

8 sieve)
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Tex-204-F, Design of Bituminous Mixtures

Section 2 — Automated Mix Design Report Format

Department and Super pave Nomenclatures and Definitions
Department Super pave Definitions
Nomenclature Nomenclature
Vs Unit weight of the coarse aggregate blend fraction in the dry
rodded condition
Y Unit weight of water 1,000 kg/m® (62.4 1b./ft.* (1,000 kg/m®)
Pca Percent coarse aggregate in the total mix
VCAca Voids in the coarse aggregate in the dry-rodded condition
VCAumix Voids in coarse aggregate for the compacted mixture

¢ Equations:

% Total CLa =

% ClLa

(% CLa+% CLB)

Equation 1.

G (100-A)

o He
Gr Gs
Equation 2.

G = 100

)

Equation 3.

% Density = (%

t

Equation 4.

% Air Voids =100 — [(%) x1 00}

()s)

jxlOO

Equation 5.
VMA = {100—{(%}100}}{@“ A*}
G s
Equation 6.
VMA-% Air Void
vEa =|{ Y Air Voids) |_ 109
VMA
Equation 7.
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Tex-204-F, Design of Bituminous Mixtures

Section 2 — Automated Mix Design Report Format

VCAch = {[(wa )~ 75]}><100
(GcaX }’w)

Equation 8.

VCAwmix=100— K%j X PCA:|

ca

Equation 9.
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Section 3 —Part |, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the Texas Gyratory Compactor

Tex-204-F, Design of Bituminous Mixtures (TGC) by Weight

Section 3

Part |, Mix Design for Dense-Graded Hot-Mix Asphalt Mixtures Using the

Texas Gyratory Compactor (TGC) by Weight

Use this procedure to determine the proper proportions of approved materials by weight,
when combined, will produce a dense-graded mixture that will satisfy the specification
requirements. This mix design procedure incorporates the use of the TGC for dense-graded
mixtures, such as, Type A, B, C, D, and F.

Procedure

The following table describes the mixture design process by weight using approved
materials to develop dense-graded mixtures. Any references to the automated ‘Mix Design
Report’ program and related worksheet are found at 'Tx2MixDe4.'

Mixtur es of Asphalt and Aggregate by Weight

Step | Action
Selecting Materials
1 ¢ Select the necessary type and source for each aggregate.
+ Obtain representative samples consisting of a minimum of 23 kg (50 Ibs.) of each aggregate.
¢ Take samples according to "Tex-221-F, Sampling Aggregate for Bituminous Mixtures, Surface
Treatments and Limestone Rock Asphalt."
2 ¢ Obtain an adequate quantity of the asphalt and additives to be used for the project.
¢ Take samples according to "Tex-500-C, Sampling Bituminous Materials, Premolded Joint
Fillers, and Joint Sealers."
3 ¢ Dry the aggregate to constant weight at a minimum temperature of 38°C (100°F).
¢ Dry the recycled asphalt pavement (RAP), when applicable, at a maximum of 60°C (140°F).
4 Obtain the average washed gradation of each proposed aggregate stockpile according to "Tex-200-

F, Sieve Analysis of Fine and Coarse Aggregates, Part II, Washed Sieve Analysis (When Specified

Based on Weight).”

NOTE: If the stockpile gradation is known (from stockpile construction), use the stockpile
gradation. Enter stockpile gradations on the 'Combined Gradation' worksheet. Extract asphalt
from RAP when applicable according to "Tex-210-F, Determining Asphalt Content of
Bituminous Mixtures by Extraction" before performing a sieve analysis.

5 Check the aggregate gradations for compliance with the applicable specification.
6 Check asphalt and additives for compliance with the applicable specifications.
7 + If the specific gravity values for the aggregate sources are unknown, determine the 24-hr. water

absorption and bulk and apparent specific gravities of individual sizes of each aggregate using
"Tex-201-F, Bulk Specific Gravity and Water Absorption of Aggregate" and "Tex-202-F,
Apparent Specific Gravity of Material Finer than 180 pm (No. 80) Sieve." Enter these results or
the known values from previous history on the 'Bulk Gravity' worksheet.

¢ Test lightweight aggregate when applicable according to "Tex-433-A, Apparent Specific
Gravity of Material Finer than 180 um (No. 80) Sieve."

NOTE: Normally, specific gravities are not determined for RAP or aggregate size fractions
consisting of less than 15 % of the individual aggregate.

# Assign the water absorption and specific gravity of smaller aggregate size fractions close to the
next adjacent size fractions for which values were determined.
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Section 3 —Part I, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the Texas Gyratory Compactor

Tex-204-F, Design of Bituminous Mixtures (TGC) by Weight

Mixtures of Asphalt and Aggregate by Weight

Step

Action

¢ Use the 'Combined Gradation' worksheet to calculate the bin percentages with the proposed
aggregate such that the blended combination will fall within the specified gradation ranges for
the specified hot-mix asphalt type.

¢ Use hydrated lime as an aggregate type when determining the bin percentages for the combined
aggregate blend when applicable. The combined gradation will include the hydrated lime.

NOTE: Consider material availability, mixture strength, handling, compaction, pavement texture,
and durability as the primary factors of the combination to be tested.

¢ Check specification compliance for the proposed blends of recovered asphalt from RAP and
virgin asphalt cement or recycling agents before to the laboratory-mixture preparation stage,
when applicable.

+ Base the percentage of recovered asphalt in the blend on the percentage of RAP material
proposed in the job-mix formula and the average extracted asphalt content of the RAP, when
applicable.

10

¢ Perform "Tex-203-F, Sand Equivalent Test" on the combined virgin aggregate.
NOTE: Perform the test on the combined aggregates not including lime.
¢ Enter these results on the '"Material Properties' worksheet.

11

¢ Check the aggregate classification of the combined aggregate blend using the ‘Aggregate
Classification” worksheet when blending Class A aggregate with Class B aggregate.

¢ Determine whether the percentage of the Class A aggregate in the combined aggregate blend
meets the specification requirements using Equation #1 to calculate '% Total CL4."

Preparation of Laboratory-Mixed Samples

12

# For each stockpile, separate the material larger than the 2.36 mm (No. 8) sieve into individual
sieve sizes as required by the specification.

NOTE: Do not separate the material passing the 2.36 mm (No. 8) sieve from each stockpile if it
meets the conditions listed below.

¢ Use RAP and aggregate passing 2.36 mm (No. 8) without separating into individual sizes if the
stockpile gradation is uniformly graded.

¢ If the gradation of the passing 2.36 mm (No. 8) sieve is prone to segregation, separate into
individual sizes.

13

Calculate the weights of the individual aggregates required to produce batches of mix for five
different asphalt contents using the 'Weigh-Up' worksheet.

14

Vary the asphalt contents in 0.5 or 1.0 % increments around the anticipated optimum asphalt content

(OAC). Enter the asphalt percentages in the AC% column of the 'Summary' worksheet.

NOTE 1: A batch size of 5000 g is adequate to produce three laboratory-molded specimens and one
sample for the theoretical maximum specific gravity (G;) when using a large mechanical mixer.

NOTE 2: If hand mixing, the batch size must be the amount needed for one molded specimen or one
G, sample.

15

¢ Select the mixture closest to the expected OAC using previous mix design experience or select
the mixture with the midpoint of the different design asphalt contents.

¢ Add any additives, such as RAP or lime before mixing the trial batches to the final bituminous
mixture.

# Preblend asphalt additives (liquid antistripping) into the asphalt cement before laboratory mixing
similar to additive addition at the mixing plant.

16

Prepare a laboratory mix according to "Tex-205-F, Laboratory Method of Mixing Bituminous
Mixtures."

17

¢ Mold three specimens according to "Tex-206-F, Compacting Test Specimens of Bituminous
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Section 3 —Part I, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the Texas Gyratory Compactor

Tex-204-F, Design of Bituminous Mixtures (TGC) by Weight

Mixtures of Asphalt and Aggregate by Weight

Step

Action

Mixtures."
NOTE: Try 1000 g per molded specimen of material for this trial batch.

¢ Determine the amount of material necessary to obtain a standard specimen height of 51 1.5 mm
(2 £0.06 in). Use the formula located in "Tex-206-F, Compacting Test Specimens of
Bituminous Mixtures" to determine the amount of material needed at this asphalt content.

18

+ After calculating the correct weight to produce the trial specimen of standard height,
approximate the total weights for the compacted specimens containing other percentages of
asphalt.

¢ Use the corrected weight of the trial specimen as a base value and for every 1% by weight
change in asphalt; change the total weight of the mix for the specimen by 5 g.

NOTE: Increasing the asphalt content by 1%, increases the weight of the mix for molding the
specimen by 5 g. Decreasing the asphalt content by 1%, decreases the weight of the mix for
molding the specimen by 5 g.

19

Mix and mold four laboratory mixes with different asphalt contents using the weights determined in
Step 18.

20

¢ Determine the G; of three of the mixtures according to "Tex-227-F, Theoretical Maximum
Specific Gravity of Bituminous Mixtures." It is desirable for two of these three mixtures to have
asphalt contents above the optimum and one mixture to have an asphalt content below the
optimum. Treat the mix used to perform this test the same as the mix used for molding.

¢ Remove the aggregate retained on the 19.0 mm (3/4 in.) sieve from the G, sample before
molding
Oven-cure the mixtures for 2 hr. at the selected compaction temperature.

Enter G, in the ‘Summary’ worksheet.

21

Determine the average bulk specific gravity of the molded specimens according to "Tex-207-F,
Determining Density of Compacted Bituminous Mixtures."

¢ Enter the average G, in the ‘Summary’ worksheet.

22

Use the Mix Design program to calculate the effective specific gravity (G.) for the combined
aggregate blend at each of the three asphalt contents using Equation #2 to calculate 'G..'

23

Use the Mix Design program to calculate the theoretical maximum specific gravity (G,. ) of the
mixture using Equation #3.

Deter mining Optimum Asphalt Content (OAC)

24

Use the Mix Design program to plot asphalt content versus density.

25

.
¢ Determine the OAC by interpolating between data points on the 'Summary' worksheet.
¢ Use the Mix Design program to plot asphalt content versus VMA, G,, and G;.

¢ Determine the VMA, G,, and G, at the OAC.

26

If the density or VMA are not within the allowable range, redesign by assuming another
combination of aggregates or obtaining different materials.

Evaluating Mixture

27

Determine the indirect tensile strength according to "Tex-226-F, Indirect Tensile Strength.”
Mold four test specimens at the OAC to 93+1% density.

28

Determine the rut depth and number of passes according to "Tex-242-F, Hamburg Wheel-
tracking Test.”

¢ Mold two test specimens at the OAC to 93+1% density.

29

If the rut depth or indirect tensile strength is not within specifications, redesign by assuming another
combination of aggregates or obtaining different materials or using a different PG grade.

30

Report all data in the automated 'Mix Design Report' program developed with the Excel software.
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Section 3 —Part |, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the Texas Gyratory Compactor

Tex-204-F, Design of Bituminous Mixtures (TGC) by Weight

Typical Mix Design Example by Weight

The following provides an example of a mix design by weight.

Materials

The following processed materials proposed for use in a hot-mix asphalt concrete mix
design.

*

* & o o

Aggregate 'A' is a crushed sandstone with 12.5 mm (1/2 in.) maximum size and Surface
Aggregate Classification of Class A

Aggregate 'B' is a crushed limestone with 9.3 mm (3/8 in.) maximum size and Surface
Aggregate Classification of Class B

sandstone screenings
field sand

hydrated lime

PG 64-22.

Combine the five aggregates and asphalt in proportions that meet the requirements for the
applicable hot-mix asphalt specification, Type D.

Solution

The following table describes the process necessary to develop proper mixtures using
approved materials for a given application or surface requirement where material weight is
the primary consideration. Any references to the automated ‘Mix Design Report’ program
and related worksheet are found at 'Tx2MixDe4.'

Typical Mix Design Example by Weight

Step | Action

Selecting Material

Verify all the materials comply with the project specifications.

2 Obtain the washed sieve analysis of each of the proposed materials as shown in figure
"Sieve Analysis of Fine and Coarse Aggregates' using the 'Sieve Analysis of Non-Surface
Treatment Aggregates' worksheet.

NOTE: The example shown in figure ‘Sieve Analysis of Fine and Coarse Aggregates’ shows the
sample gradation of the crushed sandstone aggregate used in this sample mix design.

3 ¢ Consider all factors relating to the production of the available materials and desired mixture
properties.

¢ For this sample mix design, assume that the best combination of the aggregates will consist of
26% by weight of crushed sandstone aggregate, 32% by weight of the limestone aggregate,
31% by weight of sandstone screenings, 10% by weight of field sand, and 1% hydrated lime.

4 ¢ Use the Combined Gradation worksheet to calculate the combined blend gradation in percent
passing of each sieve size. The 'Combined Gradation' figure shows a sample of a completed
worksheet.
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Section 3 —Part I, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the Texas Gyratory Compactor

Tex-204-F, Design of Bituminous Mixtures (TGC) by Weight

Typical Mix Design Example by Weight

Step

Action

¢ Use the bin percentages selected in Step 3. This worksheet also shows the individual percent
retained and cumulative percent retained of the combined blend.

Use the ‘Aggregate Classification’ worksheet to check the proposed bin percentages for
compliance when blending Class A and B aggregates.
NOTE: Requirement of at least 50% by weight of material retained on the No.4 sieve from the
Class A aggregate source when applicable as shown in the figure
'Surface Aggregate Classification' using Equation #1 to determine '% Total CL,.'

Calculate individual or cumulative aggregate weights with an asphalt weight as shown in the
'Weigh Up Sheet." ‘Weight Up Sheet' is an example weigh up which shows the aggregate and
asphalt weights for a 5000 g sample at 6% asphalt

NOTE 1. A mixture size of 5000 g is adequate to produce three molds and one sample for G,
when using a large mechanical mixer. If hand mixing, the mixture size must be the amount
needed for one molded specimen or one G..

NOTE 2: The asphalt contents for these test mixes are 4.0, 5.0, 6.0, 7.0 and 8.0% by weight for
this mix design example. Therefore, the corresponding percentages by weight of the aggregate
in the mixtures will be 96.0, 95.0, 94.0, 93.0 and 92.0%. For this example, the total aggregate
weight for a 5000 g batch at 6.0% asphalt will be 4700 g and the weight of the asphalt will be
300 g.

Mix one batch using weights calculated in Step 6. Perform the mixing according to "Tex-205-F,
Laboratory Method of Mixing Bituminous Mixtures." Use previous mix design experience or
select the mixture at the midpoint of the design asphalt contents, which is 6.0% for this example.

NOTE: Select the batch expected to be closest to the OAC.

¢ Determine the weight of mixture required to produce a specimen height of 51 £1.5 mm (2
+0.06 in.) by molding three 1000 g sample according to "Tex-206-F, Compacting Test
Specimens of Bituminous Mixtures."

Measure the height of the specimen.

¢ Divide 51 mm (2 in.) by the molded height and multiply by 1000 g to give the corrected
weight to produce one 51 mm (2 in.) specimen.

NOTE: Formula may be found in "Tex-206-F, Compacting Test Specimens of Bituminous
Mixtures."

¢ Subtract or add 5 g from this weight at each asphalt content above or below the trial specimen.
For this example, a 1000 g sample with 6.0% asphalt produced a molded specimen with a
height of 53.8 mm (2.12 in). Therefore, the amount of mixture required to produce a 51 mm (2
in.) molded specimen would be (51 mm/53.8 mm) x 1000 g or (2 in./2.11 in.) x 1000 g = 948
g. The weight of mix for molding G, specimens for this example are:

e AC content 4%=>938 (g)

AC content 5%=>943 (g)

AC content 6%=>948 (g)

AC content 7%=>953 (g)

AC content 8%=>958 (g)

Weigh the materials for each of the batches containing 4.0, 5.0, 6.0, 7.0, and 8.0% asphalt.

¢ Mix and mold the test specimens according to "Tex-205-F, Laboratory Method of Mixing
Bituminous Mixtures" and "Tex-206-F, Compacting Test Specimens of Bituminous
Mixtures."

Deter mining Optimum Asphalt Content (OAC)

10

¢ Determine the theoretical maximum specific gravity (G,) of three of the mixtures according to
"Tex-227-F, Theoretical Maximum Specific Gravity of Bituminous Mixtures” at 5.0, 5.0, and
7.0% asphalt content.
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Section 3 —Part |, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the Texas Gyratory Compactor

Tex-204-F, Design of Bituminous Mixtures (TGC) by Weight

Typical Mix Design Example by Weight

Step

Action

Treat the mix used to perform this test the same as the samples for molding.
Remove aggregates retained on the 19.0 mm (3/4 in.) sieve from the G, sample.

Cure the G, sample at the compaction temperature specified for the PG Binder (PG 64-22 for
this example) for 2 hr. similar to curing the hot-mix asphalt before molding.

Enter G, values in the worksheet as shown in 'Summary Sheet' .

11

Determine the bulk specific gravity (G,) of each of the molded specimens according to
"Tex-207-F, Determining Density of Compacted Bituminous Mixtures."

¢ Calculate the average of the three molds and enter the result in the ‘Summary Sheet’
(‘Summary’ worksheet).

12

Use the automated Mix Design program to calculate the effective specific gravity (G.) for the
combined aggregate blend at each of the three asphalt contents tested for G, using the equation to
calculate as shown in the ‘Summary Sheet’ (‘Summary’ worksheet).

13

Use the automated Mix Design program to calculate the theoretical maximum specific gravity (G,)
of the mixture at each asphalt content using Equation #3 to calculate 'G,' as shown in ‘Summary
Sheet.’

14

Use the automated Mix Design program to calculate the % density of the molded specimens using
Equation #4 to calculate '% Density' as shown in the ‘Summary Sheet’ at each asphalt content.

15

Use the automated Mix Design program to plot the percent asphalt content versus density as

shown in figure ‘Asphalt Content versus Density, VMA, G,, and G,' (‘Charts’ worksheet). In this

example, the OAC is 6.0%.

NOTE: The automated Mix Design program calculated the OAC by interpolating mathematically
between the asphalt contents above and below the target density.

16

Use the automated Mix Design program to:
¢ calculate 'VMA' of the specimens using Equation #6 and
¢ interpolate the VMA at the OAC which is 17.3 for this design example.

17

¢ Plot the percent asphalt content versus VMA, G,, and G; as shown in figure ‘Asphalt Content
versus Density, VMA, G,, and G,’

¢ Report and verify all properties of the combined blend at the determined OAC from Step 15.

Evaluating Mixture

18

Determine the Indirect Tensile Strength of specimens molded at the OAC to 93+1% density.
Enter the results as shown in the figure 'Summary Sheet.'

19

Perform the "Tex-242-F, Hamburg Wheel-tracking Test” on specimens molded at the OAC to
93+1% density.

¢ Enter the results as shown in figure ’Summary Sheet.’

Figuresto Report Design Process Results

Use the figures below as a reference. Using these figures will also make performing the
required calculations easier.
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Section 3 —Part |, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the Texas Gyratory Compactor

Tex-204-F, Design of Bituminous Mixtures (TGC) by Weight

TEXAS DEPARTMENT OF TRANSPORTATION

SIEVE ANALYSIS OF NON-SURFACE TREATMENT AGGREGATES

Tex-200-F
Refresh Workbook File Version: 02/19/04 12:13:12
SAMPLE ID: SAMPLED DATE:
TEST NUMBER: LETTING DATE:
STATUS: CONTROLLING CSJ:
COUNTY: SPEC YEAR:|1993
SAMPLED BY: SPEC ITEM:
SAMPLE LOCATION: SPECIAL PROVISION:
MATERIAL: GRADE:|Crushed Sandstone
PRODUCER:
AREA ENGINEER: | PROJECT MANAGER:|
COURSE\LIFT:] [ STATION:] I DIST. FROM CL:]
SIEVE ANALYSIS
Tex-200-F: Part |
Original Dry Weight, (9): 2,000.0
Dry Weight After Washing, (g): 1,998.0
Weight Weight [ Cumulative . Limits as Percent:
. . Cumulative . . -
Sieve Size Retained, | Retained, Perf:ent Percent Lower L!mlt Upper L|.m|t Wlthm
) (@) Retained, . of Grading | of Grading | Grading
Passing, (%) S
Cumulative () (%) %0 Limits
3/4" 0.0 0.0 0.0 100.0
1/2" 0.0 0.0 0.0 100.0
3/8" 60.0 60.0 3.0 97.0
No. 4 1,782.0 1,842.0 92.1 7.9
No. 8 150.0 1,992.0 99.6 0.4
No. 30 2.0 1,994.0 99.7 0.3
No. 50 2.0 1,996.0 99.8 0.2
No. 200 1.0 1,997.0 99.9 0.1
[ -No. 200 1.0
0.0 |Sieving Loss, (g) from 'Dry Weight After Washing' weight
2.0 |Washing Loss, (g)
Total -No. 200 3.0 2,000.0 | 100.0 |
[Total Weight:] ~ 2,000.0
Remarks:
Stockpile Gradation for Sandstone Aggregate.
Figure 1. Seve Analysis of Fine and Coarse Aggregates
Texas Department of Transportation 12 12/04-02/08




Section 3 —Part I, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the Texas Gyratory Compactor

Tex-204-F, Design of Bituminous Mixtures

(TGC) by Weight

TEXAS DEPARTMENT OF TRANSPORTATION

HMACP MIXTURE DESIGN : COMBINED GRADATION

Refresh Workbook

File Version: 01/28/04 14:02:18

SAMPLE ID: SAMPLE DATE:
LOT NUMBER: LETTING DATE:
STATUS: CONTROLLING CSJ:
COUNTY: SPEC YEAR:|1993
SAMPLED BY: SPEC ITEM:
SAMPLE LOCATION: SPECIAL PROVISION:
MATERIAL: MIX TYPE:|Type_D
PRODUCER:
AREA ENGINEER: [ PROJECT MANAGER
COURSE\LIFT: STATION:l | DIST. FROM CL:
BIN FRACTIONS
Bin No.1 Bin No.2 Bin No.3 Bin No.4 Bin No.5 Bin No.6 Bin No.7
Aggregate Source:|Sand Stone Limestone Screenings Field Sand Hydrated Lime
Aggregate Number:
Sample ID: Combined Gradation
Rap?, Asphalt%: | | | | | | | Total Bin
Individual Bin (%)Il 26.0 |Percent| 32.0 |Percent| 31.0 |Percent| 10.0 |Percent| 1.0 |Percent| |Pevcent| |F'evcen& 100.0% | Lower & Upper
- Type_D
Sieve Size: Ss'sf cum%| wid | cumos| wid | cumoe| wid [ cumo| wid | cumos| wid | cumoe| wid [ cumoe| wid | cum. o | Specification | within
: (mm) Passing |Cum. %| Passing | Cum. %| Passing | Cum. %| Passing |Cum. %| Passing | Cum. %| Passing | Cum. %| Passing |Cum. %| Passing Limits Spec's
1/2" 12.500| 100.0 | 26.0f 100.0| 32.0] 100.0] 31.0{ 100.0| 10.0] 100.0 1.0 0.0 0.0 100.0 | 98.0/100.0| Yes
3/8" 9.500| 97.0| 25.2| 100.0| 32.0] 100.0] 31.0{ 100.0| 10.0] 100.0 1.0 0.0 0.0 99.2 [ 85.0/100.0| Yes
No. 4 4.750 7.9 2.1] 80.0| 25.6] 100.0| 31.0 100.0| 10.0| 100.0 1.0 0.0 0.0 69.7 [ 50.0/ 70.0| Yes
No. 8 2.000 0.4 0.1 5.7 1.8| 84.4| 26.2] 100.0| 10.0] 100.0 1.0 0.0 0.0 39.1 [ 35.0/ 46.0| Yes
No. 30 0.425 0.3 0.1 2.7 0.9] 46.5| 14.4| 59.8 6.0] 100.0 1.0 0.0 0.0 224 15.0| 29.0| Yes
No. 50 0.180 0.2 0.1 1.7 0.5| 16.9 5.2] 20.6 2.1] 100.0 1.0 0.0 0.0 8.9 7.0] 20.0] Yes
No. 200 0.075 0.1 0.0 1.0 0.3 5.3 1.6 6.2 0.6] 100.0 1.0 0.0 0.0 3.5 2.0 7.0] Yes
# Not within specifications ~ # Not cumulative
| Asphalt Source & GradePG 64-22 Binder Percent, (%) 6.0 | Asphalt Spec. Grav.] 1.020 |
Figure 2. Combined Gradation.
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Figure 3. Power 0.45 Curve.
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Section 3 —Part |, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the Texas Gyratory Compactor

Tex-204-F, Design of Bituminous Mixtures

(TGC) by Weight

HMACP MIXTURE DESIGN : Aggregate Classification

File Version: 01/28/04 14:02:18

SAMPLE ID: SAMPLE DATE:
LOT NUMBER: LETTING DATE:
STATUS: CONTROLLING CSJ:
COUNTY: SPEC YEAR:
SAMPLED BY: SPEC ITEM:
SAMPLE LOCATION: SPECIAL PROVISION:
MATERIAL: MIX TYPE:|Type_D
PRODUCER:
AREA ENGINEER: | PROJECT MANAGER:
COURSE\LIFT: STATION:l DIST. FROM CL:
Aggregate Classification
BinNo.1=26% | BinNo.2=32% Bin No.3=31% Bin No.4 =10 % BinNo.5=1%
Aggregate Source:|Sand Stone Limestone Screenings Field Sand Hydrated Lime
Aggregate Number:
Class (A) Rock (Y/N): Yes No
Sieve Size: - - - - - - .
- - Individual Ret., % | Individual Ret., % | Individual Ret., % | Individual Ret., % | Individual Ret., % | Individual Ret., % | Individual Ret., %
Passing - Retained
- 1/2" 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1/2" 3/8" 0.8 0.0 0.0 0.0 0.0 0.0 0.0
3/8" No. 4 23.1 6.4 0.0 0.0 0.0 0.0 0.0
No. 4 - No. 8 2.0 23.8 4.8 0.0 0.0 0.0 0.0
No. 8 No. 30 0.0 0.9 11.8 4.0 0.0 0.0 0.0
No. 30 - No. 50 0.0 0.4 9.2 3.9 0.0 0.0 0.0
No. 50 No. 200 0.1 0.2 3.6 15 0.0 0.0 0.0
No. 200 - Pan 0.0 0.3 1.6 0.6 1.0 0.0 0.0
[ Total] 260 | 320 | 3.0 | 100 | 10 | 00 | 00 |
[ Percent of plus No. 4] 239 | 64 | 0.0 [ 00 | 00 | 00 | 00 |
Percent of plus No. 4 from class (A) Rock:[  23.9
Total Percent of plus No. 4] 30.3
Percent of plus No. 4 from class (A) Rock:|  78.9

Figure 4. Surface Aggregate Classification.
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Section 3 —Part I, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the Texas Gyratory Compactor

Tex-204-F, Design of Bituminous Mixtures

(TGC) by Weight

TEXAS DEPARTMENT OF TRANSPORTATION

HMACP MIXTURE DESIGN :

WEIGH UP SHEET

File Version: 10/24/03 13:14:51

SAMPLE ID: SAMPLE DATE:
LOT NUMBER: LETTING DATE:
STATUS: CONTROLLING CSJ:
COUNTY: SPEC YEAR:
SAMPLED BY: SPEC ITEM:
SAMPLE LOCATION: SPECIAL PROVISION:NONE
MATERIAL: MIX TYPE:[Type_D
PRODUCER:
AREA ENGINEER: | PROJECT MANAGER:
COURSE\LIFT:[Surface | STATION{ DIST. FROM CL:
Aggregate Weight: 4,700.0 grams 6% Asphalt by Weight of Aggregate:| 300.0 |
6% Asphalt by Weight of Aggr: 300.0 grams
Total Weight: 5,000.0 grams (PG 64-22) Asphalt to Add:] 300.0 |
BinNo.1=26% | BinN0o.2=32% | BinNo.3=31% | BinNo.4=10% BinNo.5=1% BinNo.6=0% BinNo.7=0%
Aggregate Source: Sandstone Limestone Screenings Field Sand Hydrated Lime
Aggregate Number:
Sample ID: Total
Sieve Size: Weights
- Aggregate Weight | Aggregate Weight [ Aggregate Weight | Aggregate Weight| Aggregate Weight | Aggregate Weight | Aggregate Weight
Passing - Retained
4 - 172" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
g 12" - 3/8" 37.6 0.0 0.0 0.0 0.0 0.0 0.0 37.6
g 3/8" - No. 4 1,085.7 300.8 0.0 0.0 0.0 0.0 0.0 1,386.5
g No. 4 - No. 10 94.0 1,118.6 225.6 0.0 0.0 0.0 0.0 1,438.2
- No. 8 - No. 40 0.0 42.3 554.6 188.0 0.0 0.0 0.0 784.9
No. 30 - No. 80 0.0 18.8 432.4 183.3 0.0 0.0 0.0 634.5
No. 50 - No. 200 4.7 9.4 169.2 70.5 0.0 0.0 0.0 253.8
No. 200 - Pan 0.0 14.1 75.2 28.2 47.0 0.0 0.0 164.5
Totals 1,222.0 1,504.0 1,457.0 470.0 47.0 0.0 0.0 4,700.0
Running Total:l Yes BinNo.1=26% | BinNo.2=32% | BinNo.3=31% | BinNo.4=10% Bin No.5=1% Bin No.6 =0 % Bin No.7=0%
Aggregate Source: Sandstone Limestone Screenings Field Sand Hydrated Lime
Aggregate Number:
Sample ID: Total
Sieve Size: Weights
- Aggregate Weight | Aggregate Weight [ Aggregate Weight | Aggregate Weight| Aggregate Weight | Aggregate Weight | Aggregate Weight
w Passing - Retained
E - 1/2" 0.0 1,222.0 2,726.0 4,183.0 4,653.0 4,700.0 4,700.0 0.0
5 1/2" - 3/8" 37.6 1,222.0 2,726.0 4,183.0 4,653.0 4,700.0 4,700.0 37.6
g 3/8" - No. 4 1,123.3 1,522.8 2,726.0 4,183.0 4,653.0 4,700.0 4,700.0 1,424.1
8 No. 4 - No. 10 1,217.3 2,641.4 2,951.6 4,183.0 4,653.0 4,700.0 4,700.0 2,862.3
No. 8 - No. 40 1,217.3 2,683.7 3,506.2 4,371.0 4,653.0 4,700.0 4,700.0 3,647.2
No. 30 - No. 80 1,217.3 2,702.5 3,938.6 4,554.3 4,653.0 4,700.0 4,700.0 4,281.7
No. 50 - No. 200 1,222.0 2,711.9 4,107.8 4,624.8 4,653.0 4,700.0 4,700.0 4,535.5
No. 200 - Pan 1,222.0 2,726.0 4,183.0 4,653.0 4,700.0 4,700.0 4,700.0 4,700.0

Figure 5. Weigh Up Sheet
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Section 3 —Part |, Mix Design for Dense-Graded Hot-Mix

Tex-204-F, Design of Bituminous Mixtures

Asphalt Mixtures Using the Texas Gyratory Compactor
(TGC) by Weight

TEXAS DEPARTMENT OF TRANSPORTATION

HMACP MIXTURE DESIGN : SUMMARY SHEET

File Version: 01/28/04 14:02:18

SAMPLE ID: SAMPLE DATE:

LOT NUMBER: LETTING DATE:

STATUS: CONTROLLING CSJ:

COUNTY: SPEC YEAR:

SAMPLED BY: SPEC ITEM:

SAMPLE LOCATION: SPECIAL PROVISION:

MATERIAL: MIX TYPE:|Type_D

PRODUCER:

AREA ENGINEER: | PROJECT MANAGER:

[ COURSE\LIFT:| STATION:| DIST. FROM CL:
| Target Density:| 96 |Percent |
Asphalt Content | Specific Gravity Of Maximum Specific Effective Gravity Theo. Max. Density from Gt
(%) Specimen (Ga) Gravity (Gr) (Ge) Spec'f('é t()s ravity (Percent) VMA (Percent)
4.00 2.241 2.454 91.3 17.5
5.00 2.262 2.415 2.602 2.419 93.5 17.6
6.00 2.292 2.380 2.601 2.384 96.1 17.3
7.00 2.312 2.360 2.619 2.351 98.3 17.5
8.00 2.307 2.318 99.5 18.6
Effective Specific Gravity:| 2.607
Optimum Asphalt Content: 6.0
VMA @ Optimum AC: 17.3
Interpolated Values
Specific Gravity (Ga): 2.289
Max. Specific Gravity (Gr): 2.381
Theo. Max. Specific Gravity (Gt): 2.385
Indirect Tensile Strength @ OAC | 126.4 psi
Hamburg Wheel Tracking Test @ Rut Depth | 8.2 mm
OAC No. of Passes| 20,000
Figure 6. Summary Sheet.
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Section 3—Part |, Mix Design for Dense-Graded Hot-Mix

Asphalt Mixtures Using the Texas Gyratory Compactor

Tex-204-F, Design of Bituminous Mixtures (TGC) by Weight

AC vs. Ga AC vs. Density

2.400

Density (%)

2200 0.00 2.00 4.00 6.00 8.00 10.00
0.00 2.00 4.00 6.00 8.00 10.00
Asphalt Content (%)
Asphalt Content (%)
ACvs.VMA AC vs. Rice Gravity
19.24776 25
2
< g
218.17844 %4
2
17.10912 23
0.00 2.00 4.00 6.00 800  10.00 0.00 200 4,00 6.00 8.00
Asphalt Content (%) Asphalt Content (%)

Figure 7. Asphalt Content versus Density, VMA, G,, and G..
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Section 4 — Part |1, Mix Design for Dense-Graded Hot-Mix

Tex-204-F, Design of Bituminous Mixtures Asphalt Mixtures Using the TGC by Volume
Section 4
Part I, Mix Design for Dense-Graded Hot-Mix Asphalt Mixtures Using the
TGC by Volume

Use this procedure to determine the proper proportion of approved materials by volume,
when combined, will produce a dense-graded mixture that will satisfy the specification
requirements. This mix design procedure incorporates the use of the TGC for dense-graded
mixtures, such as Type A, B, C, D, and F.

Determine the proper proportions volumetrically when if the aggregate stockpile bulk
specific gravities vary by 0.300 or more. Volumetric proportioning is always the most
correct method. However, when aggregate specific gravities are similar, consider the error
introduced by designing by weight as inconsequential.

Conditions

This example proposes to use the following processed materials in a hot-mix asphalt mix
design:

¢ Aggregate 'A' is a lightweight with 12.5 mm (1/2 in.) maximum size and a Surface
Aggregate Classification of Class A

¢ Aggregate 'B'is a crushed limestone with 6.3 mm (3/8 in.) maximum size and a Surface
Aggregate Classification of Class B

¢ limestone screenings

¢ field sand

¢ PG 64-22.

NOTE: Combine the four aggregates and asphalt in such proportions as to meet the

requirements for a Type D hot-mix asphalt mixture under the applicable hot-mix asphalt
specification.

Solution

The following table describes the mixture design process by volume to develop proper
mixtures using approved materials for dense-graded mixtures.

Mixtures of Asphalt and Aggregate by Volume

Step | Action
Selecting Material
1 Verify all materials comply with the project specifications.
2 Obtain the average washed gradation of each proposed aggregate stockpile according to

"Tex-200-F, Part II, Washed Sieve Analysis (When Specified Based on Weight),” if the stockpile
gradation is unknown as shown in ‘Sieve Analysis of Fine and Coarse Aggregates,” using the
Tex-200-F worksheet.

NOTE: The example shows the hypothetical sample gradations of the proposed aggregates.

Texas Department of Transportation 18 12/04-02/08


ftp://ftp.dot.state.tx.us/pub/txdot-info/cmd/sitemgr/tx200.exe

Section 4 — Part |1, Mix Design for Dense-Graded Hot-Mix

Tex-204-F, Design of Bituminous Mixtures Asphalt Mixtures Using the TGC by Volume

Mixtures of Asphalt and Aggregate by Volume

Step

Action

¢ Consider all factors relating to the production of the available materials and desired mixture
properties.

¢ For this mix design example, assume that the best combination of the aggregates will consist
of 39% of Aggregate 'A’, 23% of Aggregate 'B', 26% of stone screening, and 12% of field
sand.

¢ If the specific gravity values for the aggregate sources are unknown, determine the 24-hr.
water absorption and the bulk and apparent specific gravities for each aggregate size fraction
having 15% or more retained using "Tex-201-F, Bulk Specific Gravity and Water Absorption
of Aggregate" and "Tex-202-F, Apparent Specific Gravity of Material Finer than 180 pum
(No. 80) Sieve."

NOTE 1: Use "Tex-433-A, Apparent Specific Gravity of Material Finer than 180 pm (No. 80)
Sieve" to test lightweight aggregate when applicable.

NOTE 2: Normally, specific gravities are not determined for RAP.
¢ Calculate the average water absorption, average stockpile bulk gravities, and the bulk specific
gravity of the combined gradation.

¢ Design the mix by volume since the stockpile specific gravities vary by as much as 1.119
which exceeds 0.300.

NOTE: Assume the differences in the specific gravities of the size fractions within a given
stockpile will not have a significant affect on the proportioning of actual materials. This
allows the use of the average bulk specific gravity for each stockpile in later calculations.

¢ Calculate the combined volumetric job-mix formula using the assumption that the specific
gravities of the size fractions within a given stockpile will not have a significant affect on the
proportioning.

¢ The 'Job-Mix Formula Gradation Worksheet (Volumetric % Passing)' table shows the
volumetric combined gradation which results from combining 39% by volume lightweight,
23% by volume Aggregate 'B', 26% by volume screenings, and 12% by volume sand.

¢ The resulting combined gradation meets the specification master gradation limits, which are
identical for volumetric and weight proportioning.

¢ Check the proposed aggregate proportioning for compliance with blending requirements.
¢ See Step 11 of the 'Determining Mixtures of Asphalt and Aggregate by Weight' procedure.

Plot the proposed combined volumetric gradation and specification master limits on a 0.45 power
curve.

Preparing Laboratory Mixes

¢ Calculate individual aggregate and asphalt weights for the test mixtures.

¢ Since all of our calculations to this point have been volumetric, convert to weight percentages
so that the necessary weights of individual materials can be determined.

NOTE 1: Refer to the 'Stockpile Conversion Percentages' table to view the conversion of the
stockpile percentages.

NOTE 2: This is the second application of the assumption that the differences in specific gravities
of individual size aggregates within a stockpile will not have a significant effect on the
proportioning for the combined gradation.

¢ Using the values in the last column of the 'Stockpile Conversion Percentages' table, calculate

the weight percentage of each aggregate size fraction (see the example in the
'Job-Mix Formula Gradation Worksheet [Volumetric Converted to Weight])' table.

¢ Calculate individual aggregate and asphalt weights for the test mixtures as shown in the
'Weigh-Up for 4,000 Gram Batch at 4% Asphalt' table.

NOTE 1: The presence of lightweight aggregate in this example means a specimen with a height
of 51 mm (2 in.) will weigh less than if all natural aggregate were used.
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Section 4 — Part |1, Mix Design for Dense-Graded Hot-Mix

Tex-204-F, Design of Bituminous Mixtures Asphalt Mixtures Using the TGC by Volume

Mixtures of Asphalt and Aggregate by Volume

Step

Action

NOTE 2: The asphalt contents for the test mixes chosen are 4.0, 5.0, 6.0, 7.0, and 8.0% by weight.
Therefore, the corresponding percentages by weight of the aggregate in the mixtures will be
96.0, 95.0, 94.0, 93.0, and 92.0%. View this in the "Weigh-up for 4,000 Gram Batch and 4%
Asphalt' table.

10

Mix one of the batches calculated in Step 9 according to "Tex-205-F, Laboratory Method of
Mixing Bituminous Mixtures."

11

¢ Determine the weight of mixture required to produce a specimen height of 51 £1.5 mm (2
+0.06 in.) by molding a 900 g sample according to "Tex-206-F, Compacting Test Specimens
of Bituminous Mixtures."

¢ Measure the height of the specimen.

¢ Divide 51 mm (2 in.) by the molded height and multiply by 900 g to give the corrected weight
to produce one 51 mm (2 in.) specimen.

¢ Subtract or add 5 g from this weight of the mix at each asphalt content above or below that of
the trial specimen.

NOTE: For this example, a 900 g sample with 4.0% asphalt produced a molded specimen with a
height of 55.9 mm (2.20 in.). Therefore, the amount of mixture required to produce a 51 mm
(2 in.) molded specimen would be (51.0 mm/ 55.9 mm) x 900 g or (2.00 in./2.19 in.) x 900 g)=
821 g. The weight of mixes for molding G, specimens with the different AC contents for this
example are:
e AC content 4%=>821 (g)

AC content 5%=>826 (g)

AC content 6%=>831 (g)

AC content 7%=>836 (g)

AC content 8%=>841 (g)

12

¢ Weigh up the materials for each of the batches containing 4.0, 5.0, 6.0, 7.0, and 8.0% asphalt.

¢ Mix and mold the test specimens according to "Tex-205-F, Laboratory Method of Mixing
Bituminous Mixtures" and "Tex-206-F, Compacting Test Specimens of Bituminous
Mixtures."

Deter mining Optimum Asphalt Content (OAC)

13

¢ Determine the theoretical maximum specific gravity (G;) at 5.0, 6.0, and 7.0% of three of the
mixtures according to "Tex-227-F, Theoretical Maximum Specific Gravity of Bituminous
Mixtures."

Note: It is desirable for two of the three mixtures to have asphalt contents above the optimum and
one mixture to have asphalt content below the optimum.

¢ Perform the dry-back procedure to determine if water absorption has introduced error in the
initial G; result when testing mixtures containing lightweight aggregate.
Treat the mix used to perform this test the same as the samples for molding.

¢ Remove aggregates retained on the 19.0 mm (3/4 in.) sieve from the G, sample.
Cure the G, sample for 2 hr. at the compaction temperature for the PG Binder used (PG 64-22
for this example) similar to curing the mix used for molding G,.specimens.

14

Determine the average bulk specific gravity (G,) of each of the molded specimens according to
"Tex-207-F, Determining Density of Compacted Bituminous Mixtures.”

15

Calculate the effective specific gravity (G.) for the combined aggregate at each asphalt content
tested for G, using Equation #2 to calculate G..

16

Calculate the theoretical maximum specific gravity G, of the mixture at each asphalt content using
Equation #3 to calculate G,.

17

Calculate the % density of each of the molded specimens using Equation #4 to
calculate % Density at each asphalt content.
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Tex-204-F, Design of Bituminous Mixtures

Section 4 — Part |1, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the TGC by Volume

Mixtures of Asphalt and Aggregate by Volume

Step

Action

18

¢ Plot densities on the vertical axis versus asphalt content on the horizontal axis for each set of
molded specimens.
e Draw a line at the specification optimum density to where it intersects with the density
curve.
e Draw a vertical line down from this point to where it intersects the horizontal axis to
determine the OAC.
NOTE: Alternatively, calculate the OAC by interpolating mathematically between the asphalt
contents above and below the target density.

19

Calculate the VMA of the specimens to the nearest 0.1% using Equation #6 to calculateVMA.

20

¢ Plot asphalt content vs. VMA, G, and G,.
¢ Report and verify all properties of the combined blend at the determined OAC.

Evaluating Mixture

21

¢ Determine the Indirect Tensile Strength of four molded specimens at the OAC to 93 £1%
density.

¢ Perform the Hamburg Wheel-tracking Test on two molded specimens at the OAC to 93 £1%
density.

The following table details the conversion of stockpile percentages.

Stockpile Conversion Percentages— Volume to Weight
Stockpile Proportions % by Bulk Specific | Weight, g Proportions % by
Volume Gravity Weight
Lightweight 39.0 X 1.502 =58.578 27.4
Aggregate 'B' 23.0 X 2.539 =58.397 273
Screenings 26.0 X 2.524 =65.624 30.6
Sand 12.0 X 2.621 =31.452 14.7
TOTAL 100.0 214.051 100.0

Refer to the following tables and worksheets when conducting Part II of this test method.
¢ Sieve Analysis Worksheet (No. 2)

Sieve Analysis Worksheet (No. 2)
Project: Highway:
County: Item No.:
Sieve Size
172" 3/8" #4 #8 #30 #50 #200 Pass Total
#200

Lightweight
Weight (g) 21.2 622.7 71.9 33 0.7 0.8 23 722.9
Ind. % Ret. 0 2.9 86.2 9.9 0.5 0.1 0.1 0.3 100.0
Cum. % Ret. 0 2.9 89.1 99.0 99.5 99.6 99.7
Cum. % Pass. 100.0 97.1 10.9 1.0 0.5 0.4 0.3

Aggregate B
Weight (g) --- --- 2.4 1145.9 37.0 12.4 8.1 11.9 1217.7
Ind. % Ret. 0 0 0.2 94.1 3.0 1.0 0.7 1.0 100.0
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Section 4 — Part |1, Mix Design for Dense-Graded Hot-Mix

Tex-204-F, Design of Bituminous Mixtures Asphalt Mixtures Using the TGC by Volume
Cum. % Ret. 0 0 0.2 94.3 97.3 98.3 99.0
Cum. % Pass. 100.0 100.0 99.8 5.7 2.7 1.7 1.0
Screenings
Weight (g) 1942 | 471.1 | 367.0 | 144.1 | 65.6 1242.0
Ind. % Ret. 0 0 0 15.6 37.9 29.6 11.6 5.3 100.0
Cum. % Ret. 0 0 0 15.6 53.5 83.1 94.7
Cum. % Pass. 100.0 100.0 100.0 84.4 46.5 16.9 53
Sand
Weight (gr) 480.0 | 468.1 172.0 74.0 1194.1
Ind. % Ret. 0 0 40.2 39.2 14.4 6.2 100.0
Cum. % Ret. 0 0 40.2 79.4 93.8
Cum. % Pass. 100.0 100.0 59.8 20.6 6.2
¢ Job-Mix Formula Gradation Worksheet (Volumetric % Passing)
Job-Mix Formula Gradation Worksheet (Volumetric % Passing)
Project: Highway:
County: Item No.:
Sieve Size
1/2" 3/8" #4 #8 #30 #50 #200
Lightweight
100% 100.0 97.0 7.9 0.4 0.3 0.2 0.1
39% 39.0 37.8 3.1 0.2 0.1 0.1 0.0
Aggregate B
100% 100.0 100.0 99.8 5.7 2.7 1.7 1.0
23% 23.0 23.0 23.0 13 0.6 0.4 0.2
Screenings
100% 100.0 100.0 100.0 84.4 46.5 16.9 5.3
26% 26.0 26.0 26.0 21.9 12.1 4.4 1.4
Sand
100% 100.0 100.0 100.0 100.0 59.8 20.6 6.2
12% 12.0 12.0 12.0 12.0 7.2 2.5 0.7
100%
%
Comb. Anal. 100.0 98.8 64.1 354 20.0 7.4 2.3
Spec 100 85-100 50-70 32-42 11-26 4-14 1-6'
'Dry Sieve Analysis
¢ Job-Mix Formula Gradation Worksheet (Volumetric Converted to Weight)
Job-Mix Formula Gradation Worksheet (Volumetric Converted to Weight)
Project: Highway:
County: Item No.:
Sieve Size
1/2" 3/8" #4 #8 #30 #50 #200
Lightweight
100% 100.0 97.1 10.9 1.0 0.5 0.4 0.3
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Section 4 — Part |1, Mix Design for Dense-Graded Hot-Mix
Asphalt Mixtures Using the TGC by Volume

Tex-204-F, Design of Bituminous Mixtures

Job-Mix Formula Gradation Worksheet (Volumetric Converted to Weight)

Project: Highway:
County: Item No.:
Sieve Size
1/2" 3/8" #4 #8 #30 #50 #200
27.4% 27.4 26.6 3.0 0.3 0.1 0.1 0.1
Aggregate B
100% 100.0 100.0 99.8 5.7 2.7 1.7 1.0
27.3% 27.3 27.3 27.2 1.6 0.7 0.5 0.3
Screenings
100% 100.0 100.0 100.0 84.4 46.5 16.9 5.3
30.6% 30.6 30.6 30.6 25.8 14.2 5.2 1.6
Sand
100% 100.0 100.0 100.0 100.0 59.8 20.6 6.2
14.7% 14.7 14.7 14.7 14.7 8.8 3.0 0.9
100%
%
Comb. Anal. 100.0 99.2 75.5 42.4 23.8 8.8 2.9
Spe(;.l 100 85-100 50-70 32-42 11-26 4-14 1-6
'Volumetric specification limits are not applicable to converted weight percentages.
Weigh-Up for 4000 g Batch at 4% Asphalt
Weigh-Up for 4000 g Batch at 4% Asphalt
Material ID % of % of Mix | Cumulative 1,000g 4,0009
Aggregate % Cumulative Cumulative
Weights Batch Weigh-
Up
Lightweight
1/2" - 3/8" 0.8 0.8 0.8 8 32
3/8"-No. 4 23.6 22.7 23.5 235 940
No. 4 —No. 8 2.7 2.5 26.0 260 1040
Pass No. 8 0.3 0.3 26.3 263 1052
Aggregate B
1/2" - 3/8" 0 0
3/8"-No. 4 0.1 0.1 26.4 264 1056
No. 4 —No. 8 25.6 24.6 51.0 510 2040
Pass No. 8 1.6 1.5 52.5 525 2100
Screenings
Plus + No. 8 4.8 4.6 57.1 571 2284
Pass — No. 8 25.8 24.8 81.9 819 3276
Sand
Pass — No. 8 14.7 141 | 960 | 960 | 3840
Asphalt
% 4.0 (4.0) (40) (160)
TOTAL 100.0 100.0 100.0 1,000 4000
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Section 5 —Part |11, Mix Design for Large Sone Mixtures
Tex-204-F, Design of Bituminous Mixtures Using the Super pave Gyratory Compactor (SGC)

Section 5

Part 111, Mix Design for Large Stone Mixtures Using the Super pave Gyratory
Compactor (SGC)

Use this procedure to determine the proper proportions of approved materials to combine, by
weight, to produce a mixture that will satisfy the specification requirements for large stone
mixtures, i.e., Type A and Type B.

Procedure

The following table describes the mixture design process to develop proper mixtures using
approved materials for large stone mixtures, i.e. Type A and Type B. Any references to the
automated ‘Mix Design Report’ program and related worksheet are found at 'Tx2MixDe4.'

Determining Mixtures of Asphalt and Aggregate by Weight
Step Action
1 ¢ Select the necessary type and source for each aggregate.
¢ Obtain representative samples consisting of a minimum of 23 kg (50 1b.) of each aggregate.

Take samples according to "Tex-221-F, Sampling Aggregate for Bituminous Mixtures, Surface
Treatments and Limestone Rock Asphalt.”

2 ¢ Obtain an adequate quantity of the asphalt and additives.

Take samples according to "Tex-500-C, Sampling Bituminous Materials, Pre-Molded Joint
Fillers and Joint Sealers.”

3 ¢ Dry the aggregate to constant weight at a minimum temperature of 38°C (100°F).
¢ Dry the RAP when applicable at a maximum of 60°C (140°F).

4 Obtain the average washed gradation of each proposed aggregate stockpile according to "Tex-200-F,
Sieve Analysis of Fine and Coarse Aggregates, Part I, Washed Sieve Analysis (When Specified
Based on Weight).”

¢ NOTE: If the stockpile gradation is known (from stockpile construction), use the stockpile
gradation. Enter stockpile gradations on the 'Combined Gradation' worksheet. Extract asphalt
from RAP when applicable according to "Tex-210-F, Determining Asphalt Content of
Bituminous Mixtures by Extraction" before performing a sieve analysis.

5 Check the aggregate gradation for compliance with the applicable specifications.
Check the asphalt and additives for compliance with the applicable specifications.

7 ¢ Ifthe specific gravity values for the aggregate sources are unknown, determine the 24-hr. water
absorption and the bulk and apparent specific gravities of individual sizes of each aggregate. Use
"Tex-201-F, Bulk Specific Gravity and Water Absorption of Aggregate” and "Tex-202-F,
Apparent Specific Gravity of Material Finer than 180 wm (No. 80) Sieve.” Enter these results or
the known values from previous history on the ‘Bulk Gravity” worksheet.

¢ Test lightweight aggregate when applicable according to "Tex-433-A, Apparent Specific Gravity
of Material Finer than 180 pm (No. 80) Sieve."

NOTE: Normally, specific gravities are not determined for RAP or aggregate size fractions consisting
of less than 15% of the individual aggregate.

¢ Assign the water absorption and specific gravity of smaller aggregate size fractions close to the
next adjacent size fraction for which values were determined.

8 Use the ‘Combined Gradation’ worksheet to calculate the bin percentages with the proposed
aggregate such that the blended combination will fall within the specified gradation ranges for the
specified hot-mix asphalt type. Consider material availability, mixture strength, handling,
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Deter mining Mixtures of Asphalt and Aggregate by Weight

Step Action
compaction, pavement texture, and durability as the primary factors of the combination to be tested.

NOTE: Use hydrated lime, when applicable, as an aggregate type when determining the bin
percentages for the combined aggregate blend. The combined gradation will include the hydrated
lime.

9 ¢ Check specification compliance for the proposed blend of recovered asphalt from RAP and the
virgin asphalt cement or recycling agents, when applicable, before to the laboratory-mixture
preparation stage when applicable.

¢ Base the percentage of recovered asphalt in the blend on the percentage of RAP material proposed
in the job-mix formula and the average extracted asphalt content of the RAP when applicable.

10 ¢ Perform "Tex-203-F, Sand Equivalent Test" on the combined virgin aggregate.
¢ Perform the test on the combined aggregates not including lime
¢ Enter these results on the ‘Matl Properties’ worksheet.
11 ¢ Check the aggregate classification of the combined aggregate blend using the ‘Aggregate Values,

Blends’ worksheet when blending Class A aggregate with Class B aggregate.

¢ Determine whether the percentage of the Class A aggregate in the combined aggregate blend
meets the specification requirements using Equation #1 to calculate %Total CL,.

Preparing Laboratory Mixes
12 | Select different asphalt contents in increments of either 0.5 or 1% around the anticipated OAC.

NOTE: Select 3 or 5 asphalt contents to determine the OAC depending on experience and knowledge
of materials used.

13 ¢ Calculate individual aggregate and asphalt weights for test mixtures at weights of 2000 and 4600
g batches as shown in the 'Weigh Up Sheet' from ‘Typical Example of Design by Weight’ in ‘Part
I, Mix Design for Dense-Graded Hot-Mix Asphalt Mixtures Using the Texas Gyratory Compactor
(TGC) by Weight.’

¢ Produce one aggregate batch sample at each asphalt content.
Determine the theoretical maximum specific gravity (G,) at each asphalt content according to
"Tex-227-F, Theoretical Maximum Specific Gravity of Bituminous Mixtures."

¢ A mixture size of 4600 g is adequate to produce one mold when using a large mechanical mixer.
Produce two aggregate batch samples at each asphalt content.

14 ¢ Mix the batches calculated in Step 13 according to "Tex-206-F, Compacting Specimens Using
the Texas Gyratory Compactor (TGC).”

NOTE: Mixed samples for compaction and G, must be oven-cured for 2 hr. at the selected compaction
temperature.

15 ¢ Mold the 4600 g samples mixed in Step 14 according to "Tex-241-F, Superpave Gyratory
Compacting of Test Specimens of Bituminous Mixtures.”

NOTE: Do not scalp out material larger than the 19.0 mm (3/4 in.) sieve size.
¢ Mold specimens to 100 gyrations or as shown on plans.
¢ The required specimen height is 115 £5 mm (4.5 £0.2 in.). Adjust the mixture size if the specimen
height is outside the tolerable range.
Deter mining Optimum Asphalt Content (OAC)

16 ¢ Determine the average bulk specific gravity G, of the specimens according to "Tex-207-F,
Determining Density of Compacted Bituminous Mixtures."

Enter the G, in the ‘Summary’ worksheet.

17 ¢ Determine the G, at each asphalt content according to "Tex-227-F, Theoretical Maximum
Specific Gravity of Bituminous Mixtures."

¢ Enter the G, in the ‘Summary’ worksheet.

18 | Use the automated Mix Design program to calculate the effective specific gravity (G, ) for the
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Deter mining Mixtures of Asphalt and Aggregate by Weight

Step Action
combined aggregate using Equation #2 at each asphalt content and the average effective specific
gravity for the combined blend.

19 | Use the automated Mix Design program to calculate the theoretical maximum specific gravity (G,. )
of the mixture at each asphalt content using Equation #3.

20 | Use the automated Mix Design program to calculate % Density of the molded specimens using
Equation #4 at each asphalt content

21 [ Use the automated Mix Design program to calculate VMA of the specimens using Equation #6.

22 | Determine the indirect tensile strength for each molded specimen according to "Tex-226-F, Indirect
Tensile Strength Test.”

23 Use the automated Mix Design program to:

+ plot densities versus asphalt content for each set of molded specimens
¢ plot the indirect tensile strength and VMA versus percent asphalt content and

¢ determine the OAC by interpolating mathematically between the asphalt contents above and
below the target density.

24 | Determine the indirect tensile strength and VMA at the OAC from Step 23.

25 | Redesign by assuming another combination of aggregates or obtaining different materials if the
indirect tensile strength, % density, or VMA are not within the allowable range.

NOTE: Indirect tensile strength must be greater than 690 kPa (100 psi).
Evaluating Mixture

26 ¢ Determine the rut depth and number of passes according to "Tex-242-F, Hamburg Wheel-
tracking Test.”

¢ Mold two test specimens at the OAC to 93 £1% density.

¢ Ifrut depth is not within allowable ranges, redesign by assuming another combination of
aggregates or obtaining different materials or using a different PG grade.

27 | Report all data in the automated 'Mix Design Report' program.
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Section 6

Part 1V, Mix Design for Performance-Designed Mixtures Using the Super pave
Gyratory Compactor (SGC)

Use this procedure to determine the proper proportions of approved materials to combine, by
weight, to produce a performance-designed mixture that will satisfy the specification
requirement.

List of performance-designed mixtures:
SP-A

SP-B

SP-C

SP-D

CMHB Mixtures

CMHB-C

CMHB-F

Rich Bottom Layer (RBL)

® & & 6 o o oo o

Procedure

The following table describes the mixture design process to develop proper mixtures using
approved materials for Superpave, CMHB, and RBL (used in perpetual pavements)
mixtures. Any references to the automated ‘Mix Design Report’ program and related
worksheet are found at 'Tx2MixDe4.'

Deter mining Mixtur es of Asphalt and Aggregate by Weight

Step | Action
Selecting Material
1 ¢ Select the necessary type and source for each aggregate.

¢ Obtain representative samples consisting of a minimum of 23 kg (50 1b.) of each aggregate.

¢ Take samples according to "Tex-221-F, Sampling Aggregate for Bituminous Mixtures,
Surface Treatments and Limestone Rock Asphalt.”

2 ¢ Obtain an adequate quantity of the asphalt and additives.

¢ Take samples according to "Tex-500-C, Sampling Bituminous Materials, Pre-Molded Joint
Fillers and Joint Sealers.”

3 ¢ Dry the aggregate to constant weight at a minimum temperature of 38°C (100°F).
¢ Dry the RAP when applicable at a maximum of 60°C (140°F).

4 Obtain the average washed gradation of each proposed aggregate stockpile according to "Tex-200-
F, Sieve Analysis of Fine and Coarse Aggregates, Part II, Washed Sieve Analysis (When
Specified Based on Weight).”

¢ NOTE: If the stockpile gradation is known (from stockpile construction), use the stockpile
gradation. Enter stockpile gradations on the 'Combined Gradation' worksheet. Extract asphalt
from RAP when applicable according to "Tex-210-F, Determining Asphalt Content of
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Deter mining Mixtures of Asphalt and Aggregate by Weight
Step Action
Bituminous Mixtures by Extraction" before performing a sieve analysis.

5 Check the aggregate gradation for compliance with the applicable specifications.

Check the asphalt and additives for compliance with the applicable specifications.

7 ¢ [If the specific gravity values for the aggregate sources are unknown, determine the 24-hr.
water absorption and the bulk and apparent specific gravities of individual sizes of each
aggregate. Use "Tex-201-F, Bulk Specific Gravity and Water Absorption of Aggregate” and
"Tex-202-F, Apparent Specific Gravity of Material Finer than 180 um (No. 80) Sieve.” Enter
these results or the known values from previous history on the ‘Bulk Gravity’ worksheet.

¢ Test lightweight aggregate when applicable according to "Tex-433-A, Apparent Specific
Gravity of Material Finer than 180 um (No. 80) Sieve."

NOTE: Normally, specific gravities are not determined for RAP or aggregate size fractions
consisting of less than 15% of the individual aggregate.

¢ Assign the water absorption and specific gravity of smaller aggregate size fractions close to
the next adjacent size fraction for which values were determined.

¢ Determine the unit weight using "Tex-404-A, Determining Unit Mass (Weight) of
Aggregates” and the bulk specific gravity of the combined gradation for the aggregate retained
on the No. 8 sieve to verify stone-on-stone contact when shown on the plans.

8 ¢ Use the automated Mix Design program to calculate the bin percentages with the proposed
aggregate such that the blended combination will fall within the specified gradation ranges for
the Superpave (one trial blend), CMHB, and RBL mixes only.

¢ Use hydrated lime, when applicable, as an aggregate type when determining the bin
percentages for the combined aggregate blend. The combined gradation will include the
hydrated lime.

¢ Determine the unit weight and bulk specific gravity of the combined gradation for the
aggregates retained on sieve No. 8 to verify the stone-on-stone contact when shown on the
plans.

NOTE: The gradation for the RBL should not go below the reference zone.
9 ¢ Perform "Tex-203-F, Sand Equivalent Test" on the combined virgin aggregate.

*

Perform the test on the combined aggregates not including lime

*

Enter these results on the ‘Matl Properties’ worksheet.

10

*

Check the aggregate classification of the combined aggregate blend using the ‘Aggregate
Values, Blends’ worksheet when blending Class A aggregate with Class B aggregate.

¢ Determine whether the percentage of the Class A aggregate in the combined aggregate blend
meets the specification requirements using Equation #1 to calculate % Total CL,.

Deter mining Design Aggr egate Structur e (Optional for Superpave Mixes Only)

11 Combine the aggregates to create three trial blends for use in such a manner as to fall within the
specified gradation ranges.

NOTE: Mix Designs typically use three to five stockpiles to produce a combined gradation
meeting gradation specifications. The gradation curves must be three distinct curves.

12 Plot the combined gradation and specification limits on the Power 0.45 Curve within the Mix
Design program.

13 ¢ Separate +2.36 mm (No. 8) aggregate from each stockpile into individual sizes for preparation
of laboratory mixtures.

¢ If the gradation of the passing 2.36 mm (No. 8) sieve is prone to segregation, separate into
individual sizes.

NOTE: Do not separate RAP and aggregate passing 2.36 mm (No. 8) sieve into individual sizes if
the stockpile gradation is uniformly graded.
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Deter mining Mixtures of Asphalt and Aggregate by Weight
Step Action
14 + Estimate an initial asphalt content for the three trial blends determined in Step 11.

¢ Use one estimated asphalt content for all three-trial blends.

¢ Estimate an initial asphalt content based on previous experience with mixtures designed with
similar materials and with the same nominal maximum aggregate size.

15 ¢ Calculate the weights of individual aggregates required to produce batches of mix for each
trial blend mixture with the estimated asphalt content from Step 15.

¢ Calculate weights for two laboratory molded specimens and one G, sample for each trial blend
mixture.

¢ Generally, 4500 to 4700 g of aggregate are required to achieve the specified molded specimen
height of 115 £5 mm (4.5 0.2 in.).
NOTE: It may be necessary to produce a trial specimen to achieve this height requirement.

16 ¢ Prepare the asphalt mixtures according to "Tex-205-F, Laboratory Method of Mixing
Bituminous Mixtures."

¢ Determine the mixing and compaction temperatures from the Mixing and Compaction
Temperatures table in "Tex-241-F, Superpave Gyratory Compacting of Test Specimens of
Bituminous Mixtures."

¢ Oven-cure all the mixtures for 2 hr. at the selected compaction temperature for the PG binder
used as determined in the previous bullet

17 ¢ Mold two specimens for each trial blend mixture at the design number of gyrations, N (design)
according to “Tex-241-F, Superpave Gyratory Compacting of Test Specimens of Bituminous
Mixtures."

¢ Determine the number of gyrations at N (initial), N (design), and N (maximum) from the
appended chart in the test method.

18 ¢ Determine the average bulk specific gravity (G,) of the specimens according to "Tex-207-F,
Determining Density of Compacted Bituminous Mixtures."

Enter the G, in the ‘Summary’ worksheet.

19 ¢ Determine the G; for each trial blend mixture according to "Tex-227-F, Theoretical Maximum
Specific Gravity of Bituminous Mixtures."

¢ Enter the G, in the ‘Summary’ worksheet.

20 Use the automated Mix Design program to calculate the effective specific gravity (G, ) for the
combined aggregate using Equation #2 at each asphalt content and the average effective specific
gravity for the combined blend.

21 Use the automated Mix Design program to calculate the theoretical maximum specific gravity
(G¢. ) of the mixture at each asphalt content using Equation #3.

22 Use the automated Mix Design program to calculate % Density of the molded specimens using
Equation #4 at each asphalt content

23 Use the automated Mix Design program to calculate VMA of the specimens using Equation #6.

24 Select the trial blend that best meets the volumetric mixture criterion.
Determining Design OAC (Superpave, CMHB, and RBL)
25 ¢ Determine the design OAC of the mixture using the gradation from Step 8 for Superpave (one

trial blend), CMHB, and RBL or the selected trial blend (from the three trial blends) for
superpave mixes from Step 24.

¢ Evaluate the density results of the selected trial blend calculated in Step 22.

Select asphalt contents around the expected OAC based upon experience for Superpave (one
trial blend), CMHB, & RBL or the density of the selected trial blend for superpave mixes.

¢ Vary the asphalt contents in 0.5% increments. Enter the asphalt percentages in the ‘Summary’
worksheet.
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Deter mining Mixtures of Asphalt and Aggregate by Weight
Step Action

NOTE: Select three or five asphalt contents to determine the OAC depending on experience and
knowledge of materials used.

26 ¢ Calculate the weights of individual aggregates required to produce batches of mix at each
chosen asphalt content from Steps 8 or 22.

¢ Calculate weights for two laboratory-molded specimens and one G, sample for each asphalt
content.

NOTE 1: 4500 to 4700 g of aggregate are required to achieve the specified molded specimen
height of 115 5 mm (4.5 £0.2 in). It may be necessary to produce a trial specimen to achieve
this height requirement.

NOTE 2: 1900 to 2000 g of aggregate are required for a sample for the G..

27 ¢ Prepare the asphalt mixtures according to "Tex-205-F, Laboratory Method of Mixing
Bituminous Mixtures."

¢ Use the same mixing and compaction temperatures as those in Step 16.

¢ Oven-cure the mixtures for 2 hr. at the selected compaction temperature for the PG binder
used as determined in the previous bullet.

28 ¢ Mold two specimens at each asphalt content at the design number of gyrations, N (design)
according to "Tex-241-F, Superpave Gyratory Compacting of Test Specimens of Bituminous
Mixtures."

¢ Determine the number of gyrations at N (initial), N (design), and N (maximum) from the
appended chart in the test method.

Use 50 gyrations for RBL or as shown on plans.

29 ¢ Determine the G, according to "Tex-207-F, Determining Density of Compacted Bituminous
Mixtures."

Enter the G, at each asphalt content in the ‘Summary’ worksheet.

30 ¢ Determine the G, at each asphalt content according to "Tex-227-F, Theoretical Maximum
Specific Gravity of Bituminous Mixtures."

¢ Enter the G, in the ‘Summary’ worksheet.

31 Use the automated Mix Design program to calculate the effective specific gravity (G, ) for the
combined aggregate using Equation #2 at each asphalt content and the average effective specific
gravity for the combined blend.

32 Use the automated Mix Design program to calculate the theoretical maximum specific gravity
(G;. ) of the mixture at each asphalt content using Equation #3.

33 Use the automated Mix Design program to calculate % Density of the molded specimens using
Equation #4 at each asphalt content

34 Use the automated Mix Design program to calculate VMA of the specimens using Equation #6.

35 Use the automated Mix Design program to determine the OAC by interpolating mathematically
between the asphalt contents above and below the target density on the ‘Summary’ worksheet.

36 ¢ Use the automated Mix Design program to plot the VMA and VFA values versus asphalt
content.

¢ Determine the VMA and VFA at the OAC.

37 If the VMA or VFA are not within the allowable specification range, redesign by assuming
another combination of aggregates or obtaining different materials.

NOTE: VFA requirements are not applicable to RBL.
Evaluating Sone-on-Sone Contact (Superpave and CMHB mixtures)

38 ¢ Verify stone-on-stone contact when shown on the plans.

¢ Calculate the voids in the coarse aggregate (VCAc, ) in the dry-rodded condition using
Equation #8.

Texas Department of Transportation 30 12/04-02/08



Section 6 — Part IV, Mix Design for Performance-Designed
Tex-204-F, Design of Bituminous Mixtures ~ Mixtures Using the Superpave Gyratory Compactor (SGC)

Deter mining Mixtures of Asphalt and Aggregate by Weight
Step Action
39 Calculate the voids in the coarse aggregate for the compacted mixture (VCAyix ).
NOTE: Stone-on-stone contact is verified when the VCA s, is less than the VCAca.
40 Adjust the gradation if the stone-on-stone contact VCA i, is not less than the VCAca.
NOTE: Alternatively, use the Bailey Method to verify stone-on-stone contact.
Evaluating Densification of Mixture Design (Superpave Mixtures Only)

41 ¢ Calculate the weights of individual aggregates for two laboratory molded specimens and one
G, sample with the selected aggregate structure and with the determined OAC.

Select the weight of the aggregate batches as the weight used in Step 26.

42 ¢ Prepare the asphalt mixtures according to "Tex-205-F, Laboratory Method of Mixing
Bituminous Mixtures."

¢ Use the same mixing and compaction temperatures as those in Step 16.

¢ Oven-cure the mixtures for 2 hr. at the selected compaction temperature for the PG binder
used as determined in the previous bullet.

43 ¢ Mold two specimens at the maximum number of gyrations, N (maximum) according to
"Tex-241-F, Superpave Gyratory Compacting of Test Specimens of Bituminous Mixtures."

NOTE: It is important to record and collect the height measured throughout compaction for each
molded specimen.

44 ¢ Determine the G, according to "Tex-207-F, Determining Density of Compacted Bituminous
Mixtures."

¢ Enter the bulk gravities G, and G in the ‘Summary’ worksheet.

NOTE: Use the interpolated G, at the OAC as shown in the ‘Summary’ worksheet.

¢ Enter the height of the molded specimens at the initial number of gyrations, N(initial), design
number of gyrations, N(design), and maximum number of gyrations, N(maximum) in the
‘Summary’ worksheet.

45 If the calculated % density at N(initial), N(design), or N(maximum) are not within the allowable

range specified in the ‘Summary’ worksheet, redesign by assuming another combination of

aggregates or obtaining different materials.

NOTE: Choices may include a different aggregate structure from the other trial blends initially
evaluated in Step 8 or 11.

Evaluating Mixture Properties

46 Calculate the weights of individual aggregates for laboratory molded specimens with the OAC
determined from Steps 25-45 and the design aggregate structure determined from Step 8 for
Single Blend Superpave CMHB, or RBL or Steps 11-24 for multiple blends of superpave mixes.

47 ¢ Determine the indirect tensile strength according to "Tex-226-F, Indirect Tensile Strength.”
¢ Mold four test specimens at the OAC to 93+1% density.

48 ¢ Determine the rut depth and number of passes according to "Tex-242-F, Hamburg Wheel-
tracking Test.”
¢ Mold two test specimens at the OAC to 93+1% density.

49 If the rut depth or indirect tensile strength is not within specification, redesign by assuming
another combination of aggregates or obtaining different materials or using a different PG grade.

50 Report all data in the automated 'Mix Design Report' program.
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Super pave SP-C Mixture Design Example

The following processed materials have been proposed for use in a SP-C Superpave mixture
design:

¢ Aggregate ‘A’ is a coarse crushed limestone 16.0 mm (5/8 in.) stockpile with 12.5 mm
(1/2 in.) maximum nominal size.

¢ Aggregate ‘B’ is an intermediate crushed limestone Grade 5 stockpile with 4.75 mm
(No. 4) maximum nominal size.

¢ Aggregate ‘C’ is crushed limestone screenings.

The following example is a three-bin design.

1. The first part of the Superpave mixture-design procedure determines the Design
Aggregate Structure. Ensure the aggregate stockpiles meet or exceed all the required
aggregate property specifications. Determine the stockpile gradations. Combine the
aggregates in proportions to produce three trial blends meeting the master grading
specifications for a SP-C Superpave mixture design. The 'Gradation and Bin
Proportions for Three Trial Blends' table lists the stockpile gradations for each stockpile
used in this design example. The table lists the bin percentages of each aggregate
stockpile and the combined gradation for each trial blend.

2. 'Trial Blend Gradations Curve' is a plot of the gradation curves for each trial blend
calculated in the 'Gradation and Bin Proportions for Three Trial Blends' table. The
gradation curves were determined below the reference zone. The three gradation curves
are distinct and slightly different and within the required master grading specifications.

e  Gradation and Bin Proportions for Three Trial Blends

Gradation and Bin Proportionsfor Three Trial Blends
Sieve Size | Aggregate A | AggregateB | Screening Trial Blend
in. S
Stockpile Gradation 1 2 3
Combined Gradation
3/4 100.0 100.0 100.0 100.0 100.0 100.0
1/2 25.4 100.0 100.0 90.3 90.3 90.3
3/8 1.3 97.6 100.0 85.9 86.1 86.3
No. 4 1.0 39.0 100.0 53.6 59.0 63.3
No. 8 0.8 5.0 79.0 28.2 34.8 40.0
No. 16 0.7 2.1 50.6 17.5 21.8 25.2
No. 30 0.7 1.7 334 11.7 14.6 16.8
No. 50 0.6 1.5 21.6 7.8 9.7 11.1
No. 100 0.4 1.4 13.3 52 6.2 7.0
No. 200 0.2 1.2 8.0 3.3 3.9 4.3
Bin Per centages
Trial 13% 55% 32%
Blend 1
Trial 13% 46% 41%
Blend 2
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Gradation and Bin Proportionsfor Three Trial Blends

Sieve Size | Aggregate A | AggregateB | Screening Trial Blend
in. S
Stockpile Gradation 1 2 3
Combined Gradation
Trial 13% 39% 48%
Blend 3

Trial Blend Gradations Curve

Per cent Passing,

120.00

100.00 1

80.00 T

60.00 T

40.00 T

20.00 T

0.00

Trial Blend

——TB-1
——TB-2
—&-TB-3

#8  SieveSize 0.45 12" 3/4™"

Figure 8. Trial Blend Gradation Curves.

3. Aninitial asphalt content of 4.5% was chosen. Mold two specimens and mix one G;
sample for each trial blend at the chosen initial asphalt content of 4.5%. Determine the
number of gyrations at N(initial), N(design), and N(maximum) and the mixing and
molding temperatures according to "Tex-241-F, Superpave Gyratory Compacting of
Test Specimens of Bituminous Mixtures." The calculations made in the following table
are based on these conditions:

N(initial) — 8

N(design) — 100

N(maximum) — 160

Mixing Temperature — 143°C (290°F)

Molding Temperature — 121°C (250°F).

Properties of the Mix and Molded Specimens for Each Trial Blend

The following table lists the average properties for the molded specimens and G; of each
trial blend.

a.

b
C.
d.
e

Properties of the Mix and Molded Specimensfor Each Trial Blend

Property | Trial Blend
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1 2 3
Specimen Height 113.0 mm (4.41 in.) 113.9 mm (4.48 in.) 114.6 mm (4.51 in.)
Asphalt Content, % 4.5 4.5 4.5
G, 2314 2.353 2.376
G, 2.490 2.480 2477
Density, % 92.9 94.9 95.9
Specific Gravity of Asphalt 1.02 1.02 1.02
VMA, % 17.3 15.5 14.6
VFA, % 59.0 67.1 71.9
DP 0.7 0.9 1.0

4. Select the mixture with the highest VMA such that there is adequate void space for

asphalt to achieve the target density and to meet all the volumetric specifications. This
will provide the ideal aggregate gradation for design and production. It is important to
note that the use of trial blends is only to select an aggregate gradation and not to achieve
the target density. Choose the aggregate gradation from ‘Trial Blend 1’ as the design
aggregate structure according to the results and properties listed in the above ‘Properties
of the Mix and Molded Specimens for Each Trial Blend’ table. Trial Blend 1 was chosen

because it exceeds the VMA requirement. The mixture did not meet the VFA
specification because of the high VMA and high density, however, this is not critical
because this is not the design optimum asphalt content (OAC).

5. Next, determine the design OAC. The density of the specimens from Trial Blend 1
averaged 92.9%. This mixture needs additional asphalt to achieve the target density of
96%. Choose to evaluate asphalt contents of 5.0 and 5.5% with this gradation. Mold two
specimens and mix one G, sample at each selected asphalt content.

Volumetric Properties of Specimens Molded to Determine the Design Optimum
Asphalt Content (OAC)

The following table lists the calculated volumetric properties of the molded specimens
and G; for each asphalt content.

Volumetric Properties of Specimens Molded to Determine the Design Optimum Asphalt Content
(OAQ)

Asphalt Ga G, Effective | Theoretical | % Density | VMA % VFA %

Content Gravity Gravity from G,
% Ge G
4.5 2314 | 2.490 2.671 2.476 93.5 16.7 61.0
5.0 2345 | 2.454 2.650 2.450 95.7 15.8 72.8
5.5 2379 | 2429 2.641 2.429 97.9 14.9 86.2

Interpolated Optimum Mixture Properties at 96% Density
Specification

Asphalt Content, % 5.1% N/A

VMA, % 15.7% 15.0% Min.

VFA, % 74.6% 73 - 76%
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6. Plot the Design OAC and volumetric properties at 96% density. The volumetric
properties meet the required specifications for VMA and VFA as shown in the figures

below. The figures below illustrate the relationship of density, VMA, and VFA with
respect to asphalt content.
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Figure 9. Density of Molded Specimens for the OAC.
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Figure 10. VMA at the Design Optimum Asphalt Content(OAC).
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Figure 11. VFA at the Design Optimum Asphalt Content(OAC).

7. Evaluate the densification of the proposed mixture design. Mold two specimens and
mix one G; sample at the design OAC and design aggregate structure to evaluate the
densification of the mixture design. Mold two specimens to N(maximum) of 160
gyrations. Record the height of the specimen throughout compaction. Determine and
record the density of the specimens at N(maximum). Back-calculate the density at
N(initial) and N(design) using the heights recorded at the specified number of gyrations.
The following table lists the densities measured and back-calculated densities with the
allowable ranges.

e Density at N(initial), N(design) and N(maximum) for Mixture Design with OAC

Density
Number of Gyrations Density Allowable Range
N(initial) — 8 84.8% 89.0% Max
N(design) — 100 96.4% 96.0 1%
N(maximum) — 160 97.7% 98.0% Max

8. Evaluate the mixture properties. Mold specimens with the SGC at the design OAC to 93
+1% density and record the actual specimen densities. Perform testing for indirect
tensile strength, and test for moisture susceptibility and durability using the Hamburg
Wheel-tracking device. This mixture design meets all the required specifications as
listed in the table below. Record the bin percentages of the aggregate stockpiles,
combined gradation, OAC, and all the other volumetric properties.
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Mixture Properties of the Design

Mixtur e Properties of the Design
| Laboratory Test Results | Specification

"Tex-226-F, Indirect Tensile Strength Test”

Indirect Tensile Strength | 100 | 85-200 psi

"Tex-242-F, Hamburg Wheel-tracking Test”

Rut Depth 0.16” 0.5 10,000 passes PG 64-22

No. of Passes 20,000 0.5” 15,000 passes PG 70-22
0.5” 20,000 passes PG 76-22
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Section 7

Part V, Mix Design for Permeable Friction Course (PFC) Mixtures Using the
Super pave Gyratory Compactor (SGC)

Use this procedure to determine the proper proportions of approved materials to combine, by
weight, to produce a mixture that will satisfy the specification requirements.

Procedure

The following table describes the mixture design process to develop proper mixtures using
approved materials for permeable friction course (PFC) mixtures. Any references to the
automated ‘Mix Design Report’ program and related worksheet are found at 'Tx2MixDe4.'

Determining Mixtures of Asphalt and Aggregate by Weight

Step | Action
Selecting M aterial
1 ¢ Select the necessary type and source for each aggregate.

Obtain representative samples consisting of a minimum of 23 kg (50 1b.) of each aggregate.

Take samples according to "Tex-221-F, Sampling Aggregate for Bituminous Mixtures,
Surface Treatments and Limestone Rock Asphalt.”

2 ¢ Obtain an adequate quantity of the asphalt and additives.
Take samples according to "Tex-500-C, Sampling Bituminous Materials, Pre-Molded Joint
Fillers and Joint Sealers.”

NOTE: Polymer-modified asphalt binder with a PG of 76-XX or higher is required or Asphalt
Rubber (A-R), Type I or 1. Use of fibers is required for mixes with PG 76-XX. (Use loose
fibers for mixtures prepared in the laboratory.)

3 Dry the aggregate to constant weight at a minimum temperature of 38°C (100°F).

¢ Obtain the average gradation of each proposed aggregate stockpile according to “Tex-200-F,
Sieve Analysis of Fine and Coarse Aggregates, Part I, Washed Sieve Analysis (When
Specified Based on Weight)” if stockpile gradation is unknown.

NOTE: Use the stockpile gradation. Enter the stockpile gradations on the ‘Combined Gradation’

worksheet.
5 ¢ Check the aggregate gradation for compliance with the applicable specifications.
¢ Check the individual aggregate stockpiles for compliance with the applicable specifications.
6 Check the asphalt and additives for compliance with the applicable specifications.
7 + If the specific gravity values for the aggregate sources are unknown, determine the 24-hr.

water absorption and the bulk and apparent specific gravities of individual sizes of each
aggregate. Use "Tex-201-F, Bulk Specific Gravity and Water Absorption of Aggregate” and
"Tex-202-F, Apparent Specific Gravity of Material Finer than 180 um (No. 80) Sieve.”
Enter these results or the known values from previous history on the ‘Bulk Gravity’
worksheet.

¢ Test lightweight aggregate when applicable according to "Tex-433-A, Apparent Specific
Gravity of Material Finer than 180 um (No. 80) Sieve."

NOTE: Normally, specific gravities are not determined for aggregate size fractions consisting of
less than 15% of the individual aggregate.

¢ Assign the water absorption and specific gravity of smaller aggregate size fractions close to
the next adjacent size fraction for which values were determined.
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Determining Mixtures of Asphalt and Aggregate by Weight
Step Action
8 ¢ Use the ‘Combined Gradation’ worksheet to calculate the bin percentages with the proposed

aggregate such that the blended combination will fall within the specified gradation ranges
for the specified mixture type.

NOTE: Consider material availability, mixture strength, handling, compaction, pavement
texture, and durability as the primary factors of the combination to be tested.
Add 1% lime as a mineral filler for mixes with PG 76-XX.

Use hydrated lime as an aggregate type when determining the bin percentages for the
combined aggregate blend. The combined gradation will include the hydrated lime.

9 ¢ Check the aggregate classification of the combined aggregate blend using the ‘Aggregate
Classification” worksheet when blending Class A aggregate with Class B aggregate.

¢ Determine whether the percentage of the Class A aggregate in the combined aggregate blend
meets the specification requirements using Equation #1 to calculate % Total CL4.

10 Plot the combined gradation and specification limits on the Power 0.45 Curve using the
‘Blending’ worksheet.

Preparing Laboratory Mixed Samples

11 ¢ Separate +2.36 mm (No. 8) aggregate from each stockpile into individual sizes for
preparation of laboratory mixtures.

¢ If the gradation of the passing 2.36 mm (No. 8) sieve is prone to segregation, separate into
individual sizes.

12 ¢ Start the mixture design with the minimum allowable percentage of loose fibers for mixes
with PG 76-XX.

¢ Increase this percentage when necessary to achieve the required mixture properties.

13 Select three asphalt binder contents in increments of 0.5%.

NOTE: Start at an asphalt content of 6.0% or greater for PFC mixtures with PG 76-XX.

14 Calculate the weights of individual aggregates required to produce two laboratory-molded
specimens and one theoretical maximum specific gravity (G;) sample. Generally, 3500-3700 g
of aggregate are required to achieve the specified molded specimen height of 115 £5 mm (4.5
+0.2 in.).

NOTE: It may be necessary to produce a trial specimen to achieve this height requirement.

15 ¢ Prepare the asphalt mixtures according to "Tex-205-F, Laboratory Method of Mixing
Bituminous Mixtures."

¢ Determine the mixing and compaction temperatures from the 'Mixing and Compaction
Temperatures' table in "Tex-241-F, Superpave Gyratory Compacting of Test Specimens of
Bituminous Mixtures."

Oven-cure all the mixtures for 2 hr. at the selected compaction temperature.

16 + Mold two specimens at each asphalt content selected in Step 12 according to “Tex-241-F,
Superpave Gyratory Compacting of Test Specimens of Bituminous Mixtures."

Mold specimens to 50 gyrations or as shown on the plans.

17 ¢ Determine the G, at each asphalt content according to "Tex-227-F, Theoretical Maximum
Specific Gravity of Bituminous Mixtures."

Enter the G, in the ‘Summary’ worksheet.

18 ¢ Determine the average bulk specific gravity (G,) of the specimens according to "Tex-207-F,
Determining Density of Compacted Bituminous Mixtures."

¢ Enter the G, in the ‘Summary’ worksheet.

19 Use the automated Mix Design program to calculate the effective specific gravity (G, ) for the
combined aggregate using Equation #2 at each asphalt content and the average effective specific
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Determining Mixtures of Asphalt and Aggregate by Weight
Step Action
gravity for the combined blend.

20 Use the automated Mix Design program to calculate the theoretical maximum specific gravity
(Gy. ) of the mixture at each asphalt content using Equation #3.

21 Use the automated Mix Design program to calculate % Density of the molded specimens using
Equation #4 at each asphalt content

Deter mining Optimum Asphalt Content (OAC)
22 Use the automated Mix Design program to:

¢ plot densities versus asphalt content for the molded specimens and

¢ calculate the OAC by interpolating mathematically between the asphalt contents above and
below the target density on the ‘Summary’ worksheet.

23 Adjust the percentage of coarse aggregate or fibers to achieve an OAC of 6.0% or greater, when

necessary.

NOTE: OAC below 5.8% may not provide the necessary asphalt film thickness for optimum
field performance.

Evaluating Mixture

24 Evaluate draindown of the optimum mixture according to "Tex-235-F, Determining Draindown
Characteristics in Bituminous Materials.”

25 Evaluate moisture resistance of the optimum mixture according to "Tex-530-F, Effect of Water
on Bituminous Paving Mixtures.”

26 Evaluate the durability of the optimum mixture according to "Tex-245-F, Cantabro Loss.”
Note: Report test results for informational purposes only.

27 Report all data in the automated 'Mix Design Report' program.
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Section 8

Part VI, Mix Design for Stone Matrix Asphalt (SMA) Mixtures Using
Super pave Gyratory Compactor (SGC)

Use this procedure to determine the proper proportions of approved materials to combine, by
weight, to produce a mixture that will satisfy the specification requirements.

Procedure

The following table describes the mixture design process to develop proper mixtures using
approved materials for stone matrix asphalt (SMA) mixtures. Any references to the
automated ‘Mix Design Report’ program and related worksheet are found at 'Tx2MixDe4.'

Determining Mixtures of Asphalt and Aggregate by Weight

Step | Action
Selecting M aterial
1 + Select the necessary type and source for each aggregate.

+ Obtain representative samples consisting of a minimum of 23 kg (50 1b.) of each aggregate.

¢ Take samples according to "Tex-221-F, Sampling Aggregate for Bituminous Mixtures,
Surface Treatments and Limestone Rock Asphalt.”

2 ¢ Obtain an adequate quantity of the asphalt and additives.
¢ Take samples according to "Tex-500-C, Sampling Bituminous Materials, Pre-Molded Joint
Fillers and Joint Sealers.”

NOTE: Polymer-modified asphalt binder with a PG 76-XX or higher is required. Use of fibers is
required. (Use loose fibers for laboratory mix.)

3 Dry the aggregate to constant weight at a minimum temperature of 38°C (100°F).

Obtain the average washed gradation of each proposed aggregate stockpile according to "Tex-200-
F, Sieve Analysis of Fine and Coarse Aggregates, Part II, Washed Sieve Analysis (When
Specified Based on Weight).”

NOTE: If the stockpile gradation is known (from stockpile construction), use the stockpile
gradation. Enter stockpile gradations on the 'Combined Gradation' worksheet. Extract asphalt
from RAP when applicable according to "Tex-210-F, Determining Asphalt Content of
Bituminous Mixtures by Extraction" before performing a sieve analysis.

5 ¢ Check the aggregate gradation for compliance with the applicable specifications.
¢ Check the individual aggregate stockpiles for compliance with the applicable aggregate
specifications.
6 Check the asphalt and additives for compliance with the applicable specifications.
7 ¢ [If the specific gravity values for the aggregate sources are unknown, determine the 24-hr.

water absorption and the bulk and apparent specific gravities of individual sizes of each
aggregate. Use "Tex-201-F, Bulk Specific Gravity and Water Absorption of Aggregate” and
"Tex-202-F, Apparent Specific Gravity of Material Finer than 180 um (No. 80) Sieve.” Enter
these results or the known values from previous history on the ‘Bulk Gravity’ worksheet.

¢ Test lightweight aggregate when applicable according to "Tex-433-A, Apparent Specific
Gravity of Material Finer than 180 um (No. 80) Sieve."

NOTE: Normally, specific gravities are not determined for aggregate size fractions consisting of
less than 15% of the individual aggregate.

¢ Assign the water absorption and specific gravity of smaller aggregate size fractions close to
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Determining Mixtures of Asphalt and Aggregate by Weight
Step Action
the next adjacent size fraction for which values were determined.

¢ Determine the unit weight using "Tex-404-A, Determining Unit Mass (Weight) of
Aggregates” and the bulk specific gravity of the combined gradation for the aggregate retained
on the No. 8 sieve to verify stone-on-stone contact when shown on the plans.

8 ¢ Use the automated Mix Design program to calculate the bin percentages with the proposed
aggregate such that the blended combination will fall within the specified gradation ranges for
the specified mixture type.

NOTE: Consider material availability, mixture strength, handling, compaction, pavement texture,
and durability as the primary factors of the combination to be tested.

¢ Use hydrated lime, when applicable, as an aggregate type when determining the bin

percentages for the combined aggregate blend. The combined gradation will include the
hydrated lime.

Perform "Tex-203-F, Sand Equivalent Test" on the combined virgin aggregate.
Perform the test on the combined aggregates not including lime
Enter these results on the ‘Matl Properties’ worksheet.

10

* (& & o

Check the aggregate classification of the combined aggregate blend using the ‘Aggregate
Values, Blends’ worksheet when blending Class A aggregate with Class B aggregate.

¢ Determine whether the percentage of the Class A aggregate in the combined aggregate blend
meets the specification requirements using Equation #1 to calculate % Total CL,.

Preparing L aboratory Mixed Samples

11 ¢ Separate aggregate greater than 2.36 mm (No. 8) sieve size from each stockpile into individual
sizes for preparation of laboratory mixtures.

¢ If the gradation of the passing 2.36 mm (No. 8) sieve is prone to segregation, separate into
individual sizes.

12 ¢ Start the mixture design with the minimum allowable percentage of loose fibers for mixes with
PG 76-XX.

¢ Increase this percentage when necessary to achieve the required mixture properties.

13 ¢ Select three asphalt binder contents in increments of 0.5%.
+ Start at an asphalt content based on the bulk specific gravity of the aggregate.

NOTE: Locate a table listing the minimum asphalt content based on the bulk specific gravity of
the aggregate in the specification.

14 Calculate the weights of individual aggregates required to produce two laboratory molded
specimens and one theoretical maximum specific gravity (G,) sample for each asphalt binder
content selected in Step 13. Generally, 4500 to 4700 g of aggregate are required to achieve the
specified molded specimen height of 115 £5 mm (4.5 £0.2 in).

NOTE: It may be necessary to produce a trial specimen to achieve this height requirement.

15 ¢ Prepare the asphalt mixtures according to "Tex-205-F, Laboratory Method of Mixing
Bituminous Mixtures.”

¢ Determine the mixing and compaction temperatures from the table in "Tex-241, Superpave
Gyratory Compacting of Test Specimens of Bituminous Mixtures.”

Oven-cure all the mixtures for 2 hr. at the selected compaction temperature.

16 ¢ Mold two specimens at each asphalt content selected in Step 13 according to “Tex-241-F,
Superpave Gyratory Compacting of Test Specimens of Bituminous Mixtures.”

Mold specimens to 75 gyrations or as shown on the plans.

17 ¢ Determine the average bulk specific gravity (G,) of the molded specimens according to
"Tex-207-F, Determining Density of Compacted Bituminous Mixtures."
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Determining Mixtures of Asphalt and Aggregate by Weight
Step Action
Enter the G, in the ‘Summary’ worksheet.

18 ¢ Determine the G, at each asphalt content according to "Tex-227-F, Theoretical Maximum
Specific Gravity of Bituminous Mixtures."

¢ Enter the G, in the ‘Summary’ worksheet.

19 Use the automated Mix Design program to calculate the effective specific gravity (G, ) for the
combined aggregate using Equation #2 at each asphalt content and the average effective specific
gravity for the combined blend.

20 Use the automated Mix Design program to calculate the theoretical maximum specific gravity
(G¢. ) of the mixture at each asphalt content using Equation #3.

21 Use the automated Mix Design program to calculate % Density of the molded specimens using
Equation #4 at each asphalt content.

22 Use the automated Mix Design program to calculate VMA of the specimens using Equation #6.
Deter mining Optimum Asphalt Content (OAC)
23 Use the automated Mix Design program to:

¢ plot densities versus asphalt content and

¢ calculate the OAC by interpolating mathematically between the asphalt contents above and
below the target density on the ‘Summary’ worksheet.

24 ¢ Use the automated Mix Design program to plot the VMA values versus asphalt content.
¢ Determine the VMA at the OAC.

25 If the VMA is not within the allowable specification range, redesign by assuming another
combination of aggregates or obtaining different materials.

Evaluating Sone-on-Stone Contact

26 Calculate the voids in the coarse aggregate (VCAc, ) in the dry-rodded condition using Equation
#8.

27 Calculate the voids in the coarse aggregate for the compacted mixture (VCAy ).

NOTE: Stone-on-stone contact is verified when the VCAy;y 1S less than the VCAca.

28 Adjust the gradation if the stone-on-stone contact VCA i, is not less than the VCAca.

NOTE: Alternatively, use the Bailey Method to verify stone-on-stone contact.
Evaluating Mixture

29 ¢ Determine the indirect tensile strength according to "Tex-226-F, Indirect Tensile Strength.”
Mold four test specimens at the OAC to 93+1% density.

30 ¢ Determine the rut depth and number of passes according to "Tex-242-F, Hamburg Wheel-
tracking Test.”

¢ Mold two test specimens at the OAC to 93+1% density.

31 If the rut depth or indirect tensile strength is not within specification, redesign by assuming

another combination of aggregates or obtaining different materials or using a different PG grade.

32 Evaluate draindown of the optimum mixture according to "Tex-235-F, Determining Draindown
Characteristics in Bituminous Materials."

33 Evaluate the moisture resistance of the optimum mixture according to "Tex-530-F, Effect of
Water on Bituminous Paving Mixtures."

34 Report all data in the automated 'Mix Design Report' program.
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Section 9
Part VII, Mix Design for Stone Matrix Asphalt Rubber (SMAR) Mixtures
Using Super pave Gyratory Compactor (SGC)

Use this procedure to determine the proper proportions of approved materials to combine, by
weight, to produce a mixture that will satisfy the specification requirements.

Procedure

The following table describes the mixture design process to develop proper mixtures using
approved materials for stone matrix asphalt rubber (SMA) mixtures. Any references to the
automated ‘Mix Design Report’ program and related worksheet are found at 'Tx2MixDe4.'

Mixtur es of Asphalt and Aggregate by Weight

Step | Action
Selecting Material
1 + Select the necessary type and source for each aggregate.

+ Obtain representative samples consisting of a minimum of 23 kg (50 1b.) of each aggregate.

¢ Take samples according to "Tex-221-F, Sampling Aggregate for Bituminous Mixtures,
Surface Treatments and Limestone Rock Asphalt.”

2 ¢ Obtain an adequate quantity of the asphalt and additives proposed for the project.

¢ Take samples according to "Tex-500-C, Sampling Bituminous Materials, Pre-Molded Joint
Fillers and Joint Sealers.”

3 Dry the aggregate to constant weight at a minimum temperature of 38°C (100°F).

Obtain the average washed gradation of each proposed aggregate stockpile according to "Tex-200-
F, Sieve Analysis of Fine and Coarse Aggregates, Part I, Washed Sieve Analysis (When
Specified Based on Weight).”

NOTE: If the stockpile gradation is known (from stockpile construction), use the stockpile
gradation. Enter stockpile gradations on the 'Combined Gradation' worksheet. Extract asphalt
from RAP when applicable according to "Tex-210-F, Determining Asphalt Content of
Bituminous Mixtures by Extraction" before performing a sieve analysis.

5 ¢ Check the aggregate gradation for compliance with the applicable specifications.
¢ Check the individual aggregate stockpiles for compliance with the applicable aggregate
specifications.
6 Check the asphalt and additives for compliance with the applicable specifications.
NOTE: Asphalt Rubber Type I or Il is required.
7 ¢ [f the specific gravity values for the aggregate sources are unknown, determine the 24-hr.

water absorption and the bulk and apparent specific gravities of individual sizes of each
aggregate. Use "Tex-201-F, Bulk Specific Gravity and Water Absorption of Aggregate” and
"Tex-202-F, Apparent Specific Gravity of Material Finer than 180 um (No. 80) Sieve.” Enter
these results or the known values from previous history on the ‘Bulk Gravity’ worksheet.

¢ Test lightweight aggregate when applicable according to "Tex-433-A, Apparent Specific
Gravity of Material Finer than 180 um (No. 80) Sieve."

NOTE: Normally, specific gravities are not determined for aggregate size fractions consisting of
less than 15% of the individual aggregate.

¢ Assign the water absorption and specific gravity of smaller aggregate size fractions close to
the next adjacent size fraction for which values were determined.
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Mixtures of Asphalt and Aggregate by Weight
Step Action
¢ Determine the unit weight using "Tex-404-A, Determining Unit Mass (Weight) of

Aggregates” and the bulk specific gravity of the combined gradation for the aggregate retained
on the No. 8 sieve to verify stone-on-stone contact when shown on the plans.

8 ¢ Use the ‘Combined Gradation’ worksheet to calculate the bin percentages with the proposed
aggregate such that the blended combination will fall within the specified gradation ranges for
the specified mixture type.

NOTE: Consider material availability, mixture strength, handling, compaction, pavement texture,
and durability as the primary factors of the combination to be tested.

¢ Use hydrated lime, when applicable, as an aggregate type when determining the bin
percentages for the combined aggregate blend when applicable. The combined gradation will
include the hydrated lime.

Perform "Tex-203-F, Sand Equivalent Test" on the combined virgin aggregate.
Perform the test on the combined aggregates not including lime.
Enter these results on the ‘Matl Properties’ worksheet.

* | o o

10 Check the aggregate classification of the combined aggregate blend using the ‘Aggregate

Values, Blends’ worksheet when blending Class A aggregate with Class B aggregate.

¢ Determine whether the percentage of the Class A aggregate in the combined aggregate blend
meets the specification requirements using Equation #1 to calculate % Total CL4.

Preparing Laboratory Mixed Samples

11 ¢ Separate aggregate greater than 2.36 mm (No. 8) sieve size from each stockpile into individual
sizes for preparation of laboratory mixtures.

¢ If the gradation of the passing 2.36 mm (No. 8) sieve is prone to segregation, separate into
individual sizes.

12 ¢ Select three asphalt binder contents in increments of 0.5%.
¢ Start at an asphalt content based on the bulk specific gravity of the aggregate.

NOTE: Locate a table listing the minimum asphalt content based on the bulk specific gravity of
the aggregate in the specification.

13 Calculate the weights of individual aggregates required to produce two laboratory-molded
specimens and one theoretical maximum specific gravity (G,) sample for each asphalt binder
content selected in Step 12. Generally, 4500 to 4700 g of aggregate are required to achieve the
specified molded specimen height of 115 +5 mm (4.5 £0.2 in).

NOTE: It may be necessary to produce a trial specimen to achieve this height requirement.

14 ¢ Prepare the asphalt mixtures according to "Tex-205-F, Laboratory Method of Mixing
Bituminous Mixtures.”

¢ Determine the mixing and compaction temperatures from the table in "Tex-241, Superpave
Gyratory Compacting of Test Specimens of Bituminous Mixtures.”

Oven-cure all the mixtures for 2 hr. at the selected compaction temperature.

15 ¢ Mold two specimens at each asphalt content selected in Step 12 according to “Tex-241-F,
Superpave Gyratory Compacting of Test Specimens of Bituminous Mixtures.”

Mold specimens to 75 gyrations or as shown on the plans.

16 ¢ Determine the average bulk specific gravity (G,) of the specimens according to "Tex-207-F,
Determining Density of Compacted Bituminous Mixtures, Part I, Bulk Specific Gravity of
Compacted Bituminous Mixtures.”

Enter the G, in the ‘Summary’ worksheet.

17 ¢ Determine the G; at each asphalt content according to "Tex-227-F, Theoretical Maximum
Specific Gravity of Bituminous Mixtures."
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Mixtures of Asphalt and Aggregate by Weight
Step Action
¢ Enter the G, in the ‘Summary’ worksheet.

18 Use the automated Mix Design program to calculate the effective specific gravity (G, ) for the
combined aggregate using Equation #2 at each asphalt content and the average effective specific
gravity for the combined blend.

19 Use the automated Mix Design program to calculate the theoretical maximum specific gravity
(G,. ) of the mixture at each asphalt content using Equation #3.

20 Use the automated Mix Design program to calculate % Density of the molded specimens using
Equation #4 at each asphalt content.

21 Use the automated Mix Design program to calculate VMA of the specimens using Equation #6.
Deter mining Optimum Asphalt Content (OAC)
22 Use the automated Mix Design program to:

¢ plot densities versus asphalt content

¢ calculate the OAC by interpolating mathematically between the asphalt contents above and
below the target density on the ‘Summary’ worksheet.

23 ¢ Use the automated Mix Design program to plot the VMA values versus asphalt content.
¢ Determine the VMA at the OAC.

24 If the VMA is not within the allowable specification range, redesign by assuming another
combination of aggregates or obtaining different materials.

Evaluating Sone-on-Stone Contact

25 Calculate the voids in the coarse aggregate (VCAc, ) in the dry-rodded condition using Equation
#8.

26 Calculate the voids in the coarse aggregate for the compacted mixture (VCAy ).

NOTE: Stone-on-stone contact is verified when the VCAy;y 1S less than the VCAca.

27 Adjust the gradation if the stone-on-stone contact VCA i, is not less than the VCAca.

NOTE: Alternatively, use the Bailey Method to verify stone-on-stone contact.
Evaluating Mixture

28 ¢ Determine the indirect tensile strength according to "Tex-226-F, Indirect Tensile Strength.”
Mold four test specimens at the OAC to 93+1% density.

29 ¢ Determine the rut depth and number of passes according to "Tex-242-F, Hamburg Wheel-
tracking Test.”
¢ Mold two test specimens at the OAC to 93+1% density.

30 If the rut depth or indirect tensile strength is not within specification, redesign by assuming
another combination of aggregates or obtaining different materials or using a different PG grade.

31 Evaluate draindown of the optimum mixture according to "Tex-235-F, Determining Draindown
Characteristics in Bituminous Materials."

32 Evaluate the moisture resistance of the optimum mixture according to "Tex-530-F, Effect of
Water on Bituminous Paving Mixtures.”

33 Report all data in the automated 'Mix Design Report' program.
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ftp://ftp.dot.state.tx.us/pub/txdot-info/cmd/sitemgr/tx2mixde4.exe

Tex-204-F, Design of Bituminous Mixtures Section 10 — Archived Versions

Section 10
Archived Versions

The following archived versions of "Tex-204-F, Design of Bituminous Mixtures" are
available:

¢ 204-0899 for the test procedure effective August 1999 through August 2000.
¢ 204-0900 for the test procedure effective September 2000 through November 2004.
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http://txdot-manuals/docs/colmates/forms/204-0899.pdf
http://txdot-manuals/docs/colmates/forms/204-0900.pdf

